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EXECUTIVE SUMMARY 

Chapter 1:  Introduction and Report Objectives 
This report presents a comprehensive overview of the results of the marine mammal monitoring 

and mitigation program, and the research programs conducted by Shell Offshore, Inc. (Shell) in the 
Chukchi and Beaufort seas during Shell’s seismic activities in 2008, as well as other offshore industry and 
agency activities that occurred in both seas.  Mitigation and monitoring during seismic exploration 
activities were conducted in a relatively small portion of the MMS Chukchi Sea Lease Sale Area 193 and in 
the vicinity of specific lease holdings in the Beaufort Sea.  Studies included vessel–based monitoring and 
mitigation programs in the Chukchi and Beaufort seas, and an aerial–based monitoring and mitigation 
program in the Beaufort Sea.  Research programs were conducted over a much larger area in the both the 
Chukchi and Beaufort seas.  The Chukchi Sea research program included an aerial monitoring component 
over the nearshore waters to ~32 km (20 mi) offshore of the Chukchi Sea coast between Pt. Hope and 
Barrow, and an acoustic component using arrays of bottom–founded recorders deployed relatively close to 
the coast and in areas further offshore.  During the research program in the Beaufort Sea, five arrays of 
directional recorders were used to monitor marine mammal (primarily bowhead whale) calling behavior 
relative to seismic activities.  In 2008 a field program in the Arctic was initiated to investigate the use of an 
Unmanned Aerial System for surveys of marine mammals.   

The objectives of the report are  
• to provide data to begin to fill current gaps in our understanding of the relative abundance 

and distribution of marine mammals in the Chukchi and Beaufort seas; and  
• to assess the potential impacts of seismic and other oil and gas exploration activities on 

marine mammals in the Chukchi and Beaufort seas. 
To the extent possible, the report integrates the studies conducted as part of the monitoring 

program into a broad–based assessment of industry activities and their impacts on marine mammals in the 
Chukchi and Beaufort seas during 2008.  As part of this integration, monitoring and mitigation data 
collected from 2006 through 2008 were combined, when appropriate, to allow more comprehensive 
analyses.  The report also describes other known industry and human activities occurring offshore in the 
Chukchi and Beaufort seas during 2008 focusing on the potential impacts to marine mammals from 
underwater sound associated with various industry activities and related vessel traffic.  The results of 
other industry and agency studies of marine mammals in the Beaufort and Chukchi seas in 2008 are also 
discussed.    

Chapter 2:  Industry and Other Human Activities 
Vessel–based seismic exploration involves the use of airgun arrays that emit sound energy into the 

water which has the potential to result in “takes” of marine mammals as defined by the National Marine 
Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS).  Shell and other industry 
operators applied for and received Incidental Harassment Authorizations (IHA) from the NMFS and 
Letters of Authorization (LoAs) from the USFWS that contained specific monitoring and mitigation 
measures designed to minimize such “take.”  A vessel–based marine mammal monitoring and mitigation 
program and an aerial survey program were developed to implement the requirements of the IHA and 
LoAs.  This chapter describes the timing of Shell’s exploration activities and other industry and human 
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activities in the Chukchi Sea in 2008 followed by a description of similar types of activities in the 
Beaufort Sea.   

Chukchi Sea 
The seismic source vessel Gilavar entered the Chukchi Sea on 19 Jul 2008.  Measurements of the 

sounds produced from the airgun array and the single mitigation airgun were performed on 27–28 Jul.  
Shell used a 3147–in3 three–string airgun array to collect seismic data in the Chukchi Sea from 27 Jul–28 
Aug.  Shell also conducted shallow hazards surveys in the Chukchi Sea in 2008 from the Cape Flattery 
using a 40–in3 airgun array from ~28 Aug to 13 Sep with support from the Alpha Helix.   

In addition to Shell’s exploratory activities in the Chukchi Sea, CPAI also conducted shallow hazards 
surveys from the Norseman I from 7 Sep to 31 Oct.  CPAI’s shallow hazards surveys were conducted on 
or near the Klondike prospect using a 6 kJ sparker. 

Barging activities not associated with the seismic exploration also occurred in the Chukchi Sea 
from late Jul through early Oct.  Spring bowhead hunts were conducted from the villages of Point Hope, 
Wainwright and Barrow, and villagers at Point Lay and Wainwright conducted subsistence hunts for 
beluga whales. 

 The MMS in partnership with the National Marine Mammal Laboratory (NMML) conducted 
aerial surveys in the Chukchi Sea as part of the Chukchi Offshore Monitoring In the Development Area 
(COMIDA) project.  These surveys occurred at three different times during the year: COMIDA-1 from 
Jun 17 through Jul 7, COMIDA-2 from Aug 4 through 25, and COMIDA 3 from Oct 21 through Nov 10. 

Beaufort Sea 
The Gilavar entered the Beaufort Sea to collect seismic data on 31 Aug.  Measurements of the 

underwater sounds produced by the airgun array and the single mitigation airgun were performed on 5–6 
Sep in Harrison Bay.  Shell collected seismic data in the Beaufort Sea from 3 Sep–9 Oct 2008.  Shell also 
conducted site clearance and shallow hazards surveys from the Henry C. from 22 Jul through 23 Aug, and 
Alpha Helix from ~29 Jul to 22 Aug.  Geophysical equipment on the Henry C. and Alpha Helix included 
small airgun arrays comprised of two 10–in3 airguns. 

In addition to Shell exploratory activities in the Beaufort Sea, BP Exploration (Alaska) Inc. 
(BPXA) and Eni U.S. Offshore Operating Co. Inc. (Eni) conducted Ocean Bottom Cable (OBC) seismic 
exploration.  BPXA used two source vessels, the Peregrine and Miss Diane, to conduct its OBC program 
in Foggy Island Bay from 15 Jul–25 Aug.  Eni used three source vessels, the Peregrine, Shirley V, and 
Wiley Gunner, to conduct its OBC program in eastern Harrison Bay from 3 Aug–28 Sep.   Monitoring 
and mitigation programs were associated with both BPXA’s and Eni’s OBC survey activities.   

Other industry activity in the Beaufort Sea in 2008 included vessel traffic in eastern Harrison Bay 
in support of oil and gas production by Pioneer Natural Resources, Inc. and construction of a gravel island 
drillsite by Eni.  Vessel traffic was also conducted in support of BPXA’s oil production activities at 
Northstar Island.  Various other barge activities occurred along the entire Alaskan Beaufort Sea from 
Barrow to the Canadian border.  Fall subsistence whale hunts were conducted by villagers from Barrow, 
Nuiqsut, and Kaktovik.   

Several area wide monitoring programs were also conducted in the Beaufort Sea in 2008.  The 
MMS conducts the Bowhead Whale Aerial Survey Program (BWASP) and Arctic Nearshore Impact 
Monitoring in the Development Area (ANIMIDA) program.  The NMML in partnership with several 
universities conducted the Bowhead Whale Feeding Ecology Study (BOWFEST) which involved both 
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vessel–base and aerial survey activities in offshore areas near Barrow.  The Alaska Department of Fish 
and Game has annually conducted a bowhead whale satellite tagging program since 2006.   

Chapter 3:  Chukchi Sea Vessel-Based Monitoring Program 
Environmental conditions during seismic operations in the Chukchi Sea varied among the 2006–

2008 seasons, particularly in regard to ice cover.  From early Jul through mid–Nov the average area 
covered by ice in the portion of the Chukchi Sea where activities were conducted was approximately three 
times greater in both 2006 and 2008 than 2007.  Different environmental conditions among years likely 
had different biological effects on marine mammal distribution and behavior.   

MMO effort in 2007 was less than half that of both 2006 and 2008 when 33,343 and 31,727 km 
(20,718 and 19,714 mi), respectively, were monitored for cetaceans.  The difference in effort reflected the 
difference in seismic survey activity among the years.  Three source vessels operated in the Chukchi Sea 
during 2006 and 2008 (two were shallow hazard survey vessels in 2008), compared to one source vessel 
in 2007.  Over the three survey years, the number of vessels assisting source vessels in monitoring or 
support capacity increased from four vessels in 2006 to seven in 2008.  Monitoring vessels worked in 
concert with source vessels, assisting with marine mammal observation and other project-related 
activities.  Support vessels included ships that performed tasks not directly related to the seismic 
operations.  Support vessels had MMOs aboard and operated >75 km (>46.6 mi) from the source vessels. 

During 2006–2008 seismic surveys, MMOs recorded a total of 353 cetacean sightings of 629 
individuals in the Chukchi Sea.  The most commonly recorded cetacean species was gray whale (~39%) 
followed by bowhead whale (~12%).  The largest difference among years was the species composition of 
gray and bowhead whale sightings.  Approximately 30% of Chukchi Sea cetacean sightings were 
bowhead whales in 2006 compared to 9% in 2007 and 5% in 2008.  Gray whale sightings comprised only 
29% of cetacean sightings in 2006 compared to 48% in 2007 and 40% in 2008.  Over the three years, 
cetacean sighting rates were higher from monitoring than from source vessels at locations where received 
sound levels were ≥160 dB rms.  Conversely, cetacean sightings rates were higher from source than from 
monitoring vessels where received sound levels were <120 dB rms.  Combined cetacean sighting rates 
when received sound levels were <120 dB rms were higher than when received sound levels were ≥160 
dB rms suggesting that whales may have been avoiding the seismic activity at distances greater than could 
be detected by observers on the vessels and was consistent with results from previous seismic surveys in 
the region. 

In total, 2568 seal sightings comprised of 2965 individuals were recorded in the Chukchi Sea from 
2006 through 2008.  The most commonly identified seal species was ringed seal (792 sightings), followed 
by bearded seal (346 sightings), spotted seal (213 sightings) and one ribbon seal.  The 2006 Chukchi Sea 
total of 1751 seal sightings was more than seven times higher than the number of seal sightings in 2007 
and approximately three times higher than the number of seal sightings in 2008.  The species composition 
was similar among the three years although the number of sightings varied by year.  In all three years, the 
data showed an expected relationship of greater seal sighting rates in areas closer to pack ice, however, 
the trend was much more pronounced in 2006 than in 2007 and 2008.  Over the three years, seal sightings 
rates were greater from monitoring than source vessels at locations with received sound levels ≥160 and 
159-120 dB rms, whereas seal sighting rates were greater from source than monitoring vessels at locations 
with received sound levels were <120 dB rms, suggesting that seals may be reacting to active airguns by 
moving away from the source vessel.    

Pacific walruses were observed during each year of seismic operations in the Chukchi Sea.  More 
sightings were recorded during 2007 (350 sightings) than in 2006 (129) or 2008 (92).  Approximately 
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40% of the 2007 Pacific walrus sightings (n = 143) were recorded during a 24-hour period from the 
Gilavar on 24 Aug (prior to the start of 2007 seismic operations).  Aerial surveyors reported large 
aggregates of Pacific walruses hauled out on the beach between Barrow and Pt. Hope from late Aug to 
early Oct 2007.  It was suspected that the Pacific walruses occupied the beach haulouts in 2007 because 
of the lack of ice cover over their preferred feeding area in the shallow waters of the northern Chukchi 
Sea.   Over the three years, Pacific walrus sighting rates from source vessels increased as received sound 
levels decreased, suggesting localized avoidance of active seismic airguns by walruses.  In contrast, 
Pacific walrus sighting rates from monitoring vessels remained relatively constant among years with 
respect to received sound levels. 

Polar bears are not common in the Chukchi Sea during the open water season and a total of eight 
sightings of individual animals were recorded during the 2006–2008 seismic projects.  None of the 
animals were observed during seismic activities.  Five of the eight polar bears were recorded on or within 
5 km (3.1 mi) of the ice. 

Chapter 4:  Chukchi Sea Nearshore Aerial Surveys 
Aerial surveys of marine mammals were conducted in nearshore areas of the Chukchi Sea during 

the open-water seasons in 2006, 2007 and 2008 to gather information on current marine mammal 
distribution and abundance. The surveys focused on beluga, bowhead, and gray whales, although other 
marine mammals were recorded when observed. 

Beluga whales were most abundant in the nearshore eastern Chukchi Sea during Jul in all three 
years.  When 2006–2008 data were combined, sighting rates were higher during Jul-Aug and Oct-Nov 
than during Sep.  From Aug through Nov belugas appeared to migrate through the study area without 
lingering and numbers of individuals present in the study area remained relatively low compared to the 
number present in Jul.  Our 2006–2008 autumn sighting rates of belugas were similar to those reported in 
previous research.   

Most bowhead whales had completed the spring migration along the Chukchi Sea coast before 
aerial surveys began in Jul.  Bowhead whales had the lowest monthly sighting rates of the three cetacean 
species from Jul–Sep and the highest monthly sighting rates from Oct–Nov.  The low bowhead sighting 
rate from Jul–Sep suggested the number of whales that may remain in the Chukchi Sea during the 
summer to feed is likely small.  The relatively low number of bowhead sightings during the fall may be an 
indication that the main fall migration corridor was farther offshore than our survey area, which is 
supported by recent data from satellite-tagged whales.  Our 2006–2008 fall bowhead sighting rates were 
similar to results from earlier studies.  

Gray whale was the most frequently observed cetacean species during the surveys.  They were 
most abundant during Jul and Aug in all three years.  In 2007 and 2008, gray whales were most abundant 
in the northern part of the survey area from about Wainwright to Barrow.  In 2006, they were most 
abundant in the central part of the survey area near Point Lay.  Sighting rates were significantly higher 
close to shore in 2006 and farther offshore in 2007 and 2008. These distributional differences were most 
likely due to prey distribution.  Gray whale sightings rates were similar in summer, but somewhat lower 
in fall than reported in previous studies.  

During 2006 and 2008, peak sighting rates for walruses were in Jul when they were closely 
associated with the pack ice present in nearshore areas.  Sighting rates in the nearshore survey area 
declined substantially during Aug and Sep 2006 and 2008 as the pack ice retreated offshore.  In contrast, 
2007 was an exceptionally ice-free year and the pack ice retreated so far north early in the season that 
walruses appeared to have abandoned the pack ice by late Aug and used terrestrial haul-out sites through 
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Sep.  The level of haulout activity along the Alaskan coast in 2007 has not been reported before, although 
large numbers have been observed at terrestrial haulouts along the Chukotka coast in previous years. 

Chapter 5:  Chukchi Sea Acoustic Study Program 
In 2008 JASCO Applied Sciences carried out an acoustic monitoring study for Shell Offshore Inc 

(Shell) in the Chukchi Sea along the Alaskan coast using an array of seabed-deployed autonomous 
acoustic recorders. This study was similar to the net-array program performed in 2006 by Bioacoustics 
Research Program (BRP) based at the Cornell Laboratory of Ornithology and in 2007 by JASCO Applied 
Sciences.  As in previous years, the 2008 studies were designed to address the scarcity of data concerning 
natural and anthropogenic (man-made) underwater sound levels in the Chukchi Sea.  The goal was to 
provide information about and the distributions of marine mammals within the study area during the 
open-water season and to characterize ambient and anthropogenic sounds during that time.  The acquired 
acoustic data were processed to identify and classify marine mammal vocalizations and to determine 
relative spatial distributions of vocalizing animals as a function of time.  Recorded data also quantified 
sound levels over large distances from seismic airgun pulses produced during the seismic survey.  

Five ocean bottom hydrophones (OBH) were deployed in the Chukchi Sea over the winter of 2007-
2008 to augment the 2007 summer program.  The 2008 acoustic monitoring program (AMP) consisted of 
an array of 30 OBHs deployed in four sub-arrays starting 5 nm from shore and extending from 50 to 170 
nm offshore of the Alaskan Chukchi coast at Point Hope, Point Lay, Wainwright and Barrow.  Locations 
were determined during consultations with agency and stakeholder scientists as well as Shell and its 
consultants.  The OBHs were deployed between 17 Jul and 6 Aug 2008.  Due to ice and vessel 
scheduling, four stations were not deployed until mid-September 2008.  Sixteen of the OBHs were 
serviced between 26 and 29 Sep 2008, at which time Aural OBHs were deployed redundantly at five of 
the stations.  All units were recovered between 12 and 17 Oct 2008.  Eight recorders were redeployed 
over-winter for retrieval in spring 2009.  

Upon analysis it was found that the non-Aural systems deployed throughout the 2008 season had 
suffered a failure that resulted in a loss of much of their data.  Data were successfully collected from the 
2007-2008 overwinter deployments, from the 5 Aural equipped stations deployed in Sep – Oct 2008, and 
from several of the new recorders for limited time periods.  The 2007-2008 overwinter season yielded a 
total of 800 GB of data, and despite the OBH failures 250 GB of data were obtained from the Sep to Oct 
recordings and a further 135 GB from the July to Sep recordings. 

  The data were analyzed to quantify the ambient acoustic levels and to characterize the presence of 
shipping and seismic activity and of specific marine mammals.  Automated algorithms were developed 
and implemented to process these data on a high-speed dedicated computer system.  These algorithms 
included detection routines for vessel and seismic survey noise and marine mammal vocalizations.  Other 
routines were developed to automatically compute ambient sound levels and root-mean-square (rms) 
sound levels of seismic survey airgun pulses. All of these analysis routines relied on spectral processing 
methods.   

The output of the automated data analysis system included the detection times of each type of non-
ambient event (biological sound, seismic pulse or vessel tones) and the ambient level in each 1/2 hour of 
recording.  For seismic pulse sounds the seismic detector computed the rms sound level and the single 
pulse sound exposure level (SEL).  For vessel detections, the algorithm returned the number of frequency 
tones above a preset threshold and the sound pressure level of each.  For biological sounds, the classifier 
determined if the sound was a vocalization from a beluga whale (Delphinapterus leucas), bearded seal 
(Erignathus barbat), bowhead whale (Balaena mysticetus), or walrus (Odobenus rosmarus).  As of this 
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writing the automated mammal classification routines have not been sufficiently validated against manual 
detection; validated results will be presented in a future version of this report. 

Large numbers of detections of several species of marine mammals were identified on all OBHs. 
Bearded seals were recorded throughout the winter season despite heavy ice conditions.  All recorders 
detected a tenfold increase in seal calls in May 2008, coinciding with ice breakup; the number of calls 
detected decreased rapidly starting in Jul. Walruses were detected in Nov 2007; recordings of this species 
appear again in late June 2008 and more than 10,000 walrus-like calls were recorded in July 2008.  A few 
beluga whale calls were recorded in Nov 2007; most calls from this species were detected over the period 
from Apr to Jun 2008 and a small number in fall 2008.  Bowhead whale songs, defined as patterned 
sequences of calls repeated over time, were detected almost continuously between 30 Oct 2007 and 1 Jan 
2008; this represents the first known recordings of songs during fall/winter for the Bering-Chukchi-
Beaufort stock. Vocalizations were also recorded from mid-Apr to Jul 2008. 

Chapter 6:  Beaufort Sea Vessel-based Monitoring Program 
Environmental conditions, particularly sea-ice coverage, in the Beaufort Sea varied considerably 

among years from 2006 through 2008.  The average area covered by ice in the Beaufort Sea during vessel 
operations was 71,337 km2 (27,543 mi2) in 2006, 26,576 km2 (10,261 mi2) in 2007, and 31,880 km2 
(12,309 mi2) in 2008.  Wind and the resulting seas were generally higher in 2007 compared to 2006 and 
2008.   

The amount of visual monitoring effort conducted from vessels also varied greatly among years.  
Approximately 70% of the monitoring effort across the three-year study period occurred in 2008, and 
~65% of the monitoring effort occurred in the fall (Sep-Oct) compared to ~35% in the summer (Jul-Aug).  
Visual monitoring effort was considered by received sound levels in the water, and over 63% of the effort 
from 2006 through 2008 occurred in areas with received sound levels of <120 dB rms.  The remaining 
~37% of the monitoring effort was almost evenly divided between areas with received sound levels of 
≥160 and 159-120 dB rms.  Although the amount of ice within the study area varied considerably among 
years, approximately 82% of the monitoring effort occurred >20 km (13 mi) from the main pack ice edge 
from 2006 through 2008.  The avoidance of ice by most vessel operations precluded significant 
conclusions about marine mammal distribution with respect to ice.  
 Bowhead whales were the most common cetacean species recorded in the Beaufort Sea, however 
small numbers of gray whales were observed each year, and several cetaceans were recorded that could 
not be identified to the species level.  Few cetaceans were observed in the Beaufort Sea during periods of 
seismic activity.  Twelve cetacean sightings were recorded from monitoring vessels in locations where 
received levels were ≥160 dB rms, and none were recorded from source vessels.  Cetacean sighting rates 
from source vessels were significantly lower in locations where received sound levels were ≥160 dB rms 
compared to <120 dB rms, however the same result was not found for monitoring vessels.  Observed 
reactions indicated that cetaceans were more likely to swim away from vessels when seismic activity was 
occurring, however the mean closest point of approach to monitoring vessels did not change significantly 
as received sound level increased.  These results suggest that cetaceans avoided vessels when received 
levels were ≥160 dB rms, however this effect was more apparent with respect to source vessels than it 
was to monitoring vessels. 

Ringed seal was the most frequently identified seal species (33%) in the Beaufort Sea from 2006 
through 2008 followed by bearded and spotted seals.  Sighting rates for seals exposed to received sound 
levels ≥160 dB rms were significantly higher from monitoring vessels than from seismic source vessels, 
and sighting rates were significantly higher from source vessels in areas exposed to <120 compared to 
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≥160 dB rms.  Seals tended to stay farther away and swam away from source vessels more frequently 
than from monitoring vessels when received sound levels were ≥160 dB rms.  Furthermore, initial 
sighting distances of seals suggested a clustering around monitoring vessels compared to source vessels 
when airguns were firing.  These data suggested that seals may show localized avoidance of seismic 
sounds.  More power downs of airguns were initiated for seals in 2008 compared to 2006 and 2007 but 
this was most likely a function of the amount of deep seismic acquired in 2008 rather than a difference in 
seal distribution and behavior.  There was more seismic survey activity in 2008 compared to 2006 and 
2007, and much of the 2008 survey coincided with calm seas and ideal sighting conditions.  

Polar bears were observed in the Beaufort Sea on 21 occasions, and most were observed on the 
barrier islands relatively close to shore.  Polar bear sighting rates were higher in summer than fall.  
Twenty of the 21 polar bear sightings from 2006 through 2008 were recorded when the received sound 
level in the water was estimated to be <120 dB rms.  The remaining sighting, which was recorded in 
2008, was estimated to have been exposed to ≥160 dB rms.  Because few sightings of polar bears were 
recorded, it was not possible to test the effect of seismic sounds on this species.  The same was true for 
Pacific walruses, which were recorded fewer than 10 times in the Beaufort Sea from 2006 through 2008.  
Only three Pacific walruses were exposed to received sound levels ≥160 dB rms, two in 2007 and one in 
2008. 

Chapter 7:  Beaufort Sea Aerial Monitoring Program 
Aerial surveys in the Alaskan Beaufort Sea were conducted in summer and fall of 2006–2008 to 

assist with mitigation during seismic survey activity and to monitor the effects of seismic activities on 
marine mammals, with a focus on bowhead whales.  Baseline information on the density and distribution 
of whales during non-seismic periods was also collected during the surveys.  A combination of univariate 
and multivariate statistics was used to assess the effect of natural and anthropogenic factors on bowhead 
whale distribution and behavior.   

Overall, our findings on bowhead whale distribution in the central Alaskan Beaufort Sea were 
consistent with previously published research.  Whales observed in Jul tended to travel near the shelf 
break in an easterly direction.  In contrast, whales observed from Aug to Oct tended to occur in shallower 
waters, and were moving westward.  We observed both traveling and feeding whales at this time, and 
peak sighting rates were in mid-to-late Sep.  Migrating bowheads have been observed to respond 
differently to seismic activity than feeding whales and we therefore separated our data into “feeding” and 
“traveling” periods for univariate analyses.   

Univariate analyses of data collected during times when feeding was the predominantly observed 
behavior of bowhead whales did not show large scale distribution changes relative to seismic operations.  
Offshore deflection of whales into deeper waters near seismic operations was not observed among feeding 
whales in either the immediate vicinity of the seismic survey area or in waters to the west.  Observed 
bowhead depth distributions in the seismic survey area were similar to those of whales east of the survey 
area, where they had not yet encountered seismic operations.  The average water depth of bowhead 
sightings exposed to seismic sound was lower than the average depth of sightings that were not exposed 
to seismic sound, indicating that whales did not appear to be deflected offshore.  Distances of bowhead 
whale sightings from the center of the seismic survey area did not differ between periods of active seismic 
activity and periods in which no seismic activities had been conducted for more than 24 h.  

In contrast, during periods when traveling was the predominant behavior, we observed a slight 
distributional response of bowhead whales to seismic operations.  We did not detect an offshore 
deflection of bowheads in the vicinity of seismic operations or in waters west of the seismic survey area.  
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However, traveling bowheads were observed at significantly greater distances from the center of the 
seismic survey area during periods of seismic activity than during periods in which no seismic activities 
had occurred for more than 24 h, suggesting possible avoidance of seismic activity.  This avoidance 
appeared to be localized because sighting rates near the seismic survey area did not differ from sighting 
rates in waters to the west and east.    

The multivariate analysis indicated a significant effect on year and day with higher bowhead 
sighting rates in 2007 than 2008, and seasonal sighting rates peaking in mid- to late Sep.  The interaction 
between year and day however, was not significant.  A significant relationship was observed between 
sighting rates and longitude with highest rates in the region east of Mikkelsen Bay to mid-Camden Bay 
encompassing Shell’s exploration areas west of Camden Bay in 2007 and 2008 but not Harrison Bay in 
2008.  There was no significant interaction between longitude and seismic sound levels, indicating that 
the same relationship between sighting rates and longitude occurred when seismic sound was detectable 
and not detectable.  Patterns of sighting rates and depth varied depending on day within season and year 
indicating a seasonal effect on the relationship between water depth and sighting rates.  Peak sighting 
rates occurred at greater depths early in the season shifting to shallower depths as the season progressed, 
particularly for 2007.  Peak sighting rates occurred at slightly greater depths when seismic was detectable 
compared to when it was not detectable, although this shift did not constitute a significant deflection 
outside of the area influenced by seismic activities.     

The multivariate regression suggested that seismic sound was a significant predictor of bowhead 
sighting rates with sighting rates gradually decreasing as sound levels increased.  The relationship 
between variables such as water depth and longitudal deflection with seismic sound were in the best-
fitting model but the relationships were not significant.  The regression analysis appears to have detected 
a pattern that was not evident in the univariate analysis.   

Chapter 8:  Unmanned Aerial Surveys 
 In 2008, a field test of an unmanned aerial system (UAS) in Arctic conditions was undertaken by 
Shell.  This field test was the first non-military use of an unmanned aerial vehicle (UAV) in unrestricted 
airspace within the U.S.  Permit restrictions associated with this test were strict and limited the scope of 
the project.  A Certificate of Authorization (COA) permitting flights in unrestricted airspace was issued 
by the Federal Aviation Administration (FAA) to Shell on 22 Aug 2008 after an iterative series of 
discussions spanning several months.  Permit stipulations included restrictions on flight times and 
locations, as well as instructions on personnel requirements.  Spatial and temporal restrictions stated that 
flights were to be conducted during daylight hours and under conditions allowing visual flight rules 
(VFR).  In addition, the UAV could not fly closer than 19 km (12 mi) from shore and 8 km (5 mi) west of 
the Canadian border, forcing operations to be conducted from aboard a vessel.  Finally, the UAV had to 
remain within one nautical mile laterally and 914 m (3000 ft) vertically of the ground command station at 
all times.     

While the scope of this project was greatly limited due to permitting restrictions, the technology 
proved to be functional in the Arctic.  UAV surveys were flown in the Chukchi and Beaufort seas from 24 
Aug through 24 Sep 2008.  A total of 32.4 flight hours and 19.8 hours of survey effort over eleven flights 
were obtained.  Two types of surveys were flown: known–target and opportunistic marine mammal 
surveys.  The former was designed to determine rates of detection for known targets and to compare these 
detection rates to those of observers on manned aerial overflights.  During these surveys, up to five 
inflatable kayaks, black, gray, or white in color, were deployed randomly along either side of a transect 
line.  The UAV was flown along the transect in a zipper–pattern, focusing effort on one side of the 
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transect at a time, in order to simulate the viewing–area an observer on a manned aerial overflight would 
have.  In contrast, opportunistic marine mammal surveys were conducted while the vessel was engaged in 
other activities.  During these surveys, the UAV was flown in either a zipper or circular, racetrack pattern 
within a 1.6 km (1 mi) radius around the vessel, searching for marine mammals. 

Four known–target surveys were conducted and though a standardized flight path could not be 
followed due to permit restrictions (prohibiting the calculation of detection rates), observers were able to 
locate targets during these surveys.  In addition, seven marine mammal sightings were made on two 
different days during opportunistic surveys.  Five of these sightings were made in the Chukchi Sea study 
area and two in the Beaufort Sea study area.  Three of the sightings were of walruses hauled out on ice 
(all in the Chukchi Sea) and an additional two were of feeding gray whales.  Environmental conditions for 
these sightings varied from Bf 1–4, with less than 10% glare, and less than 2% ice cover.  Vessel-based 
observers recorded more marine mammal sightings than the UAV during some periods, but the opposite 
was true during other UAV surveys and no clear difference in the effectiveness of the two survey methods 
was apparent.   

Too few data were collected to separate limitations of the technology from areas in which 
improvements in procedure and technique could increase efficacy.  The field test provided some useful 
information, however, and several areas of improvement were identified including UAV and payload 
specifications, pre-deployment coordination, permitting, and location of future surveys.  

Chapter 9: Beaufort Sea Acoustics Study Program (2008) 
Passive acoustics with directional autonomous recorders were used to provide information on 

bowhead migration paths along the Alaskan Beaufort Sea coast, particularly with respect to sound–
producing industrial operations.  Forty Directional Autonomous Seafloor Acoustic Recorders (DASARs) 
were deployed in five groups (“sites”), four sites of seven recorders and one site of 12 recorders, spread 
over an alongshore distance of ~280 km (174 mi) offshore of Alaska’s North Slope.  The easternmost site 
(site 5) was north of the village of Kaktovik, and the westernmost site (site 1) was north of Harrison Bay.  
Site 1 was near Shell’s seismic survey area near Harrison Bay, as well as north of PGS’s seismic survey 
area around Spy and Thetis Islands.  Sites 3 and 4 were on each side of Shell’s seismic survey area near 
Camden Bay.  The DASARs recorded from ~11 August to 8 October 2008, providing a continuous record 
of ambient sounds, whale calls, and anthropogenic sounds.  Certain aspects of the data presented in this 
Chapter are still being analyzed, so these data should be considered preliminary. 

An automated call detection procedure was used to locate bowhead whale calls in the DASAR 
records. Over 1.3 million individual bowhead call detections were identified on all recorders combined 
representing over 420,000 individual calls.  The overall number of localized calls was highest at site 2, 
followed by sites 5 (easternmost), 3, 4, and 1 (westernmost).  The highest hourly call detection rate was 
644 calls per hour at site 2 on 5 Oct. 

The goal of the analysis was to evaluate the effects of anthropogenic sounds, specifically airgun 
pulses, on the calling behavior of bowhead whales.  Airgun pulses received at the 40 deployed DASARs 
were analyzed in terms of their sound pressure level (SPL) and sound exposure level (SEL).  Received 
levels of airgun sounds were then modeled using multiple linear regression, while taking into account 
factors such as the distance to the seismic ship, depth of the DASAR, and the size of the airgun array 
used, among others.  The entire study area was divided into hexagonal cells.  For each of these cells the 
presence or absence of whale calls was modeled as a function of received levels of airgun sounds using 
logistic regression. 
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At the end of model selection, the top model contained the anthropogenic variables seismic and 
rl.csel.125.  This model implied that the probability of a call occurring during any particular 15-min 
period depended on whether airguns were being used and whether those operations dosed the cell with 
>125 dB re 1 μPa2·s of cumulative sound exposure level (CSEL).  If airguns were turned off or distant 
enough that their cumulative energy was <125 dB re 1 μPa2·s, the model predicted no change to the 
underlying probability of a call in the cell.  When CSEL exceeded 125 dB re 1 μPa2·s, the relative odds of 
a call declined by 9.9% for every 1 dB increase in CSEL. 

This result was put in context using SSV data collected on the Gilavar’s full array and mitigation 
gun.  For the full array, CSEL values (calculated over 15 min) exceeded 125 dB re 1 μPa2·s out to 
distances of about 50 km.  For the mitigation gun, CSEL values exceeded 125 dB re 1 μPa2·s out to 
distances of about 33.5 km. 

Chapter 10: Other Industry and Agency Studies 
In addition to Shell studies, other industry–sponsored studies were conducted in offshore areas of 

the Chukchi and Beaufort seas during the open–water period 2008.  In the Chukchi Sea these studies 
included CPAI’s marine mammal monitoring program in support of shallow hazards surveys.  In the 
Beaufort Sea BPXA conducted ongoing acoustic studies in support of oil production activities at 
Northstar Island, and a marine mammal monitoring program in support of ocean bottom cable (OBC) 
seismic surveys for the Liberty development that included an acoustic component.  Pioneer in cooperation 
with Eni and Shell conducted acoustic and aerial surveys in support of oil development and production 
activities in Harrison Bay.   

In addition to these industry studies, the NMML and the NMFS in cooperation with various 
universities continued the multi–year Bowhead Whale Feeding Ecology Study (BOWFWST) which 
focused on late summer oceanography and prey densities relative to whale distribution near Point Barrow.  
The MMS continued annual aerial surveys for the Bowhead Whale Aerial Survey Program (BWASP) to 
document bowhead whale movement patterns during fall migration through the Beaufort Sea.  The MMS 
also funded aerial surveys in the Chukchi Sea as part of the Chukchi Offshore Monitoring In Drilling 
Area (COMIDA) program and a study of the effects of light, turbidity, and other environmental 
parameters as part of the Arctic Nearshore Impact Monitoring in the Development Area (ANIMIDA) 
project.   

CPAI shallow hazards surveys in the Chukchi Sea were conducted in or near the Klondike and 
Burger prospects using a 6 kJ sparker as a primary energy source.  Total MMO effort occurred along 
3452 km (2145 mi) of trackline, most of which occurred in the Klondike prospect.  In total, 222 sightings 
of 279 marine mammals were recorded during the survey period.   Seals comprised the highest proportion 
of the sightings (78%), followed by Pacific walrus (18%) and cetaceans (4%).   Fewer marine mammal 
sightings were recorded during seismic compared to non–seismic periods.  

In the Beaufort Sea BPXA continued passive acoustic monitoring of sounds associated with 
production activities at Northstar and bowhead whale call locations.  Broadband levels of Northstar sound 
were generally similar to those of previous years.  Large vessel spikes from tugs maneuvering at 
Northstar could be detected to a distance of at least 21.5 km (13.4 mi).  The 60 Hz power frequency tone 
related to machinery use could not be detected at the southernmost array DASAR ~8.5 km or 5.3 mi from 
Northstar.  Tones from helicopters were faint and only detected during helicopter departures.  A total of 
85,669 bowhead whale calls were detected.  The highest call detection rate was 612 calls per hour on 20 
Sep.  Other peaks in call detection rates occurred in late Aug and mid-Sep.   
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As part of the monitoring program for BPXA’a OBC surveys, acoustic measurements were 
conducted at three locations outside but near the Liberty project area to determine the extent to which 
barrier islands may function as an acoustic barrier, and to determine the offshore distance to which 
received airgun pulses reach sound levels ≥160 and 120 dB (rms).  Barrier islands effectively blocked 
sound propagation of underwater seismic pulses.  The 120 dB radius from seismic pulses could have 
reached 20–30 km (12–19 mi) in areas not shielded by barrier islands.   

During BPXA’s OBC surveys airguns operated for ~644 hr from two source vessels.  MMOs were 
on watch during all daylight hours when airguns were operating, and during many hours when source 
vessels were not operating their airguns.  Seventeen sightings of 29 individual marine mammals were 
recorded by MMOs during on–watch periods.  Only one cetacean sighting was recorded.  Ringed seal was 
the most frequently observed marine mammal species.   

Results of aerial surveys correlated well with acoustic studies in support of Eni and Pioneer 
development activities in eastern Harrison Bay.  Bowhead call locations were similar to locations of 
visual sightings by aerial observers.  Most calls and sightings were located near or beyond the 20–m 
isopleth and relatively few were within a 32 km (20 mi) buffer around ODS and SID.  Most bowheads 
visually recorded within the 32 km buffer were located near the outer edge of the buffer and the 20 m 
isopleth.   

ENI operated three source vessels during OBC surveys in Harrison Bay and marine mammal 
monitoring occurred along 4912 km of trackline.  Thirty–eight seal sightings and one cetacean sighting 
were recorded during the survey period.   

Bowhead whale was the most frequently sighted and most abundant cetacean recorded during the 
2008 BOWFEST aerial surveys.  The highest numbers of bowhead sightings were recorded on 6 Sep (23 
sightings of 62 whales) and 13 Sep (14 sightings of 50 whales) which accounted for ~66% of the 56 total 
bowhead sightings.   

Analyses of data from the BOWFEST photographic study are ongoing but evidence to date 
suggests that bowheads with dorsal mud probably feed close to locations where they were photographed 
and that aerial images of muddy whales can provide a map of feeding locations.   Preliminary analyses of 
acoustic data included recordings of bowheads, belugas, bearded seals, walruses, airguns, ships and ice 
noise.  Based on four years of mooring data, a combination of wind and currents appears to affect the 
distribution and concentration of krill.  Bowhead stomach samples were examined from spring and fall 
harvested whales at Barrow and fall harvested animals from Kaktovik.  Preliminary analysis of fall 
samples suggested that whales were feeding primarily on copepods at Kaktovik and euphausiid–like prey 
at Barrow.   

Reports for the 2008 BWASP and COMIDA aerial surveys are not yet available although survey 
flight and sightings data are available online. 

Chapter 11: Summary and Assessment of Potential Effects on Marine Mammals 
The dynamics of the physical environment in the Beaufort and Chukchi seas create high temporal 

and spatial variability in conditions that affect marine mammals.  The extent and persistence of sea ice in 
the Chukchi and Beaufort seas have shown wide variability over the past decade and may be especially 
important for determining habitat use by marine mammals.  Sea–ice cover in the study areas differed 
markedly during the three years of this study (2006-2008).  Average ice cover was almost four times 
greater in the Chukchi Sea and two times greater in the Beaufort Sea in 2006 compared to 2007.  In 2008, 
ice cover in the Beaufort Sea was similar to 2007 but low concentrations remained in some areas of the 
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Chukchi Sea later into the season.  In general, a declining trend in the extent of arctic sea ice has occurred 
since 1953 and reached a record low in 2007.  The change in ice cover from 2006 to 2007 and 2008 was 
probably the greatest factor influencing the large differences in the numbers and distributions of walruses 
in the Chukchi Sea study area during these years.  Additionally, the years differed with regard to the 
timing and distance offshore of the fall bowhead whale migration through the Beaufort Sea.  This may 
also have been due, at least in part, to the differences in ice cover among years. 

In general, the species of marine mammals seen during both aerial and vessel-based surveys in the 
Chukchi Sea were similar to those previously reported for the area.  In a few cases, species uncommon to 
the area were documented including 14 sightings of 16 Minke whales, four sightings of six humpback 
whales, and two sightings of four fin whales.   

Gray whale was the cetacean species most frequently sighted from seismic and monitoring vessels 
and during aerial surveys in all three years and increased in relative abundance in each year of the study.   
Other cetacean species reported regularly included bowhead and beluga whales.  Monitoring data during 
the study years indicated an increase in bowhead whale relative abundance in the Chukchi Sea during the 
fall, as would be expected based on the known migration pattern, although peak sighting rates occurred 
somewhat later than expected (Nov 2006 and Oct 2007 and 2008).  Bowhead whale calls were recorded in 
the Chukchi Sea during summer 2006 and 2007 and small numbers of summer bowhead sightings were 
reported by vessel– or aerial–based surveyors suggesting that at least some bowhead whales may summer 
in the Chukchi Sea.  Beluga whale sightings followed patterns that have previously been reported for the 
species in the Chukchi Sea. 

Differences in cetacean detection rates and seasonal peaks among years may have been related to 
differences in ice and weather conditions.  Ice cover in 2008 was intermediate between moderate and light 
ice conditions in 2006 and 2007, respectively.  The most dramatic difference in marine mammal 
distribution and abundance among years resulted from the presence of large numbers of Pacific walruses 
at beach haulouts in 2007 which did not occur in 2006 or 2008.  In 2007 the pack ice retreated north of 
the Chukchi Sea into deeper waters of the Arctic Ocean and was not available as a resting platform near 
shallow feeding habitat in the Chukchi Sea forcing walruses to use haulouts on land.  The extensive use of 
land haulouts by walruses in the eastern Chukchi Sea had not been previously reported.  Small numbers 
of polar bears were observed in 2006 and 2008 in the Chukchi Sea, and one polar bear was sighted on 
land in 2007 which may also be a result of the low–ice conditions in 2007.   

The most frequently recorded cetacean species in the Beaufort Sea in all years combined was 
bowhead whale (~50%), followed beluga whales (~38%) with harbor porpoise and unidentified whales 
comprising most of the remainder of the sightings.  Gray whale was reported during aerial surveys only in 
2006, however small numbers of gray whales were recorded each year by vessel–based observers.   

Overall trends in seasonal sighting rates corresponded with previous research during the bowhead 
migration through Alaskan waters.  Data collected in Jul (2008) indicated that east–migrating bowheads 
tended to travel near the shelf break.  In contrast, fall surveys conducted from Aug to Oct (2006–2008) 
documented bowheads feeding and traveling at shallower depths on their westward migration.  Over the 
course of this study, whales traveling and feeding during fall migration were observed in the Alaskan 
Beaufort Sea from 22 Aug through 9 Oct, corresponding with time frames identified in previous research 
on fall bowhead migration through Alaskan waters. 

Traveling was a common activity recorded in all three years (ranging from 29–59% of activity 
observations), and was the predominant activity in 2006.  In contrast, feeding was much more prevalent in 
both 2007 and 2008.  In addition to these two activities, resting was also commonly observed over the 
three years.  Socializing and milling were observed less frequently, and were only seen in 2007 and 2008.    
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More deep seismic activity occurred in the Chukchi Sea in 2006 when three source vessels 
operated than in 2007 or 2008 when only one source vessel was active.  Shallow hazards surveys were not 
conducted in the Chukchi Sea in 2006 or 2007, but both Shell and CPAI had small shallow hazards 
survey programs in 2008.  Seismic and shallow hazards survey activity in 2008 did not occur 
simultaneously, but Shell and CPAI shallow hazards survey activity overlapped during a three–day period 
in Sep.   

More seismic survey activity occurred in the Beaufort Sea in 2008 than in 2006 or 2007.  Seismic 
activity included offshore operations by Shell in Camden and Harrison bays.  Shell also conducted 
shallow hazards surveys in the Camden Bay area.  OBC seismic surveys in areas closer to shore and often 
inside the barrier islands were conducted by Eni and BPXA.  Each of these operations occurred on or near 
specific lease blocks in areas that were separated geographically, but they overlapped temporally.  Shell 
and Eni both worked in the Harrison Bay area during the same time period in early Sep.  Eni had 
completed their offshore work and was only working inside the barrier islands while Shell was actively 
shooting seismic in the offshore waters of Harrison Bay.  Seismic source vessels did not operate within 15 
n.mi. of each other, however received sound pulses from multiple operating sources may have overlapped 
in some locations.   

The effect of sound exposure from seismic survey activities on marine mammals is unknown.  In 
some cases, comparisons of sighting rates during seismic and non-seismic periods suggested localized 
avoidance of seismic activities by seals.  Sighting rates of cetaceans were usually greater during non-
seismic periods also suggesting avoidance of underwater seismic sound.  In general, current mitigation 
measures appear to have been effective in limiting impacts from industry operations in the Beaufort Sea 
to bowhead whales and to the subsistence bowhead hunts in Barrow, Kaktovik, and Nuiqsut.  Despite 
measured changes in whale behavior in response to seismic exploration and development and production 
activities, whales have been successfully hunted each year from 2006–2008 and there have been no 
reported impacts to hunts from these activities during this period.  Data indicate that feeding whales 
appear to tolerate heightened levels of sound exposure, but that they also avoid potentially injurious sound 
exposure levels.  Such movements in response to seismic operations may deny the whales access to 
relatively small areas of foraging opportunity, but given the extent of the annual migrations and the 
apparent wandering of some tagged animals it is unlikely that foregoing these feeding opportunities or 
slight adjustments to migratory pathways are biologically significant. 

Impacts to marine mammal individuals and populations could potentially increase with expanded 
exploration and development of oil and gas resources in the Beaufort and Chukchi seas.  It is likely that at 
least some current prospects would be developed or at least explored to a greater extent in the near future.  
As additional exploration and development occurs the potential for impacts caused by industrial sounds in 
the marine environment will rise as will the potential for vessel strikes of marine mammals due to 
increased ship traffic in the area.  Without proper mitigation such impacts could affect marine mammal 
individuals and result in a decrease in the availability of marine mammals for subsistence use by villages 
along the coast of Alaska.  It appears unlikely that populations of marine mammals would be affected at 
current levels of exploration although it remains unclear how other types of impacts, like changes in 
temperature across the Arctic may ultimately affect these populations and their ability to adapt to 
additional human influence in their habitats.   
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1.  INTRODUCTION AND REPORT OBJECTIVES1 
 

This report presents a comprehensive overview of the results of the marine mammal monitoring and 
mitigation program, and the research programs operated by Shell Offshore, Inc. (SOI) in the Chukchi and 
Beaufort seas during SOI’s seismic activities in 2008, as well as other offshore industry and agency 
activities that occurred in both seas.  This is the third in a series of annual comprehensive reports 
describing industry and other activity in the Chukchi and Beaufort seas (Funk et al. 2007; Ireland et al. 
2009a).  Each annual report reflects our thinking at that time and supersedes reports from previous years 
by comparing trends or differences among years, combining data from multiple years when appropriate 
and refining analyses as better analytical techniques or ideas are developed.   

SOI conducted vessel–based seismic exploration in the Chukchi and Beaufort seas during the 2008 
open–water season.  Acquisition of seismic data was accomplished using an industry standard airgun 
array and hydrophone streamers towed by the source vessel Gilavar.  In addition to the deep seismic 
surveys SOI also conducted shallow hazard surveys on or near existing lease holdings in the Chukchi and 
Beaufort seas.  Marine mammal monitoring and mitigation was accomplished by marine mammal 
observers (MMOs) onboard seismic and shallow hazards source vessels and on various support vessels.  
Aerial surveys of marine mammals were also used for mitigation during seismic activities in the Beaufort 
Sea for operations conducted by SOI and Eni U.S. Operating Company, Inc. (Eni).  These surveys were 
used to determine presence and locations of bowhead whale cow/calf pairs and aggregations of whales 
during seismic activities.  Sound source measurements of underwater sound levels produced by airgun 
arrays and the vessels themselves were conducted prior to and/or during operations in both seas.  The 
results from these efforts were provided in a 90–day report submitted to the National Marine Fisheries 
Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS) after operations were completed 
(Ireland et al. 2009b).   

Marine mammal monitoring and mitigation during seismic exploration activities in 2008 occurred 
in a relatively small portion of the MMS Chukchi Sea Lease Sale Area 193 on or near specific SOI lease 
holdings, and in the vicinity of specific SOI lease holdings in the Beaufort Sea.  Similar types of 
exploratory activities and associated monitoring and mitigation occurred in the Chukchi and Beaufort seas 
in 2006 and 2007 and the current report examines the 2008 monitoring data in relation to or combined 
with (if appropriate) data from 2006 and 2007.   

In addition to the marine mammal monitoring and mitigation program SOI operated research 
programs across large geographic areas in both the Chukchi and Beaufort seas. These programs included 
underwater passive acoustic monitoring and aerial surveys of the nearshore area between Pt. Hope and 
Barrow in the Chukchi Sea.  These studies were conducted jointly with ConocoPhillips, Alaska, Inc. 
(CPAI) in 2007 and with CPAI and GX Technology (GXT) in 2006.  Passive acoustic recorders were 
tested in the Beaufort Sea in 2006, and deployed in 2007 and 2008.  The 2008 program added recorders at 
one of the sites in a shared program with Eni and Pioneer Natural Resources (Pioneer).  Aerial surveys in 
the Beaufort Sea were part of the monitoring and mitigation program, but contributed an aerial component 
to these wider–area studies in the Beaufort Sea.  These programs were designed to answer broader scale 
questions related to habitat use by marine mammals in the Chukchi Sea and to better understand the 
interaction of bowhead whales with industrial activities during their fall migration, particularly seismic 
surveys, in the Beaufort Sea.   

                                                 
1 Dale W. Funk, Robert Rodrigues, and Darren S. Ireland, LGL Alaska Research Associates, Inc., Anchorage, Alaska. 
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In addition, other known industry and human activities occurring offshore in the Chukchi and 
Beaufort seas are summarized (Chapter 2).  These other activities included shallow hazards surveys in the 
Chukchi Sea operated by CPAI, nearshore ocean bottom cable seismic exploration in the Beaufort Sea 
near Foggy Island Bay by BP Exploration Alaska, Inc. (BP) and eastern Harrison Bay by Eni, barging and 
vessel traffic, drilling island construction, oil production operations, and subsistence whaling.  CPAI also 
conducted a baseline studies program in the Chukchi Sea which will be reported elsewhere.  Barging 
activities were conducted by Island Tug and Barge, Bowhead Transportation, Crowley Marine Systems, 
Sea–Link Marine Services, Pioneer, and BP Exploration (Alaska), Inc.  Some of these companies 
conducted their own studies and graciously provided copies of their reports and data for use in describing 
industry activities and studies.  

Data from several additional sources were included in the report to supplement the information 
described above.  The Minerals Management Service (MMS) and the National Marine Mammal Laboratory 
(NMML) initiated the Bowhead Whale Feeding Ecology Study (BOWFEST) in 2007 focusing on late 
summer oceanography and prey densities relative to bowhead whale distribution over continental shelf 
waters.  The MMS has also funded the Bowhead Whale Aerial Survey Project (BWASP) on an annual basis 
since 1979 to survey bowhead whales in the Beaufort Sea.  Starting in 2007 the BWASP was coordinated 
through NMML and in 2008 the surveys were extended to cover the northeastern Chukchi Sea as part of the 
Chukchi Offshore Monitoring in Drilling Area (COMIDA) study.  Summaries of aerial survey data from 
these studies are available online at: http://www.afsc.noaa.gov/nmml/cetacean/bwasp/index.php. 

We have also included information that was available describing the subsistence whale hunts in the 
project area.  This information was initially provided by the Barrow Communications Center and the 
Alaska Eskimo Whaling Commission.   

To the extent possible, this report integrates the studies conducted as part of the monitoring 
program into a broad–based assessment of industry activities and their impacts on marine mammals in the 
Chukchi and Beaufort seas during 2008.  As part of this integration, monitoring and mitigation data 
collected in 2006, 2007 and 2008 were combined to allow a more comprehensive analysis of marine 
mammal distribution and density in the Chukchi and Beaufort seas.  It is noteworthy that differences in 
the extent of sea ice among years likely resulted in observable differences in the distribution and behavior 
of some marine mammal species.  Pacific walruses were generally observed swimming in open water 
offshore or were associated with pack ice in 2006 and 2008.  Similar observations of walruses were also 
made in 2007 when summer ice retreated north of the Chukchi Sea, however thousands of walruses were 
also observed hauled out on land along the Chukchi Sea coast between Pt. Hope and Barrow.  In the 
Beaufort Sea observations of bowhead whales during aerial surveys suggested a possible increase in 
bowhead feeding behavior over that observed in previous years in the central and eastern Alaskan 
Beaufort Sea.  Factors likely contributing to differences in Pacific walrus and bowhead whale 
distribution/activity from 2006 through 2008 are discussed in detail in several chapters of this report.    

This report focuses on the potential impacts to marine mammals from underwater sounds 
associated with various industry activities and related vessel traffic during 2008. This and previous 
reports begin to establish long–term data sets for evaluating changes in the Chukchi and Beaufort sea 
ecosystems by providing a regional synthesis of available data on industry activities in offshore areas of 
arctic Alaska that may influence marine mammal density, distribution and behavior.   
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Objectives and Assumptions 
As described above, the primary objective of this report was to provide detailed descriptions of the 

various studies conducted by SOI, which included:  
• deployment of arrays of bottom–founded acoustic recorders along the Alaskan Chukchi Sea 

coast from Pt. Hope to Barrow, Alaska with additional recorders placed further offshore;  
• aerial monitoring over the nearshore waters and coastline between Pt. Hope and Barrow;  
• deployment of directional autonomous seafloor acoustic recorders model B (DASAR-b) to 

monitor marine mammal vocalizations (primarily bowhead whales) and industrial sounds in 
the Beaufort Sea; 

• aerial surveys over lease prospects in the Beaufort Sea (primarily near Camden and Harrison 
bays); and  

• analysis of a combined data set consisting of all marine mammal sightings from the seismic 
and support vessels operating in the Chukchi and Beaufort seas in 2006, 2007, and 2008. 

The objectives of these studies were to:  
• provide data to begin to fill gaps in our understanding of the relative abundance, distribution 

and habitat use of marine mammals in the Chukchi and Beaufort seas; and  
• assess the potential impacts of seismic activity on marine mammals in the Chukchi and 

Beaufort seas. 
Other human activities in the Chukchi and Beaufort seas that occurred during the seismic program 

but were unrelated to work by SOI are also described.  These activities may have influenced marine 
mammal responses to the seismic program.   

In preparing this report we worked under the following assumptions: 
• The report primarily addresses the monitoring studies conducted by SOI in 2007 and 2008 

and by the JMP participants in 2006 including the effects of seismic programs conducted by 
SOI on marine mammals in 2006, 2007 and 2008, and by CPAI and GX Technology in 2006. 

• Marine mammals are the focus of the report, and the report is not intended to address all 
aspects of the marine ecosystems of the Chukchi and Beaufort seas. 

• The primary potential impacts addressed are those resulting from underwater sound from 
airguns and the vessels themselves as well as construction, drilling and production associated 
with oil and gas development. 

• This report is intended to document the current monitoring programs in the Alaskan Arctic 
and is not intended as a complete retrospective of previous work in these areas. 

• Information presented from studies conducted by other companies or organizations was 
usually available in reports issued by those entities.  Those reports should be consulted for 
more detailed information on these separate studies. 

Report Organization 
The report describes the various types of industry and other activities in the Chukchi and Beaufort 

seas during 2008, summarizes the results of industry studies in these areas, and provides an initial 
analysis of the effects of human activities on marine mammals in 2006–2008.  The report is divided into 
11 chapters and appendices. 
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2.  INDUSTRY AND OTHER HUMAN ACTIVITIES1 
 
As part of a continuing exploration program Shell conducted seismic activities and shallow hazards 

and site clearance surveys in both the Chukchi and Beaufort seas in 2008.  Other industrial activities, 
shipping, monitoring studies, and subsistence harvest activities also occurred in both seas.  This chapter 
describes the various types of human activities during the 2008 open–water period in the Chukchi Sea 
followed by a description of similar activities in the Beaufort Sea.  A regional timeline of activities at the 
end of this chapter puts the temporal aspects of the 2008 activities in the Chukchi and Beaufort seas in 
perspective.   

Seismic Vessel Component 
Marine seismic surveys emit sound energy into the water (Greene and Richardson 1988; Tolstoy et 

al. 2004a,b), and have the potential to affect marine mammals, given the possible auditory and behavioral 
response of many such species to underwater sounds (Richardson et al. 1995; Gordon et al. 2004; 
Nowacek et al. 2007; Southall et al. 2007).  The effects could consist of behavioral or distributional 
changes, and perhaps (for animals close to the sound source) temporary or permanent reduction in hearing 
sensitivity.  Such reductions, however, have not been confirmed in the technical literature.  Either 
behavioral/distributional effects or auditory effects (if they occur) could constitute “taking” under the 
provisions of the U.S. Marine Mammal Protection Act (MMPA) and the U.S. Endangered Species Act 
(ESA).   
Marine Mammal Permits 

Seismic survey operations have the potential to “take” marine mammals by harassment.  As in 
2006 and 2007, Shell submitted applications to the National Marine Fisheries Service (NMFS) and the 
U.S. Fish and Wildlife Service (USFWS) requesting authorization to “take” small numbers of marine 
mammals incidental to seismic exploration activities in the Chukchi and Beaufort seas during the 2008 
open-water season.  An Incidental Harassment Authorization (IHA) and a Letter of Authorization (LoA) 
were requested from NMFS and USFWS, respectively, that contained specific monitoring and mitigation 
measures designed to minimize such “take.”  The IHA and LoA were issued to Shell and included 
provisions to minimize the possibility that marine mammals close to the seismic source might be exposed 
to levels of sound high enough to cause hearing damage or other injuries.  No serious injuries or deaths of 
marine mammals occurred during seismic operations in the Chukchi or Beaufort seas in 2006 or 2007, 
and given the nature of the operations and the mitigation measures implemented, none were anticipated 
from the 2008 seismic surveys.   As in 2006 and 2007, no injuries or deaths of marine mammals were 
attributed to the 2008 seismic survey activities.   

Under current NMFS guidelines (e.g., NMFS 2008a,b), “safety radii” for marine mammals around 
airgun arrays are customarily defined as the distances within which received pulse levels are ≥180 dB re 1 
µPa (rms)2 for cetaceans and ≥190 dB re 1 μPa (rms) for pinnipeds.  Those safety radii are based on an 
assumption that seismic pulses at lower received levels will not injure these mammals or impair their 
                                                 
1 By Robert Rodrigues, Darren S. Ireland, and Dale W. Funk, LGL Alaska Research Associates, Inc. 
2 “rms” means “root mean square,” and represents a form of average across the duration of the sound pulse as 
received by the animal.  Received levels of airgun pulses measured on an “rms” basis are generally 10–12 dB lower 
than those measured on the “zero–to–peak” basis, and 16–18 dB lower than those measured on a “peak–to–peak” 
basis (Greene 1997; McCauley et al. 1998, 2000).  The latter two measures are the ones commonly used by 
geophysicists.  Unless otherwise noted, all airgun pulse levels quoted in this report are rms levels. 
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hearing abilities, but that higher received levels might have some such effects.  The mitigation measures 
required by IHAs are, in large part, designed to avoid or minimize exposure of cetaceans and pinnipeds to 
sound levels ≥180 and ≥190 dB (rms), respectively.  The USFWS follows similar guidelines for species 
under its jurisdiction requiring safety radii of 180 dB (rms) for walrus and 190 dB for polar bear. 

Disturbance to marine mammals may occur at distances beyond the safety (power–down) radii if 
the mammals are exposed to moderately strong, pulsed sounds generated by the airguns (Richardson et al. 
1995).  NMFS assumes that marine mammals exposed to airgun sounds with received levels ≥160 dB re 1 
μPa (rms) have the potential to be disturbed behaviorally.  That assumption is based mainly on data 
concerning behavioral responses of baleen whales, as summarized by Richardson et al. (1995) and 
Gordon et al. (2004).  Dolphins and pinnipeds are generally less responsive than baleen whales (e.g., 
Stone 2003; Gordon et al. 2004), and 170 dB (rms) may be a more appropriate criterion of potential 
behavioral disturbance for those groups (LGL Ltd. 2005a,b).  This 170 dB (rms) criterion, however, is not 
recognized by NMFS.  In general, disturbance effects are expected to depend on the species of marine 
mammal, the activity of the animal at the time of disturbance, the distance from the sound source, the 
received level of the sound, and the associated water depth.  Some individuals may, under certain 
circumstances, exhibit behavioral responses at received levels somewhat below the nominal 160 or 170 
dB (rms) criteria, but others may tolerate levels somewhat above 160 or 170 dB (rms) without reacting in 
any substantial manner.  Marine mammal behavioral responses to seismic operations have been 
consistently shown to be temporary and short term (Richardson et al. 1995), and have not appeared to 
significantly affect marine mammal populations.   

NMFS issued an IHA to Shell in 2007 to authorize non–lethal “takes” of marine mammals 
incidental to Shell’s planned 3D seismic and shallow hazards survey operations in the Chukchi and 
Beaufort seas during the open–water season that was valid through 1 Aug 2008.  Pursuant to Section 
101(a)(5)(D) of the MMPA, Shell requested that NMFS issue a similar IHA for the 2008 open–water 
season (Shell 2007).  A notice announcing Shell’s request for an IHA was published in the Federal 
Register on 25 Jun 2008 and public comments were invited (NMFS 2008a).  On 19 Jun 2008 (prior to the 
publication of the notice) Shell requested an extension of the existing IHA from NMFS which was to 
expire on 1 Aug.  In a letter to Shell on 26 Jun, NMFS amended the IHA by extending the period of 
validity through 19 Aug 2008.  A new IHA authorizing “takes” of small numbers of marine mammals 
during 3D seismic activities and site clearance and shallow hazards surveys in the Chukchi and Beaufort 
seas was issued to Shell by NMFS on 19 Aug 2008 (NMFS 2008b).  The IHA authorized “potential take 
by harassment” of various cetacean and seal species during the marine geophysical cruises described in 
this report.  This authorization was valid from 19 Aug 2008 through 18 Aug 2009, or until a new IHA 
might be issued to Shell.   

In Nov 2007, Shell requested that the USFWS issue a LoA to authorize potential incidental and 
unintentional “taking” of walruses and polar bears during exploratory activities in the Beaufort Sea in 
2008.  In Apr 2008, Shell made a similar request to the USFWS for a LoA to authorize the same types of 
“takes” for exploratory activities in the Chukchi Sea in 2008. The USFWS issued separate LoAs for the 
Chukchi and Beaufort seas to Shell on 7 Jul 2008 which authorized “takes” of small numbers of polar 
bears and Pacific walruses during exploratory activities in the two seas in 2008.  The LoAs were valid 
from 7 Jul through 30 Nov 2008.   

The IHA and LoAs were granted to Shell with the following assumptions:  
• the numbers of marine mammals potentially harassed (as defined by NMFS criteria) during 

seismic operations would be “small”; 
• the effects of such harassment on marine mammal populations would be negligible;  
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• no marine mammals would be seriously injured or killed;  
• there would be no unmitigated adverse effects on the availability of marine mammals for sub-

sistence hunting in Alaska; and 
• the agreed upon monitoring and mitigation measures would be implemented.  

The IHA issued by NMFS for the Chukchi and Beaufort sea seismic surveys authorized harassment 
“takes” of three ESA–listed species including bowhead whale (Balaena mysticetus), humpback whale 
(Megaptera novaeangliae), and fin whale (Balaenoptera physalus), as well as non–listed species 
including gray whale (Eschrichtius robustus), Minke whale (Balaenoptera acutorostrata), killer whale 
(Orcincus orca), beluga whale (Delphinapterus leucas), harbor porpoise (Phocoena phocoena), and 
ringed (Phoca hispida), spotted (Phoca largha), bearded (Erignathus barbatus), and ribbon (Histriophoca 
fasciata) seals.  The LoA issued to Shell by USFWS authorized the incidental “taking” of walruses 
(Odobenus rosmarus) and polar bears (Ursus maritimus) in conjunction with seismic activities in the 
Chukchi and Beaufort seas.   

Chukchi Sea 

Shell Seismic Operations 
Shell collected offshore seismic data in the Chukchi Sea during summer 2008 in support of 

potential oil and gas exploration and development.  Seismic survey data were acquired from the M/V 
Gilavar, a seismic source vessel that towed an airgun array and hydrophone streamers to record reflected 
seismic data.  Shell also conducted shallow hazards and site clearance surveys in the Chukchi Sea from 
the M/V Cape Flattery and the M/V Alpha Helix.  A number of other support/monitoring vessels also 
operated in the Chukchi Sea during the 2008 open–water period.  Some vessels worked closely with the 
Gilavar in support of seismic activities, while others operated in support of acoustic research activities.   
Dates of Operations 

The Gilavar left Dutch Harbor on 13 Jul to travel to the project area, and entered the Chukchi Sea 
project area on 19 Jul.  The same airgun array used in 2006 and 2007 was used again in 2008.  Although 
underwater sound propagation from the airgun array was measured in 2006 and 2007, Shell decided to 
conduct measurements of the sound radii in 2008 in the location where the seismic activities were to 
occur.  Shell’s seismic contractor deployed the seismic acquisition equipment, and sound source 
measurements of the airgun array were conducted by JASCO Research Ltd. (JASCO) on 27–28 Jul 
during ~8 hr of seismic shooting at a location off Pt. Lay (MacDonnell et al. 2008).  JASCO calculated 
preliminary disturbance and safety radii within five days of completion of the measurements.  These radii 
were the basis for implementation of mitigation by MMOs during seismic survey activities.  The methods 
used to conduct the sound source measurements and the results are discussed in detail in Shell’s 2008 90–
day report (Ireland et al. 2009).    

The Gilavar collected seismic data in the Chukchi Sea from 27 Jul–28 Aug and entered the 
Beaufort Sea on 31 Aug to collect seismic data on or near specific Shell lease holdings.  The Gilavar 
returned to the Chukchi Sea on 10 Oct and transited through the project area.  No deep seismic survey 
activities were conducted in the fall in the Chukchi Sea and the Gilavar departed the project area on 14 
Oct arriving in Dutch Harbor on 17 Oct.  Shell completed ~1457 km (905 mi) of deep-seismic data 
acquisition in the Chukchi Sea in 2008.  Marine mammal data were collected during seismic survey 
activity along ~2806 km (1744 mi) of trackline in the Chukchi Sea including periods when airgun/s were 
firing during ramp up, lead in and lead out periods, and when the single mitigation gun was firing.   
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Location of Activities 
The geographic region where the seismic surveys occurred was located in the Chukchi Sea MMS 

OCS Planning Area designated as Chukchi Sea Sale 193 (Fig. 2.1). The seismic survey activities were 
conducted on or near Shell lease holdings at locations ≥97 km (60 mi) offshore.     
Navigation 

Throughout the surveys, the source vessel position and speed were logged digitally every ~60 s.  In 
addition, the position of the source vessel, water depth, and information on the airgun array were logged 
for every airgun shot while the source vessel was collecting geophysical data.  The geophysics crew kept 
an electronic log of events, as did the marine mammal observers (MMOs) while on duty.  The MMOs 
also recorded the number and volume of airguns firing when the source vessels were offline (e.g., prior to 
shooting at full volume) or were online but not recording data (e.g., during airgun or computer problems).   

 
 

 
FIGURE 2.1.   Location of Shell’s deep seismic and shallow hazards surveys in the MMS 
Chukchi Sea Lease Sale 193 in 2008. 
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Airgun Description 
Shell used two of WesternGeco’s 3147–in3 three–string arrays of Bolt airguns which were towed 

~276 m behind the Gilavar and fired alternately to collect 3–D seismic survey data in the Chukchi Sea.  
Each array was composed of three identically–tuned Bolt airgun sub–arrays, each with eight airguns and a 
total volume of 1049 in3, operated at an air pressure of 2000 psi.  Each string was 15 m (49 ft) in length, 
and was 8 m (26 ft) from the adjacent string(s).  The individual airguns ranged in volume from 30 to 235 
in3, and each string included two 235–in3 and two 125–in3 airguns in two–gun clusters.  The airgun arrays 
were towed at a depth of 6 m (19.7 ft).  The system also included four to six hydrophone streamers 4200 
m (2.6 mi) in length and spaced 100 m (328 ft) apart which recorded reflected sound energy.  Air 
compressors aboard the Gilavar were the source of high pressure air used to operate the airgun arrays.  
Seismic pulses were emitted at intervals of 25 m (27 yd; ~10 sec intervals) while the Gilavar traveled at a 
speed of 4 to 5 knots (7.4–9.3 km/h).  In general, the Gilavar towed this system along a predetermined 
survey track, although adjustments were occasionally made during the field season to avoid obstacles or 
during repairs to the equipment.  The airgun array is described in more detail in Appendix D of Shell’s 
90–day report for its 2008 seismic activities (Ireland et al. 2009).   

Shell Site Clearance and Shallow Hazards Surveys 
In addition to seismic surveys, Shell also conducted site clearance and shallow hazards surveys of 

potential exploratory drilling locations within Shell’s lease areas in the Chukchi Sea as required by MMS 
regulations.  Before drilling can begin, a site clearance survey and analysis is necessary to identify and/or 
evaluate potentially hazardous or otherwise sensitive conditions and sites at or below the seafloor that could 
affect the safety or appropriateness of operations.  Examples of such conditions include subsurface faults, 
fault scarps, shallow gas, steep-walled canyons and slopes, buried channels, current scour, migrating 
sedimentary bedforms, ice gouging, permafrost, gas hydrates, unstable sediment conditions, pipelines, 
anchors, ordnance, shipwrecks, or other geophysical or man-made features.   

Various geophysical methods and tools are used to acquire graphic records of seafloor and sub-
seafloor geologic conditions during offshore site clearance surveys.  The data acquired and the types of 
investigations outlined below are performed routinely prior to exploratory drilling and construction of 
production facilities in marine areas, and for submarine pipelines, port facilities, and other offshore projects.  
High-resolution geophysical data such as two-dimensional, high-resolution multi-channel seismic, medium 
penetration seismic, sub-bottom profiler, side scan sonar, multibeam bathymetry, magnetometer, and 
possibly piston core sediment sampling are typical types of data acquired.  These data are interpreted to 
define geologic, geotechnical and archeological conditions at the site and to assess the potential engineering 
significance of these conditions.  The following section provides a brief description of the operations and 
instrumentation used during Shell’s 2008 site clearance program in the Chukchi Sea insofar as they may 
impact marine mammals.  A more detailed description of the shallow hazards and site clearance survey 
activities and the results of Shell’ marine mammal monitoring and mitigation program are presented in 
Shell’s 90-day report (Ireland et al. 2009).   
Dates of Operations  

Shell used the R/V Cape Flattery and the R/V Alpha Helix to conduct shallow hazards and site 
clearance surveys in the Chukchi Sea in 2008.  The Cape Flattery left Dutch Harbor on 24 Aug and entered 
the project area on 28 Aug.  JASCO conducted measurements of underwater sound produced by the Cape 
Flattery’s four–airgun array (total volume of 40 in3), a two–airgun array (20 in3), and a single mitigation gun 
(10 in3) on 29–30 Aug.  JASCO also conducted measurements of underwater sound produced by high 
resolution geophysical tools including a sub-bottom profiler and a bubble pulser, as well as measurements of 
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underwater sound produced by the vessel itself.  The results of these underwater sound measurements were 
reported in Shell’s 2008 90– day report (Ireland et al. 2009).  The Cape Flattery conducted shallow hazards 
surveys from ~28 Aug to 13 Sep.  Use of the small airgun array on the Cape Flattery began on 29 Aug and 
was completed on 9 Sep.  The Cape Flattery departed the Chukchi Sea project area on 13 Sep and arrived in 
Dutch Harbor on 24 Sep.   

The Alpha Helix departed Dutch Harbor on 16 Jul and transited the Chukchi Sea project area on 28–
29 Jul enroute to the Beaufort Sea.  The Alpha Helix returned from the Beaufort Sea and entered the 
Chukchi Sea on 22 Aug.  JASCO conducted measurements of underwater sound produced by the Alpha 
Helix’s sub-bottom profiler operating at 3.5 kHz and of sound produced by the vessel itself on 28–30 Aug.  
The Alpha Helix did not use an airgun array in the Chukchi Sea in 2008.  The results of the sound 
measurements were provided in Shell’s 90-day report (Ireland et al. 2009).  The Alpha Helix conducted 
shallow hazards surveys or assisted the Cape Flattery with survey work from ~22 Aug to 1 Sep and 
departed the Chukchi Sea project area on 1 Sep arriving in Dutch Harbor on 7 Sep.   
Location of Activities 

The shallow hazards and site clearance surveys by the Cape Flattery and Alpha Helix in the 
Chukchi Sea in 2008 were conducted in the vicinity of the seismic operations of the Gilavar (Fig. 2.1).  
These activities occurred in the Chukchi Sea MMS OCS Planning Area designated as Chukchi Sea Sale 
193 at locations >97 km (60 mi) offshore.   
Navigation 

Throughout the Cape Flattery and Alpha Helix surveys, position, speed, and water depth were 
logged digitally every ~60 s.  In addition, the position of the two vessels, water depth, and information on 
the output of the airgun array were logged during all site clearance activities.  The geophysics crew kept 
an electronic log of events, as did the marine mammal observers (MMOs) while they were on duty.   
Airgun Description and Geophysical Tools Used for Site Clearance 

Geophysical equipment on the Cape Flattery included a small airgun array comprised of four 10–
in3 airguns (40–in3 array).  The Cape Flattery also had low–energy acoustic sources including a 3.5 kHz 
sub–bottom profiler and a 400 Hz bubble pulser.  The Alpha Helix did not operate an airgun while in the 
Chukchi Sea and the only acoustic source (other than high-frequency sonars) was a 3.5 kHz sub–bottom 
profiler.  Characteristics of this equipment are described in more detail in Appendix D of Shell’s 90-day 
report (Ireland  et al. 2009).     

CPAI  Shallow Hazards Surveys 
CPAI conducted offshore operations at potential drilling sites on or near the Klondike and Burger 

prospects, and along potential pipeline routes from the prospects to the coast during 2008 (Fig. 2.2).  The 
surveys were conducted from the R/V Norseman I.  Shallow hazards surveys were conducted only at or 
near the Klondike prospect.  A marine mammal monitoring and mitigation program similar to those used 
in other recent seismic survey projects was conducted by observers on the Norseman I as required under 
an IHA issued by NMFS.  The rationale for shallow hazards surveys was explained above in the section 
describing Shell’s shallow hazards survey program.  MMOs on the Norseman I collected information on 
marine mammal distribution and abundance similar to that collected during other recent seismic survey 
projects.  The results of the marine mammal monitoring program were reported in CPAI’s 90–day report 
(Brueggeman 2009).   
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FIGURE 2.2.  Location of the Klondike prospect where CPAI shallow hazards surveys 
occurred in the Chukchi Sea, 2008.  Additional vessel activities occurred along transit 
routes between the prospect and Wainwright.  Adapted from Brueggeman (2009).   
 

Underwater sound propagation from several types of shallow hazards survey equipment was 
measured by JASCO.  Safety and disturbance radii were calculated for a 10 kJ sparker and these radii 
were 5, 30, and 1170 m (5, 33, and 1280 yd) for the 190, 180, and 160 dB rms zones, respectively (in 
Brueggeman 2009).  The seismic profiler used to collect data during the shallow hazards surveys was a 
single 6 kJ sparker, although the safety radii for the 10 kJ sparker were implemented by MMOs.  CPAI 
did not use airgun arrays during shallow hazards survey activities in the Chukchi Sea in 2008.   
Dates of Operations  

The shallow hazards surveys were conducted from 7 Sep to 31 Oct 2008.  JASCO measured the 
underwater sound produced by the Norseman I and equipment used for shallow hazards survey work on 
7-8 Sep.   
Location of Activities 

The Klondike prospect was located over 160 km (100 mi) offshore approximately west of 
Wainwright.  Shallow hazards surveys using the 6 kJ sparker were limited to areas at or near the Klondike 
prospect.   
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Navigation 
Standard GPS and sonar equipment were used to record vessel position, speed, and water depth 

during survey and transit periods.  This equipment was also used to record locations of survey activities 
and marine mammals.   
Geophysical Tools Used for Site Clearance 

The equipment used to conduct shallow hazards surveys included a Marine Sonic Technology 
Sidescan Sonar System with 150 kHz transducers, echosounders for depth measurements, Odum ES3 
Multibeam Sonar operating at 247 kHz, a sub–bottom profiler consisting of four Masa 1097 3.5 kHz 
transducers, and a high–resolution profiling system with a 6 kJ sparker.   

Barging and Other Vessels 
In addition to the vessel traffic associated with Shell and CPAI seismic activities, other vessel 

traffic also occurred in the Chukchi Sea during the 2008 open–water season (Table 2.1).  This vessel 
traffic was in support of other industry activity not associated with the current seismic surveys, and with 
barge activity in support of villages.  Several barges transited the Chukchi Sea to the Alaskan or Canadian 
Beaufort Sea.  The M/V Arctic Wolf that operated in support of seismic survey activities by BP 
Exploration (Alaska) Inc. (BP), transited the Chukchi Sea twice while in route to and from BP’s survey 
area in the Beaufort Sea.  The Japanese research vessel Oshoro Maru also conducted activities in the 
Chukchi Sea in 2008.  The dates and locations of these activities are not available at this time but will be 
forthcoming.  CPAI also collected baseline data on marine mammal and bird distribution in the Chukchi 
Sea during the 2008 open–water period.  Other vessels, for example U.S. Coast Guard vessels, may have 
operated in the Chukchi Sea in 2008. 

Whaling Activities 
Subsistence hunts for bowhead whales occurred in the Chukchi Sea during both the spring and fall 

seasons in 2008.  Subsistence hunting for bowhead whales at Barrow which may occur in either the 
Chukchi or Beaufort seas will be discussed here and is not included in the Beaufort Sea section of this 
report.   

Spring bowhead hunts were conducted from the villages of Point Hope, Wainwright and Barrow.  
Two whales were landed at Point Hope, one each on 8 and 25 May, and three whales were struck and lost 
on 7 and 8 May (Suydam et al. 2009).  Two whales were landed by villagers at Wainwright on 18 and 26 
May and none were struck and lost.  Nine bowheads were landed by villagers from Barrow and seven 
were struck and lost from 27 Apr through 18 May.   

No bowheads were harvested by villagers at Point Hope or Wainwright in fall 2008.  Villagers at 
Barrow harvested 12 bowheads from 5 to 23 Oct and two whales were struck and lost.   

On 10 Jul villagers at Point Lay harvested 30 belugas (R. Suydam, pers. comm.).  Belugas were 
also harvested at Point Hope (34 whales), Wainwright (25 whales), and Barrow (10 whales).      
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TABLE 2.1.  General Chukchi Sea vessel traffic for operations not specifically associated with seismic 
exploration activities in the Chukchi Sea in 2008. 

          Vessel        Type    Period            Location
    Crowley Marine
Siku /Barge 160-1 Tug and barge 6-23 Aug Operated in Chukchi Sea
Siku /Barge 160-1 Tug and barge 28 Aug-17 Sep Operated in Chukchi Sea
Sinuk /Barge 180/1 Tug and barge 13-23 Aug Operated in Chukchi Sea
Sinuk /Barge 180/1 Tug and barge 31 Aug-17 Sep Operated in Chukchi Sea
Seneca/Barge 250-10 Tug and barge 13-23 Aug Operated in Chukchi Sea
Seneca/Barge 250-10 Tug and barge 28-31 Aug Transit Chukchi Sea
Sea Prince /Barge 360 Tug and barge 10-25 Aug Operated in Chukchi Sea
Sioux /Barge Yukon Tug and barge 6 Aug-2 Sep Operated in Chukchi Sea, primarily near 

Barrow
    Bowhead Transport
M/V Greta Self-propelled barge 30 Jul-17 Aug Operated in Chukchi Sea
M/V Greta Self-propelled barge 4-7 Sep Operated in Chukchi Sea
Maia H/Klinkwan Tug and barge 29 Jul-22 Aug Operated in Chukchi Sea

    Island Tug and Barge
Island Monarch/Island Trader Tug and barge 16 Aug-18 Oct Four transits of Chukchi Sea

    Sea-Link Marine Services
Arctic Taglu/Oecan Oregon Tug and barge Late Jul Transit Chukchi Sea from south
Arctic Taglu/Oecan Oregon Tug and barge Early Oct Transit Chukchi Sea from north

 
 

Beaufort Sea 
Shell’s exploratory activities in the Beaufort Sea in 2008 included seismic exploration from the 

Gilavar, and shallow hazards and site clearance surveys from the Henry Christoffersen (Henry C.) and the 
Alpha Helix.  These activities are discussed in the following sections.   

In addition to Shell’s 2008 Beaufort Sea exploratory activities, Eni U.S. Operations Co. Inc. (Eni) 
conducted ocean bottom cable/transition zone seismic surveys in nearshore waters off Oliktok Point near 
Spy, Leavitt, and Thetis islands.  Details of Eni’s exploratory activities and associated marine mammal 
monitoring and mitigation were reported by Hauser et al. (2008).  BP also conducted ocean bottom cable 
seismic surveys in the Beaufort Sea in 2008 east of the Endicott causeway in Foggy Island Bay.  Details 
of BP’s exploratory activities and associated marine mammal monitoring and mitigation program were 
reported by Aerts et al. (2008).  A summary of Eni’s and BP’s seismic survey programs and other 
activities in the Beaufort Sea in 2008 is presented following the discussion of Shell’s Beaufort Sea 
seismic program.   

Shell Seismic Operations 
After completing the seismic survey work proposed for the Chukchi Sea in 2008, the Gilavar 

moved to the Beaufort Sea to collect seismic data on or near specific Shell lease holdings (Fig. 2.3).  
Many of the Shell support vessels that operated in the Chukchi Sea also provided support for the seismic 
survey or research activities in the Beaufort Sea. 
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Dates of Operations  
The Gilavar entered the Beaufort Sea on 31 Aug 2008.  At the start of seismic data collection in the 

Beaufort Sea, JASCO measured the underwater sound produced by the Gilivar’s airgun array and 
mitigation gun during ~8 hr of seismic shooting on 5–6 Sep in Harrison Bay (MacGillivray et al. 2008).  
JASCO calculated preliminary disturbance and safety radii which were used by MMOs for mitigation 
during the survey activities.  The methods used to conduct the sound source measurements and the results 
are discussed in detail in Shell’s 2008 90–day report (Ireland 2009).   The Gilavar collected seismic 
survey data in the Beaufort Sea from 3 Sep–9 Oct.  Shell completed ~2441 km (1517 mi) of deep-seismic 
data acquisition in the Beaufort Sea in 2008.  The Gilavar’s airguns were operated along 5866 km (3645 
mi) of trackline in the Beaufort Sea in 2008.  Periods of full array firing plus periods of lead in, lead out, 
and ramp up occurred along 3720 km (2312 mi) of trackline.  The single mitigation gun operated along 
2146 km (1333 mi) of trackline.    
Location of Activities 

Seismic acquisition began in Harrison Bay where the Gilavar remained during the blackout period 
for the Cross Island whaling season (Fig. 2.3).  Initial seismic surveys in Harrison Bay occurred from 3 
through 12 Sep.  After the whaling season the Gilavar moved to prospects near Camden Bay for several 
weeks before returning to Harrison Bay to complete seismic data acquisition from 30 Sep through 9 Oct.  
The Gilavar reentered the Chukchi Sea on 11 Oct and transited to Dutch Harbor.   

 

 
FIGURE 2.3.  Location of Shell’s deep seismic and shallow hazards survey areas in the central Alaskan 
Beaufort Sea, 2008.  
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Navigation and Airgun Description 
The same system used for logging vessel position and speed, and shot locations described above for the 

Chukchi Sea was also used by the Gilavar in the Beaufort Sea.  The airgun array used for seismic acquisition 
in the Beaufort Sea in 2008 was the same as that used for the Chukchi Sea and is described above and in 
Shell’s 2008 90–day report (Ireland et al. 2009).    

Shell Site Clearance and Shallow Hazards Surveys 
In addition to deep seismic surveys in the Beaufort Sea, Shell also conducted site clearance and 

shallow hazards surveys of potential exploratory drilling locations within Shell’s lease areas as required by 
MMS regulations.  The shallow hazards surveys were conducted from the Henry C. and Alpha Helix.  The 
rationale for conducting shallow hazards and site clearance surveys was discussed above in the Chukchi Sea 
section.   
Dates of Operations  

The Henry C. entered the Beaufort Sea from Canadian waters on 21 Jul 2008.  JASCO conducted 
measurements of the underwater sound produced from the 20–in3 airgun array, the single mitigation 
airgun (10–in3), sub–bottom profilers, and from the vessel itself in Camden Bay on 22 Jul (Zykov and 
Sneddon 2008).  After completion of the sound source measurements, the Henry C. conducted shallow 
hazards surveys in the Beaufort Sea from 22 Jul through 23 Aug.  Use of the small airgun array on the 
Henry C. began on 22 Jul and was completed on 20 Aug.  The Henry C. departed the project area to 
Canada on 24 Aug.    

The Alpha Helix entered the Beaufort Sea from the Chukchi Sea on 29 July.  JASCO conducted 
measurements of the underwater sound produced from the Alpha Helix’s 20–in3 airgun array, the single 
mitigation gun (10–in3), a sub–bottom profiler, and from the vessel itself on 3–4 Aug near Camden Bay 
(Mouy and Hannay 2008).  The Alpha Helix conducted shallow hazards surveys in the Beaufort Sea from 
~29 Jul to 22 Aug.   The small airgun array on the Alpha Helix was used only on 3 and 4 Aug during 
sound source measurements.  The Alpha Helix departed the Beaufort Sea on 22 Aug. 
Location of Activities 

The shallow hazards and site clearance surveys were conducted on or near several Shell prospects 
near Camden Bay (Fig. 2.3).  Small geophysical survey sources with limited energy output were used to 
measure bathymetry, topography, geohazards, and other seabed characteristics.     
Navigation 

Throughout the survey, vessel position, speed, and water depth were logged digitally every ~60 s.  
Water depth and information on the output of the airgun array or other geophysical tools were logged 
during all site clearance activities.  The geophysics crew kept an electronic log of events, as did MMOs 
while they were on duty.   
Airgun Description and Geophysical Tools Used for Site Clearance 

Geophysical equipment on the Henry C. and Alpha Helix included small airgun arrays comprised 
of two 10–in3 airguns which were used during site clearance operations to locate potential hazards, such 
as gas deposits, at relatively shallow locations.  Other lower–energy acoustic sources on the Henry C. 
were operated for shallow-penetration, sub–bottom surveys and to map the seafloor.  These included a 
Datasonics SPR–1200 Bubble Pulser (400 Hz), medium penetration sub–bottom profiler and a Strata Box 
(3.5 kHz) single–frequency sub–bottom profiler.  The only acoustic source used on the Alpha Helix was a 
3.5 kHz sub–bottom profiler.  Characteristics of this equipment were described in more detail in 
Appendix D of Shell’s 90-day report (Ireland 2009).   
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BP Exploration OBC Seismic Surveys at Liberty 
BP Exploration (Alaska) Inc. (BP) conducted ocean bottom cable (OBC) seismic surveys in 

offshore Federal waters east of the Endicott development near Prudhoe Bay.  During the OBC surveys 
parallel lines of seismic cables were laid on the ocean floor.  Several source vessels were used to tow 
airgun arrays which emitted pulsed seismic energy into the seafloor.  The cables were equipped with 
sensors (hydrophones/geophones) which detected reflected seismic energy from sub–sea rock strata.  
Reflected seismic data were collected and transmitted through the cables to a recorder vessel for storage.  
Details of the OBC surveys and discussion of the results of the marine mammal monitoring and 
mitigation program were described in BP’s 90-day report (Aerts et al. 2008).   

Vessels used for BP’s OBC surveys included two seismic source vessels (Peregrine and Miss 
Diane), four cable vessels (Canvasback, Cape Fear, Rumple Minze and Sleep Robber), a recorder 
vessel/barge combination (Alaganik/Hook Point), two crew/support vessels (Qayaq Spirit and Mariah B), 
and a housing vessel (Arctic Wolf).  One additional vessel, the ACS vessel Gwydyr Bay, substituted for a 
crew vessel for several days when crew vessel repairs were required.  All vessels, except the housing 
vessel Arctic Wolf, were trucked to the North Slope during the week of 23 June.  The Arctic Wolf departed 
the Port of Anchorage on 26 June and arrived at West Dock on 20 July.   
Dates of Operations  

BP’s Liberty seismic survey started on 15 Jul with lay–out of the first cables.  Greeneridge 
Sciences measured underwater sound propagation from the Peregrine’s 880– and 440–in3 arrays, and the 
70–in3 mitigation gun on 15 Jul.  JASCO conducted similar measurements of the Miss Diane’s 440–in3 
array on 18 Jul.  A delay in the seismic effort resulted from combination of bad weather and technical 
problems with the receiver cables.  Seismic data acquisition started 24 Jul and ended at 0340 hours on 25 
Aug in accordance with the CAA.  The two source vessels and crew vessels transited to West Dock for 
demobilization on 25 Aug.  The cable vessels, housing vessel, and recorder vessel operated in the survey 
area for another day, until 26 Aug, to retrieve the last cables.  On 29 Aug, a vessel with divers transited to 
and from the survey area and recovered a sealed battery pack that had been accidentally dropped 
overboard.  Operations were completed 1 Sep 2008. 
Location of Activities 

BP’s Liberty OBC seismic survey was conducted in Foggy Island Bay, central Alaskan Beaufort 
Sea from the shore to water depths of ~7.6 m (25 ft).  The project area encompassed about 351.8 km2 

(135.8 mi2), with the approximate boundaries between N70o11’ and N70o23’ and W147o10’ and 
W148o02’ (Fig. 2.4). 
Navigation 

The Peregrine and Miss Diane traveled along pre-determined lines at an average speed of 5.6 km/h 
(3 kt).  Each source vessel fired shots ~every 12 seconds, resulting in 6-second shot intervals in situations 
when both vessels were operating simultaneously.  When weather and operational conditions allowed, 
seismic data acquisition was conducted 24 hours per day. 
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FIGURE 2.4.  Location of BP’s OBC seismic survey area for the Liberty project in Foggy Island Bay, 
central Alaskan Beaufort Sea, 2008.  Reproduced from Aerts et al. (2008).   
 

Airgun Description  
The Peregrine was used primarily for the deeper parts of the survey area where water depths were 

>3 m (10 ft), and the Miss Diane for the shallower areas with water depth < 3 m.  Both source vessels 
were towing two arrays.  The Peregrine towed two 440–in3 arrays comprised of four airguns in two 70–
in³ and two 150–in³ clusters.  The Miss Diane towed two 220–in3 arrays, each comprised of one 70–in³ 
and one 150–in³ airgun.  Aside from test runs with the two 440–in3 array (total volume of 880 in3) of the 
Peregrine, the maximum volume used by each vessel during seismic data acquisition was 440 in³.  By 
reducing the operating array volume on the Peregrine from 880 in3 to 440 in3, the safety zones and hence 
the potential impact on marine mammals were reduced.  The arrays were towed at a distance of ~8–10 m 
(26–32 ft) from the source vessel at a depth of 1.8 m (6 ft) from the Peregrine and 1.1 m (3.5 ft) from the 
Miss Diane.  A more detailed description of the airgun arrays is presented in BP’s 90–day report (Aerts et 
al. 2008).   

Eni Seismic Surveys  
Eni contracted PGS Onshore, Inc. (PGS) to conduct ocean bottom cable/transition zone (OBC/TZ) 

seismic surveys covering Eni’s Nikaitchuq Unit.  Cables were deployed along the ocean bottom (and to a 
limited extent across barrier islands) forming a pattern of three parallel receiver lines.  Hydrophones and 
geophones attached to the cables were used to detect seismic pulses reflected from rock strata below the 
surface.  Submerged airguns arrays deployed from source vessels emitted compressed air releasing 
seismic energy in a downward direction.   Three source vessels, the M/V Wiley Gunner, Shirley V, and 
Peregrine, were equipped with airgun arrays with a maximum volume of 880 in3.  A detailed description 
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of these activities and the results of Eni’s marine mammal monitoring and mitigation program was 
provided in Eni’s 90-day report (Hauser et al. 2008).   
Dates of Operations  

Underwater sound measurements of the 880–in3 airgun array and the 20–in3 mitigation gun on the 
Wiley Gunner were conducted by JASCO on 3-5 Aug within the proposed seismic survey area.  The 
Wiley Gunner operated until 25 Aug when it was removed from the project due to mechanical problems.  
Sound measurements of an identical airgun array and mitigation gun on the Shirley V were conducted on 
18–19 Aug.  The Shirley V operated until the projected ended on 28 Sep.   

Greeneridge Sciences conducted underwater sound measurements of the airgun array on the 
Peregrine on 15 July in Foggy Island Bay, ~100 km (62 mi) east of the project area.   The Peregrine 
began operations on the Eni project on 28 Aug using an 880–in3 array, which was comprised of two 440–
in3 sub-arrays, through 5 Sep.  From 6 through 19 Sep the Peregrine used only a 440–in3 sub-array, but 
returned to use of the full array from 20 through 28 Sep.   

Other support vessels were involved in the OBC/TZ seismic survey.   Seven shallow–water boats 
were used to deploy and retrieve cables.  The self–propelled barge Garrett was used to monitor all vessel 
operations and was the control center for data acquisition.  The American Discovery served as a crew 
transport vessel, and the Spiridon was used for refueling the seismic vessels and generators on the 
Garrett.  Two smaller vessels were used to transport project managers and other personnel, or to provide 
maintenance and mechanical support to the other vessels.   
Location of Activities 

The OBC/TZ survey was conducted in the Nikaitchuq Lease Block north of Oliktok Point and 
included nearshore waters surrounding Thetis, Spy, and Leavitt islands in Alaska State waters of the 
Beaufort Sea (Fig. 2.5).  Water depths in the survey area ranged from 0 to ~15 m (0 to 49 ft), with 
approximately one third of the survey area less than 3 m (10 ft) deep.  Eni’s seismic survey area covered 
~78.2 km2 (48.6 mi2)   

Navigation 
Each vessel traveled along pre-determined survey lines at an average speed of 3 knots (5.6 km/h) 

although survey speed was variable.  The shotpoint interval for all vessels was 33.5 m (110 ft) or ~ every 
13-22 s depending on vessel speed.  
Airgun Description  

The airgun array for the Wiley Gunner and Shirley V were identical and consisted of 10 Bolt 600 C 
airguns with a total volume of 880 in3; two additional airguns (20–in3 and 40–in3) were included as spares 
in the array.  Airguns were suspended by chains off the port and starboard sides of the vessel with six 
airguns deployed per side and were positioned ~1.5 m (~5 ft) from the sides of the vessel at 1–2 m (~3-
6.5 ft) depth depending on the swath.  The airguns were operated at 1900 psi and the 20–in3 airgun was 
used as a mitigation source for power downs due to marine mammals seen within or about to enter the 
relevant safety radius.  Airgun arrays were shut down during turns between survey lines although a single 
mitigation gun often remained activated as is commonly done by source vessels towing larger airgun 
arrays and streamers in this region.  Due to the close proximity of the production lines, source vessels 
often suspended use of the airguns if the turn took less than 10 minutes to complete. If the period of 
airgun shutdown was less than 10 min the array could be reactivated at full volume without ramping up as 
stipulated in the IHA.  
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FIGURE 2.5. Location Eni’s (SID) and Pioneer’s (ODS) development sites in Harrison Bay, central 
Beaufort Sea, Alaska, 2008.   
 

The Peregrine initially towed two 440–in3 arrays comprised of four Bolt 600 C airguns, each with 
two 70–in³ and two 150–in³ airguns.  The array was changed to two 220–in3 airgun clusters on 9 Sep, and 
then changed back to the two 440–in3 arrays on 20 Sep.  The 70–in³ airgun was used as a mitigation 
source and during turns between survey lines. The two 440–in3 arrays were used for surveying in deeper 
water (>10 ft or 3 m) and the two 220–in3 arrays were used for shallower areas (<10 m).  The Peregrine 
airgun arrays were towed at a distance of ~8–10 m (~26–32 ft) behind the source vessel at a depth of 1–2 
m (~3–6.5 ft) depending on the airgun array volume and swath. 

Beaufort Sea Construction (Eni) 
Eni began construction of a gravel island, Spy Island Drillsite (SID), in 2008 to be used as a 

platform for future oil drilling and production activities (Fig 2.5).  SID is located inside the barrier islands 
approximately 60 m (200 ft) south of the western end of Spy Island in approximately 1–2 m (3–6 ft) of 
water (Fig. 2.5).  An ice road was constructed during winter 2008 from early Mar to mid-Apr to haul 
gravel for island construction.  The ice road was routed from the west side of Oliktok Point to the location 
of the proposed SID (Fig. 2.5).  Gravel was hauled to the site with MaxiHaul (30 yd3) dump trucks, Super 
MaxiHaul (50 yd3) dumps, and Euclid B–70 (50 yd3) belly dumps. Equipment to be used for island 
construction was also transported to the SID site via the ice road.  This equipment included one 
Manitowoc 999 crane, two Roller compactors, one 345C Caterpillar excavator, one Caterpillar 16G 
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grader, one one-ton mechanic truck, one short survey bus, one 4000-gal fuel truck,  one 988B loader, one 
966F loader, one D9N Caterpillar dozer, and one John Deere 824 loader.   

Activities on SID during the 2008 open–water period were related to island construction and 
included gravel compaction, and filling and placement of gravel bags to stabilize the perimeter of the 
island.  Barges and crew vessels were used to transport supplies, equipment, and personnel from the 
Oliktok dock to SID during the open-water period 2008.   Barges made only five round trips to SID, most 
of which occurred in Sep (Table 2.2).  Crew vessel activity, most of which occurred in Aug, was more 
extensive than barge activity.   

 
TABLE 2.2.  Number of barge and crew vessel round trips by month 
between Oliktok Point and SID in support of Eni activities during summer 
2008.   

Month Barge Crew Vessel
July 0 34
August 1 73
September 4 7
October 0 0  

 

Oil Production Operations (Pioneer) 
Pioneer Natural Resources Alaska, Inc. (Pioneer) constructed the Oooguruk Drillsite (ODS), in 

eastern Harrison Bay offshore of the Colville River delta in 2006 for oil and production operations.  ODS 
is located ~6 km (4 mi) southwest of Thetis Island and ~15 km (9 mi) west of Oliktok dock in ~1–2 m (3–
7 ft) of water (Fig. 2.5).  The seabed footprint of ODS covers ~4.4 hectare (10.9 acre) and the above–
water surface area is ~2.4 ha (5.9 acres).   

The sub–sea flowline from the drillsite to the mainland was installed during Feb through Apr 2007.  
Construction of facilities on ODS began in Apr 2007 and continued through the 2007 open–water period.  
Drilling began during winter 2007–2008 with the first disposal well spudded in Dec 2007.  Drilling is 
conducted on a year–round basis and continued through the 2008 open–water period.  Oil production 
began in Jun 2008 and was ongoing through the 2008 open–water season.  Multiphase produced fluids are 
transported by the flowline inside a conductor pipe (pipe-in-pipe design) with a water injection line, arctic 
heating fuel line, and gas injection line bundled to the conductor pipe using molded spacers and straps.   
The separate injection lines transport water and gas from existing onshore facilities to ODS for injection 
to sustain reservoir pressure and enhance resource recovery.   One communications cable was installed in 
the flowline bundle.  Power and communications cables were also installed in a separate trench near the 
flowline. Produced fluids are transferred 9.1 km (5.6 miles) from ODS to shore, then transitioned to an 
aboveground pipeline on vertical support members leading to a tie-in near DS-3H.  The shoreline 
transition of the subsea flowline to aboveground flowline is approximately 0.8 km (0.5 miles) north of 
Kalubik Creek (Fig. 2.5). 

Activities during the 2008 open–water period were in support of ongoing drilling and oil production 
activities.  Primary equipment used included the drilling rig, various types of mobile construction 
equipment (i.e., forklifts, loaders, etc.), injection pumps for the disposal well, grind and injection facilities 
for rig support, and intermittent use of diesel fired electric generators. 

Pioneer used barges, crew vessels, and helicopters for the transportation of personnel and 
equipment between Oliktok dock and ODS during the 2006–2008 open–water seasons.  Barge activity in 
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2008 in support of ODS was conducted by Crowley Marine Systems and Bowhead Transportation using 
the self–propelled barge MV Stryker and the tug Kavik River and barge #210.  Most barge activity 
occurred in Aug and Sep, with reduced amounts of barge traffic in Jul and Oct (Table 2.3).   

Pioneer collaborated with Eni and contracted LGL, JASCO and Greeneridge Sciences Inc. to 
perform acoustic studies of industrial and vessel sounds, and aerial surveys for bowhead whales.  Similar 
acoustic and aerial studies were conducted by Pioneer in 2006 and 2007.  The results of earlier studies 
were reported by Zykov and Hannay 2007; Reiser et al. 2008; Laurinolli et al. 2008; and Williams et al. 
2008.  Results of the 2008 acoustic and aerial survey programs were provided in an annual report 
prepared for Pioneer and Eni the North Slope Borough.    

 
TABLE 2.3.  Number of barge, crew boat, other vessel, and helicopter roundtrips between 
Oliktok Point and Pioneer’s ODS during the 2008 open–water period.   

 

Month Barge Crew Boat Other Vessels Helicopter

July 6 54 2 263
August 29 55 3 157
September 30 58 6 191
October 12 6 0 276

 
 

Oil Production Operations (BP Northstar) 
BP has been producing crude oil from Northstar Island, a man–made island in the Beaufort Sea, 

since late 2001.  Northstar Island is located ~10 km (~6 mi) offshore, north of the Prudhoe Bay oil field.  
The gravel island serves as a work surface to support drilling and oil production facilities.  Two subsea 
pipelines connect Northstar Island to the mainland.  One pipeline transports production oil to existing 
facilities at Prudhoe Bay, and the other transports natural gas to the island for field injection and use in 
power generation. 

Numerous types of activities are required to support oil production, which occurs throughout the 
year at Northstar.  Oil field workers may live on the island for several weeks at a time, and various types 
of equipment are used for transport of personnel and supplies between West Dock and the island.  Vessel 
traffic associated with transportation of personnel and equipment to and from Northstar Island is the most 
significant type of activity likely to affect the behavior of bowhead whales and other marine mammals 
during the open–water season.  The vessel types include Bay class boats used as crew vessels, tug and 
barge traffic, a hovercraft, and helicopters used for transportation of crews and equipment.   Table 2.4 
enumerates the number of crew vessel, hovercraft, tug/barge, and helicopter round trips to Northstar 
Island during the 2008 open–water season.   

Most well–drilling activity has been completed at Northstar, although periodic drilling activity 
occurs during the open–water period for well maintenance.  This work usually involves the use of cables 
to lower equipment into the drill hole.  New wells are also occasionally drilled above the formation.   

Five gas turbines are located on Northstar Island: three Solar® generators for power generation and 
two GE LM–2500 high pressure compressors for gas injection.  There is also a low–pressure compressor 
driven by a 5000 hp (3730 kW) electric motor running at a constant speed of 3600 rpm.   

BP and its contractors have conducted numerous studies to monitor the effects of the Northstar 
development on marine mammals and the potential for Northstar activities to affect subsistence hunts for 
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bowhead whales and seals.  These studies have included pre– and post–development aerial surveys of 
ringed seals, and the use of trained dogs to study ringed seal use of lairs near Northstar.   In addition, 
acoustic studies were done to determine the levels of various types of industrial sounds at Northstar Island 
during island construction, drilling, and production periods, and the attenuation of those sounds with 
distance from Northstar.  Other acoustic studies focused on calling bowhead whales during the fall 
migration in an effort to determine what effects sounds generated from Northstar may have on the 
bowhead whale migration corridor.  Descriptions of the various studies and their results are contained in 
annual and updated comprehensive reports (e.g., Richardson [ed.] 2008), annual summary reports (Aerts 
and Richardson [ed.] 2008), and in 90–day reports submitted by BP to NMFS.  In addition, a number of 
peer–reviewed articles and manuscripts have resulted from the Northstar marine mammal and acoustic 
studies program (e.g., Blackwell et al. 2004a,b; Blackwell and Greene 2005, 2006; Greene et al. 2004; 
Moulton et al. 2002, 2003, 2005; Williams et al. 2006).  A summary of BP’s 2008 acoustic program at 
Northstar is contained in Chapter 10.   

 
TABLE 2.4.  Number of barge, hovercraft, and ACS vessel round trips to BP’s Northstar 
Island by month during the 2008 open–water period.   

Month Barge Hovercraft ACS Helicopter
July 5 122.5 15 11
August 26 135 8 13
September 12 84 16 28
October 2 40 16 60

 

Barging and Other Vessels  
In addition to the localized barge and vessel traffic described above in support of oil production 

and development by Pioneer, Eni, and BPXA, other barge traffic occurred from Barrow to the Canadian 
border during the 2008 open–water period.  Most of these additional barging activities were conducted by 
Bowhead Transport and Crowley Marine, with Island Tug and Barge and Seal–Link Marine Services Ltd. 
conducting fewer round-trips (Table 2.5).  In addition to the vessel traffic outlined on Table 2.5, the 
USCG cutter Healy and the R/V Annika Marie both operated in the Beaufort Sea in support of the 
BOWFEST research program (see Chapter 10).  Alaska Clean Seas (ACS) also operated vessels in 
support of various industry activities including oil spill response training.  A number of vessels also 
operated in support of OBC seismic surveys by BP and Eni.  In addition to its source vessels, Eni 
operated seven cable laying vessels, one recorder barge, one crew transport vessel, one fuel vessel, and 
two other support vessels (Hauser et al. 2008).  Vessels operated by BP in addition to source vessels 
included four cable laying vessels, one recorder vessel/barge combination, two crew/support vessels, and 
a housing vessel (Aerts et al. 2008).   

Between 19 and 24 Aug, two Crowley shallow–draft beach landing barges transited from West 
Dock to Point Thomson for delivery of ice–road construction equipment and housing facilities in support 
of winter 2008-2009 drilling activities for ExxonMobil.  Between 15 and 30 Sep, the same two barges 
operated between West Dock and Point Thomson to complete delivery of ice–road construction 
equipment and place temporary fuel storage tanks.  Six barge runs were made during the allowable time 
period for equipment delivery.  In addition, bathymetric data were collected during the same time period 
along the coast between Endicott and Point Thomson in support of winter 2008-2009 ice–road 
construction.  Multiple polar bears and a seal were observed during the barging activities; no polar bear 
reactions to the activities were noted.  All polar bear sightings were reported to USFWS. 
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Table 2.5.  Barge activity in support of industry and other activity in the Beaufort Sea during the 2008 
open–water period. 

           Vessel       Type   Period          Location
    Crowley Marine
Siku /Barge 160-1 Tug and barge 24-28 Aug 1 R/T Barrow-Badami
Sinuk/Barge 180/1 Tug and barge 23-30 Aug 1 R/T Barrow-Kaktovik
Seneca/Barge 250-10 Tug and barge 24-28 Aug 1 R/T Barrow-Badami

    Bowhead Transport
M/V Greta Self-propelled barge 17 Aug-3 Sep Operated in Beaufort Sea
M/V Stryker Self-propelled barge 23 Jul-28 Sep Operated in Beaufort Sea, primarily in 

support of Pioneer and Eni, plus 1 R/T to 
Barrow and several trips to and from Pt. 
Lonely.

M/V Garrett Self-propelled barge 3 Aug-29 Sep Operated in Beaufort Sea for Pioneer

    Island Tug and Barge
Island Monarch/Island Trader Tug and barge 18 Aug-15 Oct Four transits of Beaufort Sea

    Sea-Link Marine Services
Arctic Taglu/Oecan Oregon Tug and barge Early Aug Transit Beaufort Sea from west to east
Arctic Taglu/Oecan Oregon Tug and barge Early Oct Transit Beaufort Sea from east to west

 
 

Whaling Activities 
Subsistence whaling activities were conducted in the Beaufort Sea at Barrow, Nuiqsut (Cross 

Island), and Kaktovik.  Whaling activities at Barrow were also conducted in the Chukchi Sea and the 
2008 subsistence hunt at Barrow is discussed in the Chukchi Sea section.  Spring whaling activities are 
not conducted at Cross Island and Kaktovik.   

Villagers at Kaktovik landed three bowhead whales from 6 to 13 Sep, and villagers from Nuiqsut 
land three bowheads from 5 to 9 Sep.  No whales were struck and lost at Kaktovik or Nuiqsut (Suydam et 
al. 2009).   

As mentioned in the Chukchi Sea section, 10 beluga whales were harvested by villagers at Barrow.  
Only one other beluga was harvested along the Beaufort Sea coast by villagers at Kaktovik.   
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Area–wide Monitoring 
The MMS funds the Bowhead Whale Aerial Survey Program (BWASP) annually to monitor fall 

migration in the Beaufort Sea.  The goals of the program are to: 
• define the annual fall migration of bowhead whales, and significant inter–year differences 

and long–term trends in the distance from shore and water depth at which whales migrate.  
• monitor temporal and spatial trends in the distribution, relative abundance, habitat, and 

behaviors (especially feeding) of bowhead whales in arctic waters. 
• provide real–time data to MMS and NMFS on the general progress of the fall migration of 

bowhead whales across the Alaskan Beaufort Sea. 
• provide an objective area–wide context for management interpretation of the overall fall 

migration of bowhead whales and site–specific study results.  
• record and map beluga whale distribution and incidental sighting of other marine mammals.   
• determine seasonal distribution of bowhead whales in other planning areas of interest to 

MMS. 
 

The most recent report on the results of the aerial survey program includes information on the 
2002–2004 fall migration (Monnett and Treacy 2005).  Reports of the results for subsequent years will be 
forthcoming.   

The Alaska Department of Fish and Game initiated a bowhead whale satellite tagging study during 
the spring migration past Barrow in 2006.  Eighteen bowhead whales have been tagged from the 
beginning of the program in 2006 through 2008.  A description of the program and results of the study are 
summarized online at: http://wildlife.alaska.gov/index.cfm?adfg=marinemammals.bowhead.   

The Bowhead Whale Feeding Ecology Study (BOWFEST) is a multidisciplinary study involving 
oceanographic sampling, vessel–based observations, a tagging operation, acoustic monitoring, and aerial 
surveys in an area northeast of Barrow.  BOWFEST was initiated by NMML in 2007 and the results of 
the 2008 program (Rugh 2009) are summarized in Chapter 10.  

 

Regional Timeline of Activities 
 A Gantt chart showing the time periods during which activities described in this report took place 

is presented in Fig. 2.6.  Figures 2.7 – 2.14 are maps showing the general locations of activities described 
in this report. 
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Figure 2.6. Gantt chart showing the timing and duration of activities described in this report in 2008.  The gray bars indicate the approximate 
duration of each category of activity and the blue bars indicate the duration of specific activities that occurred within each category. 
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Figure 2.7.  Activities that occurred or were ongoing in the Chukchi and Beaufort seas from 29 Jun – 12 Jul 2008. 

 

 
Figure 2.8.  Activities that occurred or were ongoing in the Chukchi and Beaufort seas from 13–26 Jul 2008. 
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Figure 2.9.  Activities that occurred or were ongoing in the Chukchi and Beaufort seas from 27 Jul – 9 Aug 2008. 

 
Figure 2.10.  Activities that occurred or were ongoing in the Chukchi and Beaufort seas from 10–23 Aug 2008. 
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Figure 2.11.  Activities that occurred or were ongoing in the Chukchi and Beaufort seas from 24 Aug – 6 Sep 2008. 

 
Figure 2.12.  Activities that occurred or were ongoing in the Chukchi and Beaufort seas from 7–20 Sep 2008. 
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Figure 2.13.  Activities that occurred or were ongoing in the Chukchi and Beaufort seas from 21 Sep – 4 Oct 2008. 

 
Figure 2.14.  Activities that occurred or were ongoing in the Chukchi and Beaufort seas from 5–18 Oct 2008. 
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Figure 2.15.  Activities that occurred or were ongoing in the Chukchi and Beaufort seas from 19–30 Oct 2008.  
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3.  CHUKCHI SEA VESSEL-BASED MONITORING PROGRAM1 

Introduction 
This chapter presents data collected during the marine mammal monitoring and mitigation program 

aboard vessels operating in the Chukchi Sea in 2006, 2007 and 2008 in support of seismic data 
acquisition for Shell Offshore Inc. (SOI), ConocoPhillips Alaska Inc. (CPAI), and GX Technology 
(GXT).  Summaries of the 2006–2008 data are presented here for comparison.  Data have been considered 
by several factors, including year, season, Beaufort wind force, received sound level, ice cover and 
proximity to ice, and proximity to shore.  Where appropriate, the 2006–2008 data have been pooled to 
allow for analyses with increased power due to greater sample size.  English unit equivalents of tables and 
figures showing data in metric units in this chapter are available in Appendix A. 

The timeframe in which seismic activities occurred in the Chukchi Sea each year was constrained 
by ice conditions, a conflict avoidance agreement between project area stakeholders and industry 
operators and additional voluntary conflict avoidance measures.  Seismic activities did not commence 
earlier than 20 Jul in any year, and continued as late as mid-November in one year (2006).  

Environmental conditions, ice cover in particular, varied greatly among 2006–2008 open-water 
seasons.  In order to make comparisons of the area covered by ice during vessel activities among years, a 
standard area was defined in which to measure ice coverage (Fig. 3.1).  The extent of sea-ice cover within 
a standardized area of the eastern Chukchi Sea was measured using satellite imagery (RadarSAT, 
MODIS, AVHRR, and SSM/I) throughout the field season for each survey year.  Ice categories were 
reported in 10% increments from 0-10% to 90-100%.  Ice concentration was defined as the total area of 
all polygons containing at least 0-10% cover and plotted as weekly averages for each survey year.  The 
average area covered by ice in this portion of the Chukchi Sea was 45,130 km2 (28,042 mi2) in 2006, 
compared to 9022 km2 (5606 mi2) in 2007 and 43,946 km2 (27,307 mi2) in 2008 (Fig. 3.2).  In general, the 
ice cover during Aug was sparser in 2008 than 2006.  The overall coverage during Aug in 2008 was 
greater than in 2006 but the ice was less dense.  The presence of the 0–10% ice coverage in Aug 2008 did 
not restrict seismic operations as much as the more dense (>10%) ice coverage in the project area in Aug 
2006.  Different environmental conditions among years likely had different biological effects on marine 
mammal distribution and behavior.   

Among the marine mammals known to occur within the project area, nine are cetaceans, five are 
pinnipeds, and one is an ursid (the polar bear).  Three cetacean species, bowhead, humpback, and fin 
whales, are listed as endangered under the U.S. Endangered Species Act (ESA).  Humpback and fin 
whales are not common in the Chukchi Sea (Angliss and Outlaw 2008).  Details on the abundance, 
distribution, and conservation status of the marine mammal species likely to occur in the project area can 
be found in Appendix H in the 90–day report for the 2008 seismic program (Ireland et al. 2008).   

                                                           
1  By Beth Haley, Joe Beland, Darren S. Ireland, Robert Rodrigues, and Danielle M. Savarese, LGL Alaska 
Research Associates, Inc. 
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FIGURE 3.1.  Shaded area represents the area used to estimate ice cover in the 
Chukchi Sea. SOI provided detailed ice cover data for this area. 

 

Methods 

Monitoring Tasks  
The main objectives of the vessel-based monitoring program were to ensure that the provisions of 

the marine mammal related permits (IHAs and LOAs) issued by NMFS and USFWS were satisfied, 
effects on marine mammals were minimized, and residual effects on animals were documented.  Tasks 
specific to monitoring are listed below:  

• Using dedicated Marine Mammal Observers (MMOs), visually monitor the occurrence and 
behavior of marine mammals near the vessels and airguns when the airguns are operating and 
during a sample of times when they are not.   

• Use the visual monitoring observations as the basis for implementing the required mitigation 
measures. 

• Visually monitor the occurrence and behavior of marine mammals near monitoring and support 
vessels when underway. 

• Use monitoring vessels to conduct visual surveys of areas where airgun sounds could reach 
received levels of ≥160 dB re 1 μPa rms. 

• Record (insofar as possible) the effects of the airgun operations and the resulting sounds on 
marine mammals. 
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FIGURE 3.2.  Number of square kilometers of ice cover in the Chukchi Sea by week in 2006–2008.  

 

Safety and Potential Disturbance Radii  
Under current NMFS guidelines (e.g., NMFS 2008), “safety radii” for marine mammals around 

airgun arrays are customarily defined as the distances within which received pulse levels are ≥180 dB re 
1 µPa rms for cetaceans and ≥190 dB re 1 µPa rms for pinnipeds.  The ≥180 dB rms and ≥190 dB rms 
guidelines are also employed by the USFWS for the species under its jurisdiction (walrus and polar bear, 
respectively).  These safety criteria are based on an assumption that seismic pulses at lower received 
levels will not injure these animals or impair their hearing abilities, but that higher received levels might 
have some such effects.  Marine mammals exposed to sound levels ≥160 dB rms are assumed by NMFS 
to be potentially subject to behavioral disturbance.  However, for certain groups (dolphins, pinnipeds), 
available data indicate that disturbance is unlikely to occur unless received levels are higher, perhaps 
≥170 dB re 1 µPa rms for an average animal.   

There has recently been concern that received pulse levels as low as 120 dB rms may have the 
potential to elicit a behavioral response from bowhead whales during the fall migration in the Beaufort 
Sea.  From 2006 through 2008 there was a requirement to implement special mitigation measures if 
specified numbers of bowhead cow/calf pairs (four) might be exposed to received levels ≥120 dB rms 
during the fall in the Beaufort Sea or if large groups (≥12 individuals) of bowhead or gray whales might 
be exposed to ≥160 dB rms.  Monitoring of the ≥160 dB rms and ≥120 dB rms zones at specified times 
and locations, which was required in the IHAs issued by NMFS, is discussed below in the section on 
Special Mitigation Measures.   
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Chukchi Sea 2006–2008 
Field measurements by JASCO Research Ltd. and Greeneridge Sciences, Inc. of received airgun 

sounds as a function of distance and aspect were acquired from all airgun sources in 2006–2008 prior to 
or coincident with the beginning of seismic data acquisition.  Procedures and results of the tests are 
discussed in detail in Chapter 5.  The final analysis results of empirical measurements of airgun arrays 
used in the Chukchi Sea in both years are presented in Table 3.1.  The distances presented in Table 3.1 are 
those used for analyses of relevant data in this chapter and Chapter 6.   

 
TABLE 3.1.  Comparison of measurements of the ≥190, 180, 170, 160 and 120 dB rms distances (in km) 
for sound pulses from seismic survey airgun arrays deployed in the Chukchi Sea, Alaska, 2006–2008.   

Vessel Name
Number of 

Guns
Total Airgun 

Volume ≥190 ≥180 ≥170 ≥160 ≥120

Patriot 16 airguns 3390 in3 0.517 1.628 4.689 11.431 75.400
Discover 36 airguns 3320 in3 0.480 1.770 5.110 10.970 166.960
Gilavar 24 airguns 3147 in3 0.460 1.400 4.720 7.990 82.890

Gilavar 24 airguns 3147 in3 0.550 2.470 4.500 8.100 66.000
Gilavar 1 airgun 30 in3 0.010 0.024 0.076 1.360 41.100

Gilavar 24 airguns 3147 in3 0.610 2.000 5.672 13.000 120.000
Gilavar 1 airgun 30 in3 0.010 0.010 0.820 1.900 47.000
Cape Flattery 4 airguns 40 in3 0.050 0.160 0.490 1.400 24.000

2006

2007

Distance (km) to Received Levels (dB rms)

2008

 
 

Vessel-Based Monitoring Methods—Chukchi and Beaufort Seas 
Visual monitoring methods aboard seismic source, monitoring, and support vessels were designed 

to meet the requirements identified in the permits as noted above.  The primary purposes of MMOs 
aboard the seismic, shallow hazards, and support vessels were as follows:  (1) Conduct monitoring and 
implement mitigation measures to avoid or minimize exposure of cetaceans and walruses to airgun sounds 
with received levels ≥180 dB rms, or of other pinnipeds and polar bears to sound levels ≥190 dB rms.  (2) 
Conduct monitoring and implement mitigation measures to avoid or minimize exposure of groups of 12 
or more non-migratory mysticete whales to airgun sounds with received levels ≥160 dB rms.   (3) 
Document numbers of marine mammals present and any reactions of marine mammals to seismic 
activities.  Results of the vessel–based monitoring effort in the Chukchi Sea are presented in this chapter 
and from the Beaufort Sea in Chapter 6.   

The visual monitoring methods implemented during seismic exploration were very similar to those 
used during various previous seismic cruises conducted under IHAs since 2003.  In summary, during the 
seismic and shallow-hazards surveys in the Chukchi and Beaufort seas, at least one MMO onboard the 
source vessel maintained a visual watch for marine mammals during all daylight hours any time one or 
more airguns were operating.  Observers focused their search effort forward and to the sides of the vessel 
but also searched aft of the vessel occasionally while it was underway.  On shallow hazards vessels, 
where safety radii were considerably smaller, observers monitored to the aft of the vessel a greater 
proportion of the time than on the vessels with larger seismic sources.  Depending on the vessel, watches 



Chapter 3:  Chukchi Sea Vessel-Based Monitoring     3-5 
 

were conducted with the unaided eye, Fujinon 7 × 50 reticle binoculars, Zeiss 20 × 60 image stabilized 
binoculars, and 25 × 150 Fujinon “Big-eyes”.  MMOs requested seismic operators to power down or shut 
down the airguns if marine mammals were sighted near or about to enter the appropriate safety radii.  

MMOs onboard monitoring and support vessels conducted watches similar to those of MMOs 
onboard source vessels.  MMOs onboard monitoring vessels working directly with source vessels 
(referred to as chase or chase/monitoring vessels in previous 90–day reports) notified the MMOs onboard 
the source vessels if bowhead or gray whales (or bowhead cow/calf pairs) were sighted, allowing the 
source vessel to account for all nearby sightings and request appropriate mitigation if necessary.   

The size of the ≥180 dB rms safety radius around the Gilavar in 2007 and 2008 was near the limit 
at which MMOs can reliably detect marine mammals.  Therefore, SOI voluntarily implemented a protocol 
that used one to three monitoring vessels to help observe the ≥180 dB rms safety zone.  During most 
seismic operations from the Gilavar in 2007 and 2008 two monitoring vessels traveled 1–2 km (0.6 mi) 
ahead of and 1 km to either side of the Gilavar’s trackline.  When necessary to meet permit requirements, 
one monitoring vessel traveled further ahead or elsewhere within the survey area to clear the ≥160 dB rms 
zone.  MMOs aboard the monitoring boats alerted Gilavar MMOs to the position of all observed 
cetaceans.  MMOs aboard the Gilavar then requested any necessary mitigation measures.  A similar 
protocol was used by SOI, CPAI, and GXT in 2006, although each source vessel only had one monitoring 
vessel available to assist with these tasks. 

Various factors including high sea state (determined using the Beaufort wind force scale), poor 
visibility, and MMO experience can make identification of marine mammals difficult, and both cetaceans 
and pinnipeds could not always be identified to species.  Differentiating ringed from spotted seals was 
especially difficult for some observers and the number of seals identified as spotted seals, especially in 
2006 and 2007, seemed unusually high given the previously reported distribution and abundance of this 
species.  They are presented here as spotted seals to allow readers to see the original identifications, but 
given the expected abundance of ringed seals in the area, we suspect that not all of these spotted-seals 
were identified correctly. 
Analyses  
Categorization of Data 

Observer effort and marine mammal sightings were divided into several analysis categories related 
to environmental conditions and vessel activity.  The categories were similar to those used during various 
other recent seismic studies conducted under IHAs and LOAs in the Arctic (e.g., Ireland et al. 2007a,b, 
2008, 2009; Patterson et al. 2007).  Data were error checked against the original paper data sheets and 
then a combination of Visual Basic programming code and MapInfo GIS (Pitney Bowes 2007) were used 
to perform calculations and append data categories described below.  

Species Groups – Results are presented separately by species groups including cetaceans, 
pinnipeds (excluding walrus), walrus, and polar bear.  Cetaceans and pinnipeds were treated separately 
due to expected differences in potential reactions to industry activities.  Walrus and polar bear were 
presented separately due to their management by the U.S. Fish and Wildlife Service.  

Geographic Boundaries – Observer sightings and effort data from vessel activities north of Pt. Hope 
(68.34 °N) and west of Pt. Barrow (156.45 °W) were included for analysis in this Chapter covering Chukchi 
Sea vessel operations (Fig. 3.3).  Data collected east of Pt. Barrow and west of the Canadian border (141.0 
°W) were included for analysis in Chapter 6 covering Beaufort Sea vessel operations  

 



3-6     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 
 

Time of year – To consider seasonal differences, data were categorized by the time period in which 
they were collected.  Data collected in Jul and Aug represent the summer period and data collected from Sep 
through Nov represent the fall period. 

Beaufort Wind Force – Sea conditions affect the ability of observers to detect marine mammals.  The 
Beaufort wind force scale is a commonly used index of sea conditions that MMOs recorded during all watch 
periods.  Sighting rates across Beaufort wind force categories are presented to show the relative number of 
sightings under different sea conditions.   

Vessel Role – Data were also categorized by the duties of the vessel on which the data were 
collected.  All data collected by MMOs aboard seismic and shallow hazards survey source vessels were 
categorized as “source vessel” data.  All data collected by MMOs aboard other project vessels at locations 
≤75 km (~47 mi) from source vessels were categorized as “monitoring vessel” data.  Monitoring vessel 
data were compared to source vessel data in Chapters 3 and 6 to consider the potential impact of seismic 
vessel activities at greater distances than could be directly observed from the source vessels.  Data 
collected from vessels operating >75 km (~47 mi) from source vessel were categorized as “support 
vessel” data.  Almost all support vessel data were collected in locations where received levels were <120 
dB rms.   

 
Figure 3.3.  The Chukchi Sea and Beaufort Sea study area boundaries used to categorize 
marine mammal data for analysis and presentation. 
 
Seismic Periods and Estimated Received Sound Levels – This categorization system was designed 

to distinguish potential differences in distribution, abundance, and behavior of marine mammals at 
multiple levels of seismic survey influence.  In previous reports, observer data were categorized as 
“seismic”, “non-seismic”, or “post-seismic” based on the time and location where data were collected 
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relative to seismic activity.  However, the relatively broad criteria used to define these categories did not 
fully account for difference in the sounds produced by different airgun arrays.  Also, the method did not 
allow data to be considered along the gradient of received sound levels that actually exists around a 
seismic source while it is operating.  For those reasons, the results from sound source measurements were 
used to categorize sightings and observer effort within 10 dB rms sound level bins from >190 through 
<120 dB.  In order to keep sample sizes large enough for comparisons among received sound level bins, 
data were grouped into 3 broader bins: (1) ≥160 dB rms, (2) 159–120 dB rms, and (3) <120 dB rms.  The 
≥160 dB rms bin was roughly equivalent to the seismic category in previous reports, while the <120 dB 
rms bin was roughly equivalent to the non-seismic category.  The 159–120 dB rms bin represented data 
collected in locations where reactions to seismic (both distributional and behavior) may vary among 
species.  The <120 dB rms bin included data collected while seismic activity was ongoing, but at 
distances where sounds were estimated to be <120 dB rms, as well as all data collected when seismic 
activity was not occurring.   

Data meeting the traditional post-seismic period definition (3 min to 1 h for pinnipeds and polar 
bears after cessation of seismic activity or 3 min to 2 h for cetaceans) were not included in the <120 dB 
rms bin since the distribution and behavior of animals during this time may still have been altered due to 
the recent seismic activity.  The rate of recovery toward “normal” during the post-seismic period is 
uncertain.  Marine mammal responses to seismic sound likely diminish with time after the cessation of 
seismic activity.  The end of the post-seismic period was defined as a time long enough after cessation of 
airgun activity to ensure that any carry-over effects of exposure to sounds from the airguns would have 
waned to zero or near-zero.  The reasoning behind these categories was explained in MacLean and Koski 
(2005) and Smultea et al. (2005).  The different definitions of the post-seismic period for cetaceans (3 min 
to 2 h) and pinnipeds/polar bears (3 min to 1 h) resulted in different amounts of observer effort being 
available for comparisons as shown the Effort sub-sections of the Cetacean and Pinniped results.   

Proximity to Ice – Pinniped species that inhabit the Chukchi and Beaufort seas haul out on ice and 
often forage near ice.  Therefore, pinniped detection rates were expected to be related to the proximity of 
the vessels to ice.  Ice cover and location data for 2006 were obtained from the National Ice Center, 
NOAA (NIC 2007) and for 2007 and 2008 from Shell.  Data from both sources were derived from a 
combination of Radarsat, Operational Linescan Systems (OLS), Envisat, Moderate Resolution Imaging 
Spectroradiometer (MODIS), Advanced Very High Resolution Radiometer (AVHRR), and Special 
Sensor Microwave Imager (SSM/I). These data sources were used to define geographic locations where 
sea-ice concentrations were between 100% and <10%, in 10% intervals on a weekly basis.  The border 
between <10% ice-cover and “open-water” was defined as the ice edge from which measurements were 
made.  The distance from the ice edge at which data were collected was used to categorize the data into 5-
km (3.1 mi) distance-from-ice bins based on the available remote sensing data for the week in which the 
data were collected.  The following bins were used: >10% ice cover, <10% ice cover, 0–5 km (0–3.1 mi) 
from ice, 5–10 km (3.1–6.2 mi) from ice, 10–15 km (6.2–9.3 mi) from ice, 15-20 km (9.3–12.4 mi) from 
ice, and >20 km (>12.4 mi) from ice.  The large difference in ice cover among years in the Chukchi and 
Beaufort seas may explain some of the among-year difference observed in the vessel-based data (Figs. 3.1 
and 6.1). 

Proximity to Shore and Water Depth – The Chukchi Sea is shallow and relatively uniform in 
depth (40–50 m or 131–164 ft.) except for the northeast quadrant where one large and several smaller 
canyons drop northeast towards the Arctic basin.  This made categorization of data by water depth less 
meaningful than in many other locations.  In the Chukchi Sea, data collected within 25 km (16 mi) of 
shore were classified as nearshore and those collected greater than 25 km (16 mi) from shore as offshore.   
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The proximity of the continental shelf break to the Beaufort Sea coast allowed more meaningful 
use of water depth data in relation to marine mammal sightings.  Effort and sightings in the Beaufort Sea 
were categorized into three water depth bins: <50 m (<164 ft), 50–200 m (164–656 ft), and >200 m (>656 
ft).   
Data Analysis Criteria 

In order to present meaningful and comparable data, especially for purposes of considering the 
potential effects of seismic activity on the distribution and behavior of marine mammals, effort and sightings 
data were categorized by sighting conditions, operational conditions, and proximity of other vessels.  These 
data categories were intended to exclude periods of observation effort when conditions would have made it 
unlikely for MMOs to detect marine mammals that were at the surface.  Periods when observations were 
made in locations where marine mammal distribution and behavior may have been affected by factors (e.g., 
another vessel) other than those being assessed (e.g., received sound levels), were also excluded from 
certain analyses.  If such data were included in analyses, important metrics like sightings rates and densities 
would be biased downward.   Therefore, effort and sightings occurring under the following conditions 
were not included when making comparisons requiring standardized data or when calculating densities.  
Different criteria were used for pinnipeds and cetaceans in order to account for assumed differences in their 
reactions to seismic and shallow hazards surveys, and vessel activities.  Pinniped criteria were also used for 
polar bears.   

• periods 3 min to 1 h for pinnipeds and polar bears, or 3 min to 2 h for cetaceans, after the airguns 
were turned off (post-seismic period); 

• periods when ship speed was <3.7 km/h (2 kt); 
• periods aboard a vessel when one or more vessels were operating within 5 km (3.1 mi) for 

cetaceans and 1 km (0.6 mi) for pinnipeds and polar bears in the forward 180° of that vessel; 
• periods with seriously impaired visibility including: 

• all nighttime observations; 
• visibility distance <3.5 km (2.2 mi); 
• Beaufort wind force (Bf) >5 (Bf >2 for Minke whales, belugas, and porpoises; See Appendix 

G for Beaufort wind force definitions); 
• >60º of severe glare in the forward 180° of the vessel. 

Sighting Rate Calculation and Comparisons 
Sighting rates (sightings/1000 km of observer effort) of species groups were presented by year or 

vessel role within the analysis categories of season, Bf wind force, received sound level, distance from 
ice, distance from shore (Chukchi Sea only), and water depth (Beaufort Sea only).  Sighting rates were 
not calculated for categories where less than 250 km of observation effort occurred.  Sightings rates in 
categories where 250–500 km of effort occurred are shown but should be interpreted with caution, 
especially in the case of cetaceans.  Sighting rates in categories where 500–1000 km of effort occurred 
were used in analyses of both pinniped and cetacean data, although results of cetacean analyses should 
still be interpreted with caution.  Sighting rates calculated in categories where >1000 km of effort 
occurred were used in analyses and in general are considered reliable. 

The small sound sources used during shallow hazards seismic surveys and while only the 
mitigation gun was active during deep seismic surveys allowed MMOs aboard those vessels to observe 
waters exposed to sounds that fell into both the ≥160 dB bin and the 159–120 dB bin.  For consistency, 
observer effort from source vessels while these small sounds sources were active was therefore included 
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in both received sound level bins for sighting rate analyses.  In some cases, this results in the summation 
of effort from all three received sound level bins being greater than the reported total effort. 

Where appropriate and sample sizes permitted (i.e., where >500 km of effort occurred), 
comparisons of sightings rates between categories were made using the G-test.  The G-test is a likelihood 
ratio test, akin to the chi-square test commonly used in similar cases.   
Distribution and Behavior 

Marine mammal behavior is difficult to observe, especially from a seismic source vessel, because 
individuals and/or groups are often at the surface only briefly, and may avoid the vessel.  This causes 
difficulties in re-sighting those animals, and in determining whether two sightings some minutes apart are 
repeat sightings of the same individual(s).  Limited behavioral data were collected during this project 
because marine mammals were often observed at distances too far from the vessel to determine behavior, 
and they were typically not tracked for long distances or durations while the vessel was underway.   

Data collected during visual observations provided some information about behavioral responses of 
marine mammals to the seismic survey and related vessel activity, however many of these data were not 
extensive enough to warrant statistical analysis.  Relevant data included: 

• bearings and distances of initial sightings to marine mammals from the MMO observation 
station and/or the nearest seismic sound source; 

• estimated closest observed points of approach (CPA) of animals relative to either the airgun 
array (source vessels) or the observer (support vessels); 

• animal movements relative to vessel movements; 
• reaction of animals in response to the vessel or seismic sounds.   

Observations of behavior and reaction occurring within the ≥160 dB rms (seismic) locations and <120 dB 
rms (non-seismic) locations were generally presented separately to allow comparison of the observations. 

Initial Sighting Distance – The initial distances at which animals in the water were observed were 
compared between source and monitoring vessels in areas where received sounds were ≥160 dB rms.  Our 
a priori assumption would be that because monitoring vessels were operating further from the sound 
source (airguns towed by the source vessel), initial cetacean sightings would be recorded closer to 
monitoring vessel than source vessels when seismic sounds were being produced (received levels were 
≥160 dB rms). 

Closest Point of Approach – The CPA of each sighting to the observer position on the vessel was 
recorded.  In addition, the CPA of each sighting to the airgun array was calculated for sightings from 
source vessels and monitoring vessels.  Mean CPA, standard deviation, and range of distances (m) to the 
observer or airgun array were calculated separately for sightings within each vessel group and within the 
received sound level bins.  Mean CPAs of animals in the water occurring in locations where received 
sound levels were ≥160 dB rms were compared to those occurring in locations where received sound 
levels were <120 dB rms within vessel groups using a Wilcoxon rank-sum test when sufficient sample 
sizes (n ≥15 in each category) were available.  In cases where there was not a significant difference 
between the CPA’s of sightings from source vessels and monitoring vessels in areas where seismic 
sounds were ≥160 dB rms, the CPA distances were pooled for comparison to the CPA distances in areas 
where received sound levels were <120 dB rms. 

Movement – Animal movements relative to the vessel were grouped into four categories: swim 
away, swim towards, neutral (e.g. parallel), or none.  The relative proportion of observed movements of 
animals in the water that fell into these categories was compared between source and monitoring vessels 
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in locations where received sound levels were ≥160 dB rms.  In areas where received sound levels were 
<120 dB rms all vessel groups were pooled for comparison to observations in ≥160 dB rms locations.   

Reaction Behavior – A specific format for noting reaction behaviors was added to data recording 
protocols in 2007.  Available codes included, splash, increase in speed, decrease in speed, change in 
direction, bow riding or wake riding, interactions with gear, looking, and rushing into the water (i.e., by 
hauled out animals).  In 2006, potential reactions to the vessel were summarized and interpreted in the 
text of reports from movement, behavior, and pace data, but not directly recorded by observers unless 
noted in a comments field.  A set of conversion rules was created that used movement and pace codes 
from 2006 data to systematically create a set of reaction codes in the 2006 data consistent with 2007 
reaction codes.  The details of this conversion method were presented in Reiser et al. (2009).  

The relative proportion of observed reactions of animals in the water that fell into these categories 
was compared between source and monitoring vessels in locations where received sound levels were 
≥160 dB rms.  In areas where received sound levels were <120 dB rms all vessel groups were pooled for 
comparison to observations in ≥160 dB rms locations.   
Line Transect Estimation of Densities 

The most appropriate criteria for “take by harassment” are uncertain and presumably vary among 
species and situations.  Furthermore, obtaining meaningful estimates of the number of marine mammals 
exposed to various levels of seismic sounds is difficult for multiple reasons:  

• The relationship between numbers of marine mammals that are observed and the number 
actually present is uncertain.   

• The distances to which a received sound level exceeds a specific criterion such as 190 dB, 180 
dB, 170 dB, or 160 dB re 1 µPa (rms) vary.  Variables governing this relationship include 
source depth, water mass and bottom conditions, and—for directional sources—aspect (Greene 
1997; Greene et. al. 1998; Burgess and Greene 1999; Caldwell and Dragoset 2000; Tolstoy et 
al. 2004a,b). 

• The sounds received by marine mammals vary depending on their depth in the water, and are 
considerably reduced for animals at or near the surface, (Greene and Richardson 1988; Tolstoy 
et al. 2004a,b) and further reduced for animals on ice. 

Raw sighting data obtained from marine mammal surveys provide, at best, an index of the 
minimum number of animals possibly present at the time of the survey (Eberhardt et al. 1979; Best 1982; 
Hiby and Hammond 1989).  Some animals that are present, and theoretically could be seen by observers, 
are not detected because of glare, haze, fog, sea conditions, ice cover, behavior of the target species, 
observer fatigue, abilities of the observer, obstructions to the viewing area and other factors (Holt 1987; 
Marsh and Sinclair 1989; DeMaster et al. 2001; Barlow et al. 2006).  The proportion of animals missed 
due to the above factors varies depending on the severity of those factors and is specific to a particular 
survey.  For example, Barlow et al. (2006) showed that encounter rates for small beaked whales (genera 
Mesoplodon and Ziphius), which are especially difficult to sight, were about 10–30× higher during 
Beaufort wind force 0 and 1 than during Beaufort states 4 and 5.  Further complicating the estimation of 
densities or numbers of marine mammals present during a survey is the fact that most marine mammals 
dive below the surface, and therefore are out of sight for extended periods (Leatherwood et al. 1982; 
Martin et al. 1993; Barlow 1999; Thomas et al. 2002).  The proportion of time that marine mammals are 
at the surface depends on their species, activity, season, weather and other factors. 

Line transect methodology (Buckland et al. 2001), often implemented using the DISTANCE 
program (Thomas et al. 2006, version 5.0, release 2), is the most commonly used method for estimating 
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densities of animals from transect survey data.  In theory, two correction factors, f(0) and g(0), can be 
computed from the raw survey data or from other observations to minimize most biases in estimates of 
actual numbers of marine mammals present. 

Parameter f(0) accounts for the reduced probability of detecting an animal as its distance from the 
trackline increases.  It is assumed that all animals directly on the trackline are seen or, if not seen, are 
accounted for by parameter g(0). 

Parameter g(0) accounts for animals on the trackline that are not detected during the survey.  In 
most surveys, g(0) accounts for animals at the surface and available to be seen but, in fact, are not seen by 
the primary observer; this is “detectability bias,” gd(0), otherwise known as “perception bias.”  In some 
cases, g(0) has been calculated to account for the fact that marine mammals are often below the surface as 
the survey aircraft or vessel passes; this is “availability bias” ga(0).  Corrections for availability bias 
account for the probability that an animal on the trackline will be at the surface while the surveyors are 
close enough to detect the animal.  Failure to account for availability bias can cause significant 
underestimates, particularly for species that dive for long periods like bowhead and sperm whales, and/or 
when a rapidly-moving survey platform (such as an aircraft) is used.  When there are estimates for both 
gd(0) and ga(0), then g(0) is the product of these two estimates. 

Densities were calculated separately for each species or species group using data that met the 
analysis criteria within the following categories: 

• location (Chukchi Sea, Beaufort Sea) 
• season (Jun-Aug; Sep-Nov);  
• seismic state (seismic, non-seismic); and 
• vessel group (tall source vessel, tall support vessels, and short support vessels). 

Grouping of vessels into “tall” and “short” categories (described below in Observer Height Above Water) 
was necessary because f(0) correction values differ significantly for data collected at different heights 
above water.   

The line transect model described by Buckland et al. (1993) was used to estimate densities by 
reporting cell.  Each cell was defined by species, year, season, and sound level (e.g., Chukchi Sea, 
summer, ≥160 dB rms): 
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where,  
 
D = density of a species (number of animals/km2),  
n = total number of sightings,  
S  = mean group size,  
f(0) = sighting probability density on the trackline,  
L = length of trackline completed (km),  
g(0) = probability of seeing a group directly on the trackline, 
ni = number of sightings for sample i 
li =  length of the trackline surveyed for sample i 

 sl = total number of animals observed in sighting l 
 T = total number of samples 
 

Each transect, or sampling unit, was defined as a segment of trackline surveyed by a particular 
vessel where all variables remained unchanged.  Thus, if a marine mammal was sighted or an 
environmental variable such as sea state changed, then a new sample began.  Densities from different 
vessel heights within the same reporting cell were combined by using effort to calculate a weighted 
average.  The variance of n and S was given as: 
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There was no uncertainty for L, no uncertainty was assumed for g(0), and variance for f(0) was 

output by the program Distance along with the f(0) point estimates.  When there was only one sighting for 
a reporting cell, the variance for S could not be estimated as n = 1.  For these situations, we multiplied 
the maximum coefficient of variation (CV) observed across all species and cells within the species 
grouping (i.e., cetaceans, cryptic cetaceans, and pinnipeds) times S and squared the product to 
approximate the variance.  Borrowing the highest relative variance (the highest CV was about 30% in all 
species groupings) likely overestimates the variance, but was considered a conservative remedy for 
dealing with unknown uncertainty.  The variance of D was propagated from all input variances as: 
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Because the distribution of D was truncated at zero and positively skewed, we assumed D was log-
normally distributed when estimating the lower (LCL) and upper (UCL) confidence limits (Buckland et 
al. 1993): 
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C
ing the true density. 
Densities in location
te the numbers of animals that presumably would have been present in the absence of seismic 

activities. Densities estimated in locations where received sound levels were ≥160 dB rms were used to 
estimate the numbers of animals present near the seismic operation. The difference between the two 
estimates could be taken as an estimate of the number of animals that moved in response to the operating 
seismic vessel, or that changed their behavior sufficiently to affect their detectability by visual observers.  

The distance surveys in the present study consisted of samples that were likely 
orrelated through time and/or space.  We used the naïve estimator of variance for the total 

number of sightings (n) by treating observations as a simple random sample, which pooled both 
process variation and sampling variation in its estimate.  Simulation studies have shown this 
estimator can overestimate the true sampling variance of count type data when the underlying 
process exhibits a non-random pattern such as stratification, autocorrelation, or linear trends 
(Wolter 1985; Skalski et al. 1993).  Wolter (1984, 1985) recommended two alternative 
estimators depending on sample size and the underlying process in the data.  These estimators 
use differences among consecutive observations to remove short-term autocorrelation and local 
trends.  LGL is currently investigating these alternative estimators and offer the reported 
confidence intervals as first approximations to uncertainty around the density estimates. 

 
O

 on observer “eye-height” measured from the water surface to the bridge, where observations were 
usually made.  The mean distance of initial detection of all marine mammals between various 
combinations of tall and short vessels was tested using ANOVA to identify a cut-off between the two 
groups that was statistically significant.  We used an iterative process where each time the sightings from 
a vessel of intermediate height were moved from one category to the other, in order of vessel height, until 
the greatest statistically significant difference was identified (F = 440.9, df = 1, p <0.0001).  The 
difference in initial detection distance was greatest when the vessels were separated into groups above 
and below 11 m (36 ft) in eye height as shown in Fig. 3.4.   

Grouping vessels in this manner was necessary for 
.  Use of these correction factors allowed for calculation of comparable densities from vessels of 

different heights. 
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FIGURE 3.4. Mean distance of initial marine mammal sightings recorded on 
vessels with observation platforms higher and lower than 11 m (36 ft).  

 

Estimating Number of Marine Mammals Potentially Affected 
160 dB rms Criteria – NMFS practice in situations with intermittent impulsive sounds like seismic 

pulses has been to assume that “take by harassment” (Level B) may occur if baleen whales are exposed to 
received levels of sounds exceeding 160 dB re 1 μPa rms (NMFS 2005, 2006).  The reaction threshold for 
most toothed whales is unknown but presumably higher because of their poorer hearing sensitivity at low 
frequencies (NMFS 2005; NMFS 2006; Richardson et al. 1995; Richardson and Würsig 1997).  However, 
the limited empirical data for beluga whales indicate that they may be relatively responsive to airgun 
sounds as compared with other toothed whales (Miller et al. 2005).  When calculating the number of 
mammals potentially affected, we used the measured ≥160 dB rms radius for each source (Tables 3.1 and 
6.1).   

Three methods were used to estimate the number of pinnipeds and cetaceans exposed to airgun 
sound levels that might have caused disturbance or other effects.  The methods were: 

(A) minimum estimates based on direct observations;  
(B) estimates based on pinniped and cetacean densities derived from observations made during 

seismic periods; and 
(C) maximum estimates based on pinniped and cetacean densities derived from observations 

made during non-seismic periods.   
The actual number of individuals exposed to, and potentially affected by, seismic survey sounds 

was likely between these minimum and maximum estimates resulting from methods (A) and (C).   
Method (C) above provided an estimate of the number of animals that would have been exposed to 

airgun sounds at various levels if the seismic activities did not influence the distribution of animals near 
the activities.  However, it is known that some animals are likely to have avoided the area near the 
seismic vessel while the airguns were firing (see Richardson et al. 1995, 1999; Stone 2003; Gordon et al. 
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2004; Smultea et al. 2004).  Within at least the 160–170 dB rms radii around the seismic sources (i.e., 
~0.28–13.4 km [~0.17–8.3 mi]), the distribution and behavior of cetaceans may have been altered as a 
result of the seismic survey.  The distribution and behavior of pinnipeds may have been altered within 
some lesser distance.  These effects could occur because of reactions to the active airgun array, or to other 
sound sources or other vessels working in the area.  Thus method (B) may provide a more realistic 
estimate of the number of animals exposed to the higher sound levels of interest.   

The aforementioned densities were used to estimate the number of animals potentially affected by 
seismic operations (methods (B) and (C)).  This involved using two approaches to estimate the extent to 
which marine mammals may have been exposed to given sound levels ≥160, ≥170, ≥180, and ≥190 dB 
rms: 

1. Estimates of the number of different individual marine mammals exposed; and  
2. Estimates of the average number of exposures each individual may have received.   

For each source vessel we used the measured 160, 170, 180, and 190 dB rms distances reported in 
the 90-day reports and summarized in Table 3.1.  The following description of the two different methods 
refers only to the ≥160 dB rms sound level, but the same method of calculation was used for ≥170, ≥180, 
and ≥190 dB rms sound levels. 

The first method (“individuals”) involved multiplying the following three values for each airgun 
configuration in use and within each season:   

• km of seismic survey;  
• width of area assumed to be ensonified to ≥160 dB (2 × 160 dB radius), with areas ensonified 

on more than one occasion counted only once; and 
• densities of marine mammals estimated from this study.   

Counting areas of water ensonified more than one time (due to overlapping or adjacent tracklines) only 
once may underestimate the number of different animals exposed.  This was likely to occur when the 
activities were conducted over a long period, because individual animals may move in and out of the 
survey area.  The individuals present when an area was ensonified a second or subsequent time were not 
necessarily the same animals that were present when the area was first ensonified. 

The second approach (“exposures”) represented the average number of times a given area of water 
within the seismic survey area was ensonified to the specified level.  If an animal remained in 
approximately the same location through the duration of the survey activities it could have been exposed 
an equivalent number of times.  The value was calculated as the ratio of the area of water ensonified 
including multiple counts of areas exposed more than once to the area of water ensonified excluding 
multiple counts of areas exposed more than once.   

This approach was originally developed to estimate numbers of seals potentially affected by 
seismic surveys in the Alaskan Beaufort Sea conducted under IHAs (Harris et al. 2001).  The method has 
recently been used in estimating numbers of seals and cetaceans potentially affected by other seismic 
surveys conducted under IHAs (e.g., Funk et al. 2008; Ireland et al. 2007a,b; Patterson et al. 2007). 

The estimates provided here were based on the actual number of km of seismic survey completed 
during all project activities.  In contrast, the estimates provided in the 90-day reports did not consider that 
there may have been overlap in areas surveyed by nearby activities.  This applies primarily to the lower 
received levels and activities that occurred in 2006.   
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Monitoring Effort and Marine Mammal Encounter Results 
This section presents the marine mammal monitoring effort and sightings results from vessels 

operating in the Chukchi Sea from 2006 through 2008.  SOI vessels contributed the majority of the data 
while GXT and CPAI vessels contributed a smaller number of data.  Timing and total duration of vessel-
based activities in the Chukchi Sea differed among years primarily due to interannual variations in ice 
cover and meteorological conditions.  Operations associated with the seismic surveys commenced in the 
Chukchi Sea between 9 and 16 Jul each year.  Chukchi Sea survey activities concluded as early as 17 Oct 
in 2008 and as late as 11 Nov in 2006.  All survey-related operations were completed by 30 Oct during 
2007.    

Seven vessels participated in the 2006 Chukchi Sea seismic surveys (Table 3.2).  They included 
three source vessels (Gilavar, Patriot and Discoverer) and four ships that served as both monitoring and 
support vessels during the survey.  During the 2007 Chukchi Sea survey, a single source vessel (the 
Gilavar) operated with seven monitoring and/or support vessels.  In 2008, the Gilavar, Cape Flattery, and 
Alpha Helix served as source vessels in the Chukchi.  As in 2007, seven vessels functioned as monitoring 
and/or support vessels during 2008.  Support vessels included ships that performed tasks not related to the 
seismic operations but did have observers aboard. 

Vessel operations were conducted along a total of 214,615 km (133,356 mi) of trackline during the 
three open-water seasons of seismic surveys.  MMOs monitored for marine mammals along 72% of that 
total trackline.  MMOs stood watch for 71, 62 and 82% of the total yearly vessel trackline in 2006, 2007 
and 2008, respectively.  Figure 3.5 illustrates MMO cetacean effort during 2006–2008 seismic operations 
as defined in Data Analysis Criteria.  

During the Chukchi Sea survey operations (2006–2008), MMOs observed a total of 4760 groups 
(or sightings) of 10,442 marine mammals.   Of the 4760 sightings, 57, 19 and 24% were recorded in 2006, 
2007 and 2008, respectively (Appendix A.1).   

Only the MMO effort and sightings data that met the analysis criteria described in Methods above 
were presented in the following sections.  However, the Estimated Number of Marine Mammals 
Potentially Ensonified at Various Sound Levels section considers all sightings.  
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TABLE 3.2.  Roles of vessels participating in 2006–2008 Chukchi Sea seismic and 
shallow hazard surveys.   

Vessel Type 2006 2007 2008

Seismic Survey 
Source

Gilavar, Discoverer, 
Patriot Gilavar Gilavar

Shallow 
Hazzard 

Survey Source
-- --

Cape Flattery, Alpha 
Helix

Monitoring
Gulf Provider, 

Kilabuk, Octopus, 
Torsvik

American Islander, 
Fennica, Gulf Provider, 

Kapitan Dranitsyn, 
Nanuq, Norseman II, 

Tor Vik ing

Arctic Seal, Gulf 
Provider, Norseman 
II, Theresa Marie, 

Torsvik

Support
Gulf Provider, 

Kilabuk, Octopus, 
Torsvik

American Islander, 
Gulf Provider, Kapitan 

Dranitsyn, Nanuq, 
Norseman II

Arctic Seal, Gulf 
Provider, Norseman 

II, Point Barrow, 
Theresa Marie, 

Torsvik

Total Vessels 7 8 9

Vessel Name
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FIGURE 3.5.  Location and amount of vessel-based effort (km) that occurred in the Chukchi Sea, 2006–
2008.  Grid cells are 25 km2. 

 
Cetaceans 
Cetacean Effort 

Effort by year – Cetacean monitoring effort from all vessels during the 2006–2008 Chukchi Sea 
surveys totaled 79,704 km (49,526 mi; Fig. 3.6).  Effort among years varied due to number of vessels 
contributing to the surveys and length of operations.  The amount of cetacean effort during 2006 was 
slightly higher than in 2008 (41% vs. 40% of the total, respectively).  The amount of cetacean effort in 
2007 was less than half that during either 2006 or 2008 and contributed ~19% of the total effort.    
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FIGURE 3.6.  Cetacean effort (km) in the Chukchi Sea during 2006–2008 
seismic surveys. 

 
Effort by Season – Each year, the majority of monitoring effort in the Chukchi Sea occurred during 

Jul–Aug (summer) rather than Sep–Nov (fall; Fig. 3.7).  The amount of cetacean monitoring effort during 
the summer in 2006 and 2007 was 60% and 62%, respectively, of the total for each year.  The summer 
cetacean effort in 2008 was 85% of the total for the year.  The reduced percentage of fall effort in 2008 
resulted from the fact that except for a few vessel transits, only the Cape Flattery operated in the Chukchi 
Sea after 31 Aug and it departed by 13 Sep 2008.  In contrast, seismic activities continued into Oct and 
Nov in 2007 and 2006, respectively.   
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FIGURE 3.7.  Cetacean effort (km) in the Chukchi Sea by season during 2006–
2008 seismic surveys. 
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Effort by Beaufort Wind Force – The majority of cetacean effort was conducted when Beaufort 
wind forces (Bf) ranged from two through four.  Monitoring effort was conducted during Bf 2–4 for 72% 
of the total 2006 effort, 75% of the total 2007 effort and 74% of the total 2008 effort (Fig. 3.8).  See 
Appendix Table A.2 for a breakdown of cetacean effort by Beaufort wind force and received sound levels 
(including effort in mi). 
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FIGURE 3.8.  Cetacean effort (km) in the Chukchi Sea by Beaufort wind force 
during 2006–2008 seismic surveys. 

 
Effort by Received Sound Level to Vessel – MMO effort summed across received sound level bins 

would exceed the total reported watch effort.  This resulted from MMO watches during operation of the 
smaller sound sources, i.e., shallow hazard array or mitigation guns, where received levels in observed 
areas were both ≥160 dB and 159–120 dB rms.  Observer effort conducted during these periods was 
included in both received sound level bins.   

Most of the total cetacean monitoring effort (65%) was conducted in areas where received sound 
levels were <120 dB rms for all three years combined (Fig. 3.9).   Cetacean monitoring effort in areas 
with received sound levels from 159–120 dB rms and sound levels ≥160 dB rms accounted for ~13 and 
22% of the effort, respectively.  The greatest proportion of cetacean monitoring for one year in areas with 
received sound level ≥160 dB rms occurred in 2006 (41%; Fig. 3.9).  In contrast, 9% and 8% of effort was 
conducted in areas with sound levels ≥160 dB rms in 2007 and 2008, respectively.  Three source vessels 
operated in 2006 with relatively fewer monitoring/support vessels than in later years, and seismic 
operations continued into Nov (later than 2007 and 2008) contributing to the greater proportion of effort 
in areas with higher received levels in 2006.  In contrast, most effort in 2007 and 2008 occurred in 
locations with received sound levels <120 dB rms.  See Appendix Table A.3 for a breakdown of cetacean 
effort by vessel role and received sound levels (including effort in mi). 
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FIGURE 3.9.  Cetacean effort (km) in the Chukchi Sea by received sound level 
during 2006–2008 seismic surveys. 
 

MMO monitoring effort for cetaceans from the source vessels was similar in locations where 
received sound levels were ≥160 dB rms and <120 dB rms (Fig. 3.10).  Effort from source vessels in the 
mid-sound level category was much less than effort in areas with lower and higher received sound levels.  
This was expected because source vessels seldom worked in proximity of other operating source vessels 
where they would be exposed to received sound levels in the mid-range.  MMO effort from the 
monitoring vessels was similar across the three received sound level categories and effort from support 
vessels was primarily within areas with received sound level <120 dB rms.  Support vessels, by 
definition, operated at distances ≥75 km (~47 mi) from source vessels. 
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FIGURE 3.10.  Cetacean effort (km) in the Chukchi Sea by received sound level 
and vessel role during 2006–2008 seismic operations. 
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Effort by Ice Bins – The majority of cetacean effort (67%) was conducted in areas far from sea ice, 
i.e., >20 km (12 mi) from the pack–ice edge (Fig. 3.11).  During 2006 and 2007, 80% and 90% of effort, 
respectively, occurred in areas without ice (i.e., in the 5-km distance-from-ice bins).  In contrast, 43% of 
cetacean effort was conducted in areas without ice in 2008.  Monitoring vessels scouted the ice edge early 
in 2008 when ice was present in the prospect areas, contributing to the elevated percentage of effort 
(42%) in areas close to (0-5 km) and in ice (>10% and < 10% ice cover) that year.     
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FIGURE 3.11.  Cetacean effort (km) in the Chukchi Sea by percent ice cover or 
proximity to the ice edge during 2006–2008 seismic surveys. 

 
Effort by Proximity to Shore – Most of the cetacean monitoring effort in the Chukchi Sea was 

conducted >37 km (~23 mi) offshore (90% in both 2006 and 2007, and 88% in 2008).  MMOs observed 
for a total of 71,018 km (44,129 mi) offshore and 8685 km (5397 mi) nearshore for all three years 
combined (Fig. 3.12).    
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FIGURE 3.12.  Cetacean effort (km) in the Chukchi Sea by “nearshore” (within 37 km 
or  ~23 mi of shore) or “offshore” (beyond 37 km or ~23 mi of shore) during 2006–
2008 seismic surveys. 

 
Cetacean Sightings 

During 2006–2008 seismic surveys, MMOs recorded a total of 362 cetacean sightings of 644 
individuals in the Chukchi Sea (Table 3.3).  The most commonly recorded cetacean species overall was 
gray whale (~38%) followed by bowhead whale (~11%).  The least commonly recorded species was 
beluga whale (a single sighting; 0.3% of the three-year total).    

The species composition of cetacean sightings was similar in all three years with approximately 
90% of sightings each year consisting of bowhead whales, gray whales, harbor porpoises, unidentified 
mysticete whales and unidentified whales.  The largest difference among years was the species 
composition of gray and bowhead whale sightings.  Approximately 28% of Chukchi Sea cetacean 
sightings were bowhead whales in 2006 compared to 8% in 2007 and 5% in 2008.  Gray whale sightings 
comprised only 31% of cetacean sightings in 2006 compared to 44% in 2007 and 39% in 2008 (Table 
3.3).  In 2008, details of descriptions of 26 sightings initially identified as bowheads were insufficient to 
confirm the identifications and were inconsistent with other cetacean observations in that region and time.  
These sightings were included in the following analyses as unidentified mysticete whales.  See Appendix 
Table A.6 for detailed information on cetacean sightings by received sound levels and vessel role.   
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TABLE 3.3.  Number of cetacean sightings (number of individuals) recorded by MMOs 
during 2006–2008 Chukchi Sea seismic surveys. 

Species

Cetaceans

  Unidentified Whale 13 (16) 8 (14) 10 (14) 31 (44)

  Mysticetes

  Bowhead Whale 25 (44) 6 (7) 10 (42) 41 (93)
  Fin Whale 0 0 2 (4) 2 (4)
  Gray Whale 28 (50) 32 (66) 79 (165) 139 (281)
  Humpback Whale 0 3 (5) 1 (1) 4 (6)
  Minke Whale 3 (3) 3 (3) 8 (10) 14 (16)
  Unidentified Mysticete Whale 3 (3) 7 (12) 76 (113) 86 (128)

  Odontocetes

  Beluga Whale 0 0 1 (2) 1 (2)
  Harbor Porpoise 13 (20) 10 (16) 14 (25) 37 (61)
  Killer Whale 1 (2) 1 (1) 0 2 (3)
  Unidentified Odontocete Whale 3 (4) 2 (2) 0 5 (6)

Total Cetaceans 89 (142) 72 (126) 201 (376) 362 (644)

2006 2007 2008 Totals 

 
 

Cetacean Sighting Rates by Season 
Cetacean sightings rates in the summers of 2008 and 2007 were similar, and were more than three 

times the 2006 summer sighting rate.  Fall cetacean sighting rates were highest in 2008 followed by 2006 
and 2007 (Fig. 3.13).  Cetacean sighting rates in 2007 and 2008 were higher in the summer than the fall.  
The opposite was the case in 2006, when the fall cetacean sighting rate was nearly double the summer 
rate.  For all cetacean sightings combined there was no significant difference in seasonal sighting rates (G 
= 3.28, df = 1, p = 0.07; Fig. 3.13).  
Cetacean Sighting Rates by Beaufort Wind Force 

During the Chukchi Sea surveys from 2006 through 2008, cetacean sightings rates were typically 
inversely related to Beaufort wind force (Fig. 3.14).  Rougher sea conditions made it more difficult for 
observers to detect animals and cetacean sighting rates were generally higher during low Bf levels.  
 



Chapter 3:  Chukchi Sea Vessel-Based Monitoring     3-25 
 

1.9

3.9

6.3

2.3

6.4

5.8

0

1

2

3

4

5

6

7

Jul-Aug Sep-Nov

S
ig

ht
in

gs
 p

er
 1

00
0 

km
   

  
of

 M
M

O
 E

ffo
rt

2006

2007

2008

 
FIGURE 3.13.  Cetacean sighting rates by season in the Chukchi Sea during 
2006–2008. 
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FIGURE 3.14.  Cetacean sighting rates by Beaufort wind force in the Chukchi 
Sea during 2006-2008. 

 

Cetacean Sighting Rates by Received Sound Level 
Based on data collected aboard all vessels in the Chukchi Sea from 2006 through 2008, 18 cetacean 

sightings (n = 11 in 2006; n = 3 in 2007; n = 4 in 2008) were recorded within the area where received 
sound levels were estimated to be ≥160 dB rms.  Cetacean sighting rates were approximately 1.5 times 
higher from monitoring than from source vessels at locations where received sound levels were ≥160 dB 
rms (Fig. 3.15).  This trend, however, was reversed at locations where received levels were <120 dB rms.  
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Combined cetacean sighting rates when received sound levels were <120 dB rms were significantly 
higher than when received sound levels were ≥160 dB rms (G = 100.22, df = 1, p < 0.0001; Fig. 3.15) 
suggesting that whales may be avoiding the seismic activity at distances greater than could be detected by 
observers on the vessels.   The highest cetacean sighting rates were recorded from support vessels when 
received levels were <120 dB rms.  Support vessels operated at distances >75 km from source vessels and 
were not near seismic survey activities.  
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FIGURE 3.15.  Cetacean sighting rates by received sound level in the Chukchi Sea during 
2006–2008.   

 

Cetacean Sighting Rates by Distance from Ice 
Cetacean sighting rates were compared among years in locations with ice cover less than and 

greater than 10%, and in 5–km (3 mi) distance–from–ice bins (Fig. 3.16).  Cetacean sighting rates in 2006 
were generally higher at locations within or near pack ice than at distances further from ice, whereas 
sighting rates in 2008 were more evenly distributed throughout all ice bin categories.  Observer effort in 
2007 was low (<500 km; 311 mi) in all ice bin categories precluding meaningful comparison of cetacean 
sighting rates relative to ice cover in 2007 with other years.   
Cetacean Sighting Rates by Distance from Shore 

Cetacean sighting rates were higher in nearshore areas than areas offshore in the Chukchi Sea 
during each of the three survey years (Fig. 3.17).  Gray whale was the most frequently sighted cetacean 
species in nearshore areas accounting for 62% of the total cetacean sightings, followed by unidentified 
mysticete whale and bowhead whale, which accounted for 21% and 9%, respectively.  The remaining 8% 
consisted of unidentified whale, harbor porpoise and Minke whale.   

In offshore areas, gray whale was also the most frequently sighted species, although it only 
accounted for 31% of the total sightings.  The majority of the remaining cetacean sightings in offshore 
areas were of unidentified mysticete whale (25%), harbor porpoise (14%) and bowhead whale (13%). 
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FIGURE 3.16.  Cetacean sighting rates by percent ice and distance from ice in 
the Chukchi Sea during 2006–2008. 
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FIGURE 3.17.  Sighting rates for cetaceans by distance from shore in the 
Chukchi Sea during 2006–2008 

 

Cetacean Distribution and Behavior 
Initial Sighting Distance – In general, the probability of sighting a cetacean was greater for 

animals closer to the vessel than for animals further away (see below–Probability of Cetacean Detection 
with Distance from Vessel).  The initial sighting distance of cetaceans in areas exposed to received 
levels ≥160 dB rms was compared for source and monitoring vessels to investigate the potential effect 
of seismic sound on cetaceans.  Our a priori assumption was that because monitoring vessels were 
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operating further from the sound source (airguns towed by the source vessel), initial cetacean sightings 
distances would be less from monitoring vessels than source vessels when seismic sounds were being 
produced (i.e., when received levels were ≥160 dB rms).  At locations where received sound levels were 
≥160 dB rms, most cetacean sightings from monitoring vessels were within 0.5 km (0.3 mi) of the 
vessels in locations.  Although cetaceans were also sighted within 0.5 km of source vessels,  higher 
percentages of source vessel sightings were recorded at greater distances.  The lower percentage of 
cetacean sightings at distances near source vessels suggested cetacean avoidance of underwater seismic 
sound (Fig. 3.18).  Sample sizes of cetaceans exposed to received sound levels ≥160 dB rms however, 
were low from both the source (n = 5) and monitoring (n = 13) vessels and a larger sample size would 
be preferable before drawing firm conclusions.   

 

0

10

20

30

40

50

60

70

80

0 - 0.5 0.5 - 1.0 1.0 - 1.5 1.5 - 2.0 2.0 - 2.5 2.5 - 3.0 3.0 - 3.5 3.5 - 4.0 4.0 - 4.5

Initial Detection Distance (km)

P
er

ce
nt

 o
f S

ig
ht

in
gs

Source Vessels

Monitoring Vessels

 
FIGURE 3.18.  Initial sightings distances of cetaceans exposed to ≥160 dB rms received sound levels 
observed from source and monitoring vessels in the Chukchi Sea during 2006–2008 seismic surveys. 

 
Movement – Over 60% of cetacean movement relative to vessels in locations where received sound 

levels were <120 dB rms was either neutral to the vessel or unknown (Fig. 3.19).  Nearly four times as 
many cetaceans swam away from vessels compared to those that swam toward vessels.  

Cetacean movement at locations where received sound levels were ≥160 dB rms was compared for 
source and monitoring vessels (Fig. 3.20).  Most of the cetacean movement recorded from source vessels 
was swim away from the vessel.  No cetaceans in areas where received sound levels were ≥160 dB rms 
were observed swimming toward source vessels, i.e., the active airgun array.  The number of cetaceans 
swimming away from monitoring vessels was five times greater than the number of cetaceans swimming 
toward monitoring vessels.  The sample size for cetacean movement categories at locations where 
received sound levels were ≥160 dB rms was low (n = 5 from source and n = 13 from monitoring vessels) 
making meaningful comparisons of cetacean movements between the two vessel types difficult.    
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Figure 3.19.  Percent of cetacean movement relative to vessels by received 
sound levels <120 dB rms in the Chukchi Sea during 2006–2008 seismic 
operations.  NE = Neutral, NO = None, SA = Swim Away, ST = Swim Towards, 
UN = Unknown. 
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FIGURE 3.20.  Percent of cetacean movement relative to source and monitoring 
vessels by received sound levels ≥160 dB rms in the Chukchi Sea during 2006–
2008 seismic operations. NE = Neutral, SA = Swim Away, ST = Swim Towards, 
UN = Unknown. 
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The movement of cetaceans when initially observed relative to both the source and monitoring 
vessels was plotted for animals that were exposed to received sound levels ≥160 dB rms (Figs. 3.21 and 
3.22).  No distinct trend of movement was apparent either around the source vessel (with active airgun 
array) or the monitoring vessels.  Two of the five cetaceans reported from the source vessels were moving 
in the direction of the active sound source located behind the source vessels.  Cetaceans exposed to 
received sound levels of ≥160 dB rms were initially sighted further from the source vessels (and therefore 
the active source) than from the monitoring vessels, as indicated in the Initial Sighting Distance section 
above.   

 

 
FIGURE 3.21.  Initial sighting distances from source vessels of cetaceans 
exposed to received sound levels ≥160 dB rms in the Chukchi Sea 
during 2006–2008 seismic surveys.  The larger circle indicates the 
averaged 180 dB rms sound level radii for the 2006–2008 surveys (1854 
m or 1.2 mi).  n = 5; distance between tick marks (2000 m) = 1.2 mi.  
Small circles indicate sighting locations of cetaceans for which direction 
of movement could not be determined.   
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FIGURE 3.22.  Initial sighting distances from monitoring vessels of 
cetaceans exposed to received sound levels ≥160 dB rms in the Chukchi 
Sea during 2006–2008 seismic surveys.  n = 13; distance between tick 
marks (2000 m) = 1.2 mi.  Small circles indicate sighting locations of 
cetaceans for which direction of movement could not be determined.   
 

Closest Point of Approach – Mean CPA distances of cetaceans exposed to received sound levels of 
≥160 dB rms to the observer station were calculated for both source and monitoring vessels (Table 3.4).  
The mean CPA of cetaceans exposed to <120 dB rms was also calculated for sightings from source and 
monitoring vessels.  This allowed for comparison of the average CPA of animals that were in effect, 
exposed to seismic pulses and animals that were not.  Sightings from support vessels (n = 242) were not 
included.   

On average, cetaceans exposed to received sound levels ≥160 dB rms were observed farther from 
source vessels than cetaceans exposed to received sound levels <120 dB rms although the difference was 
relatively small (Table 3.4).  The reverse was true for monitoring vessels for which CPA was over twice 
as high at locations with received levels <120 dB rms compared to ≥160 dB rms.  Cetaceans exposed to 
received sound levels ≥160 dB rms were, on average, observed more than twice as close to monitoring 
vessels than source vessels.  This was expected because monitoring vessels operated further from the 
active airgun than source vessels.  However, our sample size was low (n = 5 from source and n = 13 from 
monitoring vessels) making meaningful comparisons of cetacean CPA between the two vessel types 
difficult.    
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TABLE 3.4.  CPAs of cetaceans relative to the observer by received sound level in the Chukchi Sea during 
2006–2008 seismic operations.   

Vessel Role

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (m) s.d. Range (m) n

Source ≥160 1401 1573 207-4136 5

Monitoring ≥160 533 849 20-2507 13

Source <120 1253 1159 100-4327 46

Monitoring <120 1214 1339 40-5000 48

a CPA = Closest Point of Approach .  This value is the marine mammal's closest point of approach to the observer.

 
Movement and CPAs of cetaceans relative to the airgun array was plotted for animals exposed to 

source levels ≥160 dB rms (Fig. 3.23) and when the airgun array was not active (Fig. 3.24).  These data 
were calculated for sightings from both source and monitoring vessels.  Sightings from support vessels 
were included in the plot of animals exposed to received sound levels <120 dB rms.  The plots focus on 
the area within 8.1 km (~5 mi) of the sound source which was the extent of the ≥160 dB rms radius 
measured in 2007 and 2008 and included the radius measured in 2006 (7.99 km or 4.96 mi).  No trend 
was evident from the plotted CPAs to the airgun array.  In general, animals moved toward the location of 
the sound source more often when the array was not active (Figs. 3.20, 3.23, and 3.24). 

 
 

FIGURE 3.23.  Movement and CPA to the active sound source of 
cetaceans exposed to received sound levels ≥160 dB rms in the Chukchi 
Sea during 2006–2008 seismic surveys.  The larger circle indicates the 
averaged 180 dB rms sound level radii for the 2006–2008 surveys (1854 
m or 1.2 mi).  n = 18; distance between tick marks (2000 m) = 1.2 mi.  
Small circles indicate sighting locations of cetaceans for which direction 
of movement could not be determined.   
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FIGURE 3.24.  Movement and CPA to the airgun arrays of cetaceans in 
areas where received sound levels were <120 dB rms in the Chukchi Sea 
during 2006–2008 seismic operations.  n = 214; distance between tick 
marks (2000 m) = 1.2 mi.  Small circles indicate sighting locations of 
cetaceans for which direction of movement could not be determined.  
“X”s indicate that the animal did not appear to move relative to the 
vessels’ tracklines.   

 
The CPAs to the active airgun array were calculated for cetaceans observed from the source vessels 

and exposed to received sound levels of ≥160 dB rms.   The CPAs to the array were also calculated for 
cetaceans observed from the source vessels that were not exposed to seismic sounds (<120 dB rms; Table 
3.5).  The CPA values were similar.  Again, our sample size was low and a meaningful comparison of 
cetacean proximity to the source between the two exposure levels is difficult.    

 
TABLE 3.5.  CPAs of cetaceans observed from the source vessels relative to the airgun array 
by received sound level in the Chukchi Sea during 2006–2008 seismic operations.   

 

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPA (m) s.d. Range (m) n

≥160 1497 1565 507-4275 5

<120 1341 1183 136-4616 46

a CPA = Closest Point of Approach. This value is the marine mammal's closest point of approach to the airgun
array.  
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Reaction Behavior – The majority of cetaceans exhibited no reaction to vessels in all three years, 
regardless of received sound levels (~96% of sightings).  An increase in speed and splash were the next 
most commonly observed reactions (Fig. 3.25).  No distinct trend of reaction was evident for cetaceans 
exposed to received sound levels ≥160 dB rms from either the source or monitoring vessels.  Cetaceans 
observed from the active source vessel more frequently changed direction than cetaceans observed from 
the monitoring vessels, however no reaction was the most often reported category from both source and 
monitoring vessels (Fig. 3.26). 
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FIGURE 3.25.  Percentages of cetacean reactions to vessels for animals 
exposed to received sound levels <120 dB rms in the Chukchi Sea during 
2006–2008 seismic operations.  Reactions included change direction (CD), 
increase speed (IS), splash (SP), and no reaction (NO).   
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FIGURE 3.26.  Cetacean reaction to vessels by received sound level ≥160 dB 
rms in the Chukchi Sea during 2006–2008 seismic operations.  Reactions 
included increase speed (IS and no reaction (NO).   
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Probability of Cetacean Detection 
This analysis of the effect of number of observers and Beaufort wind force on cetacean detection 

probability was based on the distance from observer to marine mammal as opposed to perpendicular 
distance from vessel trackline.  Date were examined separately for vessels with observation platforms 
higher and lower than 11 meters (12 yards).     For vessels with higher observation platforms, detection 
probability increased as the number of observers was increased from one to two during periods when 
Beaufort wind force was low (0-1; Fig. 3.27).  At a distance of 2000 m, detection probability more than 
doubled with two observers on watch.  However, during periods when Beaufort wind force was higher (2-
5), increasing the number of observers did not have as great of an effect.  This result suggested that there 
was a benefit to increasing the number of observers when sighting conditions were favorable, but that 
little was gained by using additional observers when sighting conditions were poor. 

In contrast to the trend identified for the taller vessels, for vessels with lower platforms, detection 
probability increased when the number of observers was increased from one to two when Beaufort wind 
force was higher (2-5; Fig. 3.28).  However, increasing the number of observers did not have a similar 
effect when Beaufort wind force conditions were low (0-1). 
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FIGURE 3.27.  Effect of number of observers and Beaufort wind force on the detection probability of mysticete whales.  This analysis is 
based on distance from observer to marine mammal as opposed to perpendicular distance from vessel trackline.  Data considered here 
were collected on vessels with observation platforms 11.0 – 27.0 m (12.1 – 29.5 yd) in height in areas where received sounds levels 
were <120 dB rms.  The analysis included data collected outside of the Chukchi and Beaufort Sea study areas during 2006–2008. 
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FIGURE 3.28.  Effect of number of observers and Beaufort wind force on the detection probability of mysticete whales.  This analysis is based 
on distance from observer to marine mammal as opposed to perpendicular distance from vessel trackline.  Data considered here were 
collected on vessels with observation platforms 3.4 – 10.2 m (3.7 – 11.2 yd) in height in areas where received sounds levels were <120 dB 
rms.  The analysis includes data collected outside of the Chukchi and Beaufort Sea study areas during 2006-2008. 
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Estimated Number of Cetaceans Potentially Ensonified 

 In 2006, we estimated that 872 and 219 cetaceans may have been exposed to received sound levels 
≥160 and ≥180 dB rms, respectively, during the combined summer and fall seasons based on non-seismic 
densities.  The estimated numbers of cetacean exposures were much lower in 2007 and 2008 (Table 3.9).  
In 2007 and 2008, the majority of the estimated number of individuals exposed to received sound levels 
≥160 dB rms occurred during the summer (58% and 95%, respectively), whereas in 2006, ~87% of the 
estimated number of individuals exposed to received sound levels ≥160 dB rms occurred during fall 
(Table 3.8).  These estimates were based on data collected during non-seismic (<120 dB rms) periods and 
were considered maximum estimates because they did not account for animals that may have avoided or 
moved away from seismic activities.  The large difference in the exposure estimates among years was due 
to the greater amount of seismic survey activity that occurred in 2006 compared to 2007 and 2008.   

Estimates from Direct Observations – The number of cetaceans directly observed within areas 
where received sound levels were ≥160 and ≥180 dB re 1 µPa rms provided a minimum estimate of the 
number of individuals potentially exposed to sounds at these levels.  For this analysis, data were not 
filtered using the criteria outlined in the Methods section.  Based on direct observations in the Chukchi 
Sea, more cetaceans were exposed to received levels ≥160 and ≥180 dB rms in 2006 than in 2007 or 
2008.  The numbers of cetaceans observed in locations where received levels were ≥160 and ≥180 dB rms 
declined each year.  The higher numbers observed in 2006 may be due to the higher level of seismic 
survey activity that year (Table 3.6).     
 

TABLE.3.6.  Number of individual cetaceans observed within 
≥160 dB and 180 dB rms radii and potentially exposed to the 
respective sound levels within the Chukchi Sea during 2006–
2008 seismic surveys.   

 

Received Sound Exposure 
Level (dB re 1 µPa rms) 2006 2007 2008

≥160 35 15 7
≥170 14 10 6
≥18 0

Individuals

0 8 5

 
 
Estimates Extrapolated from Density – The estimated cetacean density data for 2006–2008 are 

shown in Table 3.7, and the area ensonified to various received sound levels and overlapping areas are 
presented in Table 3.8.  The estimated numbers of cetaceans exposed to received sound levels ranging 
from ≥160 to ≥190 dB rms during 2006–2008 seismic operations in the Chukchi Sea are presented in 
Table 3.9.  The values for 2006 and 2007 were recalculated to be consistent with the data analysis 
methods used in this report (for a more detailed explanation of the methods and calculations, please refer 
to the Methods section).   
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Species Density CIs Density CIs Density CIs Density CIs
2006
Bowhead whale 0.199 (0.020 - 1.960) 0.135 (0.013 - 1.409) 0.000 - 4.416 (0.466 - 41.872)
Gray whale 0.000 - 2.140 (0.764 - 5.996) 0.000 - 3.662 (0.484 - 27.708)
Minke whale 0.000 - 0.137 (0.044 - 0.430) 0.000 - 0.086 (0.022 - 0.331)
Unidentified mysticete whale 0.000 - 0.279 (0.042 - 1.877) 0.224 (0.021 - 2.346) 0.000 -
Harbor porpoise 0.651 (0.182 - 2.325) 0.887 (0.244 - 3.218) 0.000 - 1.078 (0.401 - 2.902)
Killer whale 0.000 - 0.000 - 0.000 - 0.232 (0.022 - 2.499)
Unidentified odontocete whale 0.000 - 0.445 (0.118 - 1.688) 0.000 - 0.000 -
Unidentified whale 0.211 (0.022 - 2.072) 0.990 (0.137 - 7.131) 0.171 (0.017 - 1.707) 0.646 (0.215 - 1.940)

2006 Total 1.060 (0.334 - 3.363) 5.013 (2.379 - 10.565) 0.395 (0.058 - 2.669) 10.119 (2.291 - 44.705)
2007
Bowhead whale 0.000 - 0.665 (0.153 - 2.898) 0.000 - 0.267 (0.027 - 2.655)
Gray whale 0.000 - 6.853 (1.931 - 24.316) 0.000 - 2.559 (0.638 - 10.256)
Humpback whale 0.000 - 0.347 (0.048 - 2.501) 1.612 (0.163 - 15.918) 0.000 -
Minke whale 0.000 - 0.143 (0.041 - 0.497) 0.000 - 0.000 -
Unidentified mysticete whale 0.000 - 0.725 (0.229 - 2.296) 0.000 - 1.279 (0.090 - 18.139)
Harbor porpoise 0.000 - 1.504 (0.285 - 7.932) 0.000 - 0.876 (0.082 - 9.313)
Killer whale 0.000 - 0.087 (0.008 - 0.996) 0.000 - 0.000 -
Unidentified odontocete whale 0.000 - 0.110 (0.011 - 1.058) 0.000 - 0.000 -
Unidentified whale 0.000 - 0.333 (0.475 - 2.313) 3.855 (0.573 - 25.944) 0.000 -

2007 Total 0.000 - 10.766 (4.343 - 26.689) 5.468 (1.047 - 28.562) 4.982 (1.269 - 19.558)
2008
Bowhead whale 0.000 - 0.712 (0.189 - 2.680) 0.000 - 3.793 (0.428 - 33.632)
Fin whale 0.000 - 0.219 (0.043 - 1.116) 0.000 - 0.000 -
Gray whale 0.543 (0.049 - 6.013) 8.048 (1.930 - 33.555) 0.000 - 4.196 (0.845 - 20.831)
Humpback whale 0.000 - 0.055 (0.005 - 0.609) 0.000 - 0.000 -
Minke whale 0.000 - 0.194 (0.079 - 0.477) 0.000 - 0.000 -
Unidentified mysticete whale 0.000 - 5.186 (0.882 - 30.509) 0.000 - 4.255 (1.519 - 11.918)
Beluga whale 0.000 - 0.081 (0.020 - 0.323) 0.000 - 0.000 -
Harbor porpoise 2.764 (0.490 - 15.600) 0.837 (0.336 - 2.086) 0.000 - 0.226 (0.021 - 2.401)
Unidentified whale 0.000 - 0.603 (0.162 - 2.236) 0.000 - 0.532 (0.049 - 5.805)

2008 Total 3.307 (0.680 - 16.096) 15.935 (5.710 - 44.468) 0.000 - 13.001 (4.450 - 37.982)

No. individuals / 1000 km2

Jul – Aug Sep – Nov

Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.000.

≥160 <120 ≥160 <120

 

TABLE.3.7. Cetacean density estimates and 95% confidence intervals (CIs) based on observations in locations where received sound levels were 
≥160 and <120 dB rms in the Chukchi Sea during 2006–2008 seismic surveys. Densities are corrected for f(0) and g(0) biases.  
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TABLE.3.8. Estimated areas (km2) ensonified to various sound levels within the Chukchi 
Sea during 2006–2008 seismic surveys.  Maximum area ensonified is shown with 
overlapping areas counted multiple times, total area ensonified shown with overlapping 
areas counted only once.  

 

Area (km2) 120 160 170 180 190

2006 Jul-Aug
Including Overlap Area 5,240,029 343,693 135,817 41,015 13,003

Excluding Overlap Area 149,691 22,076 12,627 6982 4586
2006 Sep-Oct

Including Overlap Area 4,207,457 329,658 126,280 39,849 12,174
Excluding Overlap Area 218,845 75,182 41,645 18,146 7066

2006 Totals
Including Overlap Area 9,447,487 673,351 262,097 80,863 25,177

Excluding Overlap Area 368,536 97,259 54,271 25,128 11,652

2007 Jul-Aug
Including Overlap Area 212,825 12,203 5,886 3,004 624

Excluding Overlap Area 23,441 1980 1228 890 542
2007 Sep-Oct

Including Overlap Area 1,290,678 72,941 34,649 17503 3600
Excluding Overlap Area 26,380 3095 2186 1697 1059

2007 Totals
Including Overlap Area 1,503,503 85,144 40,535 20,507 4224

Excluding Overlap Area 49,821 5075 3414 2587 1600

2008 Jul-Aug
Including Overlap Area 3,219,216 88,630 30,108 8,691 2,489

Excluding Overlap Area 137,288 9138 4361 2163 1042
2008 Sep-Oct

Including Overlap Area 59,541 1258 394 122 37
Excluding Overlap Area 8855 536 286 107 35

2008 Totals
Including Overlap Area 3,278,757 89,888 30,502 8812 2526

Excluding Overlap Area 146,143 9673 4647 2270 1077

Yearly "Totals Exluding Overlap Areas" are less than the sum of seasonal period non-overlap areas in some
years because many of the same areas w ere ensonif ied during both periods.  

Level of ensonification in dB re1μPa (rms)    
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TABLE.3.9.  Estimated numbers of individual cetaceans exposed to received sound levels 
≥160, 170, 180, and 190 dB rms and average number of exposures per individual within 
the Chukchi Sea during 2006–2008 seismic surveys. 

 

Exposure level in dB re 
1µPa (rms) Individuals

Exposures per 
Individual Individuals

Exposures per 
Individual

Jul-Aug
≥160 23 16 111 16
≥170 13 11 63 11
≥180 7 6 35 6
≥190 5 3 23 3

Sep-Oct
≥160 30 4 761 4
≥170 16 3 421 3
≥180 7 2 184 2
≥190 3 2 72 2

Jul-Aug
≥160 0 6 21 6
≥170 0 5 13 5
≥180 0 3 10 3
≥190 0 1 6 1

Sep-Oct
≥160 17 24 15 24
≥170 12 16 11 16
≥180 9 10 8 10
≥190 6 3 5 3

Jul-Aug
≥160 30 10 146 10
≥170 14 7 69 7
≥180 7 4 34 4
≥190 3 2 17 2

Sep-Oct
≥160 0 2 7 2
≥170 0 1 4 1
≥180 0 1 1 1
≥190 0 1 1* 1

"0" individuals indicates >500 km (>311 mi) of effort within the density bin but no sightings
"1*" indicates number of individuals was decimal value between 0 and 1

2008

"-" indicates a take estimate could not be calculated because a reliable density estimate could not be calculated due to <500 km
(<311 mi) of effort

2006

2007

(≥160 dB rms) (<120 dB rms)
Seismic Densities Non-seismic Densities
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Seals 
Pinniped Effort 

Effort by year – Pinniped monitoring effort from all vessels combined during the 2006–2008 
Chukchi Sea surveys totaled 90,864 km (56,312 mi; Fig. 3. 29).  This was 1.14 times the amount of 
cetacean effort for the three years.  Pinniped effort in 2006 and 2008 were almost identical, contributing 
41% each to the total.  The amount of pinniped effort during 2007 was less than half the effort in either 
2006 or 2008 surveys and contributed 18% of the total effort (Fig. 3. 29).  Pinniped effort included both 
the seal and Pacific walrus groups.  
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FIGURE 3.29.  Pinniped effort (km) in the Chukchi Sea during 2006–2008 
seismic operations. 

 
Effort by Season – Each year, the majority of pinniped monitoring effort in the Chukchi Sea 

occurred summer rather than fall (Fig. 3.30).  The amount of pinniped monitoring effort during summer in 
2006 and 2007 was 63% and 58%, respectively, of the total for each year.  The summer pinniped effort in 
2008 was 86% of the total for the year.   
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FIGURE 3.30.  Pinniped effort (km) in the Chukchi Sea by season during 2006–
2008 seismic operations. 

 
Effort by Beaufort Wind Force – Most pinniped effort occurred during Bf conditions from two 

through four (Fig. 3.31).  This amounted to 71% of the effort in 2006 and approximately 75% in both 
2007 and 2008.  See Appendix Table A.4 for a breakdown of pinniped effort by Beaufort wind force and 
received sound levels (including effort in mi). 
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FIGURE 3.31.  Pinniped effort (km) in the Chukchi Sea by Beaufort wind force 
during 2006–2008 seismic operations. 

 
 

Effort by Received Sound Level to Vessel –MMO effort summed across received sound level bins 
exceeded the total reported watch effort.  This resulted from MMO watches during operation of the 
smaller sound sources, i.e., shallow hazard array or mitigation guns, where received levels in observable 
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areas were both ≥160 dB and 159–120 dB rms.  Observer effort conducted during these periods was 
included in both received sound level bins.   

Most pinniped effort for all three years combined (61%) was conducted in areas where received 
sound levels were <120 dB rms (Fig. 3.32).   Pinniped monitoring effort in areas with received sound 
levels from 159–120 dB rms and sound levels ≥160 dB rms occurred along ~15 and 24%, respectively, of 
the trackline.  The greatest proportion of pinniped observation in areas with received sound level ≥160 dB 
rms occurred in 2006 (43%; Fig. 3.32).  In contrast, 12% and 10% of effort in 2007 and 2008, 
respectively, was conducted in areas with received sound levels of ≥160 dB rms. Three source vessels 
operated in 2006 with relatively fewer monitoring/support vessels than later years and seismic operations 
continued into Nov (later than 2007 and 2008), contributing to the greater proportion of effort in areas 
with higher received sound level in 2006.  See Appendix Table A.5 for a breakdown of cetacean effort by 
vessel role and received sound levels (including effort in mi). 
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FIGURE 3.32.  Pinniped effort (km) in the Chukchi Sea by received sound level 
during 2006–2008 seismic operations. 

 
Pinniped effort from source vessels was greatest in locations where received sound levels were 

≥160 dB rms.  Effort from source vessels in 159-120 and <120 dB rms received sound level areas was 12 
and 39%, respectively, of the three year total (Fig. 3.33).  Low overall effort in the 159-120 dB rms sound 
level category was expected because source vessels seldom worked in proximity of other operating source 
vessels where they would be exposed to received sound levels in the mid-range.  MMO effort from the 
monitoring vessels was similar across the three received sound level categories but was greatest in areas 
with received sound level <120 dB rms.  Support vessels were, by definition, ≥75 km (~47 mi) from 
source vessels and far removed from locations with high received sound level. 
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FIGURE 3.33.  Pinniped effort (km) in the Chukchi Sea by received sound level 
during 2006–2008 seismic operations. 
 

Effort by Ice Groupings – The majority of pinniped effort (67%) occurred in areas far from sea 
ice, i.e., locations >20 km (12 mi) from the ice edge (Fig. 34).  During 2006 and 2007, 81% and 90% of 
effort was conducted in areas >20 km from ice.  Monitoring vessels frequently scouted the ice edge early 
in 2008 when ice was present in the prospect areas, contributing to the greater percentage of effort (40%) 
in areas close to (0–5 km) and in loose ice (>10% and < 10% ice cover) that year.     
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FIGURE 3.34.  Pinniped effort (km) in the Chukchi Sea by ice percent or 
proximity during 2006-2008 seismic operations. 
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Effort by Proximity to Shore – Most of the pinniped monitoring effort in the Chukchi Sea was 
conducted >37 km (~23 mi) offshore (91% in both 2006 and 2007, and 89% in 2008).   MMOs monitored 
for pinnipeds along 81,751km (50,798 mi) of trackline offshore and 9113 km (5663 mi) nearshore for all 
three years combined (Fig. 3.35). 
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FIGURE 3.35.  Pinniped effort (km) in the Chukchi Sea for nearshore (within 20 
km or ~12 mi of shore) or offshore (beyond 20 km or ~12 mi of shore) 
locations during 2006–2008 seismic operations. 
 

Seal Sightings 
In total, 2589 seal sightings comprised of 2989 individuals were recorded in the Chukchi Sea from 

2006 through 2008 (Table 3.10).  The most commonly identified seal species was ringed seal (804 
sightings), followed by bearded seal (363 sightings), spotted seal (220 sightings) and two ribbon seals.  
One Steller sea lion was also sighted in 2007.  The sighting of a Steller sea lion in the Chukchi Sea was 
unusual because this was outside the typical range of this species.  The sea lion sighting was included in 
all following “seal” analyses. 

The 2006 Chukchi Sea total of 1764 seal sightings was more than seven times higher than the 
number of seal sightings in 2007, and approximately three times higher than the number of seal sightings 
in 2008.  Although the number of sightings varied by year, the species composition was similar among 
the three years.  See Appendix Table A.7 for detailed information on cetacean sightings by received 
sound levels and vessel role.   
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TABLE 3.10.  Number of seal sightings (number of individuals) recorded by MMOs during 
2006–2008 Chukchi Sea seismic operations. 

Species

Seals in Water

Bearded Seal 214 (250) 37 (41) 101 (118) 352 (409)
Ribbon Seal 0 0 1 (1) 1 (1)
Ringed Seal 521 (583) 85 (97) 189 (205) 795 (885)
Spotted Seal 154 (188) 21 (25) 40 (46) 215 (259)
Steller Sea Lion 0 1 (1) 0 1 (1)
Unidentified Seal 832 (900) 79 (85) 217 (245) 1128 (1230)
Unidentified Pinniped 21 (22) 15 (19) 20 (34) 56 (75)

Seals on Ice

Bearded Seal 6 (11) 3 (16) 2 (2) 11 (29)
Ribbon Seal 1 (1) 0 0 1 (1)
Ringed Seal 3 (4) 2 (5) 4 (4) 9 (13)
Spotted Seal 3 (3) 1 (1) 1 (1) 5 (5)
Unidentified Seal 8 (11) 3 (66) 3 (3) 14 (80)
Unidentified Pinniped 1 (1) 0 0 1 (1)

Total Seals 1764 (1974) 247 (356) 578 (659) 2589 (2989)

2006 2007 2008 Total

 
 

Seal Sighting Rates by Season 
 In 2006 and 2007, fall sighting rates were approximately twice those in summer.  The fall sighting 

rate in 2008 was slightly less than the summer sighting rate (Fig. 3.36).  Combined seal sighting rates 
during fall were significantly higher than during summer (G = 398.08, df = 1, p< 0.0001; Fig. 3.36).        
Seal Sighting Rates by Beaufort Wind Force 

During the Chukchi Sea surveys from 2006–2008, seal sighting rates were inversely related to 
Beaufort wind force (Fig. 3.37).  In 2006 and 2008, approximately 75% of the seal sightings for each year 
were recorded during conditions with Bf ≤2.  In 2007, over 83% of seal sightings were recorded during 
conditions with Bf ≤3.  Higher marine mammal sighting rates are typically recorded during lower sea 
condition.  
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FIGURE 3.36.  Seal sighting rates by season in the Chukchi Sea during 2006–
2008 seismic operations. 
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FIGURE 3.37.  Seal sighting rates by Beaufort wind force in the Chukchi Sea 
during 2006–2008 seismic operations. 

 

Seal Sighting Rates by Received Sound Level 
Seal sighting rates were significantly higher from monitoring than from source vessels at locations 

with received sound levels ≥160 (G = 104.24, df = 1, p < 0.0001; Fig. 3.38) and 159–120 dB rms (G = 
71.82, df = 1, p < 0.0001; Fig. 3.38) suggesting localized seal avoidance of active source vessels.  Seal 
sighting rates were significantly higher from source than monitoring vessels at locations with received 
sound levels <120 dB rms (G = 10.78, df = 1, p= 0.001; Fig. 3.38).  When data from vessel types were 
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combined for the ≥160 and <120 dB rms zones, seal sighting rates in areas with received levels <120 dB 
were significantly higher than where received sound levels were ≥160 dB rms (G = 70.67, df = 1, p < 
0.0001; Fig. 3.38).  The highest seal sighting rates were recorded from support vessels, which operated at 
distances ≥75 km (~47 mi) from source vessels.   
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FIGURE 3.38.  Seal sighting rates by received sound level in the Chukchi Sea 
during 2006–2008. 

 
Seal Sighting Rates by Distance from Ice 

Seal sighting rates during 2006 Chukchi Sea operations were higher in areas with ice and near ice 
than in areas without ice or far from ice (Fig. 3.39).  In 2008 the highest seal sighting rates were recorded 
in areas with >10% ice cover but an decreasing trend in sighting rate in areas further from ice was not 
obvious compared to 2006.  Little ice was present in the project area during 2007.  The trend between 
increased seal sighting rates with increased proximity to ice was more pronounced in 2006 than in 2008.   
Seal Sighting Rates by Distance from Shore 

Seal sighting rates were higher in nearshore areas than in areas offshore each year (Fig. 3.40).  Seal 
sighting rates in 2006 and 2008 were over 2.5 times greater in nearshore areas than in areas farther 
offshore.  The difference in seal sighting rates between nearshore and offshore locations was less in 2007 
(Fig. 3.40). 
Seal Distribution and Behavior 

Initial Sighting Distance – Seal sighting rates within 100 m of vessels were higher from 
monitoring than source vessels at locations with both higher (160 dB) and lower (120 dB) received sound 
levels (Fig. 3.41 and 3.42).  Sighting rates tended to decrease with distance from the vessel less rapidly 
from source vessels than from monitoring vessels.  Sighting rates were often higher from source than 
monitoring vessels at distances beyond 150 m regardless of the received sound level near the vessel.  This 
may have been related to the higher observer platform on source vessels which offered a better vantage 
point allowing observers to detect seals at further distances.  The lower sighting rates from source vessels 
at distances close to the vessels may be related to localized avoidance of airgun sound at locations where 
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received levels were >160 dB, or the louder operational sound produced by source vessels compared to 
monitoring vessels where received levels were <120 dB.  Seals that moved to avoid seismic vessel or 
airgun sound might be more easily observed from monitoring vessels which could account for the higher 
sighting rates near monitoring vessels.   

 

FIGURE 3.40.  Sighting rates for seals by distance from shore in the Chukchi Sea 
during 2006-2008 seismic operations. 

FIGURE 3.39.  Seal sighting rates by percent ice and distance from ice in the 
Chukchi Sea during 2006-2008 seismic operations. 
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FIGURE 3.41.  Percent of seal sightings as a function of initial distance from the vessel for seals observed in areas where received sound 
levels were <120 dB rms in the Chukchi Sea during 2006–2008 seismic operations from source and monitoring vessels.  All sightings 
were of seals in water.  Note that the final distance bin is 1650 m (1804 yd) wide, much greater than all other 50 m (~55 yd) distance–
from–vessel bins. 
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FIGURE 3.42.   Percent of seal sightings as a function of initial distance from the vessel for seals observed in areas where received sound 
levels were ≥160 dB rms in the Chukchi Sea during 2006–2008 seismic operations from source and monitoring vessels.  All sightings were 
of seals in water.  Note that the final distance bin is 1400 m (1531 yd) wide, much greater than all other 50 m (~55 yd) distance–from–
vessel bins. 
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Movement – Seal movement relative to vessels at locations where received sound levels were <120 
dB rms were compiled to establish a baseline for animals unlikely affected by seismic sounds (Fig. 3.43). 
Swim away was the most frequently recorded movement category, although 40% of the seals had neutral 
or no movement relative to vessels and 13% of the movement was unknown.   

Seal movement relative to vessels in locations where received sound levels were ≥160 dB rms were 
compared for source and monitoring vessels (Fig. 3.44).  Distribution of recorded movement categories 
for seals exposed to ≥160 dB rms was similar for the two vessel types.  Swim away was the most 
frequently recorded seal movement followed by movement neutral to the vessel.   
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FIGURE 3.43.  Percent of seal movement relative to vessels at locations where 
received sound levels were <120 dB rms in the Chukchi Sea during 2006–2008 
seismic operations.  All sightings were of seals in water. NE = Neutral, NO = 
None, SA = Swim Away, ST = Swim Towards, UN = Unknown. 

 
Closest Point of Approach – The mean CPA of seals to vessels was calculated for observations 

from source and monitoring vessels.  CPAs were considered for animals that were in areas exposed to 
received sound levels ≥160 and <120 dB rms (Table 3.11).  The mean CPA of seals in areas exposed to 
received sound levels ≥160 dB rms was significantly greater from source vessels than from monitoring 
vessel (Wilcoxon rank sum test: W = 12,412,  p = <0.001).  However, this was also the case for seals 
sighted in areas where received sound levels were <120 dB rms (Wilcoxon rank sum test:  W = 14,176, p 
= <0.001).  For seal sightings from source vessels the mean CPA was not significantly greater where 
received sound levels were <120 dB rms than where received sounds were ≥160 dB rms (Wilcoxon rank 
sum test:  W = 14,524, p = 0.843).  There was also no significant difference between the mean CPA of 
seals exposed to ≥160 and <120 dB rms from the monitoring vessels (Wilcoxon rank sum test:  W = 
48,330.5, p = 0.989).  For seal sightings from source vessels, the mean CPA to the airguns was 
significantly greater when received sound levels were ≥160 than when received sounds were <120 dB rms 
(Table 3.12; Wilcoxon rank sum test:  W = 17,997, p = <0.001).   
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FIGURE 3.44.  Percent of seal movement relative to source and monitoring 
vessels at locations where received sound levels were ≥160 dB rms in the 
Chukchi Sea during 2006–2008 seismic operations. All sightings were of seals 
in water. NE = Neutral, SA = Swim Away, ST = Swim Towards, UN = 
Unknown. 

 
 
TABLE 3.11.  CPAs of seals in water relative to the observer by received sound level in the Chukchi Sea 
during 2006–2008 seismic operations.  All sightings were of seals in water. 

Vessel Role

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (m) s.d. Range (m) n

Source ≥160 358 313 1-2292 154

Monitoring ≥160 145 174 5-1500 329

Source <120 401 402 2-2400 191

Monitoring <120 159 205 2-1845 294

a CPA = Closest Point of Approach .  This value is the marine mammal's closest point of approach to the observer.  
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TABLE 3.12.  CPAs of seals in water observed from the source vessels relative to the airgun 
array by received sound level in the Chukchi Sea during 2006–2008 seismic operations.  All 
sightings were of seals in water. 

 

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPA (m) s.d. Range (m) n

≥160 564 294 150-2592 154

<120 512 439 53-2434 191

a CPA = Closest Point of Approach.  This value is the marine mammal's closest point of approach to the airgun array.  
 

Reaction Behavior – Most (60%) seals exhibited no reaction to vessels for all vessels and all three 
years of observations combined when received sound levels were <120 dB rms (Fig. 3.45).  Looking 
(27%) was the next most commonly observed reactions (Fig. 3.45).   

No reaction and look were the most frequently recorded seal reactions from source and monitoring 
vessels in areas with received levels ≥160 dB rms although no distinct trend was evident based on the 
vessel type (Fig. 4.46).  No reaction was most frequently recorded from source vessels as was look from 
monitoring vessels. 
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FIGURE 3.45.  Percentages of seal reactions to vessels for animals exposed 
to received sound levels <120 dB rms in the Chukchi Sea during 2006–2008 
seismic operations. Data included seals in water and on ice.  Reactions 
included change direction (CD), increase speed (IS), look (LO), rush (RH), 
splash (SP), and no reaction (NO).   
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FIGURE 3.46.  Seal reaction to vessels by received sound level ≥160 dB rms 
in the Chukchi Sea during 2006–2008 seismic operations. Data included 
seals in water and on ice.  Reactions include change direction (CD), look 
(LO), splash (SP), and no reaction (NO).   

 

 

Probability of Seal Detection 
This analysis of the effect of number of observers and Beaufort wind force on seal detection 

probability was based on the distance from observer to marine mammal as opposed to perpendicular 
distance from vessel trackline.  Data collected aboard vessels with observation platforms higher and lower 
than 11 meters (12 yards) were analyzed separately.  For vessels with higher platforms, detection 
probability increased when the number of observers was increased from one to two and Beaufort wind 
force was low (0-1), however, that was not the case when Beaufort wind force was higher (2-3; Fig. 3.47).   

For vessels with lower platforms, when Beaufort wind force was low (0-1), an increase in the 
number of observers from one to two did not increase detection probability, however, increasing the 
number of observers to three did increase it considerably (Fig. 3.48).  The same effect was found when 
Beaufort wind force was from 2–3, however increasing the number of observers to two or three did not 
improve detection probability at all when Beaufort wind force was 4–5.   
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FIGURE 3.47.  Effect of number of observers and Beaufort wind force on the detection probability of seals.  This analysis is based on distance 
from observer to marine mammal as opposed to perpendicular distance from vessel trackline.  Data considered here were collected on vessels 
with observation platforms 11.0 – 27.0 m (12.1 – 29.5 yd) in height in areas where received sounds levels were <120 dB rms.  The analysis 
included data collected outside of the Chukchi and Beaufort Sea study areas during 2006–2008. 
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FIGURE 3.48.  Effect of number of observers and Beaufort wind force on the detection probability of seals.  This analysis is based on 
distance from observer to marine mammal as opposed to perpendicular distance from vessel trackline.  Data considered here were 
collected on vessels with observation platforms 3.4 – 10.2 m (3.7 – 11.2 yd) in height in areas where received sounds levels were <120 
dB rms.  The analysis includes data collected outside of the Chukchi and Beaufort Sea study areas during 2006–2008. 
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Estimated Number of Seals Potentially Ensonified at Various Sound Levels 
Estimates from Direct Observations – The number of seals observed within the established ≥160 

and >190 dB rms distances around source vessels during the Chukchi Sea seismic surveys provided a 
minimum estimate of the numbers seals potentially exposed to received seismic sounds at these levels 
(Table 3.13).  The numbers of individuals listed in Table 3.13 are likely underestimates of the actual 
numbers of animals exposed to the specified sound levels.  Some animals probably moved away before 
coming within visual range, and not all of those that remained would have been detected by observers.  

 
TABLE 3.13.  Total number of seals observed within the ≥160 
and >190 dB rms radii of active seismic arrays during 2006-
2008 Chukchi Sea seismic surveys.   

Received Sound Exposure 
Level (dB re 1 µPa rms) 2006 2007 2008

≥160 723 36 30
≥170 312 30 25
≥180 155 13 8
≥190 65 1 2

Individuals

 
 

Estimated Number of Seals Potentially Ensonified

In 2006, we estimated that 59,818 and 6140 seals may have been exposed to received sound levels 
≥160 and 190 dB rms, respectively, during the combined summer and fall seasons.  The estimated 
numbers of seal exposures to received sound levels ≥160 and ≥190 dB rms were much lower in 2007 and 
2008 (Table 3.15).  In 2006 and 2007, the majority of the estimated number of individuals exposed to 
received sound levels ≥160 dB rms occurred during the fall (92% and 84%, respectively), whereas in 
2008, ~97% of the estimated number of individuals exposed to received sound levels ≥160 dB rms 
occurred during summer (Table 3.14.).  These estimates were based on data collected during non-seismic 
(<120 dB rms) periods and were considered maximum estimates because they did not account for animals 
that may have avoided or moved away from seismic activities.  The large difference in the exposure 
estimates among years was due to the greater amount of seismic activity that occurred in 2006 compared 
to 2007 and 2008.   

 
Estimates Extrapolated from Density – Seal density estimates were calculated based on sighting 

rates within areas with various received sound levels (Table 3.14).  The estimated numbers of seals 
exposed to various sound levels during 2006–2008 seismic operations in the Chukchi Sea are presented in 
Table 3.15.  The values for 2006 and 2007 were recalculated to be consistent with the data presented in 
this report (for a more detailed explanation of the methods and calculations, please refer to the Methods 
section).  The ensonified areas were presented in Table 3.8.   
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TABLE.3.14. Seal density estimates and 95% confidence intervals based on observations in locations where received sound levels were ≥160 and 
<120 dB rms in the Chukchi Sea during 2006–2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006
Bearded seal 6.050 (0.785 - 46.629) 19.099 (8.731 - 41.779) 3.894 (0.390 - 38.899) 85.893 (13.984 - 527.572)
Ringed seal 68.707 (31.179 - 151.404) 23.320 (8.357 - 65.075) 37.481 (17.643 - 79.624) 248.746 (98.208 - 630.037)
Spotted seal 2.944 (1.093 - 7.931) 40.159 (10.397 - 155.111) 8.543 (0.757 - 96.463) 77.583 (16.935 - 355.424)
Unidentified pinniped 0.359 (0.030 - 4.224) 3.581 (0.553 - 23.173) 1.268 (0.111 - 14.459) 1.838 (0.156 - 21.617)
Unidentified seal 57.962 (38.071 - 88.244) 120.123 (61.264 - 235.533) 44.747 (5.542 - 361.281) 321.014 (140.519 - 733.355)

2006 Total 136.021 (85.537 - 216.300) 206.282 (123.245 - 345.270) 95.934 (27.036 - 340.410) 735.075 (408.832 - 1321.650)
2007
Bearded seal 0.000 - 9.726 (0.872 - 108.515) 20.652 (2.556 - 166.858) 38.018 (12.313 - 117.383)
Ringed seal 0.000 - 15.799 (7.346 - 33.978) 57.707 (5.137 - 648.314) 120.792 (42.754 - 341.272)
Spotted seal 0.000 - 7.595 (1.949 - 29.593) 19.236 (1.635 - 226.248) 8.034 (1.965 - 32.845)
Steller sea lion 0.000 - 0.000 - 0.000 - 0.194 (0.016 - 2.333)
Unidentified pinniped 0.000 - 5.349 (0.567 - 50.492) 0.000 - 5.902 (0.861 - 40.480)
Unidentified seal 0.000 - 30.075 (12.279 - 73.662) 21.783 (2.766 - 171.559) 63.698 (7.542 - 538.004)

2007 Total 0.000 - 68.544 (33.016 - 142.310) 119.377 (22.440 - 635.080) 236.444 (91.951 - 607.990)
2008
Bearded seal 1.644 (0.124 - 21.763) 23.658 (6.899 - 81.122) 0.000 - 16.585 (5.363 - 51.284)
Ribbon seal 0.000 - 0.000 - 0.000 - 0.534 (0.041 - 6.959)
Ringed seal 13.806 (1.490 - 127.906) 46.182 (25.280 - 84.367) 0.000 - 15.052 (1.727 - 131.173)
Spotted seal 0.703 (0.059 - 8.360) 8.965 (3.737 - 21.508) 0.000 - 10.365 (0.890 - 120.644)
Unidentified pinniped 0.000 - 4.553 (0.415 - 49.939) 0.000 - 0.750 (0.063 - 9.008)
Unidentified seal 12.560 (1.463 - 107.829) 54.048 (11.535 - 253.246) 0.000 - 41.170 (11.700 - 144.874)

2008 Total 28.713 (5.388 - 153.020) 137.405 (64.090 - 294.590) 0.000 - 84.456 (32.401 - 220.140)

No. individuals / 1000 km2

Jul – Aug Sep – Nov

Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.000.

≥160 <120 ≥160 <120
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TABLE.3.15.  Estimated numbers of individual seals exposed to received sound levels 
≥160, 170, 180, and 190 dB rms and average number of exposures per individual within 
the Chukchi Sea during 2006–2008 seismic surveys. 

Exposure level in dB re 
1µPa (rms) Individuals

Exposures per 
Individual Individuals

Exposures per 
Individual

Jul-Aug
≥160 3003 16 4554 16
≥170 1717 11 2605 11
≥180 950 6 1440 6
≥190 624 3 946 3

Sep-Oct
≥160 7213 4 55,264 4
≥170 3995 3 30,612 3
≥180 1741 2 13,339 2
≥190 678 2 5194 2

Jul-Aug
≥160 - 6 136 6
≥170 - 5 84 5
≥180 - 3 61 3
≥190 - 1 37 1

Sep-Oct
≥160 370 24 732 24
≥170 261 16 517 16
≥180 203 10 401 10
≥190 126 3 250 3

Jul-Aug
≥160 262 10 1256 10
≥170 125 7 599 7
≥180 62 4 297 4
≥190 30 2 143 2

Sep-Oct
≥160 0 2 45 2
≥170 0 1 24 1
≥180 0 1 9 1
≥190 0 1 3 1

"0" individuals indicates >500 km (>311 mi) of effort within the density bin but no sightings

2008

"-" indicates a take estimate could not be calculated because a reliable density estimate could not be calculated due to <500 km
(<311 mi) of effort

2006

2007

(≥160 dB rms) (<120 dB rms)
Seismic Densities Non-seismic Densities
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Pacific Walrus 
Pacific Walrus Sightings 

During 2006–2008 seismic operations, MMOs recorded a total of 575 Pacific walrus sightings 
comprised of 4821 individuals in the Chukchi Sea (Table 3.16).  The majority of sightings for all three 
years were in water rather than on ice (Table 3.16).   

The 2007 Chukchi Sea total of 351 Pacific walrus sightings was nearly four times higher than in 
2008 (n = 92), and nearly three times higher than in 2006 (n = 132).  Approximately 40% of the 2007 
Pacific walrus sightings (n = 143) were recorded during a 24-hour period from the Gilavar on 24 Aug 
(prior to the start of 2007 seismic operations).  It was suspected that this “patch” of animals was moving 
from the rapidly retreating pack ice toward shore and passed through the prospect area.  See Appendix 
Table A.8 for detailed information on Pacific walrus sightings by received sound levels and vessel role.   

 

TABLE 3.16.  Number of Pacific walrus sightings (number of individuals) observed during 2006–2008 
Chukchi Sea seismic surveys. 

Species

Pacific Walruses in Water 107 (190) 344 (1451) 61 (169) 512 (1810)

Pacific Walruses on Ice 25 (914) 7 (1503) 31 (594) 63 (3011)

Total Pacific Walruses 132 (1104) 351 (2954) 92 (763) 575 (4821)

2006 2007 2008 Total

 
 

Pacific Walrus Sighting Rates by Season 
Pacific walrus sighting rates in fall of 2006 and 2008 were twice the summer rates, whereas in 

2007, the fall sighting rate was approximately half the summer rate.  Overall, Pacific walrus sighting rates 
in 2006 and 2008 were relatively similar across seasons compared with 2007 sighting rates (Fig. 3.49).  
The substantial difference in Pacific walrus sighting rates in summer of 2007 was partly due to the 24 
Aug sighting event, but even if those sightings were omitted from analyses, the 2007 summer sighting 
rate would have been five times the summer sighting rate in 2008, and 4.5 times the 2006 rate.   
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FIGURE 3.49.  Pacific walrus sighting rates by season in the Chukchi Sea during 
2006–2008. 

 

Pacific Walrus Sighting Rates by Beaufort Wind Force 
During the Chukchi Sea surveys from 2006–2008, Pacific walrus sightings rates were inversely 

related to Beaufort wind force (Fig. 3.50).  In all three years, more than 60% of Pacific walrus sightings 
were recorded during conditions with Bf ≤2 (67% in 2006, 75% in 2007, 61% in 2008).  Higher marine 
mammal sighting rates are typically recorded during reduced sea conditions. 
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FIGURE 3.50.  Pacific walrus sighting rates by Beaufort wind force in the 
Chukchi Sea during 2006–2008 seismic operations. 
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Pacific Walrus Sighting Rates by Received Sound Level 
Pacific walrus sighting rates from source vessels generally increased as received sound levels 

decreased, whereas walrus sighting rates from monitoring vessels remained relatively constant with 
respect to received sound levels (Fig. 3.51).  The substantial difference in Pacific walrus sighting rates 
from source vessels was mainly due to the 24 Aug sighting event mentioned earlier which occurred 
during a non-seismic period (received levels <120 dB rms).    
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FIGURE 3.51.  Pacific walrus sighting rates by received sound level in the 
Chukchi Sea during 2006–2008 seismic operations. 
 

Pacific Walrus Sighting Rates by Distance from Ice 
Pacific walrus sighting rates during 2006 Chukchi Sea operations were higher in areas with ice and 

near ice than in areas without ice or far from ice (Fig. 3.52).  The same trend was observed in 2008, 
though Pacific walrus sighting rates were much lower overall (Fig. 3.52).  In 2007, an opposite trend was 
observed and Pacific walrus sighting rates were higher farther from ice.  This result, however, was likely 
related to low vessel effort near ice, the rapid retreat of sea ice, and the 24 Aug walrus sighting event that 
occurred more than 20 km (12 mi) from ice in 2007. 
Pacific Walrus Sighting Rates by Distance from Shore 

Pacific walrus sighting rates were greater in offshore areas (>37 km; 23 more mi from shore) than 
in areas nearshore in 2006 and 2007 (Fig. 3.53).  This trend was reversed in 2008 when walrus sighting 
rates were higher in nearshore locations.  Combined Pacific walrus sighting rates were not significantly 
greater in offshore areas (>37 km; 23 more mi from shore) than in areas nearshore (G = 0.139, df = 1, p < 
0.709; Fig. 3.53).     
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Pacific Walrus Distribution and Behavior 
Initial Sighting Distance – MMOs initially sighted 270 Pacific walruses that were exposed to 

received sound levels <120 dB rms in water one meter to 3 km (one yd to ~1.9 mi) from the vessels (Fig. 
3.54).  We expected that MMOs would most frequently observe animals close to the vessels as discussed 
in Probability of Cetacean Detection section.  This was the case for walruses exposed to received sound 
levels <120 dB from monitoring vessels although the reverse trend was true for walrus sighting from 
source vessels (Fig. 3.54).  Initial sighting distances for walruses exposed to received sound levels ≥160 
dB rms from monitoring vessels were generally at locations closer to the vessels than further away 
although the trend was less obvious (Fig. 3.55).  No clear pattern was evident in initial sighting distances 
for walrus sighting from sources vessels when received sound levels were ≥160 dB rms.  

FIGURE 3.53.  Sighting rates of Pacific walrus by distance from shore in the 
Chukchi Sea during 2006–2008 
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FIGURE 3.52.  Pacific walrus sighting rates by percent ice and distance from 
ice in the Chukchi Sea during 2006–2008. 
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FIGURE 3.54.  Percent of Pacific walrus sightings as a function of initial distance from the vessel for walruses observed in areas where received 
sound levels were <120 dB rms in the Chukchi Sea during 2006–2008 seismic operations from source and monitoring vessels.  All sightings 
were of Pacific walruses in water.  Note that the final distance bins include multiple distance bins (1001 - 3000 m or 1095 - 3281 yd). 

   
 

 
 
 
 

  



Chapter 3:  Chukchi Sea Vessel-Based Monitoring    3-67 
 

 

FIGURE 3. 55.  Percent of Pacific walrus sightings as a function of initial distance from the vessel for walruses observed in areas where 
received sound levels were ≥160 dB rms in the Chukchi Sea during 2006–2008 seismic operations from source and monitoring vessels.  All 
sightings were of Pacific walruses in water.  Note that the final distance bins include multiple distance bins (1001-1900 m or 1095-2078 yd).  
No Pacific walruses exposed to received sound levels ≥160 dB rms were initially observed >1900 m (2078 yd) from the vessels. 
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Movement – Pacific walrus movements relative to vessels at locations where received sound 
levels were <120 dB rms were compiled to establish a baseline for animals unlikely affected by seismic 
sound (Fig. 3.56). For walruses exposed to sound levels <120 dB rms, twice as many swam away 
compared to those that swam toward vessels.  However, this comprised only 35% of the recorded 
movements.  Approximately 46% of the walrus movements relative to the vessels were either neutral or 
animals displayed no movement, and movement was not determined for ~18% of the records.     
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Figure 3.56.  Percent of Pacific walrus movement relative to vessels at locations 
where received sound levels were <120 dB rms in the Chukchi Sea during 2006–
2008 seismic operations.  Sightings are of Pacific walruses in water.  NE = 
Neutral, NO = None, SA = Swim Away, ST = Swim Towards, UN = Unknown. 

 
Walrus movements recorded from source and monitoring vessels in areas where received sound 

levels were ≥160 dB rms displayed a similar trend to the walrus movements in locations with received 
sound levels <120 dB rms (Figs. 3.56 and 3.57).   Walrus movements relative to the vessels were neutral 
more frequently from monitoring vessels than source vessels.  Movement could not be determined more 
frequently from source than monitoring vessels.  More walruses swam away compared to those that swam 
toward vessels for both vessel types.   

Closest Point of Approach – On average Pacific walruses approached significantly closer to 
monitoring than source vessels in locations were received levels were ≥160 and <120 dB rms (Wilcoxon 
rank sum test: W = 868.5,  p = 0.002 and W = 10,706, p = <0.001, respectively).  The mean CPA for 
Pacific walruses observed from source vessels was significantly greater in areas where received sound 
levels were <120 dB rms compared to areas where received sound levels were ≥160 (Wilcoxon rank sum 
test:  W = 2180, p =  0.004).  This result suggested that walrus did not appear to avoid the sound source.  
The difference between the mean CPAs of Pacific walruses exposed to sound levels of ≥160 and <120 dB 
rms for animals observed from the monitoring vessels was not significant (Wilcoxon rank sum test:  W = 
1308.5, p = 0.584). 

 

 

  



Chapter 3:  Chukchi Sea Vessel-Based Monitoring    3-69 
 

0

10

20

30

40

50

NE SA ST UN

P
er

ce
nt

 o
f S

ig
ht

in
gs

Movement Relative to Vessel Heading

Source Vessels

Monitoring Vessels

 
Figure 3.57.  Percent of Pacific walrus movement relative to vessels at locations 
where received sound levels were ≥160 dB rms in the Chukchi Sea during 2006–
2008 seismic operations.  Sightings are of Pacific walruses in water.  NE = 
Neutral, SA = Swim Away, ST = Swim Towards, UN = Unknown. 

 
 
TABLE 3.17.  CPAs of Pacific walruses in water relative to observers during the 2008–2006 seismic 
operations in the Chukchi Sea.  

Vessel Role

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (m) s.d. Range (m) n

Source ≥160 502 359 15-1352 31

Monitoring ≥160 254 188 4-696 39

Source <120 822 621 5-2970 207

Monitoring <120 265 277 1-1397 63

a CPA = Closest Point of Approach .  This value is the marine mammal's closest point of approach to the observer.  
 
 

The mean CPA for Pacific walruses recorded from source vessels to the airguns was significantly 
less where received levels were ≥160 compared to locations where received levels were <120 dB rms 
(Wilcoxon rank sum test:  W = 2342.5, p = 0.015; Table 3.18).  These additional CPA to airguns data for 
Pacific walruses did not suggest that walruses were avoiding the active array.   
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TABLE 3.18.  CPAs of Pacific walruses in water observed from the source vessels relative to the 
airgun array during the 2008–2006 seismic operations in the Chukchi Sea.  

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPA (m) s.d. Range (m) n

≥160 596 328 82-1387 31

<120 873 621 45-3037 207

a CPA = Closest Point of Approach. This value is the marine mammal's closest point of approach to the airgun
array.  
 
Reaction Behavior – The majority of Pacific walruses exhibited no reaction to vessels in all three 

years, regardless of received sound levels (85% of sightings; Figs. 3.58 and 3.59).  Looking was the next 
most commonly observed reactions for walruses exposed to received levels <120 dB rms (~8%; Fig. 
3.58).  No reaction was recorded for most walrus observations from monitoring vessels (77%) and  source 
vessels (61%) for animals exposed to received levels ≥160 dB rms (Fig. 3.59).  More walruses reacted by 
looking at source than monitoring vessels during periods with received sound levels ≥160 dB rms (Fig. 
3.59).    
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FIGURE 3.58.  Percentages of Pacific walrus reactions to vessels for animals 
exposed to received sound levels <120 dB rms in the Chukchi Sea during 
2006–2008 seismic operations. Reactions included change direction (CD), 
increase speed (IS), look (LO), rush (RH), splash (SP), and no reaction 
(NO). 
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FIGURE 3.59.  Pacific walrus reaction to vessels by received sound level 
≥160 dB rms in the Chukchi Sea during 2006–2008 seismic operations.  
Data included walruses in water and on ice.  Reactions included change 
direction (CD), increase speed (IS), look (LO), splash (SP), and no reaction 
(NO). 

 

Estimated Number of Pacific Walruses Potentially Ensonified at Various Sound Levels 
Estimates from Direct Observations – A minimum estimate of the number of Pacific walruses 

potentially exposed to received sound levels ≥160 and ≥180 dB rms was calculated from the number of 
walruses directly observed within those established sound level radii around source vessels during the 
Chukchi Sea seismic surveys.  Table 3.19 shows the total number of individual Pacific walruses observed 
within both of the sound level distances.  The numbers of individuals listed in Table 3.19 are likely under-
estimates of the actual numbers of animals exposed to the specified sound levels.  Some animals probably 
moved away before coming within visual range, and not all of those that remained would have been 
detected by observers.  

 
TABLE 3.19.  Total number of Pacific walruses observed 
within the ≥160 and >180 dB rms radii of active seismic 
arrays during 2006–2008 Chukchi Sea seismic surveys.   

Received Sound Exposure 
Level (dB re 1 µPa rms) 2006 2007 2008

≥160 82 107 0
≥170 42 68 0
≥180 32 53 0

Individuals
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Estimates Extrapolated from Density – Pacific walrus density estimates were calculated based on 
sighting rates within various received sound levels (Table 3.20).  The estimated numbers of Pacific 
walruses exposed to various sound levels during 2006–2008 seismic operations in the Chukchi Sea are 
presented in Table 3.21.  Values from 2008 are from Shell’s 2008 operations 90-day report (Ireland et al. 
2009).  The values for 2006 and 2007 were recalculated to be consistent with the data presented in this 
report (for a more detailed explanation of the methods and calculations, please refer to the Methods 
section).  The ensonified areas are presented in Table 3.8.   

In 2006, we estimated that 3977 and 991 walruses may have been exposed to received sound levels 
≥160 and ≥180 dB rms, respectively, during the combined summer and fall seasons.  The estimated 
numbers of walrus exposures were much lower in 2007 and 2008 (Table 3.21.).  In 2007 and 2008, the 
majority of the estimated number of individuals exposed to received sound levels ≥160 dB rms occurred 
during the summer (70% and 88%, respectively), whereas in 2006, ~90% of the estimated number of 
individuals exposed to received sound levels ≥160 dB rms occurred during fall (Table 3.21).  These 
estimates were based on data collected during non-seismic (<120 dB rms) periods and were considered 
conservative because they did not account for animals that may have avoided or moved away from 
seismic activities.  The large difference in the exposure estimates among years was due to the greater 
amount of seismic activity that occurred in 2006 compared to 2007 and 2008.   
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Year Density CIs Density CIs Density CIs Density CIs
2006 8.251 (2.755 - 24.715) 18.769 (6.823 - 51.629) 10.634 (3.15 - 35.864) 47.386 (7.613 - 294.957)
2007 57.149 (28.686 - 113.853) 194.680  (72.492 - 522.824) 156.363 (67.520  - 362.106) 85.008 (26.010 - 277.830)
2008 0.000 - 15.230 (2.906 - 79.825) 0.000 - 35.267 (8.198 - 151.720)

No. individuals / 1000 km2

Jul – Aug Sep – Nov

Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.000.

≥160 <120 ≥160 <120

TABLE.3.20. Pacific walrus density estimates and 95% confidence intervals based on observations in locations where received sound levels 
were ≥160 and <120 dB rms in the Chukchi Sea during 2006-2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 
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TABLE 3.21.  Estimated numbers of individual Pacific walruses exposed to received sound 
levels ≥160, 170, 180, and 190 dB rms and average number of exposures per individual 
within the Chukchi Sea during 2006–2008 seismic surveys. 

Exposure level in dB re 
1µPa (rms) Individuals

Exposures per 
Individual Individuals

Exposures per 
Individual

Jul-Aug
≥160 182 16 414 16
≥170 104 11 237 11
≥180 58 6 131 6
≥190 38 3 86 3

Sep-Oct
≥160 799 4 3563 4
≥170 443 3 1973 3
≥180 193 2 860 2
≥190 75 2 335 2

Jul-Aug
≥160 - NA 385 6
≥170 - NA 239 5
≥180 - NA 173 3
≥190 - NA 105 1

Sep-Oct
≥160 484 24 263 24
≥170 342 16 186 16
≥180 265 10 144 10
≥190 166 3 90 3

Jul-Aug
≥160 0 10 139 10
≥170 0 7 66 7
≥180 0 4 33 4
≥190 0 2 16 2

Sep-Oct
≥160 0 2 19 2
≥170 0 1 10 1
≥180 0 1 4 1
≥190 0 1 1 1

"0" individuals indicates >500 km (>311 mi) of effort within the density bin but no sightings

2008

"-" indicates a take estimate could not be calculated because a reliable density estimate could not be calculated due to <500 km
(<311 mi) of effort

2006

2007

(≥160 dB rms) (<120 dB rms)
Seismic Densities Non-seismic Densities
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Polar Bears 
Eight polar bears were observed during the 2006–2008 Chukchi Sea seismic operations.  Three 

were seen in Aug 2008 (one was on shore, the others were in the water) and five were observed in 2006 
during Sep.  Of the polar bears observed in 2006, three were walking on ice and two were swimming.  
None of the polar bears were observed during seismic activities.  Polar bears were more often observed on 
or near the ice (Fig. 3.60) than in areas far from ice.  Two of the polar bears in water were observed 
within 37 km (~23 mi) of land.  See Appendix Table A.9 for detailed information on polar bear sightings 
by received sound levels and vessel role.    
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FIGURE 3.60.  Polar bear sightings rates by percent ice and distance from ice 
in the Chukchi Sea during 2006–2008 seismic operations.   
 

MMOs initially observed polar bears in water between 75 and 500 m from the vessels (Table 3.22).  
Polar bears on ice or on the beach were initially sighted between 405 and 1500 m away.  It is typically 
easier to see animals out of the water when their bodies are exposed, therefore, it would be expected that 
initial sighting distances of animals hauled out of the water would be greater than for animals in water.   

Three of the polar bears were swimming away from the vessels when first observed.  The 
remaining five polar bears were not moving either toward or away from the ships, i.e., they moved 
neutrally relative to the vessels’ tracklines.  The movement of the three polar bears could not be 
determined.   
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TABLE 3.22.  Polar bear in water CPA distances in the Chukchi Sea during 2006–2008 seismic 
operations.   

Received Sound Level 
Exposure     (dB re1 

μPa rms)
Mean CPAa (m) s.d. Range (m) n

≤120 206 198 75-500 4

aCPA = Closest Point of Approach .  This value is the marine mammal's closest point of approach to the 
observer station

 
Estimated Number of Polar Bears Potentially Ensonified at Various Sound Levels 

Estimates from Direct Observations – One polar bear were observed in areas of received sound 
levels 159–120 dB rms during the 2006–2008 Chukchi Sea seismic surveys.  Due to the animals’ 
proximity to the active sound source, one was estimated to have been exposed to received sound levels of 
130–140 dB rms and the other to received sound levels of 120–130 dB rms.  Some polar bears were 
possibly within areas of higher received sound levels but not detected by MMOs.  In general, the source 
vessels avoid operating near the ice to reduce the chance of gear entanglement.  It’s unlikely that polar 
bears were exposed to received sound levels ≥160 dB rms during 2006–2008 seismic operations in the 
Chukchi Sea. 

Estimates Extrapolated from Density –  Because no polar bears were observed in ensonified areas, 
it was not possible to calculate estimates extrapolated from density.  It is unlikely that any polar bears 
were exposed to seismic noise ≥160 dB rms in the Chukchi Sea during any of the three open-water 
seasons.   

 

Discussion 
Before seismic operations commenced in 2006, few data had been collected from vessels underway 

in the Chukchi Sea for extended periods of time (Ireland et al. 2008).  Observations had been recorded in 
2005 and 2006 by MMOs aboard vessels transiting through the Chukchi Sea (Haley and Ireland 2005; 
Haley 2006).  Observers also collected data from ice breakers in the vicinity of Chukchi Sea drilling 
activities in 1989 and 1990 (Brueggeman et al. 1990, 1991 and 1992).  The data recorded during the brief 
transits in 2005 and 2006 and from the ice breakers, which were stationary during 43% of the observation 
effort, were not easily comparable to the data presented in this chapter.  Data collected during the 2008 
seismic operations in the Chukchi Sea contributed to a pool of comparable data collected in 2006 and 
2007 during similar activities which form the basis of this report.     

Observer effort in areas with ice cover and within proximity to the pack ice (0-5 km or 0-3 mi) 
varied among the three years of seismic operations.  During 2008, as much as 40% percent of the  
cetacean effort was spent in ice or within 5 km (3 mi) of the pack ice.  In contrast, 11 and 2% of the total 
cetacean effort occurred in ice or within 5 km (3 mi) of the pack ice in 2006 and 2007, respectively.  
Pinniped effort relative to ice cover and proximity was similar.   

Overall, the cetacean sighting rate was highest during 2008.  The bowhead sighting rates in the 
Chukchi Sea were higher in the fall than the summer in 2006 and 2008.  In 2007, when bowhead whales 
were observed at a higher frequency in the summer than fall, aerial surveyors sighted bowhead whales 
feeding in the Beaufort Sea well into Sep.  Prolonged feeding activity in the Beaufort Sea in 2007 may 
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have delayed the bowhead whale migration entering the Chukchi Sea.  Summer cetacean sighting rates 
were highest in 2007 which may have resulted from the low amount of ice in the Chukchi Sea that year.   

MMOs recorded a high number of Pacific walrus sightings (n = 143) from the Gilavar, offshore, on 
24 Aug 2007 when no ice cover was reported in the Chukchi Sea project area (Fig. 3.2).  At the time, the 
Gilavar was 147 km (~91 mi) from shore and >75 km (~47 mi) from the closest reported ice cover.  
Aerial surveyors reported large aggregations (300-1500+ animals; App. D.) of Pacific walruses on the 
beach between Barrow and Pt. Hope in late Aug-early Oct 2007.  Aerial surveyors recorded peak walrus 
sighting rates among or close to ice floes in early Jul 2006 and 2008 (Chapter 4).  It was suspected that 
the Pacific walruses occupied the beach haulouts in 2007 because of the lack of ice cover over their 
preferred feeding area in the shallow waters of the northern Chukchi Sea.     

The number of polar bear observations was low.  The sighting rate for polar bears in the Chukchi 
Sea during 2006–2008 seismic operations was highest in 2008 (sighting rate = ~0.1 polar bears per 1000 
km or ~621 mi).  No polar bears were observed in the Chukchi Sea in 2007 when the ice cover was 
lowest, suggesting the absence of ice as the cause.  

Sighting rates of both cetaceans and pinnipeds (including Pacific walruses) had an inverse 
relationship to the animals’ level of received sound.  Animals were less frequently observed in areas 
exposed to received sound levels ≥160 dB rms than in areas exposed to received sound levels <120 dB 
rms.  This suggests that animals avoid the active sound source, as supported by results from previous 
seismic surveys in the Arctic (Malme 1986, 1988; Miller et al. 1999, 2005; Richardson et al. 1999).   
Additionally, sighting rates of cetaceans and pinnipeds exposed to received sound levels ≥160 dB rms 
were higher when observed from the monitoring vessels than the source vessels.  This also suggested that 
the animals are likely avoiding areas near active sound sources and dispersing to distances where 
monitoring vessels are operating.   
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4.  CHUKCHI SEA NEARSHORE AERIAL SURVEYS1 

Introduction 

Prior to 2006, aerial surveys of marine mammals during the open–water season in the Chukchi Sea 
had not been conducted since the 1980s and early 1990s.  Distribution and abundance of marine mammal 
species may have changed since those surveys (George et al. 2004; Rugh 2004).  Potential changes may 
have occurred due to differences in available habitat related to global warming, such as changing ice 
conditions (Tynan and DeMaster 1997; Johannessen et al. 1999; Ferguson et al. 2001; Stirling and 
Parkinson 2006; Treacy et al. 2006; Moore and Huntington 2008).  In 2006, aerial surveys of marine 
mammals over the nearshore waters of the Chukchi Sea were conducted as part of an industry–funded 
Joint Monitoring Program (JMP) by Shell Offshore Inc. (SOI), ConocoPhillips Alaska Inc. (CPAI), and 
GX Technology (GXT).  The objective of the surveys was to gather information on current marine 
mammal distribution and abundance in the eastern Chukchi Sea (Thomas et al. 2007).  Aerial surveys 
over the same area were continued in 2007 and 2008 by SOI (with support from other industry operators) 
to supplement the 2006 data and identify annual variation in marine mammal distribution and relative 
abundance.  The surveys focused on beluga, bowhead and gray whales, although other marine mammals were 
recorded when observed.  Sightings of pinnipeds were obtained during the surveys and pinniped 
distribution and sighting–rate data are presented, but flight altitude and speed limited the ability of 
observers to collect consistent and reliable data on those species.   

The eastern Chukchi Sea stock of beluga whales was estimated to contain ~3,710 individuals in 1991 
(based on 1989–1991 aerial surveys), and the population size was considered stable (Angliss and Outlaw 
2008).  Recent estimates are not available.  During Jun–Jul the Chukchi Sea stock of beluga whales is typically 
found in nearshore waters and in lagoons along the Alaskan Chukchi Sea coast.  The coastal villages, most 
notably Pt. Lay, conduct subsistence hunts for beluga whales during this period.  By Aug, most Chukchi Sea 
beluga whales have moved into the northern Chukchi Sea, the Arctic Ocean, or into the Beaufort Sea, where 
they spend the rest of the summer (Suydam et al. 2001; NMFS 2006).  These whales return to the eastern 
Chukchi Sea during their fall migration in Oct (NMFS 2006).  The much larger Beaufort Sea stock of beluga 
whales (39,258; Angliss and Outlaw 2008) also migrates through the eastern Chukchi Sea during their spring 
(Apr– early Jun) and fall (Oct) migrations. 

The Bering/Chukchi/Beaufort Sea (BCB) stock of bowhead whales was estimated to contain about 
10,545 animals as of 2001, with lower and upper 95% confidence bounds of 8200 and 13,500 animals 
(Zeh and Punt 2005).  Between 1978 and 2001 this bowhead population was estimated to have increased 
~ 3.4% per year (95% confidence interval 1.7 to 5.0%).   The annual subsistence harvest (landed animals) 
by Natives from Alaska, Russia, and Canada averaged 46.0 whales during 2000 through 2005 (Angliss 
and Outlaw 2008).  If a 3.4% annual rate of increase continued after 2001, the 2008 population size would 
be ~13,300 bowhead whales.    

In spring (Apr to mid–Jun), bowhead whales migrate north from the Bering Sea through the open 
leads in the Chukchi Sea along the west coast of Alaska.  They continue across the Alaskan Beaufort Sea 
and into the Canadian Beaufort Sea and Amundsen Gulf, arriving there in Jun and Jul (Moore and Reeves 
1993).  Although most bowheads appear to migrate to the Canadian Beaufort Sea for the summer, small 
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numbers of bowheads may remain in the northeastern Chukchi Sea (Moore 1992).  In fall, most bowhead 
whales migrate west through the central Alaskan Beaufort Sea during Sep and Oct, but after reaching 
Barrow, their migration route back to the Bering Sea remains largely unknown (Moore et al. 1995).  Some 
whales are thought to migrate southwest from Barrow (Moore 1993) while others migrate westward from 
Barrow, before heading south along the Chukotka coast.  The latter migration route seems to be the 
principal route based on tracks of satellite–tagged bowheads in fall (Mate et al. 2000; Quakenbush et al. 
2007; 2009).  Moore et al. (1995) observed bowhead whales along the Chukotka Coast during 
opportunistic mammal/seabird surveys in the Chukchi Sea in fall 1992 and 1993, and a satellite–tagged 
bowhead spent at least a month, probably feeding (Schell et al. 1989; Thomson et al. 2002; Lee et al. 
2005), along the Chukotka coast during fall 2006 before migrating into the Bering Sea wintering area 
(Quakenbush et al. 2007).  During fall of 2007, a single bowhead was tracked from Barrow to Wrangle 
Island using the northerly route before its transmitter stopped.  During fall 2008, 14 bowheads were 
tracked moving past Barrow and all but one used the northerly route toward the Chukotka coast and nine 
of the 10 whales that were tracked until the beginning of Dec remained in the southern Chukchi Sea 
(Quakenbush et al. 2009).    

The Eastern North Pacific stock of gray whales was estimated to contain 29,758 animals in 1997–
1998, but the population was reduced following high mortality events in 1999 and 2000 (Gulland et al. 
2005).  Since then estimates have been lower and relatively stable; estimates 19,448 for 2000–2001, 
18,178 for 2001–2002 (Rugh et al. 2005), and 20,110 for 2006–2007 (Rugh et al. 2008). Rugh et al. 
(2005) estimated the carrying capacity (K) to be 26,290 (CV=0.059) animals for this stock of gray whales, 
which may explain the die-offs observed in 1999 and 2000.   

During the 1980s, some of this stock migrated to the Chukchi Sea to feed, arriving in mid–Jun 
(Braham 1984; Moore et al. 1986; Moore 2000), but in recent years, several tens of gray whales have 
been seen near Barrow by early Jun (W. Koski survey data from 2003 and 2004).  Some gray whales 
continue east into the Beaufort Sea (Reeves et al. 2002; Angliss and Outlaw 2008), but most remain in the 
Chukchi Sea until Sep–Oct, when they migrate south to wintering areas in northern Mexico and southern 
California (Moore et al. 1986).  Recent evidence from acoustical data suggest that some gray whales may 
overwinter in the Barrow area (Stafford et al. 2007) but this would only be possible if there was persistent 
open water throughout the winter because gray whales cannot break through ice to breath.   

Alaskan Natives from several villages along the east coast of the Chukchi Sea hunt marine 
mammals during the summer, and there is concern that offshore oil and gas development activities may 
negatively impact their ability to harvest marine mammals.  Of particular concern for summer activities 
are potential impacts on the early summer beluga harvest at Point Lay, the fall bowhead harvest at 
Barrow, and on proposed fall bowhead harvests at Point Hope and Wainwright.  Native hunters at Point 
Hope and Wainwright have traditionally hunted bowheads in the spring, when the whales pass through 
leads relatively close to shore, but these villagers have not traditionally hunted bowheads during the fall.  
Members of the coastal communities also hunt seals and walruses for subsistence purposes.   

Objectives 

An aerial survey program was operated by SOI in partnership with other industry parties in the 
summer and fall of 2006-2008 with funding from other industry participants in some years.  The objective 
of these aerial surveys was to collect data on the current distribution and relative abundance of marine 
mammals in coastal and nearshore areas of the eastern Chukchi Sea during the open–water season. 
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Methods 

Aerial surveys for marine mammals were conducted along the Alaskan Chukchi Sea coast twice 
per week from 9 Jul through 12 Nov 2006, 10 Jul through 4 Nov 2007, and 15 Jul through 13 Oct 2008 
using a standard survey route, weather permitting.  A total of 25 surveys in 2006, 30 surveys in 2007 and 
25 surveys in 2008 were attempted. 

Survey Area 

The aerial survey area extended from Barrow to Point Hope, Alaska, and from the mainland coast 
to ~37 km (23 mi) offshore (Fig. 4.1).  Within this survey area, two series of systematic transects were 
flown.  The “sawtooth” surveys provided broad–scale coverage of the entire survey area.  The “coastline” 
surveys provided additional opportunities to detect marine mammals in nearshore areas, including 
lagoons, where most subsistence hunting occurs. 

 
FIGURE 4.1.  Aerial survey transect locations and general survey patterns for the eastern Chukchi 
Sea, summer and fall 2006–2008. 

 

Sawtooth Survey 
The “sawtooth” survey grid flown in 2006–2008 nominally consisted of 22 transect lines (total 

length ~1015 km or ~631 mi) in a sawtooth pattern (Fig. 4.1).  The survey pattern was developed in 
consultation with scientists from the National Marine Fisheries Service (NMFS) and the North Slope 
Borough (NSB).  Survey transects were determined by placing transect start/end points every 55 km (34 
mi) along the offshore boundary of the survey area and at points along the shore midway between the 
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offshore points.  The transect line start/end points were shifted along both the coast and the offshore 
boundary for each survey based upon a randomized starting point.  Overall, distance did not vary 
substantially among surveys.  This design permitted near completion of the survey in one to two days, 
depending on the aircraft used, and provided representative coverage of the nearshore area from the shore 
to ~37 km (23 mi) offshore.  An Aero Commander aircraft used prior to 26 Jul 2006 allowed the survey to 
be completed in one day, weather permitting.  After 26 Jul 2006, surveys were flown in a Twin Otter 
aircraft, which was slower and had less fuel capacity than the Aero Commander, and two days were 
required to complete a survey. 
Coastline Survey 

The shorter “coastline” survey (total length ~560 km or 348 mi) was flown either on the return trip 
to Barrow after completion of the sawtooth survey, or en route to the southwestern end of the survey area 
on days when the sawtooth portion of the survey began near Point Hope.  The coastline survey was 
designed to determine the distribution of beluga and gray whales in coastal areas and lagoons, but was not 
designed to calculate abundance estimates.  Another objective of the coastal surveys was to document 
spotted seal and walrus haulouts and numbers of animals using those sites.  

Survey Procedures 

From 9 to 25 Jul 2006, aerial surveys were flown in a twin–engine, high–wing Aero Commander 
N222ME aircraft specially modified for survey work.  The plane was operated by Commander Northwest 
of Anchorage, Alaska.  Special features included upgraded engines, STOL modifications to allow safer 
flight at low speeds, long–range fuel tanks, multiple GPS navigation systems, bubble windows at all 
observer positions, 110 V AC power for survey equipment, and a camera port in the belly of the aircraft 
for taking photos.  

For the remainder of the 2006 field season, from 22 Aug through 12 Nov, the aerial surveys were 
flown in a Twin Otter EA320 operated by ERA Aviation, Inc. of Anchorage, Alaska.  This twin–engine, 
high–wing aircraft was also specially modified for survey work similar to the Aero Commander, although 
without a camera port and with a shorter flight capability.  Twin Otter aircraft operated by either Bald 
Mountain, Alaska, or Ken Borek of Calgary, Alberta, were used to conduct surveys during the 2007 and 
2008 field seasons.  These twin–engine high–wing aircrafts were also specially modified for survey work.  
The special features included wing–tip fuel tanks, multiple GPS navigation systems, bubble windows at 
all observer positions, and 110 V AC power for survey equipment.   

When conditions permitted, both the sawtooth and the coastline surveys were flown.  Fuel capacity 
of the Twin Otter aircraft precluded completion of the entire sawtooth portion of the survey without 
refueling.  In general, the coastline was flown first from Barrow to transect 9, and then the sawtooth 
portion was flown from transects 9 to 22.  The aircraft was refueled in Kotzebue to fly the coastline 
survey from Point Hope to transect 8.  Then the sawtooth portion from transects 8 to 1 was flown.  If the 
survey could not be completed in one day, the survey was finished the next day.  Transects 1 to 4 were 
frequently flown on the second day; however, on several occasions the sequence was modified because of 
weather restrictions in part of the survey area. 

Surveys were conducted at altitudes of 305 to 457 m (1000–1500 ft) above sea level (ASL) and a 
groundspeed of 222 km/h (138 m/h).  An altitude of 457 m ASL (1500 ft) was maintained in the Ledyard 
Bay spectacled eider critical habitat area, as required by USFWS regulation.  This critical habitat area 
extended from Icy Cape to Cape Lisburne.  The preferred altitude outside the critical habitat area was 305 
m ASL (1000 ft), but some surveys were conducted at higher altitudes during periods when there was 
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concern about potential aircraft disturbance to whaling activities at Barrow, Wainwright, Point Lay and 
Point Hope.  “No–fly” zones around coastal villages or other hunting areas established during 
communications with village representatives were in place during hunting seasons.  For example, during 
the summer beluga whaling season (Jul 2006), transects 19 through 22 were not surveyed to avoid 
potential aircraft disturbance to whaling by Point Hope (as per their request).  Also, during the 2006 fall 
whaling season in Barrow (25 Sep through 2 Oct), transects 1 and 2 of the sawtooth survey were flown at 
457 m (1500 ft), in 2007 transects 1 and 2 were not surveyed from 5 through 10 Oct to avoid the potential 
aircraft disturbance to whaling, and in 2008 transects 1 and 2 of the sawtooth survey were flown at 457 m 
(1500 ft).  These procedures were implemented to provide as much coverage of the survey area as 
possible while minimizing the potential for aircraft disturbance to whales in the whaling area and 
maximizing the probability that the aircraft would be at high altitude (457 m), where bowheads generally 
do not react to aircraft overflights (Patenaude et al. 2002). 

Data Recording Procedures 

A laptop computer using Garmin NRoute software automatically recorded time and aircraft 
position (latitude and longitude) at 2–s intervals throughout the flights.  The electronics system consisted 
of a portable computer, GPS unit (Garmin GPSmap 76CSx), and NRoute data–logging software.  In 
addition to the automated flight–track recording, locations were recorded through keystrokes initiated by 
the computer operator at various times, including when animals were sighted by one of the observers, 
transect starts and ends, ends of 2–minute time periods, marine mammal sightings, and other observations 
or comments. 

The two primary observers recorded the time, sightability (subjectively classified as excellent, 
good, moderately impaired, seriously impaired, or impossible), sea conditions (Beaufort wind force), ice 
cover (in 10ths) and sun glare (none, up to 10% glare, 10–30% glare, >30% and <70% glare, and >70% 
glare) onto digital recorders at the end of each 2–minute (~7.4 km or 4.6 mi) period.  In 2008, we also 
added ice type and slush cover (in 10ths) to the list of environmental conditions.  The time and position of 
the aircraft were automatically logged by the NRoute software when the time period data were entered. 

For each whale sighting, the observer notified the computer operator of the species and number 
seen and then dictated details of the sighting into a portable digital recorder, including the species, 
number, ice conditions, size/age/sex class when determinable, activity, heading, swimming speed 
category, sighting cue, inclinometer angle (taken when the animal's location was 90° to the side of the 
aircraft track), and altitude.  In conjunction with aircraft altitude, inclinometer readings allowed 
calculation of lateral distances of whales from the transect line.  Non–transect (incidental) sightings were 
identified as being recorded along “Connect” segments (between transect lines) and “Search” segments 
(seen while circling).  For pinnipeds and polar bears, only the species, number, and ice conditions were 
routinely dictated.  In addition to recording sighting data on the digital recorder, time and position of the 
sighting were recorded in the NRoute software.  The whale sighting information entered into the software 
in real time was cross–checked against the recorded dictation after each survey to correct any data entry 
errors. 

Analyses of Aerial Survey Data 
Data Categorization 

Effort and sightings were defined as “on-transect” for comparison purposes when made under the 
following conditions:  Beaufort wind force ≤ 4 for whales and Beaufort wind force ≤ 2 for pinnipeds, 
sightability moderately impaired or better, and glare ≤ 30%.  Only sightings data that met these criteria 
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were used in subsequent analyses.  Sightings data that did not meet these criteria were excluded (off-
transect) from analyses of sightings per unit effort and density calculations.  Sightings of animals hauled 
out on land were also not included in data analyses.  The aggregations of spotted seals observed at 
terrestrial haulouts in 2008 and walrus in 2007 are presented separately later in this chapter. 
Mapping 

Maps were prepared to show the locations of cetacean and pinniped sightings.  The sightings were 
summarized by monthly periods for cetaceans and pinnipeds.  Each sighting symbol on the maps 
represents a sighting of one or more individuals.  Sightings along formal transects (regardless of distance 
from trackline) that met the data–analysis criteria are shown as a circle.  Sightings along transects that 
occurred during conditions that did not meet the analysis criteria and incidental sightings, including 
sightings during “Connect” legs between transects, were shown as triangle symbols and were not used in 
the analyses. 
Comparison of sightings 

Differences in number of sightings and group sizes among years were of interest.  In order to assess 
differences in the number of sightings among years we compared the proportion of surveys with sightings 
for each year and used a chi-square tests to look for differences.  To assess differences in group sizes 
among years, we used a G-test to look for differences in the frequency of occurrence of different group 
sizes among years.  The G-test is a likelihood ratio test similar to the chi-square test. 
Detection Rates and Relative Abundance 

The maps illustrate much of the distributional information.  However, the maps do not account for 
survey effort, which varied considerably within the survey area.  To account for this variability, we 
computed sightings and individuals per unit effort and abundance estimates for both the Coastline and 
Sawtooth surveys.  For coastline surveys, we considered an effort of >200 km (124 mi) as adequate 
coverage for calculation of sighting rates.  For the sawtooth surveys, we considered an effort of >500 km 
(311 mi) as adequate coverage to calculate sightings rates. 

We used NRoute, supplemented by MapBASIC computer code and/or ArcGIS, to determine and 
summarize numbers of kilometers of transect coverage within the survey area.  These analyses excluded 
survey effort and sightings during non–systematic “Connect” and “Search” segments, as well as data that 
did not meet the analysis criteria.  Sightings or individuals per unit effort were determined by dividing the 
number of sightings (or individuals) seen during the survey by the number of kilometers of effort.   
Estimated Number of Whales Present 

Line transect methodology (Buckland et al. 2001) was used to estimate densities and numbers of 
whales present in the survey area.  We used the DISTANCE program to estimate numbers of whales present 
for each survey when there was sufficient survey effort to meet assumptions of this methodology (Thomas 
et al. 2006, version 5.0, release 2).  When beluga whale sightings included clusters of animals, a cluster 
analysis was performed in the DISTANCE program to estimate the number of animals.  When clusters 
exceeded 16 individuals, correction factors were not applied to these sightings, because their detectability 
and availability were assumed to be 1.00.   

The lateral distance factor, f(0), accounts for the reduced probability of detecting an animal at the 
surface of the water as its distance from the trackline increases.  During estimation of f(0), we identified 
inner truncation distances for each combination of aircraft type, altitude and species (as in Thomas et al. 
2002).  For a Twin Otter aircraft, the inner truncation distances varied from 80–110 m from the centerline at 
305 m (1000 ft) ASL and 250–300 m at 457 m (1500 ft) ASL.  For the Aero Commander aircraft, the inner 
truncation distance was 450 m at 305 m (1000 ft) ASL and 457 m (1500 ft) ASL.  The outer truncation 



 Chapter 4:  Chukchi Sea Nearshore Aerial Surveys     4–7 

distances were calculated for each whale species using data during good sighting conditions.  For beluga, 
gray, and bowhead whales the outer truncation distances varied from 1000–2360 m depending on species 
and altitude.  

 The availability bias factor, ga(0), takes into account the effects of surfacing and dive behavior on the 
probability that an animal on or near the trackline will be at the surface while the surveyors are close enough 
to have a chance of detecting the animal.  It was calculated for each whale species as in Thomas et al. (2002) 
using data from earlier studies.  For beluga whales, the ga(0)=0.58 was calculated from data in Martin and 
Smith (1992).  For bowhead whales, the ga(0)=0.144 for animals sighted in deeper waters on sawtooth 
transects was taken from Thomas et al. (2002), and ga(0)=0.357 for bowheads sighted in shallower waters 
on the coastline transects was calculated from behavioral data on animals less than four km from shore.  The 
ga(0)=0.32 for migrating gray whales was taken from Forney and Barlow (1998), and ga(0)=0.292 for 
feeding gray whales was calculated from data in Würsig et al. (1986). 

The number of cetaceans present was estimated for each survey.  For the coastline surveys, we 
calculated the number of cetaceans within four km of the coast (an area of 2240 km2 or 865 mi2), but these 
estimates should be interpreted with caution because the coastline survey was designed to examine whale 
use of the immediate area of the coast rather than determine whale density or abundance.  For the 
sawtooth surveys, we calculated the number of whales within an area of 19,022 km2 (7609 mi2), which 
encompassed the entire survey area.  A “bootstrap” resampling method was used to calculate the weighted 
mean and 95% confidence intervals to estimate abundance for the three common cetacean species in the 
survey area during each month.  
Distances from Shore and Seasonal Occurrence 

We examined the distribution of whales within the nearshore survey area by dividing the survey 
area into a series of strips, each 5 km wide, oriented roughly parallel to the coast.  This allowed a more 
detailed examination of the distribution and abundance of the whales in the survey area relative to the 
shoreline.  We combined survey data that met the analysis criteria from the two survey types (coastline 
and sawtooth) to get a better overall view of the whale distribution.  Thus, “zero” sightings or individuals 
in a particular strip signified that there were no sightings during conditions suitable for systematic aerial 
surveys, not necessarily that there were no sightings in those strips at any time.  The sighting rates at 
different distances from shore were compared for 2006, 2007 and 2008, using the sawtooth survey data.  
The significance of the differences in distributions was determined using Kolmogorov–Smirnov tests, 
hereafter called K–S tests.    
Behavior 

Marine mammal habitat use and movement in the survey area were assessed by the behavior, 
swimming speeds, and headings of whales during all surveys, including sightings that did not meet the 
analysis criteria and incidental sightings.  The program Oriana was used to calculate the vector mean 
heading, angular standard deviations, and the Rayleigh test of uniformity. 
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Results 

Coastline Surveys 

Ice Cover 

A standard area was defined in which to compare ice coverage in the Chukchi Sea from 2006 
through 2008 as discussed in the Introduction of Chapter 3.  Ice cover in the greater Chukchi Sea 
(including regions beyond the aerial survey area) was similar in 2006 and 2008, both of which had more 
than 3 times the ice cover as 2007.  However, in 2008 the survey area was predominately ice–free with 
isolated patches of ice pans from Jul to early–Sep between Barrow and Wainwright.  By 12 Oct ice pans 
and slush had started to form along the coast from Barrow to Cape Lisburne.  In 2007, the survey area 
was predominately ice–free from Jul to mid–Oct, with only isolated small ice pans in Jul.  By 17 Oct ice 
pans and slush had started to form along the coast from Barrow to Cape Lisburne, and by 23 Oct large 
portions of the coastal areas were covered in ice.  In contrast, during the 2006 aerial surveys pack ice was 
always present within some portion of the survey area from Jul to mid–Sep.   

Cetaceans 
Survey Effort 

Aerial surveys were flown from 15 Jul through 13 Oct 2008 along 8312 km (5165 mi) of coastline 
transects and 91% of this effort met the data–analysis criteria.  Effort was higher in 2007 and 2006 
(10,548km or 6554 mi and 10,887 km or 6765 mi, respectively) with 82% and 80%, respectively, of the 
effort on–transect (Figure 4.2A).  Approximately 58, 60 and 69% of the on-transect effort in 2008, 2007 
and 2006, respectively, was flown in Beaufort <3 (Figure 4.2B).  Appendix Table D.1–3 summarizes the 
aerial survey effort and whale sightings for each coastline survey in 2006–08.   Appendix D contains daily 
aerial survey maps showing the coastline transects surveyed each day and the whale sightings in 2008 
(Fig. D.1 – D.13). 
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FIGURE 4.2.  Cetacean aerial survey effort for the coastline surveys in the eastern Chukchi Sea, 2006–
2008. (A) Survey effort (on-transect) in each year 2006–2008, (B) Survey effort in each Beaufort wind 
force category in each year 2006–2008. 
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Total or partial aerial survey coverage of the coastline was obtained on 24 surveys (during 37 days) 
in 2008, 28 surveys (during 45 days) in 2007 and 25 surveys (during 37 days) in 2006 (Appendix Table 
D1–3).  Adequate coverage of the survey area was obtained on 20 surveys in both 2008 and 2007, and 22 
surveys in 2006.  Substantially reduced coverage of the survey area was obtained during four surveys in 
2008, eight surveys in 2007 and three surveys in 2006.  This reduced coverage was due to low clouds, 
precipitation, high sea conditions, or some combination of those factors.   
Sightings 

Sixteen cetacean sightings of an estimated 26 individuals were recorded during coastline surveys 
within the Chukchi Sea in 2008 (Table 4.1).  Higher numbers of cetaceans were sighted in the previous 
two years, with twice as many sighted in 2006 and six times as many in 2007 (Table 4.1).  The most 
frequently recorded cetacean species in all years combined was gray whale, although higher numbers of 
individual beluga whales were sighted. 

TABLE 4.1.  Cetacean sightings (number of individuals) recorded during coastline aerial 
surveys in the Chukchi Sea during 2006, 2007, 2008, and 2006–2008 combined.  

Species
Beluga Whale 15 (335) 29 (118) 4 (12) 48 (465)
Bowhead Whale 7 (7) 23 (23) 2 (3) 32 (33)
Gray Whale 15 (16) 32 (42) 10 (11) 57 (69)
Harbour Porpoise 0 1 (1) 0 1 (1)
Unknown Whale 3 (3) 9 (10) 0 12 (13)

Total Cetaceans 40 (361) 94 (194) 16 (26) 150 (581)

2006 2007 2006-20082008

 
 

Sightings of beluga whales were made on only one survey (5%) in 2008, whereas in 2007 and 
2006, belugas were sighted on 18 and 24% of coastline surveys, respectively.  Differences in the 
proportion of surveys with beluga sightings among years were not statistically significant (χ 2 test:  
P=0.1979).  In 2008, 25% of beluga whale sightings were of individual whales.  Lone belugas were more 
frequently sighted in 2007 (55% of sightings) and in 2006 (40%) than 2008.  Mean group size was similar 
among years (2.9 in 2006, 4.1 in 2007 and 3.0 in 2008), although on one occasion in 2006 a group of 295 
beluga whales was seen which was not factored into the mean group size.  The frequency of occurrence of 
different group sizes was not statistically significant among years (G test:  P=0.597). 

Sightings of bowhead whales were made on only two surveys (10%) in 2008, whereas bowheads 
were sighted on 21 and 16% of coastline surveys in 2007 and 2006, respectively.  Differences in the 
proportion of surveys with sightings among years were not statistically significant (χ 2 test: P=0.4892).  In 
2008, the two sightings were of an individual whale and a group of two whales.  Bowheads were always 
seen as single animals on the coastline surveys in 2007 and 2006.   

Gray whale was the most consistently observed cetacean species during coastline surveys, and 
sightings of gray whales were made on 33, 39 and 40% of coastline surveys in 2008, 2007 and 2006, 
respectively.  Differences in the proportion of surveys with sightings among years were not statistically 
significant (χ 2 test: P=0.9139).  In 2008, 90% of gray whale sightings were of individual whales.  This 
was similar to the 84 and 93% recorded in 2007 and 2006, respectively.  Mean group size was also similar 
among years (1.1 in 2006 and 2008, 1.3 and in 2007), with no statistically significant difference in the 
frequency of occurrence of different group sizes among years (G test:  P=0.645). 
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Abundance 
The numbers of whales present during each month were estimated for the coastal area consisting of a 

4–km band adjacent to the coastline.  The estimates were based on all surveys, each of which was flown on 
one or two consecutive days during the 2008 field season (Table 4.2).  The estimates should be viewed with 
caution because the coastline surveys were not designed to calculate density and abundance estimates.     

During the 2008 field season, an average of 30 beluga whales was estimated to have been present 
along the coastline during each survey in Jul, while none were observed during later months (Table 4.2).  
Gray whales were only sighted in Jul and Aug of 2008, which was consistent with their expected 
migration patterns. Overall, estimated numbers of beluga whales along the coastline were much lower 
during the 2008 field season compared to the previous two field seasons (Table 4.2). 

 

TABLE 4.2.  Estimated numbers of whales near the coastline in the eastern Chukchi Sea survey 
area by month in 2008, 2007 and 2006 including allowance for f(0) and ga(0) correction factors. 

Species
Month

Beluga
July 14.7 30 10.0 13 81.2 88
August 0.0 0 18.7 36 0.0 0
September 0.0 0 6.3 14 0.0 0
Oct-Nov 0.0 0 10.6 13 3.9 9

Bowhead
July 1.9 4 0.0 0 6.9 16
August 0.5 1 0.6 1 0.0 0
September 0.0 0 0.0 0 4.3 10
Oct-Nov 0.0 0 21.9 50 5.8 13

Gray
July 4.7 11 7.9 18 3.1 7
August 4.6 10 18.6 41 5.9 13
September 0.0 0 1.9 4 1.2 3
Oct-Nov 0.0 0 0.0 0 3.3 8

Est. No. 
Whalesa

2007 20062008
Density 

(No./1000km2)a
Est. No. 
Whalesa

Density 
(No./1000km2)a

Est. No. 
Whalesa

Density 
(No./1000km2)a

 
 
a Calculated using Bootstrap resampling of the individual abundance estimates calculated by the DISTANCE program for each 
survey, including use of f(0) and ga(0) correction factors. 
 

Pinnipeds 
Survey Effort 

Effort was highest in 2006 followed by 2007 and then 2008 (Figure 4.3).  Appendix Table D.4–6 
summarizes the aerial survey effort and pinniped sightings for each coastal survey in 2006, 2007 and 
2008.  Appendix D contains daily aerial survey maps showing the coastline transects surveyed each day 
and the pinniped sightings in 2008 (Fig. D.1 – D.13). 

Adequate coverage of the survey area was obtained on 10 surveys in 2008 and 14 surveys in both 
2007 and 2006.  Substantially reduced coverage of the survey area was obtained during 14 surveys in 
2008, 12 surveys in 2007 and 11 surveys in 2006.  The reduced coverage was due to low clouds, 
precipitation, high sea conditions, or some combination of those factors.    
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FIGURE 4.3.  Pinniped survey effort (on-transect) for coastline 
surveys of the Chukchi Sea, 2006–2008.  

 
Sightings 

In total, 155 pinniped sightings of an estimated 302 individual pinnipeds were recorded during 
coastline surveys within the Chukchi Sea in 2008 (Table 4.3).  Slightly smaller numbers were observed in 
2006, and twice as many were observed in 2007 attributable primarily to the large number of walrus that 
year (Table 4.3).  Because ringed and spotted seals were difficult to distinguish during aerial surveys at 
305 m (1000 ft) we combined ringed, spotted and unknown seals into a single group called “Ringed and 
Spotted Seals” for the purpose of comparing the three field seasons.  The most commonly recorded 
pinniped species in both 2008 and 2006 were ringed and spotted seals; whereas in 2007, Pacific walrus 
was the most frequently observed pinniped species on the coastline surveys.   

Walruses were sighted on 25% (6 of 24) of coastline surveys in 2008, compared to 50% (13 of 26) 
of surveys in 2007 and 16% (4 of 25) of surveys in 2006.  Differences in the proportion of surveys with 
sightings among years were not statistically significant (χ 2 test: P=0.0754).  In 2008, 40% of walrus 
sightings were of individual animals.  This was similar to the 50 and 55% recorded in 2006 and 2007, 
respectively.  Mean group size was higher in 2008 than in the previous two years (12.6, 2.1 and 2.4 in 
2008, 2007 and 2006, respectively), but no statistically significant difference in the frequency of 
occurrence of different group sizes was present among years (G test:  P=0.591).   

Bearded seals were recorded on 33, 15 and 25% of coastline surveys in 2008, 2007 and 2006, 
respectively.  Differences in the proportion of surveys with sightings among years were not statistically 
significant (χ 2 test: P=0.4317).  In 2008, 91% of bearded seal sightings were of individual seals.  This 
was similar to the 87 and 73% recorded in 2006 and 2007, respectively.  Mean group size was similar 
among years (1.1, 1.5 and 1.2 in 2008, 2007 and 2006, respectively), with no statistically significant 
difference in the frequency of occurrence of different group sizes among years detected (G test:  
P=0.311).   

Sightings of ringed and spotted seals were recorded on 58, 65 and 56% of coastline surveys in 
2008, 2007 and 2006, respectively.  Differences in the proportion of surveys with sightings among years 
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were not statistically significant (χ 2 test: P<0.9048).  Ringed and spotted seals were seen singly on 86% 
of the sightings in 2008 and 81% of the sightings in 2007 and 2006.  Mean group size was similar among 
years (2.2, 1.6, and 1.2 seals per group in 2006, 2007 and 2008, respectively), with no statistically 
significant difference in the frequency of occurrence of different group sizes among years (G test:  
P=0.151).   

TABLE 4.3.  Pinniped sightings (number of individuals) recorded during coastline aerial 
surveys in the Chukchi Sea for 2006, 2007, 2008, and 2006–2008 combined. 

Species
Pacific Walrus 8 (19) 177 (376) 10 (126) 195 (521)
Bearded Seal 15 (18) 15 (22) 34 (37) 64 (77)
Ringed and Spotted Seals 74 (160) 115 (189) 108 (134) 297 (483)
Ribbon Seal 0 0 1 (1) 1 (1)
Unknown Pinniped 0 6 (6) 2 (4) 8 (10)

Total Pinnipeds 97 (197) 313 (593) 155 (302) 565 (1092)

2006 2007 2006-20082008

 
 

Sawtooth Surveys 

Cetaceans 
Survey Effort 

From 15 Jul through 13 Oct 2008 a total of 18,071 km (11,229 mi) of sawtooth surveys were flown 
with 78% of the effort occurring on–transect.  Total effort was similar in 2007 and 2006 (18,667 km or 
11,599 mi and 19,232 km or 11,950 mi, respectively), with 73% of effort occurring on–transect (Figure 
4.4A).  Approximately 48, 70 and 65% of the on-transect effort in 2008, 2007 and 2006, respectively, was 
flown in Beaufort <3 (Figure 4.4B).  Appendix Table D.7–9 summarizes the aerial survey effort and 
whale sightings for each sawtooth survey in 2006–08.  Appendix D also contains daily aerial survey maps 
showing the sawtooth transects surveyed each day and the whale sightings in 2008 (Fig. D.1 – D.13). 

Total or partial aerial survey coverage of the sawtooth surveys was obtained on 25 surveys during 
47 days in 2008, 29 surveys during 51 days in 2007 and 25 surveys during 42 days in 2006.  Adequate 
coverage of the survey area was obtained on 16 surveys in both 2008 and 2007, and 17 surveys in 2006.  
Substantially reduced coverage of the survey area was obtained during nine surveys in 2008, 13 surveys 
in 2007, and eight surveys in 2006.  The reduced coverage was due to low clouds, precipitation, high sea 
conditions, or some combination of those factors. 
Sightings 

Ninety-nine cetacean sightings of an estimated 127 individuals were recorded during sawtooth 
surveys within the Chukchi Sea in 2008 (Table 4.4).  During the 2007 field season, almost twice as many 
cetacean sightings were recorded while half as many cetacean sightings were recorded during the 2006 
field season (Table 4.4).  The lower numbers of beluga and bowhead whales seen in 2008 were likely due 
to the 2008 field season ending earlier than in 2007 or 2006, resulting in fewer sighting of whales on their 
return migration.  The most commonly recorded cetacean species in 2008, 2007, and for all years 
combined was gray whale.  
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FIGURE 4.4.  Cetacean aerial survey effort for the sawtooth surveys in the Chukchi Sea, 2006–2008. (A) 
Survey effort (on-transect) for 2006–2008, (B) Survey effort in each Beaufort wind force category in 
2006–2008. 

 

TABLE 4.4.  Cetacean sightings (number of individuals) recorded during sawtooth aerial 
surveys in the Chukchi Sea for 2006, 2007, 2008, and 2006–2008 combined.  

Species
Beluga Whale 20 (35) 48 (461) 5 (10) 73 (506)
Bowhead Whale 17 (23) 13 (14) 5 (6) 35 (43)
Gray Whale 18 (27) 117 (143) 81 (102) 216 (272)
Unknown Whale 1 (1) 11 (22) 8 (9) 20 (32)

Total Cetaceans 56 (86) 189 (640) 99 (127) 344 (853)

2006 2007 2006-20082008

 
 

Sightings of beluga whales were made on only 4% of sawtooth surveys in 2008, whereas in 2007 
and 2006, beluga whales were recorded on 34 and 32% of sawtooth surveys, respectively.  Differences in 
the proportion of surveys with sightings among years were marginally significant (χ 2 test: P=0.0462).  In 
2008, 60% of beluga whale sightings were of individual whales.  This was similar to the 52% recorded in 
2007 and 65% recorded in 2006.  Mean group size in 2008 was similar to 2006, but smaller than in 2007 
(2.0 in 2008, 5.5 in 2007 and 1.8 in 2006), although on one occasion in 2007 a group of 200 beluga 
whales was seen which was not factored into the mean group size.  No statistically significant difference 
in the frequency of occurrence of different beluga group sizes was present among years (G test:  
P=0.174).   

Sightings of bowhead whales were made on only 8% of sawtooth surveys in 2008, whereas 
bowheads were sighted on 21 and 28% of sawtooth surveys in 2007 and 2006, respectively.  Differences 
in the proportion of surveys with sightings among years were not statistically significant (χ 2 test: 
P=0.2592).  In 2008, 80% of bowhead whale sightings were of individual whales.  This was similar to the 
92% recorded in 2007 and 82% recorded in 2006.  Mean group sizes was similar among years (1.4, 1.1 
and 1.2 in 2006, 2007 and 2008, respectively), with no statistically significant difference in the frequency 
of occurrence of different group sizes among years (G test:  P=0.667).   

Gray whale was the most consistently observed whale species for all years combined, making up 
63% of all cetacean sightings.  Gray whales were sighted on 76% of sawtooth surveys in 2008, and 48 and 
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44% of sawtooth surveys in 2007 and 2006, respectively.  Differences in the proportion of surveys with 
sightings among years were not statistically significant (χ 2 test: P=0.2528).  In 2008, 83% of gray whale 
sightings were of individual whales.  This was similar to the 85% recorded in 2007 and was higher than 
the 61% recorded in 2006.  Mean group sizes were similar among years (1.5, 1.2 and 1.3 in 2006, 2007 
and 2008, respectively), with no statistically significant difference in the frequency of occurrence of 
different group sizes among years (G test:  P=0.296).   
Abundance 

The mean numbers of whales present in the Chukchi Sea survey area during each month were 
estimated for the 19,022 km2 (7344 mi2) of nearshore waters covered by the sawtooth surveys.  The 
estimates were based on all surveys combined for each month, each of which was flown on one to three 
consecutive days during the 2008 field season (Table 4.5).    

Beluga whales were not encountered in the sawtooth survey area during aerial surveys in Aug 
through Oct 2008, but belugas were recorded in each month from Jul through Nov in both 2006 and 2007 
(Table 4.5).  The highest estimated numbers of beluga whales were recorded in Jul in all three years, 
although the number was higher in 2007 than in 2008 or 2006.  The estimated number of beluga whales in 
the sawtooth survey area in 2008 was considerably less than 2006 and 2007 (Table 4.5), likely a result of 
the earlier end date of surveys in 2008. 

Bowhead whales were not encountered in the sawtooth survey area during aerial surveys in Jul and 
Aug 2007 or 2008, but bowheads were recorded in Jul in 2006 (Table 4.5).  The estimated numbers of 
bowhead whales in the sawtooth survey area in Oct–Nov were much lower in 2008 than in the previous 
two years (Table 4.5), again likely a result of the earlier termination of surveys in 2008.  

Gray whales were commonly encountered in the sawtooth survey area in Jul and Aug 2007 and 
2008 and smaller numbers were observed into Sep and Oct (Table 4.5).  In 2008 and 2006, the highest 
numbers of gray whales were seen in the sawtooth survey during Jul, and in 2007, the highest numbers 
were seen in Aug (Table 4.5).  Fewer gray whales were seen in the sawtooth survey area in 2006 than in 
2007 or 2008.   
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TABLE 4.5.  Estimated numbers of whales in the sawtooth survey area of the eastern Chukchi Sea 
by month in 2008, 2007 and 2006 including allowance for f(0), and ga(0) correction factors. 

Species
Month

Beluga
July 3.7 69 127.3 1645 9.6 183
August 0.0 0 18.9 185 1.5 29
September 0.0 0 2.4 45 3.9 75
Oct-Nov 0.0 0 2.4 47 4.6 88

Bowhead
July 0.0 0 0 0 1.3 24
August 0.0 0 0 0 0.0 0
September 1.4 27 0 0 2.8 53
Oct-Nov 6.1 115 33.2 634 30.7 594

Gray
July 38.5 729 15.8 301 6.8 130
August 12.0 230 23.1 438 4.9 95
September 9.2 174 7.2 137 2.0 38
Oct-Nov 1.5 28 0 0 0.2 4

Density 
(No./1000km2)a

Est. No. 
Whalesa

2007 20062008
Density 

(No./1000km2)a
Est. No. 
Whalesa

Density 
(No./1000km2)a

Est. No. 
Whalesa

 
a Calculated using Bootstrap resampling of the individual abundance estimates calculated by the DISTANCE program for 
each survey, including use of f(0) and ga(0) correction factors. 

 

Pinnipeds 
Survey Effort 

On-transect effort was low in 2008 compared to 2006 and 2007 (Figure 4.5).  The lower effort in 
2008 was the result of a lower percentage of effort occurring in Beaufort <3 (Figure 4.4B).  Appendix 
Table D.10–12 summarizes the aerial survey effort and pinniped sightings for each nearshore survey in 
2006–2008.  Appendix D contains daily aerial survey maps showing the sawtooth transects surveyed each 
day and the pinniped sightings in 2008 (Fig. D.1 – D.13). 

Adequate coverage of the survey area was obtained on two surveys in 2008 and five surveys in 
both 2007 and 2006.  Substantially reduced coverage of the survey area was obtained during 23 surveys in 
2008, 22 surveys in 2007 and 20 surveys in 2006.    
Sightings 

There were 949 pinniped sightings of an estimated 2121 individuals during sawtooth surveys 
within the Chukchi Sea in 2008 (Table 4.6).  Sightings were twice as high in 2008 compared to the 
previous two years (Table 4.6).  The most commonly recorded pinniped classification in all three years 
was ringed and spotted seals, although more Pacific walrus individuals were recorded each year. 

Sightings of walruses were made on 68, 59 and 48% of sawtooth surveys in 2008, 2007 and 2006, 
respectively.  Differences in the proportion of surveys with sightings among years were not statistically 
significant (χ 2 test: P=0.6408).  In 2008, 49% of walrus sightings were of individual walrus.  This was 
similar to the 56 and 48% recorded in 2007 and 2006 (respectively).  Mean group sizes were higher in 
2006 and 2008 than in 2007 (4.5, 2.8 and 6.2 in 2006, 2007 and 2008, respectively).  The frequency of 
occurrence of different group sizes among years was statistically significant (G test:  P=0.001).  Larger 
groups were seen more frequently in 2006 and 2008 because walrus were hauled out on ice pans and were 
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considered on–transect, whereas in 2007, no ice was present and walrus were often hauled out on 
beaches, which were considered off–transect.  Approximately 9 and 22% of the walrus sightings were of 
animals hauled out on ice pans in 2008 and 2006, respectively.   
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FIGURE 4.5.  Pinniped aerial survey effort (on-transect) for the 
sawtooth surveys of the Chukchi Sea nearshore areas, 2006, 2007 
and 2008.  

 

TABLE 4.6.  Pinniped sightings (number of individuals) recorded during sawtooth aerial 
surveys in the Chukchi Sea in 2006, 2007, 2008 and 2006–2008 combined. 

Species
Pacific Walrus 110 (1742) 204 (581) 187 (1152) 501 (3475)
Bearded Seal 77 (86) 25 (29) 196 (241) 298 (356)
Ringed and Spotted Seals 340 (621) 274 (489) 557 (719) 1171 (1829)
Ribbon Seal 0 0 1 (1) 1 (1)
Unknown Pinniped 0 3 (3) 8 (8) 11 (11)

Total Pinnipeds 527 (2449) 506 (1102) 949 (2121) 1982 (5672)

2006 2007 2006-20082008

 
 

Sightings of bearded seals were made on 72% of sawtooth surveys in 2008, similar to the 64% of 
surveys in 2006, and higher than the 26% of sawtooth surveys in 2007.  Differences in the proportion of 
surveys with sightings among years were not statistically significant (χ 2 test: P=0.0503).  Bearded seals 
were seen singly on 91% of the sightings in 2008 and 88% of the sightings in both 2007 and 2006.  Mean 
group sizes were similar among years (1.2 in 2008 and 2007, and 1.1 in 2006), with no statistically 
significant difference in the frequency of occurrence of different group sizes among years (G test:  
P=0.209).   

As stated previously, ringed, spotted, and unknown-seal sightings were grouped into a single 
category called “ringed and spotted seals” for the purpose of comparing the three field seasons.  Sightings 
of ringed and spotted seals were made on 84, 74 and 84% of sawtooth surveys in 2008, 2007 and 2006, 
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respectively.  Differences in the proportion of surveys with sightings among years were not statistically 
significant (χ 2 test: P=0.9003).  In 2008, 86% of ringed and spotted seal sightings were of individual 
seals.  This was similar to the 82 and 81% recorded in 2007 and 2006, respectively.  Mean group sizes 
were lower in 2008 than in the previous two years (1.3, 1.8 and 1.8 in 2008, 2007 and 2006, respectively). 
The frequency of occurrence of different group sizes among years was statistically significant (G test:  
P=0.002).   

Coastline and Sawtooth Surveys 

Cetaceans 
Distribution 

Beluga whales were sighted sporadically in the vicinity of Wainwright, Point Lay and Point Hope 
during Jul and Aug of the 2008 field season (Figure 4.6).  Beluga whale sightings were 4 and 9 times 
more prevalent during the 2006 and 2007 field seasons, respectively, and were distributed more broadly 
along the Chukchi Sea coast. 

Bowhead whales were found in the northern portion of the survey area, with most sightings 
occurring north of 70° N (Figure 4.7).  Similar distributions were observed during the 2006 and 2007 field 
season. 

Gray whales were sighted throughout the survey area during the 2008 field season, with most 
sightings occurring in the northern half of the study area (Figure 4.8).  A similar distribution was 
observed during the 2007 field season.  During the 2006 field season, gray whales were more 
concentrated in the central portion of the survey area, with most sightings occurring between Cape 
Lisburne (68°50’ N latitude) and Icy Cape (70°20’ N latitude), and closer to shore.   

 
FIGURE 4.6.  Locations of beluga whale sightings during aerial surveys in the eastern Chukchi Sea during 
Jul–Oct 2008.  Circle symbols denote sightings during on–transect conditions and triangle symbols 
denote sightings during off-transect conditions. 
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FIGURE 4.7.  Locations of bowhead whale sightings during aerial surveys in the eastern Chukchi Sea 
during Jul–Oct 2008. See Fig. 4.6 for explanation of different symbols. 

 

 
FIGURE 4.8.  Locations of gray whale sightings during aerial surveys in the eastern Chukchi Sea during 
Jul–Oct 2008. See Fig. 4.6 for explanation of different symbols. 
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Distances from Shore 
The greatest effort each year was concentrated in the band within 5 km of shore when the coastline 

and sawtooth survey effort were combined (Figure 4.9).  The amount of survey effort in each distance–
from–shore bin was similar among years.  Sighting rates in each distance–from–shore category were 
calculated using effort values shown in Figure 4.9A,B. 
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FIGURE 4.9.  Cetacean aerial survey effort in various distances–from–shore bins during (A) coastline and 
sawtooth surveys in 2006, 2007 and 2008, and (B) combined 2006–2008 coastline and sawtooth surveys.  
Based on aerial surveys in the Chukchi Sea, Jul–Nov 2006–2008. 

 

The highest beluga whale sighting rates were recorded in the 25–30 km band in all three years 
(Figure 4.10A).  The greatest sighting rate of individual belugas was recorded within the 25–35 km bands 
in 2007 and 2008, but in 2006 the highest sighting rate of individual belugas was recorded in the 0–5 km 
band (Figure 4.10B).  The higher numbers in the nearshore band in 2006 were due to a large group of 295 
animals seen in early Jul during the coastline surveys. There were not enough sightings in 2008 to make a 
comparison with the previous two years, but when we compared sighting rate distributions between 2006 
and 2007, a statistically significant difference was detected (Table 4.7), so data from all years were not 
pooled.     

The highest bowhead whale sighting rates and number of individuals were recorded in the 15–20 
km band in 2008, in the 0–5 km band in 2007, and in the 5–10 km band in 2006 (Figure 4.11A,B).  There 
were not enough sightings in 2008 to make a comparison with the previous two years, but when we 
compared sighting rate distributions between 2006 and 2007, a statistically significant difference was 
apparent  (Table 4.7), so data from all years were not pooled.   

The highest gray whale sighting rates and number of individuals were recorded in the 0–5 km band 
in 2006 and in the 25–30 km band in both 2007 and 2008 (Figure 4.12A,B).  The nearshore 0–5 km band 
had the greatest numbers of gray whales in 2006 and some of the lowest gray whale counts in 2007 and 
2008.  Sighting rates in various distance–from–shore bands in 2006 were significantly different than both 
the 2007 and 2008 distribution, but no difference was seen between 2007 vs. 2008 (Table 4.7).  The 
difference in the gray whale distribution between 2006 vs. 2007 and 2008 was most likely due to 
differences in food availability and perhaps ice cover.  Gray whales were observed feeding farther 
offshore in both 2007 and 2008 than in 2006. 
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FIGURE 4.10.  Distribution of beluga whale sighting rates vs. distance from shore (5–km bands).  Figures 
are based on aerial surveys of the combined coastline and sawtooth transects in the Alaskan Chukchi 
Sea, Jul to Nov 2006–2008.  (A) Sightings and (B) individuals per 1000 km of survey effort.  See Fig. 
4.9A for survey effort vs. distance from shore. 
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FIGURE 4.11.  Distribution of bowhead whales vs. distance from shore (5–km bands).  Figures are based 
on aerial surveys of the combined coastline and sawtooth transects in the Alaskan Chukchi Sea, Jul to 
Nov 2006–2008.  (A) Sightings and (B) individuals per 1000 km of survey effort.  See Fig. 4.9A for survey 
effort vs. distance from shore. 
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FIGURE 4.12.  Distribution of gray whales vs. distance from shore (5–km bands).  Figures are based on 
aerial surveys of the combined coastline and sawtooth transects in the Alaskan Chukchi Sea, Jul to Nov 
2006–2008.  (A) sightings and (B) individuals per 1000 km of survey effort.  See Fig. 4.9A for survey 
effort vs. distance from shore. 

 

TABLE 4.7.  Results of statistical analysis (Kolmogorov-Smirnov test) comparing the 
distribution of cetacean distance from shore sightings for each species and for each 
combination of years in the Chukchi Sea.  

Species Dmax P Dmax P Dmax P

Beluga Whale 0.400 0.022 NA NA
Bowhead Whale 0.557 0.021 NA NA
Gray Whale 0.427 0.007 0.426 0.010 0.147 0.251

2006 vs. 2007 2006 vs. 2008 2007 vs. 2008

 
NA denoted not enough data to make a comparison between years. 

 
Seasonal Patterns 

The seasonal timing of whale sightings during the study period was important in estimating the 
distribution of whales in the area at different times of the year.  Survey effort during the five–month peri-
od from Jul through early Nov was variable within each of the three years (Fig. 4.13A).  When effort in 
the three years was combined there was a relatively uniform distribution of effort from Jul to Oct (Fig. 
4.13B). 

Peak sighting rates and numbers of individual beluga whales were each recorded in Jul for 2006, 
2007 and 2008 (Fig. 4.14A,B).  There were insufficient data to statistically compare sighting–rate 
distributions among years, but because trends appear to be consistent among years, we pooled the three 
years data.  For the pooled data, beluga monthly sighting rates were lowest in Sep and highest in Jul (Fig. 
4.15). 
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FIGURE 4.13.  Cetacean aerial survey effort by month:  (A) combined coastline and sawtooth surveys in 
2006, 2007 and 2008, and (B) combined 2006–2008 coastline and sawtooth surveys.  Based on aerial 
surveys in the Chukchi Sea, Jul–Nov 2006–2008. 
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FIGURE 4.14.  Seasonal pattern of beluga whale observations in 2006, 2007 and 2008 from aerial surveys 
in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals per 1000 km of 
survey effort. 
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FIGURE 4.15.  Seasonal pattern of beluga (WW), bowhead (BW) and gray (GW) whale observations in the 
combined 2006–2008 field seasons.   Figures are based on aerial surveys of the combined coastline and 
sawtooth transects in the Alaskan Chukchi Sea, Jul–Nov 2006–2008.  (A) sightings and (B) individuals 
per 1000 km of survey effort.  See Fig. 4.13B for survey effort vs. month. 

 

Peak monthly sighting rates and numbers of individual bowhead whales were recorded in Oct for 
both 2007 and 2008 and in Nov 2006 (Fig. 4.16A,B).  When we pooled all three years of data, bowhead 
whales had the lowest monthly sighting rates of all three species from Jul–Sep and the highest monthly 
sighting rates from Oct–Nov, with the highest sighting rate in Nov (7.81 sightings/1000 km or 12.6 
sightings/1000 mi; Fig. 4.15A).  A similar pattern was seen with the numbers of individual bowheads, 
where numbers were consistently low through Jul–Sep and peaked in Nov (11.2 individuals/1000 km or 
18.1 individuals/1000 mi; Fig. 4.15B).     

Peak monthly sighting rates and numbers of individual gray whales were recorded in Aug 2007 and 
in Jul of both 2008 and 2006 (Fig. 4.17A,B).  When we pooled all three years of data, gray whales had the 
highest monthly sighting rates of all three species from Jul–Sep with their highest sighting rate in Aug 
(7.52 sightings/1000 km or 12.1 sightings/1000 mi) and the lowest monthly sighting rates from Oct–Nov; 
(Fig. 4.15A).  Gray whales had the highest counts of individuals in Aug (9.55 individuals/1000 km or 
15.4 individuals/1000 mi; Fig. 4.15B). 
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FIGURE 4.16.  Seasonal pattern of bowhead whale observations in 2006, 2007 and 2008, based on aerial 
surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals per 1000 
km of survey effort. 
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FIGURE 4.17.  Seasonal pattern of gray whale observations in 2006, 2007 and 2008, based on aerial 
surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals per 1000 
km of survey effort. 
 
Sighting rate comparisons with earlier studies 

In order to compare our sighting rates with those of Moore et al. (2000) we divided our data into 
two seasons (summer for Jul through Aug and fall for Sep through Oct).  Our Nov data were excluded 
from this analysis to be more comparable to the Moore et al. (2000) study.  Beluga and bowhead whale 
sighting rates in the fall and gray whale sighting rates in the summer during the current study were similar 
to those reported by Moore et al. 2000; Table 4.8).  Gray whale sighting rates in the fall during the earlier 
studies were over twice those reported in the current study.    



 Chapter 4:  Chukchi Sea Nearshore Aerial Surveys     4–25 

TABLE 4.8.  Comparison of cetacean sighting rates (sightings/1000 km) in the Chukchi 
Sea during the combined coastline and sawtooth surveys 2006–2008 to sighting rates 
reported by Moore et al. (2000).  Compares the combined 2006–2008 data to an earlier 
study by season. 

Beluga Bowhead Gray Data Sourcea

Summerb

1982-1986 - - 7.84 Moore et al. (2000)
2006-2008 2.69 0.28 7.10 Current study

Fallb

1982-1991 1.40 1.00 2.93 Moore et al. (2000)
2006-2008 0.97 1.34 1.40 Current study  

a For the Moore et al. (2000) paper, data were taken from the northern Chukchi Sea area in the <35 m depth regime. 
b Summer includes Jul through Aug, and fall includes Sep through Oct. 

 
Behavior, Swimming Speeds, and Headings 

For the 2006–2008 seasons combined, the predominant behavior recorded for beluga whales was 
traveling (82%; Table 4.9).  Of the 39 sightings of traveling whales with a swimming speed recorded, five 
(13%) were traveling at fast speed, 17 (44%) were traveling at medium speed, and 17 (44%) at slow 
speed. 

TABLE 4.9.  Summary of whale sighting behaviors in the Alaskan Chukchi Sea during aerial surveys, 
2006–2008.  All data including on– and off–transect sightings are presented.  

Behav. 2008 2007 2006 % 2008 2007 2006 % 2008 2007 2006 %

Feed 1 0 4 6% 1 1 5 9% 130 100 14 79%
Travel 4 43 21 82% 2 29 20 62% 18 23 8 16%
Rest 0 1 4 7% 1 14 3 23% 1 8 2 6%
Social 2 0 0 2% 3 0 0 4% 0 0 0 0%
Milling 1 0 1 2% 0 0 1 1% 1 0 1 1%
Dive 1 0 0 1% 0 2 0 2% 1 0 0 0%

Number of Sightings
Beluga Whale Bowhead Whale Gray Whale

 

Based on the combined 2006–2008 data, the vector mean heading of 23 beluga whales or beluga 
whale groups during the summer (Jul-Aug) consisted of a uniform distribution with no predominant 
direction observed (Fig. 4.18A).  The vector mean heading was 345°T with an angular standard deviation 
of 91°T (p=0.15).  A mean vector heading in a northerly direction was expected with the summer 
migration.  The headings of 28 “traveling” individual beluga whales or beluga whale groups during the 
fall (Sep–Nov) produced a vector mean heading of 253°T with an angular standard deviation of 78°T 
(p=0.01; Fig. 4.18B).  A mean vector heading in a southerly or westerly direction was expected during the 
fall migration.     
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FIGURE 4.18.  Headings of "traveling" beluga whales in the Alaskan Chukchi survey area during 2006–
2008 field seasons, comparing (A) summer, Jul through Aug and (B) fall, Sep through Nov.  Figures are 
based on sightings during aerial surveys, including on– and off–transect sightings.  Each sighting counted 
once regardless of the number of whales in the group. 
 

For the 2006–2008 seasons combined, the predominant behavior recorded for bowhead whales was 
traveling (62%; Table 4.9).  Of the 28 sightings of traveling whales with a swimming speed recorded, 10 
(36%) were traveling at fast speed, 10 (36%) were traveling at medium speed, and eight (29%) at slow 
speed. 

Based on the combined 2006–2008 data, the vector mean heading of 38 “traveling” bowhead 
whales or bowhead whale groups during the fall (Sep–Nov) was 219°T with an angular standard deviation 
of 91°T (P=0.05; Fig. 4.19).  A mean vector heading in a southerly or westerly direction was expected 
during the fall migration.  Sample size was too small to perform a test of directional trend for traveling 
bowhead whales in the summer (Jul-Aug). 

For the 2006–2008 seasons combined, the predominant behavior recorded for gray whales was 
feeding (79%; Table 4.9).  Of the 27 sightings of traveling whales with a swimming speed recorded, two 
(7%) were traveling at fast speed, 13 (48%) were traveling at medium speed, and 12 (44%) at slow speed.  

Based on the combined 2006–2008 data, the vector mean heading of 26 “traveling” individual gray 
whales or gray whale groups during the summer (Jul–Aug) consisted of a uniform distribution with no 
predominant direction observed (Figure 4.20A).  The vector mean heading was 109°T with an angular 
standard deviation of 88°T (P=0.08).  The headings of 13 “traveling” individual gray whales or gray 
whale groups during the fall (Sep–Nov) also consisted of a uniform distribution with no predominant 
direction observed (Figure 4.20B).  The vector mean heading was 61°T with an angular standard 
deviation of 143°T (P=0.98).   
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FIGURE 4.19.  Headings of "traveling" bowhead whales in the 
Alaskan Chukchi survey area during the fall, Sep to Nov 2006–
2008.  Figures are based on sightings during aerial surveys, 
including on– and off–transect sightings; each sighting counted 
once regardless of the number of whales in the group. 
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FIGURE 4.20.  Headings of "traveling" gray whales in the Alaskan Chukchi survey area during 2006–2008 
field season, comparing (A) summer, Jul to Aug and (B) fall, Sep to Nov.  Figures are based on sightings 
during aerial surveys, including on– and off–transect sightings; each sighting counted once regardless of 
the number of whales in the group. 
 

 

 

 



4–28     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

Pinnipeds 
Terrestrial Pinniped Haulouts 

Spotted seals are known to frequent particular spits and shoals along Kasegaluk Lagoon near 
Utukok Pass, Akoliakatat Pass, and Avak Inlet from mid–Jul through early Nov (Frost et al 1993).  
During the 2008 field season spotted seals were observed in aggregations at these locations between Point 
Lay and Wainwright (Table 4.10, Figure 4.21).  Spotted seals began to arrive at the haulouts in early Aug 
and after 30 Aug we avoided flying near the haulout sites because seals moved off the haulout site when 
approached by our aircraft.  During some of these observations we photographed the hauled-out groups to 
obtain a better count.  The numbers with the plus signs in Table 4.10 are estimates either because 
photographs were not taken on that day, or the photograph quality was poor.  We did not observe these 
haulouts in 2006, likely due to low survey effort for much of Aug.  In 2007, we saw one small haulout in 
late Jul, but once the walruses moved into the area, spotted seals were no longer seen.  Pinnipeds sighted 
on land were considered off–transect in analysis of the coastal and sawtooth surveys, and were therefore 
not used in any of the previous sighting rate and density calculations. 

 

TABLE 4.10.  Location and numbers of spotted seals at beach haulouts on the 
northwestern Alaskan coast observed and during aerial surveys in 2008. 

Date Akoliakatat Avak #1 Avak #2 Avak #3 Utukok
07-Aug-08 0 0 0 0 NA
15-Aug-08 0 0 0 0 NA
19-Aug-08 45 0 0 12 0
20-Aug-08 NA NA NA NA 300+
21-Aug-08 NA NA NA NA 300+
22-Aug-08 0 0 0 97 360
25-Aug-08 0 0 0 7 0
26-Aug-08 0 0 10 70 0
28-Aug-08 0 NA NA NA 0
30-Aug-08 0 0 0 300+ 0

Location

 
NA denotes location was not observed on this date. 
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FIGURE 4.21.  Locations of spotted seal haulouts during aerial surveys in the eastern Chukchi Sea during 
Aug 2008. 

 

During the 2007 field season Pacific walruses were observed in large aggregations on beaches 
between Barrow and Point Hope.  These beach haulouts represented an unusual distribution for this area, 
and they were believed to be the result of the lack of ice floes over their preferred shallow–water feeding 
grounds in the northern Chukchi Sea.  The walruses began to arrive at beach haulouts in late Aug with the 
largest aggregations observed from 11 through 18 Sep (Appendix Table D.13).  The walruses were not 
observed at beach haulouts after 10 Oct.  No walruses were observed on beach haulouts in 2006 or 2008. 
Distribution 

Walrus distribution varied considerably over the three field seasons.  Walrus were sighted 
throughout the survey area during the 2008 field season, and were most often sighted in open water 
(Figure 4.22).  During the 2007 field season, most walruses were found from Point Lay to Barrow, and 
large aggregations of walruses were seen at beach haulouts along the coast.  During the 2006 field season, 
most walruses were found in the central portion of the survey area during Jul, and were most often located 
in or near areas with ice floes.  

Bearded seals were sighted throughout the survey area, but in higher concentrations between Icy 
Cape and Barrow during the 2008 field season (Figure 4.23).  During the 2007 and 2006 field season, 
bearded seals were sighted throughout the survey area with a more uniform distribution.  

Ringed and spotted seals were sighted throughout the survey area during the 2008 field season 
(Figure 4.24).  A similar distribution of ringed and spotted seals was recorded in 2007 and 2006.   
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Figure 4.22.  Locations of walrus sightings during aerial surveys in the eastern Chukchi Sea 
during Jul–Oct 2008, during all sighting conditions (on– and off– transect).  See Fig. 4.6 for 
explanation of different symbols. 
 

 
FIGURE 4.23.  Locations of bearded seal sightings during aerial surveys in the eastern 
Chukchi Sea during Jul–Oct 2008, during all sighting conditions (on– and off–transect).  See 
Fig. 4.6 for explanation of different symbols. 
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FIGURE 4.24.  Locations of ringed and spotted seal sightings during aerial surveys in the 
eastern Chukchi Sea during Jul–Oct 2008, during all sighting conditions (on– and off–
transect).  See Fig. 4.6 for explanation of different symbols. 
 

Distances from Shore 
The distribution of pinniped sightings was of interest to some stakeholders and therefore examined 

in this section.  However, the pinniped data should be viewed with caution due to the difficulty of 
observing and identifying seals at survey altitudes of 305 m (1000 ft) ASL and the general trend for 
sightability to decline with distance from shore because sea states tend to be higher offshore than 
nearshore.  Distance–from–shore data presented in this section were calculated in the same manner as in 
the previous section on cetaceans.  Sighting rates in each distance–from–shore category were calculated 
using effort values shown in Figure 4.25A,B.  

The highest walrus sighting rates were recorded in the 15–20 km band in both 2008 and 2006, and 
in the 0–5 km band in 2007 (Figure 4.26A).  The greatest number of individual walrus was recorded in 
the 5–10 km band in 2008, in the 0–5 km band in 2007, and in the 20–25 km band in 2006 (Figure 
4.26B).  Sighting rates in various distance–from–shore bands in 2007 were significantly different than 
both the 2006 and 2008 distribution, but no difference was seen between 2006 vs. 2008 (Table 4.11).  The 
difference in the walrus distribution between 2007 vs. 2006 and 2008 was most likely a direct result of the 
large beach haulouts in 2007 with a constant movement of animals between the beaches and the offshore 
feeding grounds.     

Sighting rates of bearded seals were highest in the 20–25 km band in both 2008 and 2007, and in 
the band 5–10 km from shore in 2006 (Figure 4.27A).  The greatest number of individual bearded seals 
was recorded in the band 10–15 km from shore in both 2008 and 2006, and in the 20–25 km band in 2007 
(Figure 4.27B).  No statistically significant differences were apparent in bearded seal sighting rates 
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among years (Table 4.11), so data from all years were pooled.  For the pooled data set, bearded seal 
sighting rates were highest in the band 20–25 km from shore (Figure 4.28A).  The numbers of individual 
bearded seals were fairly uniform among the distance–from–shore bands; the highest individual counts 
were recorded in the 10–15 km from shore band (Figure 4.28B). 
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FIGURE 4.25.  Pinniped aerial survey effort at various distances from shore of (A) combined coastline and 
sawtooth surveys in 2006, 2007 and 2008, (B) combined 2006–2008 coastline and sawtooth surveys.  
Based on aerial surveys in the Chukchi Sea, Jul–Nov 2006–2008. 
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FIGURE 4.26.  Distribution of walrus vs. distance from shore (5–km bands).  Figures are based on aerial 
surveys of the combined coastline and sawtooth transects in the Alaskan Chukchi Sea, Jul through Nov 
2006–2008.  (A) Sightings and (B) individuals per 1000 km of survey effort.  See Fig. 4.25A for survey 
effort vs. distance from shore. 
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Sighting rates of ringed and spotted seals were highest in the band 15–20 km from shore in both 
2006 and 2008 and in the band 25–30 km from shore in 2007 (Figure 4.29A).  The number of individual 
ringed and spotted seals was highest in the band 5–10 km from shore in 2007 and in the band 15–20 km 
from shore in both 2006 and 2008 (Figure 4.29B).   No statistically significant differences were apparent 
in ringed and spotted seal sighting rates among years (Table 4.11), so data from all years were pooled.  
For the pooled data set, ringed and spotted seal sighting rates and number of individuals were highest in 
the band 15–20 km from shore (Figure 4.28A,B).   
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FIGURE 4.27.  Distribution of bearded seals vs. distance from shore (5–km bands).  Figures are based on 
aerial surveys of both the combined coastline and sawtooth transects in the Alaskan Chukchi Sea, Jul to 
Nov 2006–2008.  (A) Sightings and (B) individuals per 1000 km of survey effort.  See Fig. 4.25A for 
survey effort vs. distance from shore. 
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FIGURE 4.28.  Distribution of bearded (BS) and ringed and spotted (OS) seals vs. distance from shore (5–
km bands) in the combined 2006–2008 field season.   Figures are based on aerial surveys of both the 
coastline and sawtooth transects in the Alaskan Chukchi Sea, Jul–Nov 2006–2008.  (A) Sightings and (B) 
individuals per 1000 km of survey effort.  See Fig. 4.25B for survey effort vs. distance from shore. 
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FIGURE 4.29.  Distribution of ringed and spotted seals vs. distance from shore (5–km bands).  Figures are 
based on aerial surveys of both the coastline and sawtooth transects in the Alaskan Chukchi Sea, Jul to 
Nov 2006–2008.  (A) Sightings and (B) individuals per 1000 km of survey effort.  See Fig. 4.25A for 
survey effort vs. distance from shore. 

 

TABLE 4.11.  Results of statistical analysis (Kolmogorov-Smirnov test) comparing the 
distribution of pinniped distance from shore sightings for each species and for each 
combination of years in the Chukchi Sea. 

Species Dmax P Dmax P Dmax P

Walrus 0.413 0.000 0.151 0.084 0.352 0.000
Bearded Seals 0.201 0.434 0.109 0.522 0.154 0.668
Other Seals 0.097 0.113 0.058 0.470 0.091 0.098

2006 vs. 2007 2006 vs. 2008 2007 vs. 2008

 
 

Seasonal Patterns 
The seasonal timing of pinniped sightings was of interest to some stakeholders and therefore 

examined in this section.  As noted previously, the pinniped data should be viewed with caution due to 
the difficulty of observing seals at survey altitudes of 305 m (1000 ft) ASL and apparent differences may 
reflect changes in survey conditions and ability to identify species rather than actual changes in pinniped 
distribution or abundance.  Survey coverage during the five–month period from Jul through Nov was 
highly variable in all three years (Fig. 4.30A).  When data for the three years were combined effort 
increased from Jul to Aug and then steadily decreased every month after Aug (Fig. 4.30B) due to 
deteriorating weather conditions and shorter periods of daylight available to conduct surveys. 

Peak monthly sighting rates and numbers of individual walruses were recorded in Jul and Sep of 
2008, in Aug and Sep of 2007 and in Jul of 2006 (Fig. 4.31A,B).  The peak sighting rates and numbers of 
individual walruses observed in Aug and Sep of 2007 coincided with the sightings of animals at and near 
beach haulouts.  The peak sightings rates and numbers of individual walruses observed in Jul of 2006 
were coincident with large amounts of pack ice observed in and near the study area.  There were 
insufficient data to compare sighting rate distributions among years.   
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FIGURE 4.30.  Pinniped aerial survey effort at monthly intervals of (A) combined coastline and sawtooth 
surveys in 2006, 2007 and 2008, (B) combined 2006–2008 coastline and sawtooth surveys.  Based on 
aerial surveys in the Chukchi Sea, Jul–Nov 2006–2008. 
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FIGURE 4.31.  Seasonal pattern of walrus observations in 2006, 2007 and 2008, based on aerial surveys 
in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals per 1000 km of 
survey effort. 
 

Peak monthly sighting rates and numbers of individual bearded seals were recorded in Nov 2007 
and in Sep of both 2006 and 2008 (Fig. 4.32A,B).  There were insufficient data to compare sighting rate 
distributions among years.          

Peak monthly sighting rates and numbers of individual ringed and spotted seals were recorded in 
Aug of 2008, in Oct of 2007 and in Sep of 2006 (Fig. 4.33A,B).  Again there were insufficient data to 
compare sighting rate distributions among years. 
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FIGURE 4.32.  Seasonal pattern of bearded seal observations in 2006, 2007 and 2008 from aerial surveys 
in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals per 1000 km of 
survey effort. 
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FIGURE 4.33.  Seasonal pattern of ringed and spotted seal observations in 2006, 2007 and 2008, based 
on aerial surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals 
per 1000 km of survey effort. 

 

Polar Bears 

Seventeen polar bear sightings (19 individuals) were made during 2008 aerial surveys, and only 
three of these sightings was considered on-transect (Figure 4.34).  Fifteen of the sightings were of lone 
adults, and two sightings were of pairs.  Walking or standing (64%) was the primary activity observed, 
followed by resting (18%) and swimming (18%).  All but three bears sighted were on land.  One off–
transect polar bear sighting (1 individual) was made in 2007, and it was observed on land close to a 
walrus haulout.  Five polar bear sightings (9 individuals) were made during 2006 aerial surveys, all of 
which were on–transect.  Two of the 2006 sightings were recorded on ice floes and three were swimming.  
Two sightings in 2006 were of mother–cub pairs, one was of a mother and a lone yearling cub, one was of 
a mother and two young–of–the–year, and one was of two bears of unknown age. 
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FIGURE 4.34.  Locations of polar bear sightings during aerial surveys in the eastern Chukchi Sea during 
Jul–Oct 2008, during all sighting conditions (on– and off–transect).  See Fig. 4.6 for explanation of 
different symbols. 

 

Discussion 

Beluga whales were estimated to be most abundant along the coastline of the eastern Chukchi Sea 
during Jul in 2006 and 2008 and during Aug in 2007.  Abundance estimates for the nearshore area 
covered by the sawtooth surveys were greatest during Jul in all three years.  Most beluga whales winter in 
the Bering Sea and migrate north through the Chukchi Sea in the spring to summer feeding grounds in the 
Canadian Beaufort Sea before returning to the Chukchi Sea in the fall.  Moore et al. (1993) reported 
migrating beluga whales along the Chukchi Sea coast in Apr and May.  Some beluga whales also 
congregate in the Chukchi Sea in summer (Jun–Jul), although many of these whales may also migrate 
north into the pack ice and east into the Canadian Beaufort Sea (Suydam et al. 2001; 2005).  Based on the 
late–summer and early–fall distributions, there may be overlap between the Chukchi and Beaufort sea 
beluga whale stocks at that time of year.   

When 2006–2008 data from the combined coastal and sawtooth surveys were considered, the 
higher sighting rates for beluga whales in the Chukchi Sea during Jul–Aug and Oct–Nov were consistent 
with beluga migratory patterns identified in earlier studies (Suydam et al. 2001; 2005).  Sighting rates and 
numbers of individual beluga whales were lowest in Sep and steadily increased in Oct and Nov.  
However, the numbers of individuals present at one time during the Aug–Nov period remained relatively 
low compared to the Jul numbers.  Sighting rates for beluga whales were greatest in the band located 25–
35 km offshore, which may be an indicator of a more dispersed beluga whale migration pattern during the 
fall.  Clark et al. (1993) reported both nearshore and offshore components of the beluga migration in the 
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Chukchi Sea during fall.  Beluga whale sighting rates in fall of 2006–2008 were similar to fall sighting 
rates during an earlier study by Moore (2000).     

Bowhead whale abundance estimates in the nearshore Chukchi Sea were greatest during the Oct–
Nov period for all three years.  This was consistent with the bowhead whale fall migration from the 
Beaufort Sea to overwintering areas in the Bering Sea.  Bowheads begin arriving in the Chukchi Sea in 
mid-to-late Sep and migration through the area continues until late October to early November.  Traveling 
bowheads displayed a mean southwesterly heading for bowheads during the fall period.  The low number 
of bowhead sightings during all years may be an indication that the main migration corridor extended 
farther offshore than our survey area, which is supported by recent data from satellite-tagged whales 
(Quakenbush 2009).  Moore and Clarke (1993) suggested that bowheads may have a dispersed migration 
pattern in the northeastern Chukchi Sea during fall migration with some animals heading west to the 
Chukotka coast and some traveling south along the eastern Chukchi Sea coast.  Moore et al. (1995) 
reported on the occurrence of bowhead whales along the northern coast of Chukotka, Russia, and 
suggested that these whales may have migrated to that area from the eastern Beaufort Sea. Recent satellite 
data suggest that most fall–migrating bowheads move westward past Barrow through the Chukchi Sea to 
Chukotka (Quakenbush et al. 2007, 2009) and our nearshore surveys detected only small numbers of 
bowheads until late in the season.  However, late in the season, larger numbers of bowheads were seen on 
our sawtooth transects indicating that some whales apparently turn southward after passing Barrow and 
follow the east coast of the Chukchi Sea toward overwintering areas.  The proportion of whales that use 
each of these routes is unknown but our surveys suggest that movements along the Alaskan coast are 
mostly after ice has begun to form.  Bowhead whale sighting rates during fall in our combined 2006-2008 
surveys were similar to an earlier study by Moore et al. (2000).   

Small numbers of bowheads have been seen summering in the Chukchi Sea (Moore et al. 1995).  
We did not record bowhead whales in the nearshore Chukchi Sea during the summer in 2007 but small 
numbers were recorded during the summers of 2006 and 2008.  Several summer sightings of bowhead 
whales in the Chukchi Sea were made from vessels in 2006, 2007 and 2008 during monitoring activities 
for the offshore seismic program (Chapter 3).  Aerial observers from the National Marine Mammal 
Laboratory reported only one bowhead whale sighting during 18 survey flights in the Chukchi Sea from 
19 Jun to 25 Aug 2008 (http://www.afsc.noaa.gov/NMML/cetacean/bwasp/flights_COMIDA_1-3.php). 

Gray whales were more abundant in nearshore waters of the eastern Chukchi Sea during 2008 and 
2007 than during 2006.  In 2008 and 2007, they were most abundant in the northern part of the survey 
area from about Wainwright to Barrow.  For the combined 2006–2008 dataset, gray whale numbers 
increased from Jul to Aug, then declined in Sep with few observations after mid–Sep.  No gray whales 
were observed after 21 Sep 2007, but in 2008 gray whales were observed until 9 Oct.  Gray whale 
distribution in the nearshore area was different among the three years. Sighting rates were significantly 
higher in the 0–5 km band in 2006 and in the 25–35 band in 2007 and 2008; this was most likely due to 
differences in food availability and ice cover.  Gray whale use of foraging grounds are temporally and 
spatially variable (Moore 2000; Moore et al. 2003), so it may be that food was more abundant closer to 
shore in 2006 than in 2007 and 2008.   

Bluhm et al. (2007) suggest that frontal systems play an important role in food availability at gray 
whale foraging grounds.  With a 50% decline in ampeliscid biomass in the northern Bering Sea since the 
1980s (Coyle et al. 2007), it may be that greater variability in gray whale distribution will be observed as 
the recovering gray whale population seeks adequate foraging grounds.  Gray whale distribution was 
consistent with the water–depths reported by Moore (2000), who found that gray whales in the Chukchi 
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Sea were seen most often in coastal/shoal habitats.   Gray whale sighting rates in summer during our 
2006–2008 studies were similar to those reported in an earlier study during 1982–86 (Moore 2000) but 
were lower in fall than during earlier studies.  

The distributions and habitat use by Pacific walruses were much different among the three years.  
During 2006, peak sighting rates for walruses were in Jul when they were closely associated with the pack 
ice.  Sighting rates in the nearshore survey area declined substantially during Aug and Sep as the pack ice 
retreated offshore.  Walruses appeared to have left nearshore areas, and presumably remained near the 
pack ice which was present in offshore areas.   

In contrast, 2007 was an exceptionally ice–free year and early in the season the pack ice retreated 
far to the north beyond the relatively shallow habitats of the Chukchi Sea that are used by walruses for 
foraging.  Walruses appeared to have abandoned the pack ice by late Aug to use terrestrial haulouts along 
the Chukchi coastal area which were presumably closer to their Chukchi Sea feeding grounds than any 
remaining pack ice.  Use of terrestrial haulouts by walruses is common on the Chukotka coast (Belikov et 
al. 1996), but is less common on the Alaska side of the Chukchi Sea.  The large number of different 
terrestrial haulout sites and the large numbers of walruses at these sites on the Alaskan side of the 
Chukchi Sea has not been previously documented, but it may become more common if the trend of 
reduced ice cover in the Chukchi Sea in summer continues.  During 2008, the walrus distribution was 
similar to the 2006 field season, except for the large groups of walrus in Sep in the Cape Lisburne area in 
open water near shore.  In Jul 2007, when some pack ice still remained in offshore areas, walrus sighting 
rates in nearshore areas were lower than during Aug–Nov, which was the opposite of the pattern in 2006 
and 2008.  

During the three years of this study, the aerial survey data appear to align well with the known 
distributions and habitat use of various species under the different environmental conditions encountered.  
We did not detect any obvious changes in availability of animals to subsistence hunters. 
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5.  CHUKCHI SEA ACOUSTIC MONITORING PROGRAM 

INTRODUCTION 

Shell Offshore, Inc. (Shell) began an acoustic monitoring program (AMP) in summer 2006 as part 
of its marine mammal research studies in the Beaufort and Chukchi Seas.  This AMP was continued in 
summer 2007 and in both summer and winter 2008.  The 2007 and 2008 programs in the Chukchi Sea 
were performed by JASCO Research Ltd.’s Applied Sciences Division under contract to SEPCO.  The 
goals of the Chukchi programs are to document the characteristics of sounds produced by exploratory 
operations of various types, at various locations within the Chukchi Sea, and to examine the spatial and 
temporal distributions of marine mammal vocalization detections to better understand animal habitat use, 
distributions and migration paths.   

The acoustics program was performed primarily with autonomous acoustic recording systems 
deployed over a large area of the Chukchi Sea.  Acoustic recorders offer the advantage that they can 
continuously monitor an area without attendance by personnel.  The recorded data can then be analyzed to 
extract information from the full recorded period.  Five acoustic recorders were deployed in the Chukchi 
Sea over the winter of 2007 – 2008 to augment the 2007 summer program.  This approach provided a 
dataset representing more than a full year data of continuous and duty-cycle recording at some locations.  
These data are discussed in this report. 

The study was designed to help understand the impacts of in-water sounds from oil and gas 
exploration on marine mammal behavior.  Recorder deployments in the Chukchi Sea were designed to 
observe call distributions over a large area to help fill data gaps regarding the spatial distributions of 
several species and specifically the migration paths of bowheads through the Chukchi Sea in the fall and 
spring.  

The 2008 AMP design consisted of an array of 30 ocean bottom hydrophones (OBH) deployed in 
four lines leading offshore from Cape Lisburne, Point Lay, Wainwright and Barrow.  The OBH systems 
used in 2008 provided longer recording duration and multi-channel operation.  Unfortunately, the new 
systems suffered a failure that caused loss of nearly all data from recordings from late July to late Sep 
2008.  Data were collected from 5 stations in Sep – Oct 2008, and eight recorders were redeployed over-
winter.  The data were analyzed to quantify the ambient acoustic levels, presence of shipping and seismic 
activity, and the presence of marine mammals.  Beluga and bowhead whales and walrus were of primary 
interest during the marine mammal investigations, but gray, fin, humpback and killer whales and various 
species of seals and porpoise were also detected.  See Appendices C and D for audio clips of marine 
mammal vocalizations and other underwater sounds recorded during this study. 

 

METHODS 

OBH Systems and Deployments 

Aural OBH 

The ocean bottom hydrophone (OBH) acoustic recorders used for this monitoring program were 
Aural-M2 recorders from Multi Electronique.  These recorders incorporated a single omnidirectional 
hydrophone.  Data were recorded at 16-bit resolution with sample rate of 16384 samples per second.  
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Data were recorded on single 160GB IDE hard drives.  The recorders were powered by 64 D-cell alkaline 
battery packs. 

Deployment Technique 

The Aurals for the Chukchi program were lowered under control to the bottom from the 
deployment vessel by a line through a lifting ring at the top of the Aural frame, to ensure that the unit 
rests upright on the bottom. 

As each recorder was lowered to the seafloor, a recovery line attached to the base of the Aural was 
also deployed.  This line was several times longer than the depth of water at the deployment location.  
After the unit reached the bottom, the attached line continued to be deployed and stretched out as the 
vessel slowly moved away from the recorder.  When the end of this line was reached, it was thrown 
overboard with a small weight to anchor it to the seafloor. 

Recovery Technique 

The Aurals were recovered by grappling for the recovery line.  The recovery vessel played out a 
strong cable on a winch, with several large grapple hooks on the end, weighed down with chain to ensure 
the hooks dragged flat across the bottom.  Using carefully recorded GPS locations of the recorder itself 
and the anchor at the end of the recovery line, the vessel captain deployed the grapple to catch the 
recovery line, and the recorder was hauled in by the winch.  Ideally, the lighter anchor end of the recovery 
line was retrieved before the Aural to allow the deck crew to focus their attention on the recorder once it 
came to the surface. 

 

Deployment methods, dates and locations 

Overwinter 2007 – 2008 Deployment 

The stations where recorders were deployed are shown in FIGURE 5-1, and the exact positions and 
times are given in TABLE 5-1.  These recorders were set in a four hour, 20% duty cycle mode to conserve 
data storage space and battery power.  The recorded data consisted of the first 48 minutes of every 
consecutive four hour period. 
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FIGURE 5-1.  2007-2008 overwinter deployment locations. 

 

TABLE 5-1.  2007-2008 overwinter deployment locations and dates. 

Station Latitude (N) Longitude (W) Deployment Record Stop Recovery 

PL 50 70 23.9794 164 33.9426 2007-10-21 2008-07-19 2008-07-19 

PL N40 71 04.0222 164 34.4752 2007-10-21 2008-07-20 2008-07-20 

PL N60 71 23.9337 164 35.2472 2007-10-22 2008-07-30 2008-08-06 

W 50 71 18.6390 161 32.2463 2007-10-25 2008-08-02 2008-09-27 

W N20 71 59.297 158 14.227 2007-09-29 2008-08-03 2008-09-11 

 

Open Water Deployment Dates and Times 

The stations where recorders were deployed are shown in FIGURE 5-2.  Most deployments were 
initially performed between 17 Jul 2008 and 06 Aug 2008; however, due to ice and vessel scheduling, 
four stations were deployed between 11 and 12 Sep 2008.  Additionally, 16 units were serviced between 
26 and 29 Sep 2008.  At that time, the Aural model OBHs were deployed at stations PL N40, PL N80, 
W20, W50, and WN20.  All units were recovered between 12 and 17 Oct 2008. 
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FIGURE 5-2.  2008 open water season deployment locations. 

Overwinter 2008 – 2009 Deployment 

In Oct 2008, units were deployed at eight stations, shown in FIGURE 5-3, at the positions and times 
given in TABLE 5-2.  The Aurals were set in a four hour, 16.7% duty cycle mode to conserve data storage 
space and battery power.  The recorded data consisted of the first 40 minutes of every consecutive four 
hour period.  The Aurals were expected to record for at least a year, and therefore should be still 
operational when they are recovered at the start of the 2009 open water season.   
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FIGURE 5-3.  2008-2009 overwinter deployment locations. 

 

TABLE 5-2.  2008-2009 overwinter deployment locations and dates. 

Station Latitude (N) Longitude (W) Deployment Date 

CL50 69 29.740 167 46.972 2008-10-12 

PLN40 71 3.682 164 37.857 2008-10-17 

PLN80 71 43.946 164 35.456 2008-10-16 

Burger 71 24.951 163 19.799 2008-10-16 

W35 71 6.660 161 4.637 2008-10-14 

W50 71 18.631 161 32.125 2008-10-15 

WN40 71 58.451 161 32.447 2008-10-15 

B50 71 46.864 157 47.663 2008-10-14 
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Analysis 

The automated processing system developed by JASCO is discussed in this section.  The 
processing consists of data preparation followed by several analysis steps that address the different 
objectives (seismic detections, seismic signal level, marine mammal detections, marine mammal 
classifications, vessel detections, and ambient levels).  An overview of the processing steps is shown in 
FIGURE 5-4.  In the subsections that follow, Data Summary provides an overview of the quantity and 
format of the collected data; Data Preparation describes the preliminary data conditioning steps; 
Processing Overview describes the processing to extract the seismic, marine mammal vocalization and 
shipping events as well as the ambient SPLs; Processing Stream Validation discusses how the processing 
has been validated; and Processing Architecture documents how the actual implementation was 
performed. 
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FIGURE 5-4. OBH processing block diagram. 

Data Summary  

Despite problems with the recordings, the 2008 Chukchi Sea acoustic monitoring program 
produced a large quantity of raw data.  There were 800 GB of data from the 2007-2008 overwinter data, 
250 GB of data from the Sep-Oct OBH recordings, and 135 GB from the Jul – Sep OBH recordings.  The 
files are in WAV format with 16384 Hz sampling rate and 16-bit or 24-bit samples.  The WAV files 
include a custom header that contained the temperature reading from an internal temperature sensor.  As 
each of the AMARS eventually failed, none contained recording durations longer than 5 days and 
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consequently, none of their recordings overlap the Shell 2008 seismic shots.  Therefore, those data sets 
were only analyzed for marine mammal calls, and not for seismic, shipping, or ambient levels.  The 
overwinter data and Aurals from fall 2008 were analyzed for all types of data.    

 

Data Preparation 

The data processing stream started with a data preparation stage consisting of three steps: dynamic 
range checks, application of the ADC units to voltage conversion, and click removal.   

As data were extracted from the WAV files, their dynamic range was determined.  The detection 
process was performed only on recordings without excessive saturation and with enough energy to detect 
any events.  If more than 0.1% of the file duration contained saturated data points (> 32000 ADC units), 
then this file was discarded. Files with saturation cannot produce accurate ambient values, nor can they be 
used for event detections.  The saturation created impulsive events in the processed data which could be 
misinterpreted as a click or knock type event.  Files were also discarded if the mean variation of the 
recording was lower than 40 ADC units.  This limited dynamic range was insufficient to ensure accurate 
ambient values or detection data.   

The vast majority of the files passed the dynamic range tests and could be prepared for processing.  
The next step was to apply the voltage conversion.  The ADCs in the Aural units were set for a maximum 
input range of 0-4 Volts and included a 22 dB preamp.  As a result, the conversion from raw ADC units to 
voltage at the hydrophone pins was 4.85 e-6 V / unit.  The ADCs in the AMAR units were set for a 
maximum input range of 0-2.5V, without a preamplifier, but with 24-bit resolution, for a conversion 
factor of 1.49011 e-7 V / unit.  These values were read from the auralCalibrations.csv configuration file 
and applied to every sample.  At this point, the data were also converted to a floating point value. 

The floating point data often contain a significant low frequency signal, due to wave noise or slow 
current motions.  This very low frequency signal was filtered out using a finite impulse response high-
pass filter.  The filter has 4097 points, -3 dB at approximate 3Hz and -40 dB at approximately 0.5 Hz.  
For implementation efficiency, the FIR filter taps were chosen so that it can be implemented by simply 
subtracting a moving average of the input signal.  This limits the ability to control ringing, resulting in a 
peak of approximately 1.5 dB at 6Hz; the filter, however, is excellent for removing DC offset.  The filter 
response is shown inFIGURE 5-5. 
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FIGURE 5-5. Frequency response of the 4097-point high-pass filter. 

 

The final step of the preparation addresses the occurrence, in some recordings, of evenly spaced 
noise pulses or clicks at 2048 sample intervals in the Aural recordings.  The spacing correlates with the 
writing of a 2048 point buffer from SRAM to flash memory within the recording unit.  These clicks were 
extremely repeatable and reached levels of about 50 ADC units.  They were effectively removed by 
summing every 2048 point block of data to obtain an average ‘click’ series which was then subtracted 
from the file. 

Processing Overview 

This section describes the numerical tools that were developed to analyze the recordings 
automatically.  These tools detect biologic, seismic and ship events for each segment of recording. Once 
detected seismic acoustic levels are measured, biologic sounds are classified and the ambient noise is 
estimated.  This section provides an overview of the processing, and is supported by more detailed 
information in Appendix E. 

Event Detection in the Spectrogram 

The first step of the detection process was to find all the acoustic events on the spectrogram. The 
spectrogram was computed using a 2048 points sliding Fast Fourier Transform (FFT).  2048 data points 
were included in each FFT, with an overlap of 1024 points.  A sample raw spectrogram is shown in 
FIGURE 5-7a.  This approach is sensitive to transients on the order of 0.0625 seconds and has a frequency 
resolution of 8 Hz, which is appropriate for marine mammal signals.   

Considerable time was spent investigating options for detecting signals in the spectrograms.  Five 
detection methods were tested and compared: a broadband energy detector, a band-passed energy 
detector, a spectral entropy detector, a split window normalizer detector and a skewness based detector.   
These detectors are described briefly in Appendix E. 

To assess the performance of the five methods described above, a dataset of test recordings 
containing vocalizations was assembled.  This dataset consisted of acoustic recordings from the OBH at 
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PL35 containing beluga, bowhead, and seal vocalizations.  Each vocalization was manually identified and 
tagged by an experienced operator (Christine Erbe).  The various detection methods were then tested on 
the dataset.  In assessing a method’s performance, the probability of correct detection and the probability 
of false alarm were computed for several values of the detection thresholds (i.e. by varying the parameter 
α for the energy and entropy detectors, and the parameter Tswn for the split window normalizer – see 
Appendix E).  The results are presented on the Receiver Operating Characteristic (ROC) curves in 
FIGURE 5-6. ROC curves show probability of correct detection versus probability of false alarm.  For 
example, a detector that just thresholded the energy of the signal (see curve with square symbols in 
FIGURE 5-6) would likely detect most events if the threshold was low, giving it a high probability of 
correct detection.  However, in that case it would also be quite likely to falsely detect non-events, giving 
it a high probability of false alarm.  The closer the ROC curve is to the point (0, 1) the better the 
performance.  The energy detector did not have particularly good performance because it was quite linear 
and did not approach point (0, 1).  Each curve shown in the ROC plot represents a different detector and 
the points on the curves represent the performance using different threshold values. 

The detectors were run against the sample data in one minute intervals.  The split window 
normalizer was not implemented to overlap with the adjacent time blocks, so there were eight seconds of 
every minute that were not processed compared to the other detectors.  This was likely the main reason 
why the split window normalizer did not reach a PCD of 1. 

In spite of the fact that the entropy detector outperformed the others methods, the split window 
normalizer was chosen to analyze the data collected in the Chukchi Sea.  Two main reasons for choosing 
this detector were that the binary spectrogram obtained from this method was more easily used to classify 
the detected vocalizations, and the computation time for this method was very small. 

 

FIGURE 5-6. Receiver operating characteristics curves for detectors considered.  
The cyan curve (higher curve with *) is the split window normalizer, and the black 
curve (lower curve with *) is the skewness detector. 
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The split window normalizer was applied to each frequency band of the spectrogram (i.e. each row 
of the spectrogram matrix).  Appendix E describes the normalization process.  The normalized 
spectrogram is shown on FIGURE 5-7b.  Finally in FIGURE 5-7c, a threshold, Tswn, was set and all the 
energy values of the normalized spectrogram above this threshold were considered as part of a potential 
acoustic event.  The detections, or contours, were used for later seismic and marine mammal detection 
and classification.  FIGURE 5-7c is referred in the following sections as the binary spectrogram. 

For the 2008 processing, the normalizer window width was set to 80 time cells (5 seconds), and the 
notch was set to 80 time cells (5 seconds).  This allowed for a target transient length of up to 12 seconds 
in duration at any one frequency.  The threshold for the detector was set to a signal-to-noise ratio (SNR) 
of 4 (equivalent to 6 dB). 

 

Ambient Sound Levels 

For the Chukchi data analysis, three approaches to the ambient background estimation have been 
provided.  First, the average ambient PSD (Power Spectral Density) measurements were computed for 
each minute of each file.  The PSD data were expressed in dB re 1 μPa/√Hz with frequency resolution of 
1 Hz and were stored in the xml output file created by the automatic processor.  Second, using the one-
minute average PSDs, a probability distribution for the ambient sound over the duration deployment was 
calculated.  Finally, the one-minute average broadband Sound Pressure Levels (SPL) were calculated, 
which have the same frequency band and scaling as the levels used by regulators in establishing 
thresholds for impact on marine mammals.  This is essential for understanding the background sound 
levels and the impact of shipping and seismic activity on the environment. 

It is important to note that a standard processing approach is required to obtain meaningful values 
that can be compared between years, between projects, and with regulators.  Spectral analysis uses the 
Fast Fourier Transform (FFT), which accurately represents the power or energy only for sinusoidal 
signals.  When random background sound is passed through the FFT process, the level obtained will 
depend on the length of the FFT employed and the amount of averaging employed.  The standard 
parameters that should be used are a one-second FFT, with 50% overlap, averaged over one minute.  It is 
recommended that a unity gain Hamming window be applied to the data before the FFT is performed.   

Broadband SPLs are calculated by summing the spectral power levels over some bandwidth of 
energy.  The bandwidth chosen will dramatically affect the resulting SPL.  Broadband SPLs should only 
be compared if the frequencies summed are the same.  Also note that the ambient sounds in the ocean 
have a very strong low frequency component (frequencies below 100 Hz), as shown in the Wenz curves 
in FIGURE 5-8.   
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a)  

b)  

c)  

FIGURE 5-7. Events detection process. a) Original spectrogram, b) 
Normalized spectrogram (the 4 seconds at the beginning and the end of 
the spectrogram (black bands) are set to zero because of the moving 
average border effects), c) Detected contours. 
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FIGURE 5-8. Wenz curves (source: 
http://www.dosits.org/science/ssea/2b.htm). 

As a result, one must be very careful about any broadband SPL attributed to an anthropogenic 
source that includes frequencies below 100 Hz.  Wind and surface noise can easily drive the broadband 
sound levels in the range of 1 – 10 Hz and 10 – 100 Hz well above 130 dB re 1 μPa, while the level from 
100 – 1000 Hz can be below 100 dB re 1 μPa at the same time.  This effect can be seen in the 2007 
ambient results from the recorder 5 nm from Wainwright, as shown in FIGURE 5-9.  
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FIGURE 5-9. 2007 ambient data from the recorder 5 nm off of Wainwright.  Note the 
broadband SPL curves at the top of the figure showing levels above 130 dB at 1- 10 
Hz, and 10 – 100 Hz at times while the broadband level from 100 – 1000 Hz is at or 
below 100 dB. 

The validation of the processing ambient conversions is presented in subsection Processing Stream 
Validation. 

Seismic Survey Sounds 

The seismic survey sound detector was based on the periodicity of airgun events.  The detection 
results (i.e. contours) of the binary spectrogram in the 30 – 400 Hz frequency band were summed for each 
time step, providing a pseudo-time series.  FIGURE 5-10a shows the resulting pseudo-time series in the 
case that only the first half of the file had seismic survey events.  The autocorrelation of this time series 
was then computed to obtain a new series, as shown in FIGURE 5-10b.  To equalize the correlation peaks, 
the autocorrelation was normalized using a split window normalizer (Stergiopoulos, 2001).  The final  
result is shown in FIGURE 5-10c.  
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FIGURE 5-10. Seismic survey sound detection process: a) (top plot) time series of detection in the 30-400 
Hz frequency band, b) (middle plot) autocorrelation function of the time series, and c) (bottom plot) 
normalized autocorrelation function of the time series. 
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FIGURE 5-10 shows that when seismic survey sounds were present the strong peaks reduced the 
mean normalized value to much less than one (notice the troughs between peaks in FIGURE 5-10c).  
However, when seismic survey sounds were not present the mean value was close to one.  To avoid false 
detections, if more than 66% of the values in the first 100 seconds of the normalized autocorrelation 
function were below 1, then the recording was discarded from the seismic detection process.  Otherwise, 
if at least 10 regular peaks with a correlation value greater than 2 occurred on the normalized 
autocorrelation function, then seismic survey sounds were detected and the period of the airgun sounds 
was defined as the time between the first two peaks. 

Once a period was extracted from the correlation function, it was used to locate in time each 
seismic event in the raw time series.  We then computed the rms sound pressure levels using the following 
approach: 

1. Compute cumulative energy (square pressure) for the duration of each pulse from 1 second 
before to 1 second after the detection. The detection time generally falls near the strongest 
part of the pulse. 

2. Determine the interval over which the cumulative energy for each received pulse increases 
from 5% to 95% of the total.  

3. For each pulse, compute the standard 90% root-mean-square level by dividing the 
cumulative square pressure over the 5% to 95% interval by the number of samples in this 
period, and taking the square root.  

4. For each pulse, compute the sound exposure level (SEL) by time integrating the square 
pressure over a 2 second pulse window in the time domain. 

The time and sound pressure levels of each seismic event were stored in the XML output file 
produced by the seismic processor. 

 

Shipping Sounds 

Vessels in the recordings are identified by continuous low frequency tones generated from the 
vessel’s propulsion systems and onboard machinery (Arveson and Vendittis, 2000).  The objective of the 
ship detector was to detect the narrow frequency peaks associated with these sounds.   

The vessel detection process was as follows.  A high-resolution spectrogram was computed using 
2 s FFT’s (32768 points) with 50 percent overlap.  Only frequencies between 1 and 1000 Hz were 
considered.  To highlight the constant frequencies across the time, an averaged spectrum was computed 
for each 60 consecutive spectrogram time slices, representing 1-minute of recording.  The split window 
normalizer described in Appendix E was applied to these average spectra to emphasize the narrow peaks.  
Each set of 4 normalized spectra was then analyzed using an M out of N detector; if on 4 consecutive 
normalized spectra, the same peak occurred at least 3 times, then a tonal was detected.   

The confidence in a shipping detection was based on the number of tonals detected at each time.  If 
there were 1 or 2 tonals present, then the detection was possible.  If there were 3, it was declared 
probable, and if more than four were detected, it was declared definite.  The time, confidence, frequency, 
signal-to-noise ratio, and sound pressure level (SPL) in dB re 1 μPa/√Hz of the detected tonals were saved 
in the output XML file for further validation and ship identification.  In this case, the SPLs are 
narrowband for cyclic tonals, so the SPLs are accurate at that frequency.   
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We also computed a broadband SPL by summing over the band of 10 – 1000 Hz.  The lower limit 
of this band was above the dominant ambient sound frequencies on many days, while the upper limit was 
above the frequency produced by most commercial shipping propulsion systems.  Note that on days when 
the ambient sound levels were very high, shipping sounds below 100 Hz will likely not be detected, and 
therefore the lower limit of 10 Hz was applied as a reasonable compromise. 

Biological Sounds 

JASCO Applied Sciences developed a software package to automatically classify the sounds 
detected in acoustic recordings.  The principal advantages of an automatic classification system are the 
reduction of the processing time and the consistency of the bias in the analysis.  Manual analysis of 
acoustic recordings by screening spectrograms and listening to audio playbacks is processed at 
approximately two times real time recorded speed.  Also, the variation in the degree of exhaustion of the 
operators during the day would have led to an unpredictable inconsistency in the classification 
performance.  The automatic detector results from the 2007/2008 data were manually reviewed and 
classified for time periods of higher detection counts.  For the more recent analysis of the 2008/2009 data, 
5% of the data on all recorders over the entire time period were manually analyzed.  The classification 
method used in the software package is based on the Gaussian mixture modeling (GMM) technique 
extensively used by the speech processing community (Reynolds and Rose, 1995).  The effectiveness of 
the automatic classifier varies significantly with call type and background noise conditions.  In the next 
paragraphs, we will: 1) describe the vocalizations used to train and test the GMM classifier; 2) explain the 
classification principle and; 3) present the performance results. 

 
Library of vocalizations 

To train and test the classification algorithm, a set of vocalizations from the 2007 data was 
manually labeled by JASCO’s experienced bioacousticians.  For some vocalizations that were not known, 
JASCO was aided by several experts from the international scientific community (S. Blackwell, B. Sjare, 
S. Moore, J. Ford).  A total of 6903 underwater sounds were labeled using JASCO’s annotation program, 
encompassing vocalizations from belugas, bowhead whales, walruses, gray whales, fin whales, and killer 
whales, and ice squeaking sounds and seismic airguns.  For each type of sound, one half of the library 
was randomly chosen for the training and the other half was used to test the performance of the algorithm.  
TABLE 5-3 shows the categories of vocalizations labeled and the number of sounds used for the training 
and the test.  Note that to estimate the robustness of the classifier to the noise, 1264 noise clips were 
labeled.  Noise refers to the sounds that are not of interest, including: mechanical sounds from the 
mooring, saturation of the recording usually produced by objects/animals touching the hydrophone, and 
shipping sounds (the latter is analyzed separately but is considered as noise here). 

 

TABLE 5-3.  Description of the library of sounds used for developing the automatic classifier.  
Sample spectrograms of these calls are provided in Appendix E. 

Species Vocalization type Training 
vocalizations 

Test 
vocalizations Total 

Bowhead Up sweep 82 83 165 
 Down sweep 109 109 218 
 Tonal 62 62 124 
 Complex 42 43 85 
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 Concave (u-shape) 34 34 68 
 Convex(n-shape) 36 36 72 
 Ou sound 320 320 640 
    1372 
     
Beluga Pulsed buzz 40 41 81 
 Whistle 202 202 404 
 Overlapped vocalizations 80 80 160 
    645 
     
Walrus Grunt 321 321 642 
 Knock 56 57 113 
 Bell 45 45 90 
    845 
     
Gray whale Moan 35 36 71 
 Growl 76 77 153 
 Click 76 77 153 
    377 
     
Bearded  Trill up sweeping 31 31 62 
seal Short trill down sweeping 37 38 75 
 Complex trill 36 37 73 
 Long trill down sweeping 30 31 61 
 Overlapped vocalizations 87 87 174 
    445 
     
Killer whale Pulses 115 115 230 
     
Fin whale 20 Hz down sweep 71 71 142 
     
Ice Squeaking 492 492 984 
     
Seismic Airguns from shallow hazard 

survey 
192 193 385 

 Airguns from prospection 107 107 214 
    599 
     
Noise Noise from the mooring, 

shipping, saturation 
632 632 1264 

 

Classification process 

The recognition process was composed of two main steps: feature extraction and classification.  
Feature extraction transformed the signal into a set of feature vectors, which represented the salient 
characteristics of the vocalizations.  The choice of these features directly affected the classification 
performance.  We chose cepstral coefficients (Rabiner and Juang, 1993) to represent the acoustic signal. 
Cepstral coefficients have been extensively used by the speech recognition community.  Their use for the 
classification of animal vocalizations, such as elephants (Clemins et al., 2005) and dolphins (Roch et al., 



Chapter 5:  Chukchi Sea Acoustic Monitoring Program     5-19 

2007), has shown very promising results.  The real cepstrum is defined by the real cosine transform of the 
log magnitude spectrum of the signal.  To minimize the size of the feature vector, a bank of triangular 
filters was applied to the magnitude spectrum.  Because we were dealing with several species with 
different hearing sensitivities, no frequency weighting was applied to the cepstral coefficients.  Therefore, 
contrary to the Mel-Frequency Cepstral Coefficients, MFCC, (Reynolds and Rose, 1995) adapted for the 
human ear, the triangular filters used here were equally spaced in frequency.   

The classification step used the features from the feature extraction step, and attempted to identify 
the vocalization with a species.  The classification using Gaussian mixture models was structured in two 
steps: training and testing.  During training, the set of discriminative acoustic features (cepstral 
coefficients) was extracted for every vocalization present in the training database.  By using the 
Expectation Maximization algorithm (Bilmes, 1997), the distribution of the features for each vocalization 
category was represented by a mixture of Gaussians.  During the testing step, the same acoustic features 
were extracted from an unknown call, and the likelihood that this vocalization belongs to a model was 
evaluated. For this study, each vocalization type was represented by one model (TABLE 5-3, column 2).  
The likelihood, )|( mxp λr

, that a D-dimensional feature vector, xr , belonged to the model, mλ , 
representing the marine mammal species, , was given by m
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Each feature vector of the unknown vocalization was then classified as the model with the greatest 
likelihood following the relation 

 ( ))|(maxarg mmx xpC λr
r = , (4)

where , is the recognized species for the vector xC r xr .  The whole vocalization was recognized as the 
species with the most recognized number of segments (i.e. feature vectors).  Finally, for each 
classification, a confidence index was calculated.  It was defined by the ratio of the number of frames of 
the species recognized and the total number of frames.  If this value was lower than a threshold value, T, 
defined by the operator, then the signal analyzed was discarded from the automatic analysis and was 
classified manually by an operator.  Otherwise, the classification was confirmed.  FIGURE 5-11 
summarizes the different steps of the classification process. 
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Feature extraction 
(cesptral coefficients) 

Creation of models (Gaussian 
mixture models) 

Comparison with the 
models 

Models  
(one per type of 

sound/vocalization) 

Decision based on the confidence index 
and the threshold T 

Vocalizations from the 
Training dataset 

Vocalization from the 
test dataset 

Feature extraction 
(cesptral coefficients) 

Confirm the classification Discard (classified as noise) 

Training 

Test 

FIGURE 5-11.  Diagram summarizing the different steps of the classification process. 

 

Performance of the classifier 

The performance was calculated by running the classifier on the test dataset and counting the 
number of correct classifications (true positives, TP), wrong classifications (false positives, FP) and 
missed vocalizations (false negatives, FN) for several values of the confidence threshold T and for each 
species individually.  The results were then expressed using the precision and the sensitivity, defined 
respectively by (Davis and Goadrich, 2006) 
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The precision can be seen as a measure of exactness, whereas the sensitivity is a measure of 
completeness.  For instance, if the precision score for the beluga is 0.9, it means that 90% of the 
detections classified as beluga were really belugas, but says nothing about whether all the beluga 
vocalizations from the dataset were retrieved.  If the sensitivity score for the beluga is 0.8, it means that 
80% of all the beluga vocalizations in the dataset were correctly classified, but says nothing about how 
many were wrong.  Thus, a perfect classifier would have a precision score of 1 and a sensitivity score of 
1.  Note that the precision only or the sensitivity only is not enough to describe the performance of a 
classifier; both measurements are necessary. 

Adjusting the threshold T to a low level makes the classifier very tolerant, meaning that a lot of 
vocalizations will be detected (high sensitivity) but a lot of false alarms will appear as well (low 
precision).  By adjusting T to a very high level, just a few vocalizations will be detected (low sensitivity) 
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but the results will be very accurate (less false alarms - high precision).  Thus, the threshold T has to be 
chosen for each species to give the best tradeoff between precision and sensitivity.  To do so, the 
precision and sensitivity scores were calculated for each threshold value (from 0 to 1), and plotted for 
each species (FIGURE 5-14FIGURE 5-12).  The threshold chosen for each species is indicated by the thick 
dashed gray line.  To see how the training and test data affect the classification results, the 2 sets were 
randomly reshuffled 10 times (keeping the ratio 50% training and 50% test) and the precision and 
sensitivity curves were recalculated each time.  The upper and lower bars on FIGURE 5-13 show the 
highest and the lowest values obtained respectively, while the black dots represent the average value over 
the 10 runs. 
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FIGURE 5-14.  Precision – Specificity curves for each class. 

 

In FIGURE 5-15, the error bars are wider for the killer whale and the fin whale; this can be 
explained by the smaller number of vocalizations of these species in the database (TABLE 5-3).  Notice 
that these results were obtained for vocalizations with a fairly high signal-to-noise ratio.  Also, the 
structure of the algorithm does not allow the classification of several species at the same time.  Thus, if 
vocalizations from different species are overlapping, only one species will be recognized (likely the one 
with the loudest vocalization). 

 

Summary 

A total of 6903 sounds were manually labeled.  3446 of these sounds were used to create 
probability models representing the vocalizations of 9 marine mammal species and 3 types of non-
biological sounds (ice, seismic airguns, and noise).  3457 sounds were used to test the performance of the 
classification system.  The results were defined by using precision-sensitivity curves for each sound type.  
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TABLE 5-4 is a summary of the confidence thresholds chosen to maximize the precision and the sensitivity 
scores for each species and the performance associated. 

 

TABLE 5-4.  Summary of the performance of the classifier. 

Species/sound Threshold T Precision Sensitivity 

Bowhead 0.40 > 0.80 > 0.70 

Beluga 0.40    0.80    0.90 

Walrus 0.30 > 0.70 > 0.70 

Gray whale 0.60 > 0.85 > 0.85 

Bearded seal 0.70 > 0.80 > 0.80 

Killer whale 0.30 > 0.90 ~ 0.60 

Fin whale 0.45 > 0.90 > 0.90 

Ice 0.50 > 0.95 > 0.90 

Seismic airguns 0.30 ~ 0.90 > 0.75 
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Processing Stream Validation 

Validation of the processing stream (not the final results) was an essential component of the overall 
quality assurance effort.  A detailed description of validation is contained in Appendix E.  The validation 
activities performed included: 

1. Prototype Comparisons: The basic processing concepts were developed and tested initially 
as Matlab scripts.  The resulting code and algorithm descriptions were passed to an 
implementation team for development in Java.  After implementation, the results from Java 
and Matlab were compared to ensure consistency. 

2. Code Reviews: All software was reviewed by senior analysts to ensure correctness and 
good coding style. 

3. Data Simulation: A simulator was developed to provide synthetic instances of ambient, 
marine mammal vocalization, shipping, and seismic noise time series.  This allowed rapid 
validation of the performance of the processing software and exercising of the overall 
system. 

4. Processing Stream Model: A model of the outputs from the intermediate stages of the 
processing stream was developed.  This allowed validation of each of the intermediate 
processing system components to ensure correct outputs were obtained after system 
software revisions.  

5. Manual Comparisons to Data Files: Extensive spot checking was performed to ensure that 
the output of the automatic processing systems matched the human analysts’ interpretation 
of the data.  All anomalies were reported to the implementation team for rectification. 

6. Parameter Invariance: In many cases the absolute outputs (like SPLs) should not have 
changed as a function of certain processing parameters.  To test this behaviour the key 
parameters such as FFT lengths, overlaps and window functions were adjusted, and the 
absolute SPLs checked to make sure the results were invariant. 

Processing Architecture  

The processing architecture used for the automated detection and classification consisted of three 
components: the hardware, the Sun N1 Grid Engine, and the processing software.  These components are 
described briefly below, and in detail in Appendix E. 

1. Hardware: In order to process the Chukchi data in a reasonable period of time, a set of 8 
quad-processor Sun Microsystems workstations with a large disk array and high-speed 
network was acquired.  This hardware was capable of processing the 5 TB data set in 
approximately 100 hours, which was more than 500 times faster than real time. 

2. Sun N1 Grid Engine: The processing of the Shell AMP data was accomplished with the 
use of a grid computing solution from Sun Microsystems named Sun Grid Engine 6.1 (also 
known as N1 Grid Engine or N1GE).  The N1GE provided the ability to assemble a non-
homogeneous network of computers into a “grid” that could be thought of as a single 
entity.  Computing tasks or jobs were distributed across the grid in accordance with 
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resource requirements for the job and resource availability within the grid.  Use of the 
N1GE simplified the distribution and management of the processing load. 

3. Software: The bulk analysis software was written in Java.  The structure was built to allow 
for future growth that could include real-time passive acoustic monitoring, application to 
other data sets, and extension of the capabilities to enable detection of other signal types. 

 

RESULTS 

Ambient Background Sound 

As in 2007, the absolute ambient sound levels present and their temporal and spatial variations 
were determined from the recorded data.  The ambient sound levels over the 2007-2008 winter reported 
here included sound from ice and marine mammals.  Ambient sound levels in Oct 2008 were also 
recorded and are also reported here.   

Three types of graphical presentations of ambient level data were created for each OBH 
deployment: band level plots, spectrograms, and spectral level percentiles.  The broadband and decade 
band level plots show the sound pressure levels (SPL) versus time in the frequency bands: 1 Hz – 8 kHz. 
1–10 Hz, 10–100 Hz, 100 Hz – 1 kHz, and 1–8 kHz.  The spectrogram plot represents the spectral levels 
in 1 Hz bands, averaged each minute, and then time collapsed to show the entire time span of interest.  
For each OBH, we also computed and plotted the 5th, 25th, 50th, 75th, and 95th percentile histograms, 
sometimes referred to as quartile spectral levels, of 1-minute averaged spectra for the entire deployment 
period.  The 95th percentile curve describes the frequency dependent sound comprising 95% of the total 
sound, meaning that 95% of the sound was below this sound level line.  The 50% curve represents the 
mean and can be compared to Wenz ambient curves which represent the average expected results from 
shipping, wind and sea state conditions.  Temperature and wind data for the same time periods measured 
at the Barrow airport are also provided and compared to ambient sound levels.   

 

Overwinter Ambient Sounds 

The percentile spectral levels versus frequency plotted for the overwinter data on WN20, W50, 
PLN60, PLN40, and PL50 are shown in FIGURE 5-16FIGURE 5-18 to FIGURE 5-17.  The percentile 
histograms for the five OBHs were similar.  The WN20 OBH had lower sound levels across all 
frequencies.  Generally, the spectral levels decreased almost linearly with increasing frequency from 10 
Hz to 2 kHz and then leveled off.  The mean 50th percentile levels decreased from 70-80 dB re 1 μPa at 10 
Hz down to 65 dB re 1 μPa at 100 Hz.  The mean levels between 100 Hz and 1 kHz decreased from about 
65 to 50 dB re 1 μPa.  This differed from the summer 2007 ambient sound results, where levels changed 
only slightly from 73 to 70 dB re 1 μPa between 100 Hz and 1 kHz.  Thus, in the winter ambient sound 
levels dropped off more rapidly and down to lower sound levels with increasing frequency than in the 
summer.  This was most likely due to the lack of shipping sounds, which peak at 100 Hz in the Wenz 
curves (FIGURE 5-8) and are most dominant from 10 Hz to 1 kHz.  Also the increase in ice concentration 
and thickness reduced the effect of sea state, but not of wind, on sound levels.  Summer sound levels were 
affected by both sea state and wind sounds.  
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FIGURE 5-18.  Percentile 1-minute average spectral levels (dB re 1 µPa) at WN20 and W50. 

  

FIGURE 5-19.  Percentile 1-minute average spectral density levels (dB re 1 µPa / Hz) at PLN60 and 
PLN40. 
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FIGURE 5-20.  Percentile 1-minute average spectral 
density levels (dB re 1 µPa / Hz) at PL50. 

 

Weather data from the Barrow Airport (PABR) weather station were provided by the Alaska Ocean 
Observing System and the National Climatic Data Center (FIGURE 5-21).  Air temperature varied over the 
study period from -43 ºC to 15 ºC (-45 ºF to 59 ºF).  The average air temperature was -11 ºC (12 ºF).  
Wind speeds were between 0 m/s and 18.0 m/s and averaged 5.5 m/s.  These weather data were used to 
explain some of the sound levels in the ambient sound data time series analyses.   
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FIGURE 5-22.  Temperature and wind speed at Barrow Airport from 18 Dec 2007 to 31 July 2008. 

 

The next five figures (FIGURE 5-23 to FIGURE 5-24) show the band levels and spectrograms for the 
entire recording periods over winter for WN20, W50, PLN60, PLN40, and PL50, respectively.  More 
detailed analyses of monthly data on PL50 follow.  Seismic shots were evident on all five OBHs until 
early Nov.  Some quieter periods occurred in early Feb when wind speeds were below 5 m/s and 
temperatures were below -20 ºC (-4 ºF).  Marine mammal sounds were clearly visible on the spectrograms 
in Dec 2007 (from PLN40 and PL50) and also in May 2008 (from all five OBHs but to a lesser degree on 
WN20 and PLN60, the two furthest offshore OBHs).  Red sections in the spectrograms below, 
representing elevated sound levels, were mostly visible below 10 Hz and were due to wind sounds in the 
shallow water (as described in the Wenz curves).  These wind sounds were audible even through the 
surface ice.  This effect was clearly stronger on the shallower water OBHs, W50 and PL50.  
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FIGURE 5-25.  Decade band levels and spectrogram from WN20 
overwinter.  

 

 

FIGURE 5-26.  Decade band levels and spectrogram from W50 overwinter.  
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FIGURE 5-27.  Decade band levels and spectrogram from PLN60 
overwinter.  

 

FIGURE 5-28.  Decade band levels and spectrogram from PLN40 
overwinter.  
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FIGURE 5-29.  Decade band levels and spectrogram from PL50 
overwinter.  
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FIGURE 5-30.  Overwinter broadband ambient sound levels, summed over the range of 0 – 8 kHz. Y-
axis units are dB re 1 μPa. 

 

Impact of Mammals on Ambient Sound 

Plotting the spectrograms in monthly spans allowed us to focus on some more notable sounds 
recorded over winter.  Since PL50 had the majority of clear marine mammal sounds, a few months of data 
from this OBH were selected for more detailed analyses.  Seismic survey shots were evident until 4 Nov 
in the 100–1000 Hz band with levels of about 100 dB re 1 μPa ( FIGURE 5-31).  This band then reduced to 
approximately 87 dB re 1 μPa.  There appeared to be a break in the seismic surveys on 3 Nov and during 
this time bowhead vocalizations were present between 80 and 800 Hz.  More bowhead calls between 
150–400 Hz were present on 10–11 Nov.  On 18-19 Nov, there were more bowhead calls around 250 Hz.  
Bowhead moans were also present on 29 Nov.  

The low frequency sound waves below 100 Hz were created by the effect of increased wind speeds 
(FIGURE 5-32) over shallow water.  Drops in temperature on 12, 19, and 27 Nov appeared to coincide with 
increases in very low frequency sound; however, not every one of these sound events was associated with 
an obvious temperature or wind speed change.  The sound on 21 Nov at 2000 Hz was from squeaking ice.  
The development of ice along the Chukchi coastline in early Nov is shown in the maps in FIGURE 5-33.   



5-34     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

 

FIGURE 5-34.  Decade band levels and spectrogram from PL50 in Nov 2007 depicting a) 
seismic sounds through 5 Nov, b) increased noise below 100 Hz coinciding with wind or 
temperature effects, and c) bowhead calls in the 200 to 300 Hz band at the end of Nov. 

 

 

FIGURE 5-35.  Temperature and wind speed at Barrow Airport in Nov 2007. 
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FIGURE 5-36.  Ice concentrations on 1 Nov and 10 Nov 2007.  

 

In Dec 2007, songs of bowhead whales were prevalent in the ambient sound results in the 100–
1000 Hz band (FIGURE 5-37).  The energy levels in their calls peaked at 250 and 350 Hz ( FIGURE 5-38).  
Sound levels in this decade band increased by 20 dB when the bowheads were calling, which was most 
noticeable 15–20 Dec when wind speeds were less than 7 m/s and thus wind sound was negligible 
(FIGURE 5-39).  Over these six days, the bowhead songs made up virtually all of the ambient sound at 
levels of just over 100 dB re 1 μPa.  The bowhead songs contributed extra sound across all frequency 
bands.  On 28 Dec, with no bowhead songs or wind sound, the 100 Hz to 1 kHz band had levels of 80 dB 
re 1 μPa.  On 4 Dec, high wind sound was also evident that increased the broadband sound levels to 
135 dB re 1 μPa.  The ice concentrations increased substantially throughout the Chukchi Sea in Dec but 
PL50 remained on the edge of the ice extent (FIGURE 5-40).  On 10 Dec, satellite imagery indicated 100% 
ice coverage extending to 30 nmi from the Chukchi Sea coastline.  Bowhead singing was heard 
continuously until 22 Dec on PL50.  The broadband levels shown in FIGURE 5-30 indicate that broadband 
levels were above 120 dB almost continuously through Dec, mainly due to bowheads singing. 
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FIGURE 5-41.  Decade band levels and spectrogram from PL50 in Dec 2007 showing 
a) bowhead songs in the 100–1000 Hz band from 5 to 22 Dec and b) strong shallow 
water wind sounds on 4 Dec.  

 

 

FIGURE 5-42.  Temperature and wind speed at Barrow Airport in Dec 2007. 
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FIGURE 5-43.  Percentile 1-minute average spectral density levels (dB re 
1 μPa / Hz) at PL50 on 18 Dec 2007 showing the impact of bowhead 
songs on the ambient sound. 

 

  

FIGURE 5-44.  Ice concentrations on 1, 10, and 20 Dec 2007.  
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In Feb 2008, there were periods of time with sound as low as 87 dB re 1 μPa broadband on 6 and 8 
Feb (FIGURE 5-45).  During the first 12 days of Feb, temperatures were below -20 ºC (-4 ºF) and the ice 
may have been so solid that there was little movement or cracking (FIGURE 5-46).  The percentile spectral 
levels in FIGURE 5-47(left) on 8 Feb show very low sound levels below 1 kHz, indicating a lack of 
shallow water wind sound.  As temperatures rose through the 22nd, sound below 100 Hz increased, which 
was likely from shallow water wind effects and cracking ice.  The percentile spectral levels for 15–16 Feb 
depict these noisier ice conditions, especially below 100 Hz (FIGURE 5-48, right).  Bearded seal calls were 
heard in Feb but did not contribute substantially to the ambient sound levels.   

 

 

FIGURE 5-49.  Decade band levels and spectrogram from PL50 in Feb 2008 
showing lower sound levels due to heavy ice conditions and fewer marine 
mammals.  
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FIGURE 5-50.  Temperature and wind speed at Barrow Airport in Feb 
2008. 

 

      

FIGURE 5-51.  Percentile 1-minute average spectral density levels (dB re 1 μPa / Hz) at PL50 
on 8 Feb and 15-16 Feb 2008 showing “quiet” and “noisy” ice, respectively.  Note the 
difference in y-axis scales. 
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Although bearded seal trills did not contribute appreciably to the ambient sound levels in March 
and April, they dominated the ambient sound in May 2008, especially between 200 Hz and 3 kHz 
(FIGURE 5-52).  On 16 and 21 May, when the wind (FIGURE 5-53) or ice sound was minimal, the seal 
calls contributed about 100 dB re 1 μPa to the ambient sound levels.  When the seals were calling, the 
sound levels in the 100–1000 Hz band increased by 15 dB.  The percentile spectral levels (FIGURE 5-54) 
had a significant peak in sound levels between 100 Hz and 2 kHz and also showed a 15 dB increase in 
ambient sound.  On 1 May, the ice concentration decreased to about 85% directly offshore of Point Lay 
(FIGURE 5-55).  By 15 May, open water extended to 50 nmi offshore from Point Hope to just south of 
Wainwright.  The bearded seal calls increased substantially over this period of ice breakup.  In FIGURE 5-
30, we see that the bearded seals increase the broadband ambient sound levels to nearly 120 dB re 1 μPa 
for all of May. 

 

 

FIGURE 5-56.  Decade band levels and spectrogram from PL50 in May 2008 
showing increased levels in the 100–1000 Hz band from bearded seal trills as well 
as ice breakup in the 10–1000 Hz band until 15 May.  
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FIGURE 5-57.  Temperature and wind speed at Barrow Airport in May 2008. 

 

 

FIGURE 5-58.  Percentile 1-minute average spectral density levels (dB re 
1 μPa / Hz) at PL50 in May 2008 showing the impact of bearded seal 
trills on the ambient sound. 
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FIGURE 5-59.  Ice concentrations on 1 and 15 May (top) and 1 and 15 June (bottom). 
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On 10 July, walrus knocking calls appeared in the spectrogram between 50 and 600 Hz (FIGURE 5-
60).  The high amplitude sound after 19 July was due to the approach of the vessel and the recovery of the 
OBH.  Recording stopped at PL50 on 20 July.  Wind sound was present from 7 to 16 July (FIGURE 5-61).   

 

FIGURE 5-62.  Decade band levels and spectrogram from PL50 in July 2008.  

 

 

FIGURE 5-63.  Temperature and wind speed at Barrow Airport in July 2008. 
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Fall 2008 Ambient Sounds 

From 27 Sep to 16 Oct 2008, data from the four OBHs (WN20, W20, PLN80, and PLN40) were 
processed to study the ambient sound.  The temperatures ranged from -5 ºC to +1 ºC (23 ºF to 34 ºF) most 
of that time period with a drop on 14–15 Oct to -13 ºC (9 ºF) (FIGURE 5-64).  Wind speeds fluctuated 
between 0 m/s and 14 m/s, with maximas occurring on 4 Oct and 10–12 Oct.   

FIGURE 5-65 to FIGURE 5-66 show the decade band levels, spectrograms, and percentile spectral levels for 
WN20, W20, PLN80, and PLN40 respectively.  Increased sound levels relative to nominal levels were 
evident on all four OBHs, particularly on 4, 11-12, and 15 Oct.  The sound levels caused by wind were 
higher in shallower water at W20 (FIGURE 5-67).  Seismic airgun shots were evident from the start of the 
deployment to 10 Oct on the PLN40 spectrogram (FIGURE 5-68) as well as on the percentile histogram 
(FIGURE 5-69).  The broadband seismic sound levels did not appear to be any louder than the wind sound; 
however, the energy was pulsive and concentrated in distinct frequency bands roughly in multiples of 30 
Hz.  Most of the seismic energy was in the 50 to 700 Hz band.  The closest point of approach to PLN40 of 
the seismic vessel was 29 Sep with a broadband sound level of 118 dB re 1 μPa.  On WN20, a ship 
clearly passed on 12 Oct with a peak in broadband sound pressure level of almost 120 dB re 1 μPa 
(FIGURE 5-70).  Broadband noise levels on all five recording stations for the period of 27 Sep to 17 Oct 
are presented below (FIGURE 5-71). 

 

FIGURE 5-72.  Temperature and wind speed at Barrow Airport in Oct 2008. 
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FIGURE 5-73.  Decade band levels and spectrogram from WN20 in Oct 2008. 

 

FIGURE 5-74.  Percentile 1-minute average spectral density levels (dB re 
1 μPa / Hz) at WN20 in Oct 2008. 
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FIGURE 5-75.  Decade band levels and spectrogram from W20 in Oct 2008. 

 

FIGURE 5-76.  Percentile 1-minute average spectral density levels (dB re 
1 μPa / Hz) at W20 in Oct 2008. 



Chapter 5:  Chukchi Sea Acoustic Monitoring Program     5-47 

 

FIGURE 5-77.  Decade band levels and spectrogram from PLN80 in Oct 2008. 

 

FIGURE 5-78.  Percentile 1-minute average spectral density 
levels (dB re 1 μPa / Hz) at PLN80 in Oct 2008. 
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FIGURE 5-79.  Decade band levels and spectrogram from PLN40 in Oct 2008. 

 

FIGURE 5-80.  Percentile 1-minute average spectral density levels 
(dB re 1 μPa / Hz) at PLN40 in Oct 2008. 



Chapter 5:  Chukchi Sea Acoustic Monitoring Program     5-49 

 

FIGURE 5-81.  Broadband sound pressure levels in fall 2008. Y-axis units are dB re 1 μPa. 

 

Seismic Survey Sounds 

Seismic Survey Sounds - Overwinter 2007-2008 

The seismic survey detections on the overwinter recordings clearly showed the end of the summer 
2007 Shell surveys at the beginning of the deployment.  The seismic survey was first detected on 21 Oct 
2007 when the PL50 recorder was deployed.  The survey was subsequently detected at the other four 
stations (W50, WN20, PLN40, and PLN60) starting upon their respective deployment date (21–25 Oct), 
except at WN20 where the survey was not detected until 28 Oct.  The survey consisted of two active 
phases separated by an inactive phase.  Airgun pulses were first detected between 21 and 26 Oct.  The 
survey was then discontinued until 28 Oct and resumed until 4 Nov.  The number of detections per file 
did not vary significantly between stations (FIGURE 5-82).  The repetition rate of seismic events varied 
between 10.3 and 11.3 s when the full-scale array was operated and increased to 20 s in the case of 
mitigation guns.  A spectrogram of an airgun pulse is shown in FIGURE 5-83. 
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FIGURE 5-84.  Number of seismic events per file detected at each station.  Events after 4 Nov were 
false seismic survey detections.  

The per-file average received sound pressure levels (SPLs) per station were highest at PLN60, 
followed in decreasing order by W50, PLN40, WN20, and PL50.  Average SPLs typically varied between 
110 and 130 dB re 1μPa (rms) except at PLN60 where they increased beyond 140 dB re 1μPa (rms) on 
three occasions.  Maximum SPL (FIGURE 5-85) per file were consistently above 140 dB re 1μPa at 
PLN60, on one occasion at W50, and between 120 and 140 dB re 1μPa at the three other stations.  
Absolute maximum SPL was 144.6 dB re 1μPa (rms), measured at PLN60 on 4 Nov.   

 

FIGURE 5-86.  Loud airgun pulse recorded at PLN60 on 21 Oct 2007 at 
09:00. Spectrogram of frequency (0–1000 Hz) vs. time (5 s) generated 
using 1024 real points, 8192-FFT, and 4096 points to advance.  
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FIGURE 5-87.  Maximum seismic survey SPL (dB re 1 μPa) per file.  The events after 4 Nov have 
been identified as noise.  

A short bout of seismic survey activity was also detected between 26 and 27 July at PLN60 and 
W50.  Recorders at PL50 and PLN40 had already been retrieved at that time. SPLs at PLN60 varied 
between 92.5 and 103.1 dB re 1µPa.  The lack of detections at WN20 and the very low signal-to-noise 
ratio of pulses received at W50 suggests that source levels were relatively low, indicating a small volume 
airgun or airgun array.  The pulse intervals detected were 10.5–11 s, 22 s, and 30 s. 

False Detections 

A number of detections (shown in FIGURE 5-88 and FIGURE 5-89or not displayed because they 
contained fewer than 50 events per file) were confirmed as false positives.  These false detections 
included impulsive ice noise or were caused by anomalous sounds that could be due to high level, low 
frequency ambient sounds.  

Acoustic Footprints of Seismic Survey 

In order to evaluate the area ensonified by airgun pulses during the seismic survey that took place 
in the Chukchi Sea between 21 Oct and 4 Nov, we first defined the area that concentrated most survey 
effort.  After displaying the GPS-derived track of the Gilavar while she was actively shooting, it appears 
that the survey strongly focused in time (13 out of 15 days) and space (70% of hourly positions) on an 
area displayed in the red box in FIGURE 5-90.  We used the Gilavar’s GPS positions to generate maps of 
buffered areas centered around each of the positions and with radii equal to the range to the broadside 
sound level thresholds measured during the 2007 Gilavar sound source verification and corresponding to 
the maximum distances sound rms sound levels reached the thresholds: 190, 180, 160, and 120 dB re 
1 µPa.  These buffered areas are shown in FIGURE 5-91, FIGURE 5-92, FIGURE 5-93, and FIGURE 5-94, 
respectively.  The buffered areas for single positions were merged when overlapping, resulting in large 
buffers in the case of the 120, 160, and 180 dB re 1 µPa sound level thresholds.  The surface area and 
radius of each of the buffers is shown in TABLE 5-5.  The regional deployment layout of JASCO's buoys 
was designed to measure sound characteristics over a very large region of the Chukchi.  A dedicated 
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sound source verification study was performed separately to define the 190 dB 180 dB 160 dB and 120 
dB threshold radii.  This study also measured detailed sound levels, spectral characteristics, and 
directivity of seismic sounds produced by Shell's seismic surveys (D. Hannay and G. Warner, 2008) 

 

 

FIGURE 5-95.  Gilavar hourly GPS positions during active shooting 
between 21 Oct and 4 Nov 2007.  The red box contains positions that 
were used to generate buffered areas corresponding to marine mammal 
protective and exclusion zones. 

 

FIGURE 5-96.  190 dB re 1 μPa buffered areas around Gilavar GPS 
positions. 
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FIGURE 5-97.  180 dB re 1 μPa buffered area around Gilavar GPS 
positions. 

 

 

FIGURE 5-98.  160 dB re 1 μPa buffered area around Gilavar GPS 
positions. 
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FIGURE 5-99.  120 dB re 1 μPa buffered area around Gilavar GPS 
positions. 

 

TABLE 5-6.  Radii and surface area of buffered areas around Gilavar GPS positions. 
The area of the 190 dB re 1 μPa buffer is the sum of all (n = 185) buffers around 
single GPS positions as they were too small to be merged into one whole buffer. 

Broadside sound  
level threshold (dB) 

Buffer radius (m) Buffer area (km2) 

190 545 65.6 
180 2,470 594.6 
160 8,100 1,491.6 
120 66,000 13,420.4 

 

Seismic Survey Sounds - Fall 2008 

There were no ongoing Shell seismic surveys during the redeployment of five Aural OBH units 
between 26 Sep and 17 Oct 2008.  However, seismic pulses were detected.  The short and irregular pulse 
intervals are indicative of shallow-hazard type seismic surveying (FIGURE 5-100).  Pulse intervals ranged 
between 2.5 and 4 s.  The survey was not continuous, but detections occurred over large portions of the 
recording period (FIGURE 5-101 and FIGURE 5-102).  The fact that pulses were recorded only at PLN40 
suggests a small volume airgun or airgun array, which is consistent with the design and requirements of 
shallow-hazard surveys.  As Shell had no active seismic vessels at that time, it is suspected that another 
seismic survey was underway in the vicinity. 

The SPL (dB re 1 µPa) associated with these seismic events are shown in FIGURE 5-103 and 
FIGURE 5-104.  SPLs varied between 95.6 and 132.1 dB re 1 µPa.  FIGURE 5-105depicts the typical saw-
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tooth pattern of alternatively increasing and decreasing SPLs as the survey closes on, and moves away 
from, the recorder. 

 

FIGURE 5-106. SPL (rms-90%) for airgun pulses recorded at PLN40.  Time is in days relative to 28 Sep 
2008 (deployment day). Recordings ended on 17 Oct.  

 

FIGURE 5-107. Close-up on airgun pulses SPLs measured at PLN40 between 8 and 10 Oct 2008.  Time is 
in days relative to 28 Sep 2008. 

 

The sound exposure levels (SEL) ( FIGURE 5-108) for these pulses followed the same saw-tooth 
pattern observed by SPLs.  SELs ranged between 93.1 and 125.5 dB re 1 µPa. 
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FIGURE 5-109. SEL for airgun pulses recorded at PLN40. Time is in days relative to 28 Sep 2008 
(deployment day). Recordings ended on 17 Oct. 

 

 

 

FIGURE 5-110. Airgun pulses recorded at PLN40 on 29 Sep 2008 at 
12:43. Spectrogram generated using 1024 real points, 8192-FFT and 
4096 points to advance. 

 

Seismic Sound Level Maps from Net Array Measurements 

Acoustic Data 

The seismic sound levels (within 100 km) of the 3-D seismic airgun array were derived from 
results of two SSV studies for Shell Offshore Inc. in the Chukchi Sea.  The SSV measurements were 
made near the Burger prospect on 28–29 Aug 2007 and near the Kakapo prospect on 27–28 Jul 2008.  
The average forward-endfire source level of the 3147 in3 airgun array operated at both of these locations 
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was 262.6 dB re 1 µPa @ 1m.  These results are discussed above. The same seismic sounds were also 
recorded on several of the recorders laid out over a larger area of the Chukchi.  The following section 
discusses the levels of those measurements and provides contour maps of the measured levels. 

Net Array Detections 

Seismic survey airgun pulses were detected during the Burger prospect and Kakapo prospect SSV’s 
on the net array recorders.  We examined two 30-minute periods of those measurements, by seven OBH 
recorders on 3 Sep 2007, between 14:15 and 14:45 AKDT and by four OBH recorders on 25 Oct 2007, 
between 05:00 and 05:30 AKDT.  The 90th percentile rms sound pressure levels (SPLs) recorded were 
between 105 and 138 dB re 1 µPa.  The mean 90% rms SPL over the half-hour detection period for each 
OBH is given in TABLE 5-7. 

TABLE 5-8. Mean 90% rms sound pressure level (SPL) over a 
half-hour period of airgun pulse detections for each OBH 
recorder. 

OBH Recorder Distance from 
source (km) 

90% rms SPL 
(dB re 1 µPa) 

3 Sep 2007, 14:15–14:45 AKDT  
PLN40   35.6 138.7 
PL50   98.7 114.4 
WN40 112.6 110.9 
W20 119.1 106.9 
PL20 136.6 112.5 
PL15 144.2 115.7 
CLN80 154.7 105.7 

25 Oct 2007, 05:00–05:30 AKDT 
W50R   35.8 125.1 
W35R   59.8 124.4 
B50R 164.8 106.0 
B35R 172.3 107.9 

 

Analysis 

For each OBH recorder, the transmission loss factor (n) along the radial path from source to 
recorder was calculated based on an empirical fit to a logarithmic variation in the received level (RL) with 
distance (r) from the source according to: 

 RL = SL-nlog(r) (7) 

where SL is the airgun array sound source level, assumed to be 262.6 dB re 1 µPa which was based on the 
corresponding SSV measurements as discussed previously.  The survey vessel was approximated as being 
stationary at the mean vessel position over the half-hour detection period, because all recorders were at 
relatively large distances from the survey vessel in comparison with the length of the survey track lines 
(about 4.4 km). 

Two-dimensional sound level isopleth maps were generated by interpolating the value of n of the 
fits for each recorder through azimuthal angle.  Again, the sound source was assumed to be stationary.  
This procedure was performed independently for the 3 Sep and 25 Oct 2007 detections. 
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Results 

The results from the interpolation of detections on 3 Sep and 25 Oct 2007 are mapped in FIGURE 5-
111.  The 95th percentile radius and associated area for each sound level threshold are given in TABLE 5-9.  
Data from OBH PLN40 was omitted from the analysis of the 3 Sep 2007 data, because this recorder had 
an anomalously high mean 90% rms SPL and resulted in a transmission loss factor significantly lower 
than those associated with all other OBHs.  Note that the four recorders with airgun pulse detections on 
25 Oct 2007 span an angular range of only 56°; therefore the resulting noise map to the west of the source 
is based on an extrapolation through an azimuthal range of over 300° based on fairly distant 
measurements. 

 
FIGURE 5-112.  Underwater rms sound pressure levels from interpolation and extrapolation of 
measurements on net array buoys (SPL, dB re 1 µPa), based on mean 90% rms SPL of airgun shots 
detected on (left) 3 Sep and (right) 25 Oct 2007, assuming a source SPL of 262.6 dB re 1 µPa. 

TABLE 5-10.  Underwater rms sound pressure level (SPL) radii, based on 3 Sep 
and 25 Oct 2007 airgun detections, assuming a source SPL of 262.6 dB re 1 µPa. 

 3 September 2007     25 October 2007     
rms SPL 
(dB re 1 µPa) 

95% rms 
radius (km) 

Area  
(km2) 

 95% rms 
radius (km) 

Area1  
(km2) 

170 1.1 2.5  1.1 4.0 
160 2.5 15  2.5 18 
150 5.1 66  5.3 84 
140 11 300  11 380 
130 25 1300  25 1700 
120 54 6000  53 7900 
110 120 27,000  110 36,000 
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100 260 120,0001 
 

250 
167,000
1 

1 Areas extend beyond shoreline for SPLs below 110 dB. 
 
Sound Source Verification 

Acoustic Data 

Two SSV measurements were made during Shell’s 3-D seismic survey programs near the Burger 
prospect on 28–29 Aug 2007 and near Kakapo prospect on 27–28 Jul 2008.  Distances to sound level 
thresholds between 190 and 120 dB re 1 µPa were derived from these measurements in both the broadside 
and endfire directions. 

Results 

Sound level threshold zones ( FIGURE 5-113) were computed as ellipses with semi-major and semi-
minor axes set, respectively, to the corresponding broadside and endfire threshold distances from the SSV 
measurements ( TABLE 5-11).  The displayed threshold zones are representative of the sound field at the 
times the survey airgun array source was at the center positions of the ellipses at each prospect.  These 
zones would be translated as the survey vessel and towed airgun array source traversed the survey lines. 

The size of zones ensonified above specific sound level thresholds is dependent on the seismic 
source level and geoacoustic properties of the environment.  The properties that most affect sound 
propagation are water depth, water sound speed (mainly controlled by the temperature profile of the water 
column), and acoustic properties of the seabed.  Variations in seabed properties can affect sound 
propagation significantly; therefore resulting variation in the size of the ensonified zones would be 
expected as the surveys progressed. 

 

FIGURE 5-114.  Measured sound level threshold zones from SSV for 3147 in3 airgun array at the (left) 
Kakapo Prospect and (right) Burger Prospect.  Threshold values are in dB re 1 µPa rms computed from 
time windows containing 90% of the pulse energy. 
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TABLE 5-12.  Endfire and broadside sound level threshold distances, along with areas of the resulting 
ellipses, from SSV measurements for the 3147 in3 airgun array at Kakapo Prospect (27–28 Jul 2008) and 
Burger Prospect (28–29 Aug 2007). 

Kakapo Prospect, 2008      Burger Prospect, 2007     
rms SPL 
(dB re 1 µPa) 

Endfire 
(km) 

Broadside 
(km) 

Area 
(km2) 

 Endfire 
(km) 

Broadside 
(km) 

Area 
(km2) 

190 0.544 0.535 0.91  0.450 0.545 0.77 
180 1.27 1.743 6.94  1.14 2.47 8.85 
170 2.93 5.10 46.97  2.90 4.50 41.00 
160 6.69 12.28 258.3  7.15 8.10 181.9 
150 14.8 23.89 1,114  13.0 13.6 553.3 
140 31.1 38.71 3,789  40.0 23.0 2,887 
130 60.0 56.01 10,559  55.0 38.9 6,721 
120 104.32 74.81 24,515  58.4 66.0 12,109 
1 Extrapolated from maximum measurement range of 34.9 km broadside. 
2 Extrapolated from maximum measurement range of 97.6 km endfire. 
 

 

Shipping Sounds 

The purpose of the shipping analysis was to provide information on the intensity and frequency 
spectrum of the sounds emitted by the vessels associated with the seismic survey activities as well as any 
other shipping that may have been detected.  This section provides an overview of the shipping detections 
found in the data sets.  The remainder of the information is contained in Appendix I. 

To understand the significance of the shipping detections one needs to compare the signal levels 
detected to the intensity of other sounds in the ocean.  FIGURE 5-115 depicts narrowband shipping levels 
in relationship to the seasonal ambient noise curves for OBH WN20 (the recorder with the majority of 
shipping detections).  For some vessels the signals reached approximately 50 dB above the mean ambient 
noise levels.  On this particular OBH, the majority of the shipping detections were Shell related; however, 
other non-Shell vessels are also verified in the detailed shipping sound analysis.  The shipping detections 
were verified by frequency analysis and navigational track data.  In FIGURE 5-116 narrowband SPLs 
from the Norseman II are represented by blue rectangles at 127 dB re 1 µPa  at 12 km, 100 dB re 1 µPa  at 
40 km, and again at 113 dB re 1 µPa at 14.5 km from the OBH.  Frequencies measured were 63 Hz 
(engine firing rate), 14.5 Hz (propeller blade component), and 13.6 Hz (propeller blade component).  It 
should be noted that the Norseman II's sound signature had a lower frequency spectrum than the other 
vessels represented, due to the noise consisting mostly of blade, shaft, and low-frequency engine 
components.  By thorough comparison, the CPAI and/or unverified shipping activity SPLs close to the 
Burger prospect area were of a higher radiated frequency, depicted in FIGURE 5-117 as green rectangles 
and still well above the seasonal ambient noise curves at 94.6, 95, 97.1, and 98 dB re 1 µPa at estimated 
distances of 10.5, 10.5, 9, and 8 km, respectively.  Of particular note on these units, generators, pumps 
and pole motors are the major contributors to ship's radiated noise as expected for these larger vessels 
with deeper drafts.  Included in the comparison and in very close proximity to each other, were Torsvik, 
Gilavar, and Theresa Marie.  Although frequencies analyzed were similar in the frequency spectrum to 
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that of vessels working for other operators at the same time, these vessels were very close together thus 
eliminating any means of identifying individual ships via discrete radiated frequencies with certainty 
when considering limited spatial separation between the radiated frequencies.  Their combined broadband 
signature however was negligible when compared to that of other units analyzed, a factor due in part to 
range from the OBH and the slower speeds of the units when measured.  Although the Norseman II's 
broadband component was higher than other units for this particular comparison on OBH WN20, it must 
be remembered that these units were, in some instances, at greater distance from the OBH when measured 
(see Figure K-10 in the appendix) 
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FIGURE 5-118:  Seasonal ambient noise curves for Aural WN20; narrowband shipping SPLs 
overlaid.   Blue rectangles are tonal level detections from the Norseman II, green rectangles 
are from the ConocoPhillips survey vessel, and red rectangles are detections from the 
Torsvik, Gilavar, and Theresa Marie transiting past the station. Vessel distances 
corresponding to these detection levels are discussed in the previous section. 

 Analysis of the main shipping detections for the Wainwright and Point Lay lines for both 
Overwinter 2007 and Fall 2008 are shown in FIGURE 5-119 and TABLE 5-13.  The known shipping from 
Shell activities accounted for a significant proportion of the tonal peaks in FIGURE 5-119 and TABLE 5-
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13; however, there was evidence of other shipping present in the immediate area accounting for 
components of the additional detections.  There were a number of detections of large slow rotating diesel 
engines, controlled pitch and non-controlled propeller cavitations, secondary diesel generators, hydraulic 
pumps, and a plethora of rotating electric motors which would imply larger supply vessels, support ships 
and seismic vessels not accounted for in our tables but described in the attached analysis sheet for detailed 
shipping.  There were also several detections of smaller outboard motor vessels, operating in the vicinity 
of seismic survey operations.  A number of spectrograms have been included in Appendix I as examples 
of the detailed analysis conducted. 

 

FIGURE 5-119. Shipping tonals in fall 2008. 

TABLE 5-13: Summary of detections on Point Lay and Wainwright lines.  

Ship Date Date Date Date OBH Detections 

Norseman II 09-27 10-13 10-14  Aural W20 61 
CPAI Vessel 10-07    Aural W20 53 
CPAI Vessel 10-01 10-08 10-14 10-15 Aural PLN40 103 
Norseman II 10-16 10-17    30 
Norseman II 
CPAI Vessel 
Torsvik  
Theresa Marie  
Gilavar 

09-26 
10-09 
10-12 

10-15 
 
10-13 

  Aural WN20 46 
29 
12 

Norseman II 10-16    Aural PLN80 8 

 

TABLE 5-14 and FIGURE 5-120 include the summary of detections overwinter for individual ships 
in accordance with FIGURE 5-119 and TABLE 5-13.  Shipping activities annotated as unknown and Aural 
recording artifact(s) have been omitted for brevity but are included in the appendix in TABLE K-1.  
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FIGURE 5-120.  Shipping tonals overwinter 2007-2008.  The annotations indicate the number of actual 
tonals found per file. 

 

TABLE 5-15:  Summary of overwinter detections. 

Ship Date Date Date Date Recorder 
Station 

Detections 

Nanuk 10-27    WN20A20 35 
Gilavar 
Norseman II 

10-26 
11-04 

   PLN60A28 47 
15 

Gilavar 11-04    W50A23 24 
Gilavar 11-04    PLN40A27 16 
Nanuk 
Norseman II 
 

10-28 
11-04 

07-12   PL50A26 21 
5 

 

TABLE 5-16 compares the measured broadband levels by date for each specific band level with shipping 
activities while summing the band levels from multiple noise sources.  This table shows the impact of 
shipping levels when compared directly to the overall broadband levels measured from 0 to 2000 Hz 
while capturing all incoherent shipping activities as well as much of the seismic survey sounds and 
marine mammal vocalizations in this band level.  When compared with the broadband levels in FIGURE 5-
30 and  

FIGURE 5-81, it is apparent that shipping adds to overall broadband level peaks when considering number 
of detections on specified days.  A direct example from the tables would be a comparison of shipping 
activities on Aural WN20 on 27 Sep 2008.  Broadband levels peak appreciably in this band level as 
illustrated in TABLE 5-17, in this case the shipping activity in question was Norseman II at 12 km from 
the Aural with a measured BBSPL of 126.6 dB re 1μPa as seen in FIGURE 5-118 and TABLE 5-18. 
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TABLE 5-19: Quantity of shipping detection compared with maximum ambient levels and broadband SPLs 
(BBSPL) from 0 to 2000 Hz. 

OBH % files with 
definite 
shipping 
detections 

Minimum 
BBSPL 

Median 
BBSPL 

Maximum 
BBSPL 

Comments 
 

Mean BBSPL 
per sensor 
0–2000 Hz 

PL50A26 0.63 85.83 101.73 133.76 Nanuk 
Norseman II 
Gilavar 

127.75 

PLN60A28 0.24 85.301 96.24 139.194 Gilavar 
Norseman II 

129.2 
 

WN20A20 0.12        86.39 96.86 139.26 Nanuk 
Small pleasure 
craft 

136.84 

W50A23 0.35 85.46 100.95 143.07 Gilavar 
Nanuk 
Norseman II 

138 
 

Aural PLN40 13.05 86.41 103.32 117.40 CPAI 111.87 
Aural PLN80 1.51 83.86 103.54 129.16 (Norseman Only) 122.75  
Aural W20 1.51 89.13 103.96 132.64 (Norseman II Only) 

Conoco Phillips 
Unit  
Torsvik  
Gilavar       
Theresa Marie  

131.4 
107 
 
132 
 

Aural WN20 5.71 87.53 102.49 137.75 (Norseman II Only) 
Conoco Phillips 
Unit  
Torsvik 
Gilavar 
Theresa Marie  

127.2 
111.3 
 
127.2 

Aural W50 0.0 86.33 101.91 141.69 No detections N/A 
 

Biologic Sounds 

This section presents the detections and classifications of animal-generated sounds as determined 
by the automated detection system and validated by manual analysis.  The objective of the processing was 
to examine the spatial and temporal distributions of detected marine mammal vocalizations in order to 
better understand animal habitat use and migration paths.  Four main species were studied (bowheads, 
walruses, belugas, and ice seals) using data from the overwinter 2007-2008 period and from the summer 
to fall 2008.  The analysis focussed on determining when each species was present and the relative 
magnitude (in number of detections) of the acoustic activity.  The acoustic recorders can only detect 
vocalizing animals, and the rate of vocalization could vary between individuals and in time.  Numbers of 
calls per species do not represent relative abundances of species.   
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The results presented here were generated using the processing stream described in the Analysis 
section (Processing Overview, Biologic Sounds).  During manual verification of the outputs of the 
classifier, which produced a number of detections per species, the reliability of the classifier was species 
dependent.  We summed the number of detections for each class (excluding the Noise class) and assigned 
a percentage of these sums to each species based on their relative abundance in the data file, which was 
estimated by manual review of spectrograms for a sample of files.  We targeted primarily files with higher 
numbers of detections.  Files around the checked ones were assumed to contain the same assortment of 
species.  18% of all files were reviewed, and 30% with large numbers of detections were reviewed, as 
shown in TABLE 5-20.   

Overwinter Detections 

The overwinter data were collected from late Oct 2007 to end of July 2008.  Marine mammal calls 
detected through the automated process on each of the five OBHs are plotted in FIGURE 5-121 to FIGURE 
5-122.  All five show an increase in call detections from Apr to Jun.  These large numbers of detections 
were from breeding season trills of bearded seals.  With the exception of WN20, a sharp peak in call 
detections also occurred in Dec, especially at PL50.  These detections were identified as bowhead whale 
calls, predominantly in the form of continuous songs.  Bowhead calls were also predominant in Nov.  
Detections from Jan to Apr were generally of bearded seals but a few of the spikes were due to ice 
cracking sounds.  Beluga whales were detected in Apr and Jul.  Walrus knocks were also present in Jul.  
A more detailed analysis of marine mammal call distribution by species follows.   

TABLE 5-20: Manual validation of 2008 data files. 

Station Deployment Files checked  Files with ≥ 10 detections 
W50 Overwinter 392 1558 
WN20 Overwinter 390 1535 
PL50 Overwinter 456 1502 
PLN60 Overwinter 385 1540 
PLN40 Overwinter 371 1411 
PLN40 Aurals 126 500 
W50 Aurals 81 233 
WN20 Aurals 100 395 
W20 Aurals 129 423 
PLN80 Aurals 106 377 
B5 AMARs 27 102 
B20 AMARs 4 5 
B35 AMARs 56 220 
CLN80 AMARs 8 25 
PLN60 AMARs 10 39 
PLN80 AMARs 26 84 
WN40 AMARs 46 181 
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FIGURE 5-123.  Marine mammal call detections per 48 min data file overwinter at WN20.  

 

 

FIGURE 5-124.  Marine mammal call detections per 48 min data file overwinter at W50. 

 

 

FIGURE 5-125.  Marine mammal call detections per 48 min data file overwinter at PLN60. 
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FIGURE 5-126.  Marine mammal call detections per 48 min data file overwinter at PLN40. 

 

 

FIGURE 5-127.  Marine mammal call detections per 48 min data file overwinter at PL50. 

 

 

Bowhead Whales 

Bowhead whale calls were recorded on the overwinter OBHs from the beginning of the deployment 
(20 Oct 2007) until 2 Jan 2008.  Call counts were plotted as distribution bubble maps (FIGURE 5-128, 
FIGURE 5-129, and FIGURE 5-130).  In Oct 2007, a few bowhead whale calls were recorded at PL50.  
The numbers of calls increased in Nov at PL50 and PLN40 to 10,001–20,000 calls per month which is in 
the order of 20 calls per hour.  Call counts increased to ~80 per hour, in Dec on PL50 due to songs from 
bowhead whales (FIGURE 5-131).  This represents the first known recordings of songs during fall/winter 
for the Bering-Chukchi-Beaufort bowhead stock.  Songs were defined as patterned sequences of calls 
repeated over time (Wursig and Clark, 1993; Stafford et al., 2008).  During the time that bowhead songs 
were recorded, at PL50 ice cover in the area was not complete, although by 20 Dec the recorder and 
adjacent areas were fully covered by ice.  The four other OBHs also recorded bowhead songs during the 
first three weeks of Dec.  Ice cover was complete overtop these recorders during this time.  In Nov and 
Dec, call counts at W50 and WN20 were less than 10,000 per month.  These late bowhead recordings 
indicate a prolonged presence of the species in the Chukchi Sea in fall 2007 and are consistent with recent 
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data derived from tagging experiments (Quakenbush et al. 2009).  Most of the population is currently 
believed to enter the Bering Sea by the end of Nov (Moore and Reeves, 1993). 

 

 

FIGURE 5-132.  Bubble plot maps of bowhead whale call counts per month in late 2007: Oct (upper left), 
Nov (upper right) and Dec (bottom).  Ice coverage >80% for one day mid-month is included.  Note the 
difference in bubble scales in the legends. 

 

In spring 2008, bowhead vocalizations were recorded from mid-Apr to Jul (FIGURE 5-133).  At 
W50, bowheads were heard singing 16-18 Apr.  A peak in bowhead calls occurred at PL50 on 10 and 15 
May .  Bowhead calls were also recorded at W50 from 4-11 May.  PLN40 and PLN60 also recorded calls 
in Apr and May but none in Jun or Jul.  WN20 only recorded bowheads in Apr.  In July, the numbers of 
calls at W50 increased to 13 per hour on average.  By then, the ice was retreating past Wainwright.  
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FIGURE 5-134.  Example of bowhead song recorded at PL50, 16 Dec 2007 (4m45s, file 0337, Hanning 
FFT-2048). 

 

Data collected from 27 Sep to 16 Oct 2008 on five OBHs were pooled together to produce the 
bubble map of call counts (FIGURE 5-136).  Over 10,000 bowhead whale calls were detected at W20, 
about 9,000 at PLN80 and less than 8,000 at each of W50, WN20, and PLN40.  An example of complex 
bowhead calls recorded at W20 on 6 Oct 2008 is shown in FIGURE 5-137.  Simple bowhead calls 
recorded at W50 on 29 Sep 2007 are shown in FIGURE 5-138. 
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FIGURE 5-135.  Bubble plot maps of bowhead whale call counts per month in spring to early summer 
2008: April (upper left), May (upper right), Jun (bottom left) and Jul (bottom right).  Ice coverage >80% for 
one day mid-month is included for all months except for Jul when ice coverage from 1 Jul was used.  
Note the difference in bubble scales in the legends.  

 

 

FIGURE 5-136.  Bubble plot map of bowhead whale call counts in fall 2008 from Aurals on 27 Sep-16 
Oct (left) and AMARS in late Sep (right).  Ice coverage >80% for one day mid-month is included.  
Note the difference in bubble scales in the legends. 
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FIGURE 5-137.  Bowhead complex calls at W20, 6 Oct 2008 (1m30s, Aurals ‘08 file 0427, Hanning 
FFT-2048).  

 

FIGURE 5-138.  Bowhead simple calls (moans) at W50, 29 Sep 2007 (40s, file 0110, Hanning, FFT-
2048). 
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Beluga Whales 

In the overwinter data, beluga whales were recorded in Nov and Apr to Jun (FIGURE 5-139).  The 
few calls recorded in Nov were 50 to 110 nmi offshore of Point Lay.  There was a peak in beluga calls in 
late Apr off Point Lay and off Wainwright in May.  The area was entirely ice covered in Apr and May but 
must have had polynyas or leads for both the belugas and bowheads.  An example of a section of data 
with numerous calls is shown in FIGURE 5-140.  A few beluga calls were recorded in fall 2008 at PLN80 
(FIGURE 5-141).   
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FIGURE 5-139.  Bubble plot maps of beluga whale call counts per month overwinter 2007-2008: Nov 
2007 (upper left), Apr 2008 (upper right), May 2008 (bottom left), and Jun 2008 (bottom right).  Ice 
coverage >80% for one day mid-month is included.  Note the difference in bubble scales in the 
legends. 

 

FIGURE 5-140.  Example of beluga whale calls recorded at PLN40, 1 May 2008 (50s, 
file 1157, Hanning FFT-2048). 
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FIGURE 5-141.  Bubble plot map of beluga whale 
call counts in fall 2008 from 27 Sep-16 Oct.  Ice 
coverage >80% for one day mid-month is 
included. 

Bearded Seals  

Bearded seals were recorded throughout the winter season even during heavy ice conditions in Jan 
to Mar (FIGURE 5-142).  All five Aurals had large increases in numbers of bearded seal calls in May 
2008 coinciding with the breakup of ice out to 50 nmi offshore (FIGURE 5-143) and the peak of the 
breeding season.  Continuous and numerous overlapping bearded seal calls (FIGURE 5-144) could be 
heard for about 40 days during the period of May to Jun.  There was a tenfold increase in call numbers in 
May (at the height of the period of increase in detected bearded seal calls) compared to Mar (before this 
period of intensity began).  Interestingly, on the nights of 3 May and 7 Jun, a large number of short 
duration trills were recorded.  In between these two dates, the majority of calls were longer down-
sweeping trills (FIGURE 5-145).  The numbers of bearded seal calls decreased substantially by Jul 2008.  
For comparison, a spectrogram from samples of ringed seal calls recorded in Jul is also presented (FIGURE 
5-146).   
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FIGURE 5-142.  Bearded seal call distribution on overwinter OBHs from Dec 2007 to Mar 2008.  Ice 
coverage >80% for one day mid-month is included.  Note the difference in bubble scales in the legends. 
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FIGURE 5-143.  Bearded seal call distribution on overwinter OBHs from Apr to Jul 2008.  Ice coverage 
>80% for one day mid-month is included for all months except for Jul when ice coverage from 1 Jul 
was used.  Note the difference in bubble scales in the legends.  

 

FIGURE 5-144.  Overlapping bearded seal trills at PL50, 3 June 2008 (3m40s, file 
1357, Hanning FFT-2048).  



5-78     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

 

 

 

FIGURE 5-145.  A bearded seal trill at PLN40, 11 June 2008 (1m10s, file 1404, Hanning FFT-2048). 

 

 

FIGURE 5-146.  Ringed seal barking calls at WN20, 7 July 2008 (25s, file 1535, Hanning FFT-2048). 
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In fall 2008, the bearded seal calls that were detected were located mostly at W20, just 20 nmi 
offshore of Wainwright (FIGURE 5-147).  These calls were recorded from 27 Sep to 16 Oct.  A few other 
calls (< 500) were recorded farther offshore and also just off Point Barrow over several days in late Sep 
2008.   

 
FIGURE 5-147.  Bearded seal calls in fall 2008 from Aurals on Sep 27-Oct 16 (left) and AMARS in late Sep 
(right).  Ice coverage >80% for one day mid-month is included.  Note the difference in bubble scales in 
the legends. 

 

Walruses  

In the fall of 2007, walrus calls were recorded only in Nov, mostly at WN20, 50 nmi offshore of 
Wainwright (FIGURE 5-148).  In late Jun 2008, walrus calls reappeared after an absence overwinter 
(FIGURE 5-149).  Over 10,000 knock type sounds were recorded in Jul at PL50 and WN20 (FIGURE 5-
149).  The data from late Sep 2008 also indicated the presence of walruses at WN20 (FIGURE 5-150) 
though no data were recorded in Aug. 

 

 

FIGURE 5-148.  Walrus calls in Nov 2007.  Ice 
coverage >80% for one day mid-month is 
included. 
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FIGURE 5-149.  Walrus call distribution in Jun (left) and Jul (right) 2008.  Ice coverage 
>80% for one day mid-month is included for Jun and ice coverage from 1 Jul was used 
for Jul.  Note the difference in bubble scales in the legends. 

 

FIGURE 5-150.  Walrus calls in fall 2008 from Aurals on 27 Sep – 16 Oct (left) and 
AMARS in late Sep (right).  Ice coverage >80% for one day mid-month is included.  
Note the difference in bubble scales in the legends. 
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FIGURE 5-151.  Walrus knocks and bell calls at PLN60, 27 Nov 2007 (30s, Hanning, FFT-2048). 
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CONCLUSIONS 

The Chukchi Net Array provided information about ambient noise levels, shipping noise, seismic 
sound propagation, and biological sound including marine mammal vocalizations in the Chukchi Sea for 
the period of Oct 2007 – Oct 2008.  The results and conclusions of the analyses performed on the data are 
summarized below. 

1. Seismic survey sounds in late fallwere detected at all stations at distances less than 
135 km from the survey vessel.  

2. The area receiving seismic survey sound levels in excess of 120 dB re 1 μPa was 
approximately 13,000 km2. The area experiencing levels 160 dB re 1 μPa and higher was 
less than 1500 km2. 

3. In Oct 2007, a non-Shell survey was detected only at PLN40. 

4. The overwinter recordings revealed continuous marine mammal presence throughout the 
winter.  Bearded seal vocalizations dominated the ambient noise field only in May, but 
these seals were vocally active continuously from Dec until Jul.  Bowhead whale calls 
were predominant in the Fall until the last day of Dec.  

5. The beluga whale detections in mid-Apr suggest that some whales are in the Chukchi 
Sea even when ice still fully covers the area. It is possible that these early detections are 
due to Beaufort stock belugas migrating to the Mackenzie Delta. 

6. Overwinter the background ambient sound was heavily affected by ice and marine 
mammal sounds.  Periods of thick ice sounds consisted of low broadband background 
sound levels of near 87 dB re 1 μPa with intermittent periods of moving and breaking ice 
sounds that increased the levels by approximately 20 dB.  Bowhead whale sounds were 
predominant in Dec reaching more than 20 dB above the nominal ambient sound levels, 
particularly in the 100 Hz to 1 kHz band.  In May, the bearded seal breeding trills 
increased background sound levels by 15 dB for most of the month.  The highest 
broadband background ambient sound of 135 dB re 1 μPa was recorded during strong 
winds over 15 m/s (>29 kts).  Wind sounds could be heard through the ice to the bottom 
mounted recorders. 

7. The fall ambient noise levels were similar to those recorded in 2006 and 2007. 

8. Vessel sounds often exceed 120 dB re 1 μPa to distances of approximately 10 km from 
the vessels. Vessel sounds do not currently contribute strongly to the overall noise field 
of the Chukchi Sea because numbers of vessels are relatively small. 
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NOTES 

Spectrogram Processing 

This report contains many black-and-white spectrograms of data from Shell’s 2007 Chukchi Sea 
Acoustic Monitoring Program.  The horizontal axis of these figures is time and the vertical is frequency, 
so that the plot provides the frequency content history of the signals.  The spectrograms have been 
processed to maximize the visual contrast of the signal of interest for purposes of the discussion, and 
therefore the displayed traces do not provide a direct measure of the signals SPL.  Each figure contains a 
description of how it was processed, including the following fields: 

1. FFTSize: The number of points in each FFT.  Since the 2007 Chukchi data has a sampling 
rate of 16384 Hz, a 4096 point FFT has 4 Hz resolution, and a 16384 point FFT has a 1 Hz 
resolution. 

2. Real Samples: The number of actual data points in each FFT.  Often this is less than the 
FFTSize.  The actual data points are zero-padded out to the FFT size, which allows display 
of spectral content at a higher frequency resolution, but also maintain a better time 
resolution.  Since many of the signals of interest are short duration transients, we use fewer 
actual data points in the FFT window to avoid ‘wash-out’ in time of the signals of interest. 

3. Overlap: The number of data points that are overlapped from one FFT to the next.  
Generally this is one half of the number of real samples, but it may be more to get very 
fine time resolution. 

4. Window: The type of window applied to the real part of the data before FFT, so reduce 
spectral leakage.  Generally we use the Reisz window which has minimal impact on the 
main lobe, and -22 dB side-lobes.  There are many stronger windows which are 
appropriate for sinusoidal data; however we have found that this window is well suited to 
transient data analysis. 

5. Normalized / Un-normalized: Most of the spectrograms shown in this report are 
normalized for display.  Normalization optimizes the contrast in each region of the figure 
so that the reader can see both weak and intense signals at the same time.  This process 
means the displayed gray levels or colours are no longer directly representative of sound 
spectral pressure level.  The normalization scheme employed for the spectrograms is: 

a. For each frequency compute the average response for the entire file. 

b. For each time, compute a moving average of the results from step a), with a frequency 
width of 200 Hz. 

c. Normalize each time / frequency bin by the average of a), and the value of b) that is 
300 Hz above the current frequency.  

This presentation approach may or may not have been used in other studies.  The method was 
developed specifically as a unified normalization technique to enhance both continuous tones from 
shipping which are suppressed by step 5. a), and transients. 
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Acronyms and Abbreviations 

The following acronyms and abbreviations are used in this document: 
Ah Ampere-Hours  

ADC Analog to Digital Converter 

AEWC Alaska Eskimo Whalers Commission 

CPA Closest Point of Approach 

FFT Fast Fourier Transform 

GB Giga Byte (1024 ^ 3) 

GPS Global Positioning System 

Hz Hertz 

NMFS National Marine Fisheries Service   

NSB North Slope Borough  

OBH Ocean Bottom Hydrophone 

ROC Receiver Operating Characteristic 

ROV Remote Operated Vehicle 

SEL Sound Exposure Level 

SPL Sound Pressure Level 

Shell Shell Offshore Incorporated 

XML Extendible Markup Language 
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6.  BEAUFORT SEA VESSEL-BASED MONITORING PROGRAM1 
Introduction 

This chapter presents the data collected during the marine mammal monitoring and mitigation 
program aboard vessels operating in the Beaufort Sea from 2006 through 2008 in support of seismic and 
shallow hazards data acquisition for Shell Offshore Inc. (SOI).  A small amount of data came from other 
industry operators’ support vessel activity in the Barrow area during Chukchi Sea operations and from 
transits to or from the Canadian Beaufort Sea.  Summaries of the 2006–2008 data are presented here for 
comparison.  Data have been considered by several factors, including year, season, Beaufort wind force, 
received sound level, ice cover and proximity to ice, and water depth.  Where appropriate, the 2006–2008 
data have been pooled to allow for multi–year analyses with increased power due to greater sample size.  
English unit equivalents of tables and figures in this chapter are available in Appendix F.   

Environmental conditions, ice cover in particular, varied greatly among years.  In order to allow 
comparison of the area covered by ice during vessel activities among years, a standard area was defined in 
which to estimate ice cover in the Beaufort Sea (Figure 6.1).  The average area covered by ice in the 
Beaufort Sea during vessel operations was 71,337 km2 (27,543 mi2) in 2006, 26,576 km2 (10,261 mi2) in 
2007, and 31,880 km2 (12,309 mi2) in 2008 (Figure 6.2).  Different environmental conditions among 
years likely had different biological effects on marine mammal distribution and behavior.  

 

 
FIGURE 6.1.  Area used to quantify ice cover in the Beaufort Sea study area. 

                                                 
1 Danielle M. Savarese, Craig M. Reiser, Darren S. Ireland and Robert Rodrigues, LGL Alaska Research Associates, 
Inc., Anchorage, Alaska. 
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FIGURE 6.2.  Number of square km of ice cover in the Beaufort Sea study area by week, 
2006–2008. 

 
The amount of effort expended in the Beaufort Sea also varied greatly among years.  Low amounts 

of effort in some analyses made meaningful comparisons of data difficult in some situations.  Seismic and 
shallow hazards surveys were conducted in the Beaufort Sea in 2007 and 2008, but only shallow hazards 
surveys were conducted in 2006.    

Among the marine mammal species known to occur within the project area, five are cetaceans, four 
are pinnipeds, and one is an ursid (the polar bear).  Two of the cetacean species, the bowhead and 
humpback whales, are listed as endangered under the U.S. Endangered Species Act (ESA).  Humpback 
whales have only been documented once in the Beaufort Sea (Green et al. 2007).  For more details on the 
abundance, distribution, and conservation status of the marine mammal species likely to occur in the 
project area, please refer to Appendix H in the SOI 2008 90-day report (Ireland et al. 2009). 

Methods 

Monitoring Tasks  
The main objectives of the vessel-based monitoring program were to ensure that the provisions of 

the marine mammal related permits (IHAs and LOAs) issued by NMFS and USFWS were satisfied, 
effects on marine mammals were minimized, and residual effects on animals were documented.  Tasks 
specific to monitoring are listed below:  

• Using dedicated Marine Mammal Observers (MMOs), visually monitor the occurrence and 
behavior of marine mammals near the vessels and airguns when the airguns are operating and 
during a sample of times when they are not.   
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• Use the visual monitoring observations as the basis for implementing the required mitigation 
measures. 

• Visually monitor the occurrence and behavior of marine mammals near monitoring and support 
vessels when underway. 

• Use monitoring vessels to conduct visual surveys of areas where airgun sounds could reach 
received levels of ≥160 dB re 1 μPa rms. 

• Record (insofar as possible) the effects of the airgun operations and the resulting sounds on 
marine mammals. 

 
Safety and Potential Disturbance Radii  

Under current NMFS guidelines (e.g., NMFS 2008) “safety radii” for marine mammals around 
airgun arrays are customarily defined as the distances within which received pulse levels are ≥180 dB re 
1 µPa rms for cetaceans and ≥190 dB re 1 µPa rms for pinnipeds.  The ≥180 dB rms and ≥190 dB rms 
guidelines are also employed by the USFWS for the species under its jurisdiction (walrus and polar bear, 
respectively).  These safety criteria are based on an assumption that seismic pulses at lower received 
levels will not injure these animals or impair their hearing abilities, but that higher received levels might 
have some such effects.  Marine mammals exposed to sound levels ≥160 dB rms are assumed by NMFS 
to be potentially subject to behavioral disturbance.  However, for certain groups (dolphins, pinnipeds), 
available data indicate that disturbance is unlikely to occur unless received levels are higher, perhaps 
≥170 dB re 1 µPa rms for an average animal.   

There has recently been concern that received pulse levels as low as 120 dB rms may have the 
potential to elicit a behavioral response from bowhead whales during the fall migration in the Beaufort 
Sea.  From 2006 through 2008 there was a requirement to implement special mitigation measures if 
specified numbers of bowhead cow/calf pairs (four) were observed in locations where received levels 
were ≥120 dB rms during the fall in the Beaufort Sea or if large groups (≥12 individuals) of bowhead or 
gray whales were observed in locations where received levels were ≥160 dB rms.  Monitoring of the ≥160 
dB rms and ≥120 dB rms zones at specified times and locations, which was required in the IHAs issued 
by NMFS, is discussed in more detail in Special Mitigation Measures within Chapter 3.   
Beaufort Sea 2006–2008 

Field measurements of received airgun sounds as a function of distance and aspect from vessels 
were conducted for all airgun sources in 2006–2008 by JASCO Research Ltd. and Greeneridge Sciences, 
Inc. prior to or coincident with the beginning of seismic data acquisition.  Results of these sound source 
measurements are summarized in Table 6.1.  The sound–propagation distances reported for similar sized 
arrays across the three years were relatively similar, although notable differences among measurements of 
the same array in different locations were present (Table 6.1).  For instance, the distances to ≥170, ≥160, 
and ≥120 dB rms sound level isopleths produced by the 24–airgun array towed by the Gilavar were much 
greater near Camden Bay than near Harrison Bay in 2008.  However, distances to the higher sound level 
isopleths (≥180 and ≥190 dB rms) were actually shorter near Camden Bay than near Harrison Bay in 
2008.  The reasons for these differences are discussed in SOI’s 90-day reports (Patterson et al. 2007; Funk 
et al. 2008; Ireland et al. 2009). 
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Visual Monitoring and Data Analysis Methods 
Visual monitoring and data analysis methods for vessel–based activities in the Chukchi Sea are 

described in detail in Methods of Chapter 3 of this report.  The same methods were used for monitoring 
activities and data analysis in the Beaufort Sea. 

 
TABLE 6.1.  Comparison of measurements of the ≥190, 180, 170, 160 and 120 dB rms distances (in km) 
for sound pulses from seismic and shallow hazards survey airgun arrays deployed in the Beaufort Sea, 
Alaska, 2006–2008.   

Region ≥190 ≥180 ≥170 ≥160 ≥120

Henry C. 4 Airguns 20 in3 Camden Bay 0.090 0.250 0.680 1.750 22.200

Gilavar 24 Airguns 3147 in3 Camden Bay 0.860 2.250 5.990 13.410 75.000
Gilavar 1 Airgun 30 in3 Camden Bay 0.010 0.024 0.465 1.430 24.600
Henry C. 2 Airguns 20 in3 Harrison Bay 0.012 0.051 0.183 0.597 10.724
Henry C. 1 Airgun 10 in3 Harrison Bay 0.005 0.020 0.085 0.333 8.130
Henry C. 2 Airguns 20 in3 Camden Bay 0.012 0.051 0.162 1.004 25.228

Gilavar 24 Airguns 3147 in3 Harrison Bay 0.920 2.900 5.900 9.600 58.000
Gilavar 1 Airgun 30 in3 Harrison Bay 0.013 0.059 0.270 1.100 24.000
Gilavar 24 Airguns 3147 in3 Camden Bay 0.860 2.300 6.000 13.400 75.000
Gilavar 1 Airgun 30 in3 Camden Bay 0.010 0.024 0.470 1.400 24.600
Henry C. 2 Airguns 20 in3 Camden Bay 0.010 0.037 0.140 0.490 16.300
Henry C. 1 Airgun 10 in3 Camden Bay 0.004 0.018 0.072 0.280 15.800
Alpha Helix 2 Airguns 20 in3 Camden Bay 0.045 0.120 0.320 0.830 18.000
Alpha Helix 1 Airgun 10 in3 Camden Bay 0.053 0.120 0.260 0.590 14.000

2006

2007

Distance (km) to Received Levels (dB rms)

2008

Total 
Airgun 
Volume

Number 
of GunsVessel Name

 
 

 

Monitoring Effort and Marine Mammal Encounter Results 
This section presents the marine mammal monitoring effort and sightings results from vessel-based 

activities in the Alaskan Beaufort Sea from 2006 through 2008.  The majority of these data were collected 
from Shell vessels, however, a small amount of data was contributed by ConocoPhillips Alaska Inc. 
(CPAI) and GX Technology (GXT) from vessels that operated primarily in the Chukchi Sea in 2006.  
Table 6.2 presents vessels by category that operated in the Beaufort Sea during this four-year period, and 
results of monitoring activities from these vessels are presented in this chapter.  The survey period for 
each year began when the first vessel entered the Alaskan Beaufort Sea and ended when the last vessel 
departed.  The dates of operation within each year were: 1 Aug to 10 Oct 2006; 11 Jul to 14 Oct 2007; 21 
Jul to 10 Oct 2008. 
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Vessel operations were conducted along a total of 95,695 km (59,462 mi) of trackline during this 
three-year period, and MMOs were on watch for 65% (62,356 km; 38,746 mi) of this total.  The majority 
of the effort was conducted in 2008 when vessel operations totaled 56,669 km (35,212 mi) of trackline, 
and MMOs were on watch for approximately 73% (41,337 km; 25,686 mi) of this 2008 total.   
 

TABLE 6.2.  Project vessels by category that operated in the Alaskan Beaufort Sea from 2006 
through 2008.  Data from these vessels are presented in the following sections.  See Chapter 
3, Methods for definitions of the vessel categories 

Vessel Type 2006 2007 2008

Seismic Survey 
Source Discoverer* Gilavar Gilavar

Shallow 
Hazzard 

Survey Source
Henry C. Henry C. Henry C., Alpha Helix

Monitoring --

American Islander, 
Fennica, Gulf Provider, 

Kapitan Dranitsyn, 
Kilabuk, Norseman II, 

Tor Vik ing

Gulf Provider, 
Norseman II, 

Theresa Marie, 
Torsvik

Support Gulf Provider, 
Kilabuk, Torsvik

American Islander, 
Gulf Provider, Kapitan 

Dranitsyn, Kilabuk, 
Norseman II

Annika Marie, Arctic 
Seal, Gulf Provider, 
Norseman II, Point 
Barrow, Theresa 
Marie, Torsvik

Total Vessels 4 9 10

Vessel Name

*The Discoverer did not conduct seismic operations in the Beaufort Sea in 2006, but it transited the study area 
during the season and these data are included in this chapter.  
 
MMOs recorded a total of 3857 marine mammals in 3062 groups in the Alaskan Beaufort Sea from 

2006 through 2008 (Appendix Table F.1).  The majority of these sightings were in 2008 when MMOs 
recorded 2500 animals in 2011 groups.  Only the MMO sightings data that met the analysis criteria 
described in Chapter 3, Methods, were used in the following sections, except for Estimated Number of 
Marine Mammals Potentially Ensonified at Various Sound Levels where all sightings were considered. 
Cetaceans 
Cetacean Effort 

Figure 6.3 illustrates the location and amount of vessel-based effort that occurred throughout the 
Beaufort Sea 2006–2008.  Only observation effort that met the analysis criteria for cetaceans described in 
Chapter 3, Methods, is shown in Fig 6.3. 
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Figure 6.3.  Location and amount of vessel-based effort (km) that occurred in the Beaufort Sea, 
2006 – 2008.  Grid cells are 25 km2.    
 
Effort by year – Sixty-five percent of the total cetacean effort conducted in the Beaufort Sea from 

2006 through 2008 occurred in 2008 (Fig. 6.4).  In 2006, high concentrations of ice in the Beaufort Sea 
study area precluded seismic survey operations and only shallow hazards surveys were conducted.  In 
2007, rough sea conditions limited data acquisition for both seismic and shallow hazards survey vessels.  
In 2008, the Gilavar with associated monitoring vessels and the shallow hazards survey vessels Henry 
Christoffersen (Henry C.) and Alpha Helix operated in relatively calm sea conditions, resulting in more 
overall effort than in the previous two years.   

Effort by Season – MMO observation effort was greater in fall (Sep–Oct) than summer (Jul–Aug) 
in 2007 and 2008, but there was little seasonal difference in effort in 2006 (Fig. 6.5).  However, overall 
effort for the three years combined was 19% greater in the fall.   

Effort by Beaufort Wind Force – The majority of the effort in 2008 occurred in Beaufort wind 
force (Bf) categories 2–3 (Fig. 6.6).  In 2007, effort was more evenly spread across categories 1–4.  In 
2006, most effort occurred in categories 1–2.  Effort by Beaufort wind force and received sound level is 
presented in Appendix Table F.2. 
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FIGURE 6.4.  Marine mammal observer effort (km) for cetaceans by year in the 
Beaufort Sea during vessel operations, 2006–2008.  
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FIGURE 6.5.  Marine mammal observer effort (km) for cetaceans by season in the 
Beaufort Sea during vessel operations, 2006–2008. 

 
 

 



6-8     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

0

2000

4000

6000

8000

0 1 2 3 4 5

M
M

O
 E

ffo
rt

 (
km

)

Beaufort Wind Force

2006

2007

2008

 
FIGURE 6.6.  Marine mammal observer effort (km) for cetaceans by Beaufort wind 
force in the Beaufort Sea during vessel operations, 2006–2008. 

 
Effort by Received Sound Level to Vessel – The majority of cetacean effort in all years and for all 

vessels combined occurred at locations where received sound levels were <120 dB rms (Figs. 6.7).  
Cetacean effort in locations where received levels were ≥160 dB rms and 159-120 dB rms were similar 
among years.  In 2006, the only seismic survey activity in the Beaufort Sea was produced by a shallow 
hazards survey on two separate days.  This resulted in less than 1% of the MMO effort that year occurring 
when the received sound level was ≥160 dB rms.  In 2007, the Gilavar conducted seismic survey activity 
in the Beaufort Sea from 18 Sep through 3 Oct and a small amount of shallow hazards seismic survey 
activity also occurred.  This resulted in 11% of the MMO effort in 2007 occurring where the received 
sound level was ≥160 dB rms.  The greatest amount of seismic effort occurred in 2008 when 15% of the 
effort occurred at locations where received sound levels were ≥160 dB rms.  In 2008, the Gilavar 
conducted a seismic survey from 3 Sep through 9 Oct.  Two shallow hazards surveys were also conducted 
in 2008, adding to the seismic period effort.  Effort by received sound level and vessel role is presented in 
Appendix Table F.3.     

Across all three vessel types, more cetacean effort occurred in locations where received levels were 
<120 dB rms compared to other sound-level bins (Fig. 6.8).  Cetacean effort from source vessels was 
similar in the ≥160 dB rms and 159-120 dB rms bins but was higher in the 159-120 dB rm for monitoring 
vessels.  By definition, support vessels operated at distances >75 km from sources vessels and were not 
exposed to higher sound levels.   
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FIGURE 6.7.  Marine mammal observer effort (km) for cetaceans by year and received 
sound level in the Beaufort Sea during vessel operations, 2006–2008. 
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FIGURE 6.8.  Marine mammal observer effort (km) for cetaceans by vessel role and 
received sound level in the Beaufort Sea during vessel operations, 2006–2008. 
 

Effort by Ice Bins – Seismic survey vessels generally do not operate in areas near ice while towing 
streamers due to the high potential for damaging the equipment.  Monitoring vessels, however, sometimes 
operate in areas near ice while scouting ice conditions or while in transit, and source vessels may operate 
near ice when they are not towing gear.  In areas with ice, ice cover greater than 10% was considered 
heavy and areas with less than 10% ice cover were considered to have light ice cover (Fig. 6.9).  Most 
cetacean effort in ice in 2006 and 2007 occurred in areas with heavy ice cover.  This trend was reversed in 
2008 (Fig. 6.9).  Most cetacean effort in 2007 and 2008 occurred at distances >20 km (12 mi) from ice 
(Fig. 6.9).  There was relatively little difference in cetacean effort in distance-from-ice bins for 2006.     
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FIGURE 6.9.  Marine mammal observer effort (km) for cetaceans by percent of ice 
and distance from ice in the Beaufort Sea during vessel operations, 2006–2008. 

 
Effort by Water Depth – Most seismic and shallow hazards survey work in the Beaufort Sea was 

conducted within ~65 km (40 mi) of shore.  Consequently, most MMO effort occurred in water depths of 
<50 m (55 yd) each year (Fig. 6.10).  This included nearly all effort in 2006.  The relatively small 
amounts of effort in deeper waters in 2007 and 2008 occurred primarily during periods of transit.   
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FIGURE 6.10.  Marine mammal observer effort (km) for cetaceans by water depth in the 
Beaufort Sea during vessel operations, 2006–2008. 
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Cetacean Sightings 
A total of 142 cetacean sightings (241 individuals) were recorded in the Beaufort Sea during 2006–

2008 (Table 6.3).  Sixty-five percent of cetacean sightings occurred in 2008, but 65% of the effort also 
occurred in 2008. The higher cetacean sighting numbers in 2008 likely reflect differences in effort among 
years rather than differences in cetacean abundance or distribution.  Bowhead whales represented ~54% 
of total cetacean sightings.  Unidentified mysticete whales represented ~32% of sightings.   

Bowhead whale was the most frequently observed cetacean species in 2007 and 2008, and for all 
years combined.  The lack of bowhead sightings in 2006 may have resulted primarily from the lower 
amount of effort that year, particularly during the fall migration period. Many unidentified mysticete 
whales may have been bowhead whales.  However, small numbers of gray whales were recorded each 
year during 2006–2008.  Cetacean sightings by vessel role and received sound level are presented in 
Appendix Table F.4. 
Cetacean Sighting Rates by Season 

The largest difference in cetacean sighting rate by season was in 2007 when the summer sighting 
rate was nearly 1.5 times that of the fall rate (Fig. 6.11).  In 2006, no cetaceans were observed during fall.  
In 2008, the cetacean sighting rate was slightly higher in the fall than in summer.  A G-test showed no 
significant difference in cetacean sighting rates by season when the data from all three years were pooled 
(G = 0.63, df = 1, p = 0.428).  

 
TABLE 6.3.  Number of sightings (number of individuals) of cetaceans in the Beaufort 
Sea during vessel operations, 2006–2008. 

 

Species

Cetaceans

  Unidentified Whale 1 (1) 3 (3) 8 (14) 12 (18)

  Mysticetes

  Bowhead Whale 0 27 (61) 49 (84) 76 (145)
  Gray Whale 2 (3) 1 (1) 4 (6) 7 (10)
  Minke Whale 0 1 (1) 0 1 (1)
  Unidentified Mysticete Whale 0 15 (26) 31 (41) 46 (67)

Total Cetaceans 3 (4) 47 (92) 92 (145) 142 (241)

2006 2007 2008 Total
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FIGURE 6.11.  Cetacean sighting rates by season and year in the Beaufort Sea during 
vessel operations, 2006–2008. 
 

Cetacean Sighting Rates by Beaufort Wind Force 
Cetacean sighting rates were highest in Bf conditions ranging from one through four for each year 

(Fig. 6.12).  In 2006, cetaceans were only recorded in Bf conditions two and four.  Cetaceans were not 
observed in Bf 5 conditions in any year other than 2008. 
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FIGURE 6.12.  Cetacean sighting rates by Beaufort wind force in the Beaufort Sea during 
vessel operations, 2006–2008.  Rates not shown for 2006 Bf 0 and 5 because <250 km 
(<155 mi) of effort occurred in those bins. 
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Cetacean Sighting Rates by Received Sound Level 
Cetacean sighting rates from source vessels in areas where received levels were ≥160 were 

significantly lower than in areas with received levels <120 dB rms (χ2
 = 4.30, df = 1, p = 0.038, Fig. 6.13) 

suggesting possible cetacean avoidance of seismic sound.  A significant difference in cetacean sighting 
rates among received sound level bins was not found when the data from all vessels were pooled, or when 
monitoring vessel data alone were compared.  Twelve cetacean sightings in 2007 and 2008 (all from 
monitoring vessels) occurred in areas where received levels were ≥160 dB rms; however, no cetacean 
sightings occurred during periods where received levels were ≥160 dB rms in 2006.  Cetacean sightings 
by received sound level and vessel role are presented in Appendix Table F.4.   
Cetacean Sighting Rates by Distance from Ice and Ice Conditions 

Cetacean sighting rates were variable with no clear trend based on distance from ice or by ice 
concentration.  Most observer effort, however, occurred at locations >20 km (12 mi) from ice.  The level 
of effort in most other distance-from-ice bins and at locations with heavy or light ice concentrations was 
too low (Fig. 6.9) among years to make meaningful comparisons of cetacean sighting rates as a function 
of ice concentration or distance from ice. 
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FIGURE 6.13.  Cetacean sighting rates by received sound level in the Beaufort Sea during 
vessel operations, 2006–2008.  Rates not shown for Support Vessels received sound 
levels ≥160 and 159–120 dB rms because <250 km (<155 mi) of effort occurred in those 
bins.   

Cetacean Sighting Rates by Water Depth 
Cetacean sighting rates for all years combined were significantly higher in locations where water 

depth was 50–200 m (55–219 yd) than in locations where water depth was < 50 m (55 yd; G = 24.66, df = 
1, p = <0.001; Fig. 6.14).  Cetacean sighting rates were also higher in locations where water depth was 
50–200 m (55–219 yd) than in locations where water depth was >200 m (219 yd), but the difference was 
not significant (G = 2.94, df = 1, p = 0.088; Fig. 6.14). 
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No pattern was apparent in the distance of initial cetacean detection from monitoring vessels where 
received levels were ≥160 dB rms (Fig. 6.15).  No cetaceans were recorded from source vessels when 
received levels were ≥160 dB rms.  In locations where received levels were <120 dB rms, most cetaceans 
were initially sighted within 3 km of both source and monitoring vessels, and fewer sightings were 
recorded as distance increased from each vessel type (Fig. 6.16).   

Initial Sighting Distances – Most cetacean sightings occurred ahead and to the sides of the vessels, 
and few cetaceans were first observed toward the stern.  This result was expected because observers 
focused their attention forward of the vessel so that mitigation measures might be requested before an 
animal entered the safety zone.  Initial cetacean sighting distance ranged from 50–5000 m (55–5468 yd, n 
= 142).  Approximately twelve percent of sightings were recorded at distances greater than 2500 m (2735 
yd).   

     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 
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FIGURE 6.14.  Cetacean sighting rates by water depth in the Beaufort Sea during vessel 
operations, 2006–2008.  Rates not shown for 2006 water depths of 50-200 and >200 m (55-
219 and >219 yd) because <250 km (<155 mi) of effort occurred in those bins. 
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FIGURE 6.15.  Initial sighting distances (km) of cetaceans exposed to received sound levels ≥160 dB rms for seismic source vessels and 
monitoring vessels in the Beaufort Sea during vessel operations, 2006–2008. 

FIGURE 6.16.  Initial sighting distance (km) of cetaceans exposed to received sound levels <120 dB rms for seismic source vessels and 
monitoring vessels in the Beaufort Sea during vessel operations, 2006–2008. 
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Movement – Cetacean movement relative to the vessel varied widely and no distinct 
patterns were evident.  The direction of travel of an individual did not appear to be related to either 
distance from the vessel or the received sound level.  Some individual whales swam away from the 
vessel, but others swam toward the vessel, or even across the path of an approaching vessel.  In 
some cases, no movement was observed.  

Cetacean movement was also examined using broad categories including neutral movement 
(NE), swim away (SA), swim towards (ST), and no movement (NO).  In locations where received 
sound levels were ≥160 dB rms, cetaceans were observed swimming away from vessels in 42% of 
sightings (n = 5 of 12 sightings), whereas in locations where received levels were <120 dB rms, 
this was only observed in 24% of sightings (n = 27 of 112 sightings; Figs. 6.17 and 6.18).  No 
sightings were made from source vessels in areas where seismic survey activity was occurring, so 
the direction of movement in the ≥160 dB rms category was relative only to monitoring vessel.  
The difference in the proportion of sightings for which swim away was recorded in locations 
where received sound levels were <120 dB and ≥160 dB rms was not significantly different (G = 
1.11, df = 1, p = 0.295).  Most cetaceans displayed neutral movement or no movement relative to 
the vessels regardless of the received sound level.  Cetaceans were recorded swimming towards a 
vessel in only 4.5% of sightings even when received sound levels were <120 dB rms. 
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FIGURE 6.17.  Movement of cetaceans with respect to vessels exposed to ≥160 
dB rms for seismic source vessels and monitoring vessels in the Beaufort Sea 
during vessel operations, 2006–2008.  No cetaceans were observed from 
source vessels in areas where received sound levels were ≥160 dB rms.  NE = 
Neutral, SA = Swim Away NO = No Movement.   
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FIGURE 6.18.  Movement of cetaceans with respect to all vessels combined 
exposed to <120 dB rms in the Beaufort Sea during vessel operations, 2006–
2008.  NE = Neutral, SA = Swim Away, ST = Swim Towards, NO = No 
Movement.   

 
Closest Point of Approach – The mean closest point of approach (CPA) of cetaceans was 

slightly greater in areas where received sound levels were ≥160 dB rms than in areas where 
received sound levels were <120 dB rms for monitoring vessels (Table 6.4).   It was not possible to 
test this result statistically due to low sample size in the ≥160 dB rms category (n<12).  The mean 
cetacean CPA to source vessels was lower than that of monitoring vessels in locations where 
received sound level was <120 dB rms, however the ranges were similar and a Wilcoxon rank sum 
test did not yield a significant difference (Wilcoxon rank sum test, W = 319, p = 0.74). 

The following comparison of mean CPA values for cetaceans was based on distance to the 
airgun array for source vessels only.  Mean cetacean CPA to source vessel airguns in locations 
where the received sound level was <120 dB rms was 1285 m (1405 yd), standard deviation was 
1082 m (1183 yd), range was 108 – 3753 m (118 – 4104 yd), and sample size was 27 sightings.  It 
was not possible to make a comparison of CPA by received sound level for source vessels because 
no cetacean sightings were made from source vessels in locations where received sound level was 
≥160 dB rms.   

Reaction Behavior – Most cetaceans showed no observable reaction to monitoring vessels 
in locations where received sound levels were ≥160 dB (Fig. 6.19).   Splash was noted for a single 
animal.  No cetacean reactions were recorded from source vessels where received sound levels 
were ≥160 dB.  At received sound levels 159–120 dB rms, a reaction was observed in only two 
cases and they were change direction and increase speed.  The majority of cetaceans also exhibited 
no reaction to all vessels combined at received sound levels <120 (90% of sightings).  Of the 
reactions recorded at received levels <120 dB rms the most common was increase speed (Fig. 
6.21).   
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TABLE 6.4.  Closest point of approach of cetaceans to vessels operating in the Beaufort 
Sea by received sound level, 2006–2008. 

Vessel 
Category

Received Sound Level 
(dB re 1 µPa rms )

Mean CPAa 

(m) s.d. Range (m) n

   Source  ≥160 - - - 0

   Monitoring ≥160 1464 1179 252-3514 12

   Source <120 1215 1060 50-3681 27

   Monitoring <120 1246 994 80-4500 25

a CPA = Closest Point of Approach. This value is the marine mammal's closest point of approach to the
observer station.
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FIGURE 6.19.  Cetacean reaction to vessels in locations where the received sound level 
was ≥160 dB rms by vessel role, in the Beaufort Sea during vessel operations, 2006–
2008.  No cetaceans were observed from source vessels in areas where received sound 
levels were ≥160 dB rms. 
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FIGURE 6.20.  Cetacean reaction from all vessels combined in locations where the 
received sound level was <120 dB rms in the Beaufort Sea, 2006–2008.  CD = Change 
Direction, IS = Increase Speed, LO = Look, SP = Splash, NO = No Reaction. 
 

Probability of Cetacean Detection  
The effect of number of observers and Beaufort wind force on cetacean detection 

probability was examined using data collected in both the Chukchi and Beaufort sea study areas 
and transit data in order to allow for adequate sample sizes in each category, including categories 
for both one and two observers and Beaufort wind force categories 0-1, 2-3, and 4-5.  The results 
of these analyses are presented in this section of Chapter 3 of this report. 
Estimated Number of Cetaceans Potentially Ensonified at Various Sound Levels 

Estimates from direct observations – The number of cetaceans directly observed in areas 
where received sound level were ≥160 and ≥180 dB rms provided a minimum estimate of the 
number of individuals potentially exposed at these levels.  For this analysis, data were not filtered 
using the analysis criteria explained in the Methods section.  In 2006, no cetaceans were observed 
during seismic activity (Table 6.5).  In 2007, 29 individual cetaceans were observed in areas where 
the received sound level was estimated to be ≥160 dB rms, and three of those individuals were 
potentially exposed to sound levels ≥180 dB rms.  In 2008, 21 individuals were observed in areas 
where the received sound level was estimated to be ≥160 dB rms, and one of those individuals was 
potentially exposed to levels ≥180 dB rms.   
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The fall 2007 cetacean density in areas where received sound levels were ≥160 dB rms 
(seismic period densities) was greater than in areas where received sound levels were <120 dB rms 
(non-seismic period densities).  This resulted in the estimated number of cetaceans exposed to 
seismic sounds at received levels ≥160 dB being slightly greater when estimates were calculated 
using the seismic period density (Table 6.8).  This is an unusual result as the non-seismic period 
densities, and resulting exposure estimates, are typically larger than the seismic period densities.  
In contrast, in 2008, approximately three times more cetaceans were estimated to have been 
exposed to sounds at various received levels based on non–seismic densities compared to seismic 
densities. 

Fall density estimates were 12.9 cetaceans per 1000 km2 in 2007 and 3.1 cetaceans per 1000 
km2 in 2008 when received levels were ≥160 dB rms.  In 2006, there was not enough effort 
available to calculate a fall seismic period density estimate (Table 6.6).  Fall density estimates 
ranged from zero to 12.2 cetaceans per 1000 km2 when received levels were <120 dB rms.  In 
2008, as received sound level increased, cetacean density estimates decreased, suggesting possible 
cetacean avoidance of areas where seismic activity was occurring, however, in the fall of 2007 the 
opposite trend was found.  Following the methods described earlier in this chapter, these cetacean 
density estimates were multiplied by the area exposed to various levels of seismic sounds shown in 
Table 6.7.  

Estimates Extrapolated from Density – Cetacean density estimates were zero for the ≥160 
dB rms bins in summer 2008, and this was the only year for which enough effort was available to 
calculate a summer seismic period density estimate (Table 6.6).  Summer density estimates ranged 
from .2.2 to 14.5 cetaceans per 1000 km2 in locations where received sound levels were <120 dB 
rms.  Density estimates were based on cetacean sighting rates within areas ensonified to various 
received sound levels (Table 6.7) 

 

t Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

Received Sound Exposure 
Level (dB re 1 µPa rms) 2006 2007 2008

≥160 0 29 21
≥180 0 3 1

Individuals

 

TABLE 6.5.  Total number of cetaceans observed within the 
≥160 and ≥180 dB rms radii of seismic airguns in the 
Beaufort Sea during vessel operations, 2006–2008. 
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Species Density CIs Density CIs Density CIs Density CIs
2006
    Bowhead whale 0.0 - 0.0 - 0.0 - 0.0 -
    Unidentified mysticete whale 0.0 - 0.0 - 0.0 - 0.0 -
    Gray whale 0.0 - 1.6287 (0.246 - 10.806) 0.0 - 0.0 -
    Unidentified whale 0.0 - 0.576 (0.0683 - 4.913) 0.0 - 0.0 -
    Minke whale 0.0 - 0.0 - 0.0 - 0.0 -

2006 Total Cetacean Density 0.0 - 2.205 (0.432 - 11.258) 0.0 - 0.0 -
2007
    Bowhead whale 0.0 - 11.457 (1.728 - 75.961) 3.871 (0.775 - 19.340) 8.039 (2.224 - 29.065)
    Unidentified mysticete whale 0.0 - 2.053 (0.375 - 11.237) 0.0 - 3.570 (0.585 - 21.776)
    Gray whale 0.0 - 0.546 (0.072 - 4.125) 0.0 - 0.0 -
    Unidentified whale 0.0 - 0.481 (0.067 - 3.462) 9.032 (1.855 - 43.992) 0.517 (0.097 - 2.755)
    Minke whale 0.0 - 0.0 - 0.0 - 0.129 (0.015 - 1.084)

2007 Total Cetacean Density 0.0 - 14.537 (2.873 - 73.558) 12.903 (3.568 - 46.662) 12.255 (4.203 - 35.730)
2008
    Bowhead whale 0.0 - 5.892 (2.252 - 15.418) 1.549 (0.352 - 6.822) 4.400 (0.905 - 21.394)
    Unidentified mysticete whale 0.0 - 0.284 (0.036 - 2.225) 1.549 (0.487 - 4.929) 3.348 (1.295 - 8.658)
    Gray whale 0.0 - 0.284 (0.036 - 2.225) 0.0 - 0.581 (0.117 - 2.89)
    Unidentified whale 0.0 - 0.232 (0.028 - 1.922) 0.0 - 1.742 (0.476 - 6.375)
    Minke whale 0.0 - 0.0 - 0.0 - 0.0 -

2008 Total Cetacean Density 0.0 - 6.691 (2.789 - 16.055) 3.099 (1.140 - 8.423) 10.072 (4.172 - 24.312)

No. individuals / 1000 km2

Jul – Aug Sep – Nov

Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.0. 

≥160 <120 ≥160 <120

TABLE 6.6.  Cetacean density estimates and 95% confidence intervals (CIs) based on observations in locations where received sound levels 
were ≥160 and <120 dB rms in the Beaufort Sea during 2006–2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 
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TABLE 6.7.  Estimated areas (km2) ensonified to various sound levels during Beaufort Sea 
seismic surveys, 2006-2008. Maximum area ensonified is shown with overlapping areas 
counted multiple times, total area ensonified shown with overlapping areas counted only 
once.   

Area (km2) 120 160 170 180 190

2006 Jul-Aug
Including Overlap Area 2856 106 38 14 5

Excluding Overlap Area 2669 105 38 14 5
2006 Sep-Oct

Including Overlap Area 5694 398 147 53 19
Excluding Overlap Area 4189 309 136 51 18

2006 Totals
Including Overlap Area 8551 504 185 67 24

Excluding Overlap Area 6707 414 175 65 23

2007 Jul-Aug
Including Overlap Area 1327 48 14 4 1

Excluding Overlap Area 900 31 9 3 1
2007 Sep-Oct

Including Overlap Area 780,801 68,005 22,608 6836 2416
Excluding Overlap Area 24,692 3744 1988 1030 646

2007 Totals
Including Overlap Area 782,128 68,054 22,622 6839 2417

Excluding Overlap Area 25,593 3776 1998 1032 647

2008 Jul-Aug
Including Overlap Area 61,142 1404 408 115 34

Excluding Overlap Area 5446 698 308 97 29
2008 Sep-Oct

Including Overlap Area 2,210,377 164,093 64,808 23,221 7100
Excluding Overlap Area 39,891 6022 3464 2066 1310

2008 Totals
Including Overlap Area 2,271,518 165,496 65,215 23,337 7134

Excluding Overlap Area 45,337 6721 3772 2162 1339

Yearly "Totals Exluding Overlap Areas" are less than the sum of seasonal period non-overlap areas in some 
years because many of the same areas w ere ensonif ied during both periods.  

Level of ensonification in dB re1μPa (rms)    
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TABLE 6.8.  Estimated numbers of individual cetaceans exposed to received levels ≥160, 
170, 180, and 190 dB rms, and average number of exposures per individual during 
Beaufort Sea seismic surveys, 2006–2008.   

 

Exposure level in 
dB re 1µPa (rms) Individuals

Exposures per 
Individual Individuals

Exposures per 
Individual

Jul-Aug
≥160 - NA 1* 1
≥170 - NA 1* 1
≥180 - NA 1* 1
≥190 - NA 1* 1

Sep-Oct
≥160 - NA 0 NA
≥170 - NA 0 NA
≥180 - NA 0 NA
≥190 - NA 0 NA

Jul-Aug
≥160 - NA 1* 2
≥170 - NA 1* 1
≥180 - NA 1* 1
≥190 - NA 1* 1

Sep-Oct
≥160 48 18 46 18
≥170 26 11 24 11
≥180 13 7 13 7
≥190 8 4 8 4

Jul-Aug
≥160 0 NA 5 2
≥170 0 NA 2 1
≥180 0 NA 1 1
≥190 0 NA 1* 1

Sep-Oct
≥160 19 27 61 27
≥170 11 19 35 19
≥180 6 11 21 11
≥190 4 5 13 5

"0" individuals indicates >500 km (>311 mi) of effort within the density bin but no sightings

"-" indicates a take estimate could not be calculated because a reliable density estimate could not be calculated due to
<500 km (<311 mi) of effort

"1*" indicates number of individuals was decimal value between 0 and 1

2007

2008

2006

(≥160 dB rms) (<120 dB rms)
Seismic Densities Non-seismic Densities
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Seals 
Pinniped Effort 

The following section presents MMO pinniped effort collected in the Beaufort Sea during 
vessel operations from 2006 through 2008.  This effort was applied to sighting results for Seals, 
Pacific Walruses, and Polar Bears in their respective sections below. 

Effort by year – Of the 38,477 km (23,909 mi) of MMO pinniped effort in the Beaufort Sea, 
69% was collected in 2008 (Fig. 6.21) during the seismic survey program from the Gilavar and 
shallow hazards survey activities from the Henry C. and Alpha Helix.  Only shallow hazards 
survey activities were conducted in 2006, which contributed 9% of the pinniped total effort.  In 
2007, both shallow hazards and seismic survey activities were conducted, which contributed 22% 
of the total pinniped effort.   

Effort by Season – Sixty-four percent of the pinniped effort in the Beaufort Sea from 2006 
through 2008 occurred during fall and the other 36% was collected in summer (Fig. 6.22).  This 
effort was divided almost equally between the two seasons in 2006.  However, 3.2 and 1.7 times 
more effort occurred in the fall in 2007 and 2008, respectively.   

Effort by Beaufort Wind Force – The majority of the pinniped effort in the Beaufort Sea in 
2008 was collected in Bf categories of 2 and 3 (Fig. 6.23).  In 2007, when ice concentration was 
low, effort was more evenly spread across Bf categories 1 through 4.  In 2006, when ice 
concentration was high and wave formation was inhibited, most effort occurred in Bf categories of 
1 and 2.  See Appendix Table F.4 for a detailed presentation of pinniped effort by Bf.   
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FIGURE 6.21.  Pinniped effort (km) by year in the Beaufort Sea during vessel 
operations, 2006–2008. 
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FIGURE 6.22.  Pinniped effort (km) by season in the Beaufort Sea during vessel 
operations, 2006–2008. 
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FIGURE 6.23.  Pinniped effort (km) by Beaufort wind force category in the Beaufort Sea 
during vessel operations, 2006–2008. 
 

Effort by Received Sound Level to Vessel – The majority of the pinniped effort from source 
and monitoring vessels combined in all years occurred where received sound levels were <120 dB 
rms (Fig. 6.24).  Of the total effort in 2006, 2007, and 2008, only <1%, 13% and 20%, 
respectively, were during periods when received sound level were ≥160 dB rms.  A minimum of 
250 km (155 mi) of effort was required for drawing conclusions regarding the effects of sound 
exposure on marine mammals for most analyses.  In 2006, only 22 km (14 mi) of effort occurred 
where received levels were ≥160 dB rms and comparisons of effects of received sound levels on 
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pinnipeds could not be made for 2006.   
Approximately 64% of the pinniped effort in the Beaufort Sea from 2006 through 2008 

occurred where received sound levels were <120 dB rms, and 17% and 19% occurred where 
received sound levels were ≥160 dB rms and 159–120 dB rms, respectively (Fig. 6.25).  Pinniped 
effort from source and monitoring vessels at received sound levels ≥160 dB rms totaled 3702 and 
3117 km (2300 and 1937 mi), respectively, during 2006–2008.  More pinniped effort from both 
vessel types occurred in areas where received levels were <120 dB rms.  See Appendix Table F.5 
for a detailed presentation of pinniped effort by received sound level and vessel role. 
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FIGURE 6.24.  Pinniped effort (km) by received sound level and year in the 
Beaufort Sea during vessel operations, 2006–2008. 
 

Effort by Ice Bins – Seismic operators generally avoid areas with ice due to the potential for 
damage to equipment being towed behind the vessel.  Ice cover greater than 10% was considered 
heavy and areas with less than 10% ice cover were considered to have light ice cover (Fig. 6.26).  
In locations where ice was present, most pinniped effort in 2006 and 2007 occurred in areas with 
heavy ice cover.  The reverse trend was true in 2008.  In areas without ice, most of the pinniped 
effort in the Beaufort Sea from 2006 through 2008 (89%) occurred >20 km (13 mi) from the main 
pack ice edge (Fig. 6.26).  In contrast, only 27% of the effort fell in this category in 2006 (Fig. 
6.26).  Because pinnipeds regularly associate with ice, the amount of effort that occurred near ice 
should be kept in mind when considering the results of the analyses that follow.   
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FIGURE 6.25.  Pinniped effort (km) by received sound level and vessel role in the 
Beaufort Sea during vessel operations, 2006–2008. 
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FIGURE 6.26.  Pinniped effort (km) by percent of ice and distance from ice in the 
Beaufort Sea during vessel operations, 2006–2008. 
 

Effort by Water Depth – Most (87%) of the pinniped effort in the Beaufort Sea from 2006 
through 2008 occurred in water depths of <50 m (55 yd; Fig. 6.27).  Most of the pinniped effort in 
deeper waters occurred further offshore during periods of transit.    
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FIGURE 6.27.  Marine mammal observer effort (km) for seals by water depth in the 
Beaufort Sea during vessel operations, 2006–2008. 

 
Seal Sightings 

MMOs recorded 1996 sightings of 2383 individual seals from vessels operating in the 
Beaufort Sea from 2006 through 2008 (Table 6.9).  Among these, 17 sightings (26 individuals) 
were observed on ice.  Approximately 69% of the sightings were recorded in 2008, however, 69% 
of the effort also occurred in 2008, so this result likely reflects differences in effort across years as 
opposed to differences in seal abundance or distribution.   

Ringed seal was the most frequently identified seal species (33% of total sightings) 
followed by bearded and spotted seals for all four years combined.  Forty-nine percent of seals 
were recorded as unidentified species.  Spotted seals are relatively uncommon in the central 
Alaskan Beaufort Sea and some of the spotted seals may have been misidentified due to the 
difficulties in distinguishing this species from ringed seal.  See Appendix Table F.7 for a detailed 
presentation of seal sightings by received sound level and vessel role. 
Seal Sighting Rates by Season 

No clear trend was found when seal sighting rates were compared by season (Fig. 6.28).  
Seal sighting rates were 2.6 and 1.6 times higher in fall than in summer in 2006 and 2008, 
respectively.  However, in 2007, the seal sighting rates in summer was 2.4 times higher than in 
fall.  Combined seal sighting rates were significantly higher in fall than summer (G= 33.75, df = 1, 
p = <0.001).   
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TABLE 6.9.  Number of sightings (number of individuals) of seals recorded from 
vessels operating in the Beaufort Sea, 2006–2008. 

 

Species

Seals in Water

Bearded Seal 13 (14) 31 (41) 91 (95) 135 (150)
Ribbon Seal 0 0 3 (3) 3 (3)
Ringed Seal 56 (64) 84 (91) 523 (612) 663 (767)
Spotted Seal 50 (59) 57 (86) 89 (125) 196 (270)
Unidentified Seal 187 (197) 121 (140) 657 (813) 965 (1150)
Unidentified Pinniped 0 2 (2) 15 (15) 17 (17)

Seals on Ice

Bearded Seal 0 9 (15) 0 9 (15)
Ringed Seal 0 5 (8) 0 5 (8)
Unidentified Seal 1 (1) 2 (2) 0 3 (3)

Total Seals 307 (335) 311 (385) 1378 (1663) 1996 (2383)

2006 2007 2008 Total
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FIGURE 6.28.  Seal sighting rates by season in the Beaufort Sea during vessel 
operations, 2006–2008.  The italicized value is based on 322 km (200 mi) of effort. 
 

Seal Sighting Rates by Beaufort Wind Force 
Seal sighting rates in the Beaufort Sea from 2006 through 2008 displayed a clear decreasing 

trend as Beaufort wind force increased (Fig. 6.29).  The general trend was consistent for all three 
years with some variation.  The lower seal sighting rates with higher sea conditions resulted from 
difficulties in observing seals during higher sea conditions.   
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FIGURE 6.29.  Seal sighting rates by Beaufort wind force in the Beaufort Sea 
during vessel operations, 2006–2008.  Rates not shown for 2006 Bf 0 and 5 and 
because <250 km (<155 mi) of effort occurred in those bins. 

 
Seal Sighting Rates by Received Sound Level 

Sighting rates for seals exposed to received sound levels ≥160 dB rms were significantly 
higher from monitoring vessels than from source vessels in the Beaufort Sea from 2006 through 
2008 (Fig. 6.30; G = 5.25, df = 1, p = 0.022).  The highest seal sighting rate was recorded from 
source vessels for animals exposed to received sound levels <120 dB rms.   

From source vessels, the sighting rate for seals in areas exposed to received sound levels 
<120 dB rms was significantly higher than in areas with received sound levels ≥160 dB rms (Fig. 
6.30; G = 29.19, df = 1, p < 0.001).  However, the same relationship in seal sighting rates from 
monitoring vessels was not significant (G = 1.73, df = 1, p = 0.188).  Lower seal sighting rates 
from active seismic vessels compared to higher seal sighting rates from nearby monitoring vessels 
suggested localized avoidance of seismic survey activities by seals.  Support vessels had zero 
effort in areas where received sound levels were ≥160 dB rms and only 114 km (71 mi) of effort 
for areas with received levels of 159–120 dB rms, precluding analyses of seal sighting rates by 
received sound levels for this vessel type.  Limited seismic activity in 2006 also precluded 
meaningful comparisons of seal sighting rates relative to received sound levels among years. 
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FIGURE 6.30.  Seal sighting rates by received sound level and vessel role in the 
Beaufort Sea during vessel operations, 2006–2008.  Rates not shown for Support 
Vessels received sound levels ≥160 and 159-120 dB rms because <250 km (<155 
mi) of effort occurred in those bins. 

 
Seal Sighting Rates by Distance from Ice and Ice Conditions – Ice cover in the project area 

was much greater in 2006 than in 2007 and 2008, and a greater percentage of MMO effort was 
concentrated in areas with heavy ice in 2006 compared to the other years (Fig. 6.31).  Combined 
seal sighting rates for the three year period were 2.6 times higher during heavy ice conditions 
(>10%) than during light ice conditions (<10%), and the difference was significant (G= 21.38, df = 
1, p = <0.001, Fig. 6.31).   No strong trend in seal sighting rates with respect to distance from the 
main pack ice edge was apparent from 2006 through 2008 (Fig. 6.31).  Seal sighting rates were 
generally higher in areas closer to ice in 2006.  In 2008, however, higher seal sighting rates were 
recorded in areas further from ice.  No trend in seal sighting rates as a function of distance from 
ice was apparent in 2007.  Among–year differences could have been due to differences in ice 
concentration and the amount of observer effort in different distance–from–ice bins (Fig. 6.26).   

 
Seal Sighting Rates by Water Depth 

Seal sighting rates by water depth in the Beaufort Sea were highest in water depths of <50 
m (55 yd) during 2006 and 2007 (Fig. 6.32, note that sighting rates are not shown for 2006 and 
2008 water depths of 50-200 (55-219 yd) and >200 m (219 yd) because <250 km (<155 mi) of 
effort occurred in those bins).  Seal sighting rates in 2008 were highest in water depths of 50-200 
m (55-219 yd).   

 

 



6-32     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

 

0

50

100

150

200

250

>10% <10% 0-5 km 5-10 km 10-15 km 15-20 km >20 km

S
ig

ht
in

gs
 p

er
 1

00
0 

km
   

  
of

 M
M

O
 E

ffo
rt

Percent Ice and Distance from Ice

2006

2007

2008

 
FIGURE 6.31.  Seal sighting rates by percent of ice and distance from ice in the Beaufort Sea during 
vessel operations, 2006–2008. Rates not shown for 2006, 2007 and 2008 are due to <250 km 
(<155 mi) of effort occurring in those bins. 
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FIGURE 6.32.  Seal sighting rates by water depth in the Beaufort Sea during vessel 
operations, 2006–2008.  Rates not shown for 2006 water depths of 50-200 and >200 
m (55-219 and >219 yd) because <250 km (<155 mi) of effort occurred in those bins. 
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Seal Distribution and Behavior 
Initial Sighting Distances – The distribution of initial sighting distances of seals exposed to 

sound levels ≥160 dB rms was different from seismic source vessels and monitoring vessels (Fig. 
6.33).  Most (~57%) of the seals in areas where received sound levels were ≥160 dB rms recorded 
from monitoring vessels were sighted within 100 m (109 yd) of the observer station, compared to 
13% from seismic source vessels.  In general, seals recorded from seismic source vessels where 
received sounds levels were ≥160 dB rms were evenly distributed from the vessel to ~750 m (820 
yd), but seals generally decreased with distance from the monitoring vessel.   

The trend in distributions of initial sighting distances of seals exposed to sound levels <120 
dB rms was similar between seismic source vessels and monitoring vessels (Fig. 6.34).  Both 
vessel groups recorded >40% of seal sightings within 100 m (109 yd) of the observer station when 
received sound levels were <120 dB rms.  The lower percentages of initial sightings near active 
seismic vessels suggested possible localized seal avoidance of seismic survey activities. 

Movement – The movement patterns of seals exposed to sound levels ≥160 dB rms in the 
Beaufort Sea from 2006 through 2008 were different between seismic and monitoring vessels (Fig. 
6.35).  Significantly more seals exposed to sound levels ≥160 dB rms were recorded swimming 
away from active seismic vessels compared monitoring vessels (G = 6.42, df = 1, p = 0.011).   
Conversely, significantly more seals were swimming towards monitoring vessels compared to 
active seismic source vessels (G = 4.49, df = 1, p = 0.035).  Approximately 61% of seals exposed 
to sound levels ≥160 dB rms displayed either no movement or their movement was neutral relative 
to the vessel for both vessel types.  Neutral movement indicated an animal moved in some fashion 
that was neither toward nor away from the vessel.  Movement patterns for seal sightings where 
sound levels were <120 dB rms were proportionally comparable to sightings that were exposed to 
higher received sound levels (Figs. 6.35 and 6.36). 
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FIGURE 6.33.  Initial sighting distance (m) of seals exposed to ≥160 dB rms for seismic source vessels and monitoring vessels in the Beaufort 
Sea during vessel operations, 2006–2008.  Only seals recorded in water were considered (n = 164 for source vessels, n = 177 for monitoring 
vessels. 

FIGURE 6.34.  Initial sighting distance (m) of seals exposed to <120 dB rms for seismic source vessels and monitoring vessels in the Beaufort 
Sea during vessel operations, 2006–2008.  Only seals recorded in water were considered (n = 712 for source vessels, n = 312 for monitoring 
vessels. 
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Closest Point of Approach – This paragraph comparing mean CPA values for seals is with respect 
to the observer station for source and monitoring vessels (Table 6.10).  The mean seal CPA for animals 
exposed to received sound levels ≥160 dB rms was significantly greater from source vessels than from 
monitoring vessels (Wilcoxon rank sum test, W = 23422,  p < 0.001).  The mean CPA from source 
vessels of seals exposed to received sound levels of ≥160 dB rms was significantly greater than the mean 
CPA of seals in areas exposed to sound levels <120 dB rms (Wilcoxon rank sum test, W = 88726,  p < 
0.001).  Mean seal CPAs from monitoring vessels for seals exposed to sound levels <120 dB rms and 
≥160 dB rms, however, did not differ significantly (Wilcoxon rank sum test, W = 25,372, p = 0.14). 

The following comparison of mean CPA values for seals is with respect to the airgun array for 
source vessels only (Table 6.11).  The mean CPA from source vessels of seals exposed to received sound 
levels of ≥160 dB was significantly greater than the mean CPA of seals in areas exposed to received 
sound levels <120 dB rms (Wilcoxon rank sum test, W = 102,060,  p < 0.001). 

 
TABLE 6.10.  Comparison of seal CPA-to-observer-station distances by vessel category and 
received sound level in the Beaufort Sea during vessel operations, 2006–2008.  Only seals 
recorded in water were considered. 

 

Vessel 
Category

Received Sound 
Level (dB re 1 µPa 

rms )
Mean CPAa 

(m) s.d. Range (m) n

   Source  ≥160 421 319 20-1839 164

   Monitoring ≥160 163 192 5-1174 177

   Source <120 199 188 1-1363 712

   Monitoring <120 180 216 5-1700 312

a CPA = Closest Point of Approach.  This value is the marine mammal's closest point of approach to the observer 
station.  

 
TABLE 6.11.  Comparison of seal CPA-to-airgun distances for source vessels by 
received sound level in the Beaufort Sea during vessel operations, 2006–2008.  
Only seals recorded in water were considered. 

 

Received Sound Level    
(dB re 1 µPa rms )

Mean CPAa 

(m) s.d. Range (m) n

 ≥160 634 352 76-2103 164

<120 236 195 1-1435 712

a CPA = Closest Point of Approach. This value is the marine mammal's closest point of approach to
the airgun array.  
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FIGURE 6.35.  Movement of seals exposed to received sound levels ≥160 dB rms with 
respect to seismic source vessels and monitoring vessels in the Beaufort Sea during 
vessel operations, 2006–2008.  NE = Neutral, SA = Swim Away, ST = Swim Towards, 
NO = No Movement.  Only seals recorded in water were considered (n = 165 for source 
vessels, n = 177 for monitoring vessels). 
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FIGURE 6.36.  Movement of seals with respect to the vessel that were exposed to 
received sound levels <120 dB rms for all vessels combined in the Beaufort Sea during 
vessel operations, 2006-2008.  NE = Neutral, SA = Swim Away, ST = Swim Towards, NO 
= No Movement.  Only seals recorded in water were considered (n = 1298). 
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Reaction Behavior – Seals exposed to sound levels ≥160 dB rms in the Beaufort Sea from 2006 
through 2008 reacted to active seismic source vessels at lower rates than to monitoring vessels (Fig. 6.37).  
Many seals also showed no reaction to vessels, particularly source vessels.  Look was the most frequently 
recorded reaction for seals exposed to sound levels ≥160 dB rms, followed by splash.  Few other reaction 
types were recorded for exposed seals.  One seal was observed interacting with seismic gear towed by the 
Henry C. in 2008.  Two airguns were firing at the time of the sighting, but the seal was observed outside 
the 190 dB safety radius and did not result in a power down or shut down of the airguns.  The seal did not 
get entangled in the seismic gear and dove shortly after being sighted    

Reactions of seals exposed to sound levels <120 dB rms in the Beaufort Sea from 2006 through 
2008 were distributed similarly to seals exposed to sound levels ≥160 dB rms (Figs. 6.37 and 6.38). Many 
seals showed no reaction to either vessel type.  The most common reaction for both exposure categories 
was look, followed by splash.  Seals exposed to received sound levels <120 dB rms also reacted to vessels 
by changing direction at higher rates than seals exposed to received sounds ≥160 dB rms, and one seal 
reacted by moving from the ice into water. 
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FIGURE 6.37.  Reaction behavior for seals exposed to sound levels ≥160 dB rms for 
seismic source vessels and monitoring vessels in the Beaufort Sea during vessel 
operations, 2006–2008.  CD = Change Direction, IS = Increase Speed, LO = Look, SG 
= Interaction with Seismic Gear, SP = Splash, NO = No Reaction.  Seals recorded in 
water or on ice were considered (n = 164 for source vessels, n = 177 for monitoring 
vessels). 
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FIGURE 6.38.  Reaction behavior for seals exposed to sound levels <120 dB rms for all 
vessels in the Beaufort Sea during vessel operations, 2006–2008.  CD = Change 
Direction, IS = Increase Speed, LO = Look, RH = Rush from Ice into Water, SP = 
Splash, NO = No Reaction.  Seals recorded in water or on ice were considered (n = 
1315). 
 

Probability of Seal Detection  
The effect of number of observers and Beaufort wind force on seal detection probability was 

examined using data collected in both the Chukchi and Beaufort Sea study areas and transit data in order 
to allow for adequate sample sizes in each category, including categories for one, two, and three 
observers, and Beaufort wind force categories 0-1, 2-3, and 4-5.  The results of these analyses are 
presented in this section of Chapter 3 of this report. 
Estimated Number of Seals Potentially Ensonified at Various Sound Levels 

Estimates from direct observations – All seal sightings data were included in the following 
exposure estimates based on direct observations regardless of whether they met the data-analysis criteria 
discussed in Chapter 3, Methods.  The number of seals observed close to seismic source vessels during 
seismic survey operations in the Beaufort Sea from 2006 through 2008 provided a minimum estimate of 
the number potentially affected by seismic sounds. 

Seismic survey activity and monitoring effort were greatest in the Beaufort Sea during 2008 
compared with 2006 and 2007, and this was reflected in the number of seals observed in relevant 
exposure level radii (Table 6.12).  All seals sighted beyond the ≥190 dB rms radius were monitored, but 
these sightings did not require mitigation measures. 

NMFS has established a ≥190 dB rms safety radius for seals.  All 36 sightings of the seals observed 
within the ≥190 dB rms safety radius during 2007 and 2008 resulted in a power down of seismic airguns 
to a single mitigation gun.  In 2007, a single unidentified pinniped was observed inside the ≥190 dB rms 
safety radius shortly after Gilavar airguns began ramping up.  Airguns were powered down immediately, 
and it was unlikely that this animal was exposed to received sound levels ≥190 dB rms.  In 2008, 21 of 
the 35 seals observed inside the ≥190 dB rms safety radius were ringed seals, nine were unidentified seals 
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Received Sound Exposure 
Level (dB re 1 µPa rms) 2006 2007 2008

≥160 0 21 520
≥170 0 19 292
≥180 0 1 133
≥190 0 1 35

Individuals

Seal density estimates based on received sound levels ≥160 dB rms (seismic) and <120 dB rms 
(non-seismic) were multiplied by the areas ensonified to various sound levels to estimate the number of 
individuals actually exposed at those levels.  In 2008, the numbers of individuals estimated to have been 
exposed to received sound levels ≥190 dB rms were 633 and 714 based on seismic and non-seismic 
period density estimates, respectively (Table 6.14).  In 2007, the numbers of individuals estimated to have 
been exposed to received levels ≥190 dB rms were 70 and 230 based on seismic and non-seismic period 
density estimates, respectively.   Eighteen seals were estimated to have been exposed to received sound 
levels ≥190 dB rms in 2006 using non-seismic densities. 

See Table 6.7 above in Cetaceans for a summary of ensonified areas in the Beaufort Sea by season 
from 2006 through 2008.  The majority of the total ensonified areas were from seismic surveys occurring 
in the fall when the Gilavar conducted most of its Beaufort Sea operations. 

(ringed or spotted), four were bearded seals, and one was an unidentified pinniped.  It was possible that 
these 35 seals were exposed to received sound levels of ≥190 dB rms in 2008. 

 

  
Estimates Extrapolated from Density – No clear trend in seal density estimates was apparent when 

compared by received sound levels (Table 6.13).  It was not possible to calculate seal density estimates 
where received levels were ≥160 dB rms for summer or fall 2006, or summer 2007 due low effort within 
those categories.  In fall 2007, seal density estimates were 3.3 times higher when received sound levels 
were <120 dB rms compared to ≥160 dB rms.  In fall 2008, results were variable.  In summer, the seal 
density estimate was ~2.2 times higher when received levels were <120 dB rms compared to ≥160 dB 
rms.  However, in fall, the seal density estimate was only slightly higher when received levels were <120 
compared to ≥160 dB rms. 

TABLE 6.12.  Total number of seals observed within the 
≥160, ≥170, ≥180, and ≥190 dB re 1 µPa rms radii of 
airguns during seismic operations in the Beaufort Sea, 
2006–2008. 
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TABLE 6.13.  Seal density estimates and 95% confidence intervals based on observations in locations where received sound levels were ≥160 
and <120 dB rms in the Beaufort Sea during 2006–2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 
  

Year Density CIs Density CIs Density CIs Density CIs
2006
    Bearded seal 0.0 - 32.565 (13.486 - 78.640) 0.0 - 7.828 (1.101 - 55.660)
    Ringed seal 0.0 - 50.212 (5.851 - 430.930) 0.0 - 176.125 (61.6 - 503.570)
    Spotted seal 0.0 - 21.994 (3.892 - 124.280) 0.0 - 199.608 (55.202 - 721.770)
    Unidentified pinniped 0.0 - 0.0 - 0.0 - 0.0 -
    Unidentified seal 0.0 - 134.694 (75.767 - 239.450) 0.0 - 575.340 (275.975 - 1199.440)
        2006 Total 0.0 - 239.466 (116.409 - 492.610) 0.0 - 958.901 (541.153 - 1699.130)
2007
    Bearded seal 0.0 - 57.215 (17.286 - 189.370) 0.000 - 55.428 (13.092 - 234.670)
    Ringed seal 0.0 - 55.217 (14.984 - 203.480) 29.198 (4.443 - 191.870) 145.485 (82.538 - 256.440)
    Spotted seal 0.0 - 186.385 (64.245 - 540.730) 21.898 (3.337 - 143.680) 38.155 (7.535 - 193.210)
    Unidentified pinniped 0.0 - 0.0 - 0.0 - 3.650 (1.423 - 9.360)
    Unidentified seal 0.0 - 322.802 (87.344 - 1192.990) 57.109 (12.482 - 261.300) 113.305 (30.134 - 426.040)
       2007 Total 0.0 - 621.619 (274.383 - 1408.290) 108.206 (34.615 - 338.250) 356.023 (193.311 - 655.690)
2008
    Bearded seal 24.978 (3.626 - 172.050) 18.832 (6.475 - 54.780) 24.350 (4.931 - 120.240) 29.780 (14.252 - 62.230)
    Ringed seal 116.566 (18.288 - 742.980) 153.801 (29.212 - 809.760) 235.671 (64.115 - 866.260) 149.084 (76.146 - 291.890)
    Spotted seal 0.0 - 88.561 (17.384 - 451.180) 4.143 (0.610 - 28.150) 8.981 (1.384 - 58.280)
    Unidentified pinniped 0.0 - 4.610 (0.714 - 29.770) 0.305 (0.040 - 2.340) 0.478 (0.063 - 3.610)
    Unidentified seal 24.978 (3.047 - 204.760) 100.065 (46.006 - 217.650) 219.190 (65.533 - 733.130) 355.924 (90.057 - 1406.680)
       2008 Total 166.523 (37.259 - 744.250) 365.870 (143.107 - 935.390) 483.660 (198.638 - 1177.650) 545.529 (205.863 - 1445.640)

No. individuals / 1000 km2

Jul – Aug Sep – Nov

Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.0. 

≥160 <120 ≥160 <120
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TABLE 6.14.  Estimated numbers of individual seals exposed to received levels ≥160, 170, 
180, and 190 dB rms, and average number of exposures per individual during Beaufort 
Sea seismic surveys, 2006–2008.  . 

Exposure level in 
dB re 1µPa (rms) Individuals

Exposures per 
Individual Individuals

Exposures per 
Individual

Jul-Aug
≥160 - NA 25 1
≥170 - NA 9 1
≥180 - NA 3 1
≥190 - NA 1 1

Sep-Oct
≥160 - NA 296 1
≥170 - NA 131 1
≥180 - NA 49 1
≥190 - NA 18 1

Jul-Aug
≥160 - NA 20 2
≥170 - NA 6 1
≥180 - NA 2 1
≥190 - NA 1 1

Sep-Oct
≥160 405 18 1333 18
≥170 215 11 708 11
≥180 111 7 367 7
≥190 70 4 230 4

Jul-Aug
≥160 116 2 255 2
≥170 51 1 113 1
≥180 16 1 35 1
≥190 5 1 11 1

Sep-Oct
≥160 2913 27 3285 27
≥170 1675 19 1890 19
≥180 999 11 1127 11
≥190 633 5 714 5

"0" individuals indicates >500 km (>311 mi) of effort within the density bin but no sightings

"-" indicates a take estimate could not be calculated because a reliable density estimate could not be calculated due to
<500 km (<311 mi) of effort

2007

2008

2006

(≥160 dB rms) (<120 dB rms)
Seismic Densities Non-seismic Densities
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Pacific Walruses 
Pacific Walrus Sightings 

Only 10 Pacific walruses in six groups were recorded by MMOs in the Beaufort Sea during 2007 
and 2008, and no Pacific walrus sightings were recorded in the Beaufort Sea during 2006 (Table 6.15).  
Five of the six Pacific walrus sightings were recorded in 2007 and there was one sighting of a single 
animal in 2008.  Only one of the six Pacific walrus sightings in the Beaufort Sea from 2006-2008 was 
observed near Barrow.  All but one of the remaining five sightings were observed east of Prudhoe Bay.  
See Appendix Table F.8 for a detailed presentation of Pacific walrus sightings by received sound level 
and vessel role. 

Pacific walrus sightings data are presented in the following sections with respect to specific 
variables, but sighting rates are omitted in most instances.  The small number of Pacific walrus sightings 
in the Beaufort Sea in 2007 and 2008 (n = 6) precluded meaningful analyses of sighting rates with respect 
to most of the variables considered in other species group sections of this chapter. 

All six of the Pacific walrus sightings in the Beaufort Sea in 2007 and 2008 were recorded during 
the fall.  The Pacific walrus sighting rates for fall in 2007 and 2008 were 0.8 sightings per 1000 km (1.2 
sightings per 1000 mi) and 0.06 sightings per 1000 km (0.1 sightings per 1000 mi), respectively.  

In 2007, one Pacific walrus sighting was recorded during a period of Bf 1 and four were recorded 
during periods of Bf 3.  The single Pacific walrus sighting in 2008 was recorded during a period of Bf 4. 

Two Pacific walrus sightings were recorded when the received sound level to the animals was ≥160 
dB rms, one was recorded when the received sound level was 159–120 dB rms, and three sightings were 
recorded when the received sound level was <120 dB rms. 

All six of the Pacific walrus sightings in the Beaufort Sea in 2007 and 2008 were recorded at 
distances greater than 15 km (9.3 mi) from the main pack ice edge.  One sighting of two animals in 2007 
was recorded on a small ice flow. 

All six Pacific walrus sightings in the Beaufort Sea in 2007 and 2008 were recorded in less than 50 
m (55 yd) of water. 

 
TABLE 6.15.  Number of sightings (number of individuals) of Pacific walruses observed from 
project vessels during Beaufort Sea operations from 2006 through 2008.  

Species

Pacific Walruses in Water 0 4 (7) 1 (1) (5) (8)

Pacific Walruses on Ice 0 1 (2) 0 (1) (2)

Total Pacific Walruses 0 5 (9) 1 (1) (6) (10)

2006 2007 2008 Total
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Pacific Walrus Distribution and Behavior 
Initial Sightings – Initial sighting distances for the five Pacific walrus sightings in water in the 

Beaufort Sea in 2007 and 2008 ranged from 20 to 696 m (22 to 761 yd) with a mean of 238 m (260 yd).  
The single sighting of two Pacific walruses on ice in 2007 was initially detected at a distance of 1217 m 
(1331 yd).    

Movement – Movement with respect to the vessel for the five Pacific walrus sightings in water 
included two that swam away, one that swam towards, one that was neutral, and one that demonstrated no 
direction of movement.  Neutral movement indicated an animal moved in some fashion that was neither 
toward nor away from the vessel. 

Closest Point of Approach – CPAs to the observer station for the five Pacific walrus sightings in 
water in 2007 and 2008 ranged from 20 to 696 m (22 to 761 yd) with a mean of 238 m (260 yd).  The 
CPA of the single sighting of two walruses on ice in 2007 was 1217 m (1331 yd). 

Reaction Behavior – MMOs recorded all observed reactions to the vessel by Pacific walruses in 
the Beaufort Sea in 2007 and 2008.  Changing direction was recorded once, splashing was recorded twice, 
and no observable reaction to the vessel was recorded three times.      
Probability of Pacific Walrus Detection  

Pacific walrus sightings sample sizes precluded meaningful analysis of the probability of detection 
by variables considered for cetaceans and seals in Chapter 3. 
Estimated Number of Pacific Walruses Potentially Ensonified at Various Sound Levels 

Estimates from Direct Observations. – All Pacific walrus sightings data were included in the 
following exposure estimates based on direct observations regardless of whether they met the data-
analysis criteria discussed in Chapter 3, Methods.  The number of Pacific walruses observed close to 
seismic source vessels during seismic survey operations in the Beaufort Sea from 2006 through 2008 pro-
vided a minimum estimate of the number potentially affected by seismic sounds (Table 6.16).   

 
TABLE 6.16.  Total number of Pacific walruses observed 
within the ≥160, ≥170, ≥180, and ≥190 dB re 1 µPa rms radii 
of airguns during seismic operations in the Beaufort Sea, 
2006-2008. 

 

Received Sound Exposure 
Level (dB re 1 µPa rms) 2006 2007 2008

≥160 0 2 1
≥170 0 2 1
≥180 0 0 0
≥190 0 0 0

Individuals
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Three Pacific walruses were observed inside the ≥170 dB rms safety radii during seismic 
operations in the Beaufort Sea during 2007 and 2008 (Table 6.16).  Two of these individuals were 
observed in 2007 and the other was recorded in 2008.  No Pacific walruses were observed inside the ≥180 
or ≥190 dB rms safety radii at any time in the Beaufort Sea from 2006 through 2008. 

Estimates Extrapolated from Density – Table 6.17 presents Pacific walrus density estimates by 
season and received sound levels in the Beaufort Sea from 2006 through 2008.  These density estimates 
have been corrected for sightability bias (see Chapter 3, Methods, for more detailed information).  There 
were no Pacific walrus sightings in summer for the three survey years in the Beaufort Sea, therefore, 
summer density estimates were zero for each year.   

Marine mammal density estimates from non-seismic periods (<120 dB rms) are usually higher than 
those from seismic periods (≥160 dB rms), but this was not the case for Pacific walrus data from the 
Beaufort Sea in 2007 and 2008 (Table 6.17).  The following estimates of Pacific walruses exposed to 
various received sound levels were based on seismic-period densities to produce a maximum estimate for 
comparison with minimum estimates from direct observations. 

See Table 6.7 above in Cetaceans for a summary of ensonified areas in the Beaufort Sea by season 
from 2006 through 2008.  The majority of the total ensonified areas were from seismic surveys occurring 
in the fall when the Gilavar conducted most of its Beaufort Sea operations. 

Pacific walrus density estimates in the Beaufort Sea were low in 2008, and it was estimated that no 
more than  five individuals would have been exposed to received sound levels ≥160 dB rms (Table 6.18).  
In 2007, Pacific walrus densities were higher and 45 walruses may have been exposed to received sound 
levels ≥160 dB rms if there was no avoidance of active seismic surveys.  Pacific walrus density estimates 
in the Beaufort Sea in 2006 were zero for all categories, and therefore, no individuals were estimated to 
have been exposed to received sound levels ≥160 dB rms based on these densities.   
 
TABLE 6.17.  Pacific walrus density estimates and 95% confidence intervals based on observations in 
locations where received sound levels were ≥160 and <120 dB rms in the Beaufort Sea during 2006–
2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006 0.0 - 0.0 - 0.0 - 0.0 -
2007 0.0 - 0.0 - 12.040 (1.493 - 97.092) 6.339 (0.829 - 48.464)
2008 0.0 - 0.0 - 0.772 (0.106 - 5.644) 0.0 -

No. individuals / 1000 km2

Jul – Aug Sep – Nov

Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density 

≥160 <120 ≥160 <120
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TABLE 6.18.  Estimated numbers of individual Pacific walruses exposed to received levels 
≥160, 170, 180, and 190 dB rms, and average number of exposures per individual during 
Beaufort Sea seismic surveys, 2006–2008.   

Exposure level in 
dB re 1µPa (rms) Individuals

Exposures per 
Individual Individuals

Exposures per 
Individual

Jul-Aug
≥160 - NA 0 NA
≥170 - NA 0 NA
≥180 - NA 0 NA
≥190 - NA 0 NA

Sep-Oct
≥160 - NA 0 NA
≥170 - NA 0 NA
≥180 - NA 0 NA
≥190 - NA 0 NA

Jul-Aug
≥160 - NA 0 NA
≥170 - NA 0 NA
≥180 - NA 0 NA
≥190 - NA 0 NA

Sep-Oct
≥160 45 18 24 18
≥170 24 11 13 11
≥180 12 7 7 7
≥190 8 4 4 4

Jul-Aug
≥160 0 NA 0 NA
≥170 0 NA 0 NA
≥180 0 NA 0 NA
≥190 0 NA 0 NA

Sep-Oct
≥160 5 27 0 NA
≥170 3 19 0 NA
≥180 2 11 0 NA
≥190 1 5 0 NA

"0" individuals indicates >500 km (>311 mi) of effort within the density bin but no sightings

"-" indicates a take estimate could not be calculated because a reliable density estimate could not be calculated due to
<500 km (<311 mi) of effort

2007

2008

2006

(≥160 dB rms) (<120 dB rms)
Seismic Densities Non-seismic Densities
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Polar Bears 
Polar Bear Sightings 

Most of the 22 polar bear sightings in the Beaufort Sea from 2006 through 2008 were recorded in 
2007 and 2008 when MMOs recorded 47 animals in 19 groups (Table 6.19).  Four polar bears in three 
groups were recorded in 2006.  The majority of polar bears observed in 2008 were recorded from the 
Alpha Helix as a single sighting of 17 individuals on or adjacent to Cross Island, and nine of the animals 
in this group were juveniles.  MMOs on the Henry C. recorded all 2007 polar bear sightings except one 
when the vessel was anchored near the barrier islands to seek shelter from rough weather.  Only one of 
the 22 polar bear sightings from 2006-2008 was recorded >37 km (23 mi) from land.   Polar bear 
sightings by vessel role and received sound level are presented in Appendix Table F.9.   

Polar bear sightings data are presented in the following paragraphs with respect to specific 
variables, but sighting rates are omitted in most instances.  The small number of polar bear sightings in 
the Beaufort Sea from 2006 through 2008 (n = 22) precluded meaningful analyses of sighting rates with 
respect to most of the variables considered in other species group sections of this chapter.  Additionally, 
because most sightings were of polar bears on or very near to land, the appropriate level of effort 
associated with the sightings is likely different than that shown for other species.  A method to quantify 
this alternative level of effort has not yet been identified so the sighting rates presented below were 
calculated using the same effort amounts described in the seal section and should therefore be viewed 
with caution. 

Only four of the 22 polar bear sightings from 2006 through 2008 were recorded in the fall, 
resulting in a higher sighting rate in summer in all three years (Fig. 6.39).  All 18 of the summer polar 
bear sightings were recorded in Aug when polar bears were frequently observed on or adjacent to the 
barrier islands, most notably, Cross Island.     

Eleven of the 22 polar bear sightings were recorded on ice or land, and the Beaufort wind force was 
unlikely to have influenced the probability of MMOs to detect these animals.  The remaining eleven polar 
bear sightings were recorded in the water in Bf categories as follows: three in Bf 1, five in Bf 2, two in Bf 
4, and one in Bf 5. 

Twenty of the 22 polar bear sightings from 2006 through 2008 were recorded when the received 
sound level in the water was estimated to be <120 dB rms, one sighting was recorded when the received 
sound level was 159–120 dB rms, and the remaining sighting, which was recorded in 2008, was estimated 
to have been exposed to ≥160 dB rms.    

Of the 22 polar bear sightings, one was recorded in ice conditions >10% and two were in ice 
conditions of <10%.   Most of the polar bears sighted in the Beaufort Sea from 2006 through 2008 were 
associated with the barrier islands, precluding meaningful analysis of sighting rates by distance from ice.  
One polar bear sighting was 0-5 km (0-3.1 mi) from the main pack ice edge, one was 15-20 km (9.3-12.4 
mi) from pack ice edge, and the remaining 17 sightings were >20 km (>12.4 mi) from the pack ice edge.     

All but one polar bear sighting in the Beaufort Sea from 2006 through 2008 was associated with 
ice, land, or water depths of <50 m.  One polar bear was sighted swimming in the water in 2008 where the 
depth was >200 m (219 yd). 
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TABLE 6.19.  Number of sightings (number of individuals) of polar bears observed from 
project vessels during operations in the Beaufort Sea, 2006–2008. 

 

Species

Polar Bears in Water 2 (3) 3 (10) 6 (6) 11 (19)

Polar Bears on Ice or Land 1 (1) 7 (11) 3 (20) 11 (32)

Total Polar Bears 3 (4) 10 (21) 9 (26) 22 (51)

2006 2007 2008 Total
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FIGURE 6.39.  Polar bear sighting rates by season in the Beaufort Sea during vessel 
operations, 2006–2008.  

        
Polar Bear Distribution and Behavior 

Initial Sighting Distance – The average initial sighting distance for the eleven in–water polar bear 
sightings was 645 m (705 yd) and detection distances ranged from 70 to 1554 m (77 to 1699 yd).  The 
average initial sighting distance for the 11 on-ice-or-land polar bear sightings was 1720 m (1881 yd) and 
values ranged from 417 to 4000 m (456 to 4374 yd).  These data do not allow for further trend analyses 
by received sound level because all but one polar bear sighting was exposed to received sound levels of 
<160 dB rms. 

Movement – Movement patterns of polar bears with respect to the vessel for the eleven in-water 
sightings included six neutral movements, two swam toward, one swam away, and two showed no 
direction of movement.  Neutral movement indicated an animal moved in some fashion that was neither 
toward nor away from the vessel.  Movement patterns of polar bears for the 11 on-ice-or-land sightings 
included two neutral movements, two moved away, one moved toward, and six showed no direction of 
movement. 
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Closest Point of Approach – CPAs for the eleven in-water polar bear sightings in the Beaufort Sea 
from 2006 through 2008 ranged from 70 to 1554 m (77 to 1699 yd) with a mean of 645 m (705 yd).  
CPAs for the 11 on-ice-or-land polar bear sightings ranged from 417 to 4000 m (456 to 4374 yd) with a 
mean of 1568 m (1715 yd). 

Reaction Behavior – No reaction to the vessel was recorded for 19 of the 22 polar bear sightings in 
the Beaufort Sea from 2006 through 2008.  All three polar bear sightings that exhibited a reaction were 
observed looking at the vessel. 
Probability of Polar Bear Detection  

Polar bear sighting sample sizes precluded meaningful analysis of the probability of detection.  See 
Chapter 3, Methods, for more information. 
Estimated Number of Polar Bears Potentially Ensonified at Various Sound Levels 

Estimates from direct observations. – All polar bear sightings data were included in the following 
exposure estimates based on direct observations regardless of whether they met the data-analysis criteria 
discussed in Chapter 3, Methods.  The number of polar bear observed close to seismic source vessels 
during seismic survey operations in the Beaufort Sea from 2006 through 2008 provided a minimum 
estimate of the number potentially affected by seismic sounds. 

Only one polar bear was observed within an area where received sound levels were ≥170 dB rms 
during the three years (Table 6.20), and this sighting was recorded from the Alpha Helix during shallow 
hazard surveys in 2008.  The animal was not observed inside the ≥190 dB rms safety radius, but MMOs 
requested a shut down of airguns as a precautionary measure.  

Estimates Extrapolated from Density – Table 6.21 presents polar bear density estimates by season 
and received sound levels in the Beaufort Sea from 2006 through 2008.  Nearly all polar bear sightings 
were from summer, though density estimates were still relatively low.  Polar bear density estimates for all 
fall categories, except for 2006 where received sound levels were <120 dB rms, were zero.  See Table 6.7 
above in Cetaceans for a summary of ensonified areas in the Beaufort Sea by season from 2006 through 
2008.  The majority of the total ensonified areas were from seismic surveys occurring in the fall. 

Relatively low polar bear density estimates for all seasons and years resulted in exposure estimates 
of less than one animal at all received sound levels in each year (Table 6.22).  Actual exposure estimates 
for polar bears ranged from zero to one in all received sound level categories where values could be 
calculated.  These density-based estimates were consistent with the single polar bear observed at exposure 
levels ≥170 dB rms from the Alpha Helix in 2008. 

 
TABLE 6.20.  Total number of polar bears observed within the 
≥160, ≥170, ≥180 and ≥190 dB re 1 µPa rms radii of airguns 
during seismic operations in the Beaufort Sea, 2006–2008. 

 

Received Sound Exposure 
Level (dB re 1 µPa rms) 2006 2007 2008

≥160 0 0 1
≥170 0 0 1
≥180 0 0 0
≥190 0 0 0

Individuals
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TABLE 6.21.  Polar bear density estimates and 95% confidence intervals based on observations in 
locations where received sound levels were ≥160 and <120 dB rms in the Beaufort Sea during 2006–
2008 seismic surveys. Densities are corrected for f(0) and g(0) biases.. 

Year Density CIs Density CIs Density CIs Density CIs
2006 0.0 - 0.572 (0.063-5.176) 0.0 - 0.299 (0.038-2.377)
2007 0.0 - 0.749 (0.113-4.958) 0.0 - 0.0 -
2008 0.515 (0.059-4.519) 0.231 (0.034-1.596) 0.0 - 0.0 -

No. individuals / 1000 km2

Jul – Aug Sep – Nov

Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.0. 

≥160 <120 ≥160 <120
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TABLE 6.22.  Estimated numbers of individual polar bears exposed to received levels ≥160, 170, 
180, and 190 dB rms, and average number of exposures per individual during Beaufort Sea 
seismic surveys, 2006–2008.   

 

Exposure level in 
dB re 1µPa (rms) Individuals

Exposures per 
Individual Individuals

Exposures per 
Individual

Jul-Aug
≥160 - NA 1* 1
≥170 - NA 1* 1
≥180 - NA 1* 1
≥190 - NA 1* 1

Sep-Oct
≥160 - NA 1* 1
≥170 - NA 1* 1
≥180 - NA 1* 1
≥190 - NA 1* 1

Jul-Aug
≥160 - NA 1* 2
≥170 - NA 1* 1
≥180 - NA 1* 1
≥190 - NA 1* 1

Sep-Oct
≥160 0 NA 0 NA
≥170 0 NA 0 NA
≥180 0 NA 0 NA
≥190 0 NA 0 NA

Jul-Aug
≥160 1* 2 1* 2
≥170 1* 1 1* 1
≥180 1* 1 1* 1
≥190 1* 1 1* 1

Sep-Oct
≥160 0 NA 0 NA
≥170 0 NA 0 NA
≥180 0 NA 0 NA
≥190 0 NA 0 NA

"0" individuals indicates >500 km (>311 mi) of effort within the density bin but no sightings

"-" indicates a take estimate could not be calculated because a reliable density estimate could not be calculated due to
<500 km (<311 mi) of effort

"1*" indicates number of individuals was decimal value between 0 and 1

2007

2008

2006

(≥160 dB rms) (<120 dB rms)
Seismic Densities Non-seismic Densities
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Discussion 
Environmental conditions in the Beaufort Sea varied across the four years of vessel operations, 

particularly with respect to ice (Fig. 6.2).   Sea ice cover in the Alaskan Beaufort Sea was highest in 2006, 
when sea ice coverage did not reach a minimum until the week of 10 Oct, whereas this minimum was 
reached by the weeks of 19 Sep and 29 Aug in 2007 and 2008, respectively.  With respect to operations, 
summer sea ice was extensive throughout nearly all of 2006, almost entirely absent in 2007, and present 
at the beginning and end of surveys in 2008.  These annual variations in summer sea ice undoubtedly 
influenced the spatial and temporal distribution of marine mammals on a regional scale.  However, 
surveys in the Alaskan Beaufort Sea were conducted in localized areas, often far from ice, therefore the 
results presented here may reveal more about specific survey areas than the greater Beaufort Sea.   

The most common cetacean species observed in the Beaufort Sea was bowhead whale, but during 
2006-2008 at least one gray whale was recorded each year, and several sightings were recorded as 
unidentified species.  One harbor porpoise and three beluga whales were observed from vessels in the 
Beaufort Sea during periods that did not meet the analysis criteria described in the Methods section.  
These analysis criteria were used to ensure that sighting rates would not be biased low by periods when 
detection probability was low.  For example, cetacean sighting rates were higher in 2007 and 2008 during 
periods that met the analysis criteria (6.1 and 4.4 sighting/1000 km, respectively) than when all data were 
considered (5.0 and 3.6 sightings /1000 km, respectively).   Approximately 40% of cetacean, 27% of seal, 
33% of walrus, and 60% of polar bear sightings in 2006–2008 were recorded during periods that did not 
meet the analysis criteria.  All sightings are presented in Appendix Table F.1. 

Cetacean sighting rates were highest in locations where water depth was 50–200 m (55–219 yd) in 
both 2007 and 2008, (and the same was true for seals in 2008), despite the fact that relatively little effort 
took place in these locations.  However, most seismic activity occurred in waters <50 m deep so it is 
possible that cetaceans were encountered at higher rates in deeper water because less seismic activity 
occurred there.  It is also possible that prey distribution may have driven bowhead whale distribution.  
Aerial survey data from 2007 and 2008 show that bowheads were observed feeding in continental shelf 
waters (<50 m) and continental slope waters (50–200 m) at various times in Aug and Sep of both years 
(Lyons et al. 2009).  Moore et al. (2000), considering multiple years of aerial survey data that covered a 
much greater portion of the U.S. Beaufort Sea than our vessel-based surveys, found that bowhead whales 
tended to associate with continental slope waters in summer where the Beaufort undercurrent may have 
concentrated prey resources, but moved shoreward in autumn into shallower waters where currents were 
wind-driven.  

Seals were the most common marine mammals observed in the Beaufort Sea.  Seal sighting rates 
were higher in 2006 and 2008 compared to 2007.  Given the differences in ice concentration during 2006–
2008, and because seals are associated with ice, it is likely that sea–ice conditions influenced the 
aforementioned result. 

Pacific walruses were observed in the Beaufort Sea only six times over the course of this study, and 
they were only observed during the fall.  Polar bears were observed in the Beaufort Sea on 23 occasions, 
and most were observed on the barrier islands relatively close to shore, although one bear was observed in 
an area where water depth was >200 m (219 yd).  Polar bear sighting rates were higher in summer than 
fall.  Because few sightings of walrus and polar bear were recorded, it was not possible to test the effect 
of seismic sounds on these species. 

In 2008, two other operators conducted seismic activities in the Beaufort Sea.  Eni US Operating 
Company, Inc. was active both within the barrier islands and offshore in the Beaufort Sea, and BP 
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Exploration (Alaska) Inc. operated only within the barrier islands.  Results of monitoring activities 
associated with these programs were presented in 90–day reports submitted to NMFS by Eni and BP 
(Hauser et al. 2008; Aerts et al. 2008).  These programs were expected to have had minimal influence on 
the monitoring data presented in this report, however it is possible that the marine mammal distribution 
and behavior discussed here reflected some cumulative regional effects.   
 Few cetaceans were observed in the Beaufort Sea during periods of seismic activity, and only one 
sighting occurred from a source vessel while airguns were active.  Cetacean sighting rates from source 
vessels were significantly lower in locations where received sound levels were ≥160 dB rms compared to 
<120 dB rms, however no significant difference between sound level bins was found for sighting rates 
from monitoring vessels.  The only cetacean sightings recorded in locations where received levels were 
≥160 dB rms were 12 sightings made from monitoring vessels.  Observed reactions of these animals 
indicated that cetaceans were more likely to swim away from vessels and their closest point of approach 
was significantly farther from vessels when seismic activity was occurring.  These results suggested 
possible cetacean avoidance of vessels when received levels were ≥160 dB rms.   
 Results for seals also suggested localized avoidance of active seismic vessels.  Seal sighting rates 
from source vessels were significantly lower in areas where received sound levels were ≥160 dB rms 
compared to <120 dB rms.  However, seal sighting rates from monitoring vessels were not significantly 
different between areas where received sound levels were <120 dB rms and where received sound levels 
were ≥160 dB rms.  When data from 2006–2008 were pooled, a significant difference was found between 
source and monitoring vessel sighting rates in the ≥160 dB rms category with higher sighting rates 
recorded from monitoring vessels.   

Significant differences were also found in seal CPAs and movement patterns by received sound 
level between source and monitoring vessels.  Seals tended to stay farther away and swam away from 
source vessels more frequently than from monitoring vessels when received sound levels were ≥160 dB 
rms.  Harris et al. (2001) also reported localized seal avoidance of seismic airgun activity in the Beaufort 
Sea.  Initial sighting distances of seals were closer to monitoring vessels than active seismic vessels which 
could have resulted from localized seal movement away from seismic vessels and subsequent 
observations of these seals from nearby monitoring vessels.   

     Metrics such as sighting rates, initial sighting distance, CPA, and movement behavior were used 
to identify differences in cetacean and seal distribution and behavior with respect to received sound level.  
However, analysis of observed reaction behaviors, the data category that was meant to capture an MMO’s 
observation of marine mammal reaction to the vessel, did not produce statistically significant results.  It 
was possible that marine mammal reactions to seismic sounds were more subtle than could be determined 
through vessel-based observations.  Seals tended to look at vessels during approximately 25–50% of 
sightings, regardless of received sound level, they reacted less to active source vessels than to monitoring 
vessels in areas where received sound levels were ≥160 dB rms. 
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7.  BEAUFORT SEA AERIAL MONITORING PROGRAM1 

Introduction 
 Aerial monitoring programs for marine mammals in the Alaskan Beaufort Sea were conducted 

during the open–water seasons of 2006, 2007, and 2008.  These programs were conducted in support of 
seismic exploration activities by Shell Offshore, Inc. (SOI; 2006–2008) and Eni US Operating Company 
Inc (Eni; 2008) and production activities by Pioneer Natural Resources Alaska Inc. (PNR; 2008).  
Surveys were flown to meet required monitoring and mitigation measures and to obtain detailed data on 
the occurrence, distribution, and movements of marine mammals, particularly bowhead whales, in the 
seismic survey areas and nearby waters.  The Incidental Harassment Authorization (IHA) issued by 
NMFS required aerial monitoring of the ≥120 dB re 1 ųPa rms zone of the seismic survey area for 
bowhead whale cow/calf pairs and monitoring of the ≥160 dB zone for aggregations of ≥12 non–
migratory mysticete whales.  If bowhead cow/calf pairs were sighted within the ≥120 dB rms isopleths on 
a survey, the aerial survey crew was required to notify marine mammal observers (MMOs) on the seismic 
vessels who would assemble the data in real time to determine the combined number of bowhead cow/calf 
pairs in the 120 dB radius by aerial and vessel observations.  Mitigation was required if four or more 
bowhead cow/calf pairs were sighted within the 120 dB rms radius around the seismic source, or if an 
aggregation of 12 or more mysticete whales was observed within the 160 dB rms zone.   

Natural factors such as ice cover, water depth, and time of year have been shown to affect bowhead 
whale abundance and distributions in the Beaufort Sea (Ljungblad et al. 1986; Moore et al. 1989; Treacy 
et al. 2006).  For example, large numbers of bowheads move through the Alaskan Beaufort Sea in Aug 
through Oct, but dates of peak sighting rates vary annually (Moore et al. 1989).  Furthermore, sighting 
rates of bowhead whales migrating through the Beaufort Sea are higher in deeper water in years of heavy 
ice cover than in years with light ice cover (Ljungblad et al. 1986; Treacy et al. 2006).  Therefore, the 
assessment of the impact of seismic activities on bowhead whales must also account for the influence of 
environmental factors and migration–timing.  Bowhead whale sighting rates from aerial surveys were 
compared among years, locations, and months relative to these important variables.   

Previous studies have shown that bowhead whales exhibit various levels of avoidance responses to 
offshore industrial activities (Richardson et al. 1986; Koski and Johnson 1987; Ljungblad et al. 1988; 
Richardson and Malme 1993; Miller et al. 1999).  For example, Miller et al. (1999) found that fall 
migrating bowhead whales in the Alaskan Beaufort Sea avoided seismic operations at estimated received 
levels of 116–135 dB re 1 μPa rms.   Koski and Johnson (1987) reported that bowhead whales appeared to 
avoid areas within 20 km (12 mi) of drilling activities during the fall migration through the Alaskan 
Beaufort Sea.  Bowhead whales engaged in feeding activities appeared to be more tolerant of seismic 
sounds than did migrating bowheads (Richardson et al. 1986; Miller et al. 2005; Koski et al. 2008).   
Since bowhead whales may react differently to seismic sounds depending on the whale’s activity, some 
analyses of seismic effects on bowhead whales were conducted separately for feeding versus migrating 
whales.   

We used a combination of univariate and multivariate analyses to (a) test for differences in 
bowhead sighting rates and apparent distribution among different temporal, natural, and seismic 
categories and (b) examine the significance of exposure to underwater seismic sound as a predictor of 
bowhead sighting rates while taking into account variability caused by natural factors.  We used Akaike’s 
Information Criterion (AIC; Burnham and Anderson 1998) to assess the relative fit of various candidate 

                                                 
1 By Katie Christie, Courtney Lyons, and William R. Koski, LGL Alaska Research Associates, Inc. 
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models, and to select the model that best predicted bowhead whale sighting rates.  Subsequent predictions 
of bowhead sighting rates in different environmental and seismic conditions were made from this model.  

 

Objectives 
The objectives of the aerial survey program were to: 
• advise operating vessels of the presence of marine mammals, particularly bowhead whale 

cow/calf pairs and aggregations of 12 or more non–migratory mysticete whales, near the 
seismic operation to meet the requirements of the IHA issued by NMFS;  

• fulfill the aerial monitoring program requirement in the Letter of Authorization (LOA) issued 
by USFWS; 

• collect and report information on the distribution, abundance, direction of travel, and 
activities of marine mammals near the seismic operations with special emphasis on bowhead 
whales; 

• support regulatory reporting related to the estimation of impacts of seismic operations on 
marine mammals; and 

• document the extent, duration, and location of any bowhead whale deflections in response to 
seismic activities. 

 

Methods 

Survey Locations 
2006  

A series of eight north–south transect lines was established to monitor marine mammal distribution 
in Camden Bay (Figure 7.1) in support of shallow hazards surveys in 2006.  Transect lengths varied from 
approximately 51–74 km (32–46 mi) and the survey area covered approximately 5658 km2 (2185 mi2). 
2007 

Two survey grids were flown in 2007.  One grid was designed to monitor marine mammal 
distribution near shallow–hazard seismic operations of the Henry C. in the vicinity of Harrison Bay at the 
Phoenix prospect (Figure 7.2).  Transects ranged in length from 60–76 km (37–47 mi) and covered an 
area of 9477 km2 (3659 mi2).  The other grid was designed to monitor marine mammal distributions 
during seismic operations by the Gilavar at the Sivulliq prospect in Camden Bay (Figure 7.2).  This grid 
was initially based on the 120 dB re 1 μPa rms radius as estimated before the field season, with transects 
that ranged in length from 79–103 km (49–64 mi), covering an area of 15,565 km2 (6010 mi2).  After 
measurements of the 120 dB rms radius were obtained at the start of seismic survey activity, the grid was 
extended and transects ranged in length from 87–146 km (54–91 mi) and covered an area of 23,962 km2 
(9252mi2). 
2008 

Aerial surveys in 2008 were located at two sites in the central Beaufort Sea (Camden and Harrison 
Bay vicinities) in conjunction with SOI and Eni seismic operations and PNR production operations.  
Initial aerial surveys were conducted in the Camden Bay area from 6 Jul through 23 Aug in support of 
shallow–hazard seismic activities at the Sivulliq prospect.  The survey grid consisted of 10 transects 
varying in length from 63 to 87 km (54–39 mi), with a total transect length of 777 km (483 mi) and a total 
survey area of 5658 km2 (2185 mi2; Figure 7.3).    
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Aerial surveys were conducted in the Harrison Bay area from 25 Aug through 11 Oct 2008 in 
support of SOI’s seismic activities in the Como prospect area (Figure 7.3).  Aerial transects initially were 
designed to cover the 120 dB radii of PGS/Eni seismic operations, and were later adjusted to cover the 
120 dB radii of Shell seismic operations.  The total survey area (encompassing all transects) was 18,299 
km2 (7065 mi2).   

From 13 through 28 Sep, aerial surveys in the Camden Bay area were expanded to encompass the 
larger sound radii associated with the Gilavar, which was conducting seismic surveys at the Torpedo and 
Masva prospects (Figure 7.3).  Transects in the survey grid varied in length from 67 km to 129 km (42–80 
mi), and the total area surveyed was 17,891 km2 (6908 mi2).   

 

 
FIGURE 7.1.  Aerial survey study area in the Beaufort Sea, flown from 26 Aug through 24 Sep 
2006 in support of shallow hazards seismic activities by SOI.  Shallow hazards seismic 
surveying occurred on 25 Sep and poor weather conditions did not permit any subsequent 
aerial survey activities. 
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FIGURE 7.2.  Aerial survey study areas in the Beaufort Sea, flown from 22 Aug through 8 Oct 
2007.  Shallow hazard surveys are indicated by a thick line and areas in which seismic 
surveying was conducted are indicated with shading.  East, Central, and West sub–areas are 
shown. 
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FIGURE 7.3.  Aerial survey study areas in the Beaufort Sea, flown from 6 Jul through 11 Oct 
2008.  Locations of shallow hazard and seismic surveys are indicated with shading.  East (E), 
Central (C), and West (W) sub–areas based on proximity to the two different seismic survey 
regions are shown.  

 
Survey Procedures 

Surveys were conducted in a DHC–300 Twin Otter aircraft, operated by Bald Mountain Air in 2007–
2008 and by ERA Aviation in 2006.  The aircraft were specially modified for survey work including 
upgraded engines, a STOL kit to allow safer flight at low speeds, wing–tip fuel tanks, an internal auxiliary 
tank for part of the season, multiple GPS navigation systems, bubble windows for primary observers, and 
110 V AC power for survey equipment.  Surveys were conducted at an altitude of 305 m (1000 ft) above sea 
level and at a groundspeed of approximately 222 km/hr (120 knots).  Fuel capacity, pilot daily flight hr 
limits, and weather conditions determined flight duration.  

 Two primary observers and up to two secondary observers sat at bubble windows on opposite sides 
of the aircraft and scanned the water for marine mammals, focusing effort within ~2 km (1.2 mi) of the 
aircraft.  When a marine mammal was sighted, observers dictated into a digital voice recorder the species, 
number of individuals, sighting cue, age class (when determinable), activity, heading, swimming speed 
category (if relevant), and inclinometer reading.  The inclinometer reading was recorded when the animal’s 
location was perpendicular to the path of the aircraft, allowing calculation of lateral distance from the 
aircraft trackline.  A GPS position was also marked at this time by the computer operator (see Data 
Recording below).   
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In addition to marine mammal sightings, each observer recorded the time, sightability (subjectively 
classified as excellent, good, moderately impaired, seriously impaired, or impossible), sea conditions 
(Beaufort wind force), ice cover (percentage), ice type, slush cover (percentage), and sun glare (none, little, 
moderate, or severe) at 2–min intervals along transects, and at the end of each transect.  These provided data 
in units suitable for statistical summaries and analyses of effects of these variables on the probability of 
detecting animals (see Davis et al. 1982; Miller et al. 1999; Thomas et al. 2002).   
Data Recording 

An additional observer onboard the aircraft entered data from primary and secondary observers into 
a laptop computer and also searched for marine mammals during periods when data entry was not 
necessary.  This observer entered transect starts and stops, 2–min intervals at which environmental data 
were collected, and sightings into the GPS–linked laptop.  These data and additional details about 
environmental variables and sightings were simultaneously recorded on digital voice recorders by the 
primary observers and were later entered into the survey database.  At the start of each transect, the data 
recorder entered the transect start time, ceiling height (ft), cloud cover (%), wind speed (kt), and outside 
air temperature (°C).  NRoute® position logging software was used to record time and aircraft position at 
each 2–min interval, and when sightings were observed. 
Mapping 

All on–transect sightings made during aerial surveys were mapped using ArcMap 9.3 (ESRI 2008) 
and coded with different symbols to indicate species and estimated received sound level at each sighting 
location.  Received sound levels were categorized as ≥120 dB re 1 ųPa (rms), <120 dB re 1 ųPa (rms), 
and “not exposed”.  The not exposed category was used to define data collected on days when no airgun 
activity occurred or when the area surveyed was exposed to sound levels lower than background sound 
levels.  Due to the small size of the ≥160 dB re 1 ųPa (rms) zone relative to the survey area, very few 
aerial data were collected from locations where received sound levels were ≥160 dB making direct 
comparisons to data from the other sound level categories unfeasible.  Each symbol represented one 
sighting, regardless of the number of individuals recorded for the sighting.  We analyzed sightings rather 
than individuals for analyses because sightings are statistically independent, individuals within groups are 
not independent of one another.  In addition, bowheads often travel alone or in pairs and average group 
sizes seen during recent offshore aerial surveys of the Beaufort Sea have not been higher than 1.5 during 
our 2006–2008 surveys (Thomas et al. 2008; Lyons et al. 2008).  
Approach to Analysis of Seismic Affects   
 Statistical analysis of biological data is often limited by either low sample sizes or the presence of 
confounding variables.  Multi–year datasets often provide an advantage of larger sample sizes, which can 
facilitate analysis because they include more effort and sightings than single–year datasets; however, they 
often contain a host of highly variable, and possibly confounding environmental conditions.   

We implemented two approaches to deal with confounding environmental variables in our 
analysis.  The first option was to conduct univariate analyses on data pooled according to environmental 
commonalities.  The second option was to conduct a multivariate analysis in which the potentially 
confounding variables were included as factors in the model.  To assess the effect of seismic activity on 
bowhead whales, we conducted both univariate and multivariate analyses.  The aim of the univariate 
analysis was to characterize patterns in bowhead whale sighting rates, depth, and headings with respect to 
seismic sound.  The multivariate analysis was intended to assess the effect of seismic on sighting rates 
while accounting for variation caused by environmental factors.   



Chapter 7:  Beaufort Sea Aerial Surveys   7–7 

 The primary objectives of aerial surveys were to assist with mitigation requirements and to collect 
the necessary data to estimate the impact of seismic activities on cetaceans, with a focus on bowhead 
whales.  Pinnipeds were only visible during optimal sightability conditions and were difficult to identify 
to species at the 300 m survey altitude required by the IHA; therefore, no quantitative analyses of 
pinniped data were conducted, and analyses were restricted to presenting distribution maps for each year. 
 Beluga whales were also excluded from analysis of seismic affects because most beluga sightings 
were north of the seismic survey area.  Beluga whales were commonly sighted during aerial surveys, and 
tended to travel at or near the shelf break.  Our surveys terminated at or south of the shelf break because 
received sound levels from seismic activity were estimated to be greatly reduced at that distance.  The 
analyses of beluga sighting rates, behavior, and distribution with respect to seismic sound was therefore 
not considered appropriate with the current dataset.  We present only distribution maps and daily 
estimates of sighting rates for beluga whales.   
 
Univariate Analyses of Aerial Survey Data 
On–Transect Sightings and Effort 

Environmental factors such as sea conditions, low clouds, and glare can affect an observer’s ability to 
see marine mammals during aerial surveys and bias results if not accounted for during analysis.  To 
minimize bias, environmental data were used to classify sightings and effort as “on–transect” or “other” for 
quantitative analyses.  Cetacean sightings and observer effort were considered on–transect when the 
following criteria were met: the animal was sighted by a primary observer while the aircraft was flying a 
pre–established north–south oriented transect, Beaufort wind force was 4 or less (winds 20–30 km/h; 11–16 
kts), glare covered 30% or less of the viewing field, and overall sightability was described as excellent to 
moderately impaired.  Mammals sighted outside the normal viewing area (behind the aircraft or >2.5 km 
from the transect line) were excluded.  Similar restrictions were applied to determine on–transect pinniped 
sightings (for mapping purposes only) except that Beaufort wind force was further restricted to ≤2 (winds 7–
11 km/hr; 11–15 kts).   
Categorization of Data  
 In order to separate the influence of seismic activity from that of environmental variation, we chose 
to group the data into comparable subsets.  Ice cover varied greatly among years, so data were grouped as 
follows: light to moderate ice years (2006) and light ice years (2007 and 2008).  Data from 2006 were 
excluded from analysis of seismic effects because no seismic activities occurred before or during aerial 
surveys.  The majority of aerial survey effort in 2007 and 2008 occurred from late Aug through early Oct, 
with the exception of surveys conducted from 6 Jul through 18 Aug in 2008.  Data from Jul and early Aug 
2008 were not considered to be comparable to the rest of the dataset because they include whales 
observed during the summer period, which occurred well before the fall westward migration.  Therefore, 
analysis of seismic effects included data collected in 2007 and 2008 from 19 Aug through 11 Oct.   
 Bowhead whale responses to seismic surveys have been shown to differ greatly depending upon 
the activity in which they are engaged.  Traveling bowheads have been observed to divert around seismic 
activities at distances of 20–30 km (12–19 mi; Miller et al. 1999) from the seismic source, but feeding 
bowheads appear to tolerate higher levels of seismic sound (Richardson and Würsig 1997; Miller et al. 
2005; Koski et al. 2008).  To take into account potential activity-related differences in reaction, certain 
analyses (i.e., comparisons of average water depth, distance from seismic, and whale headings) were 
conducted separately for feeding and traveling whales.  
Calculation of seismic sound levels 
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Aerial surveys coincided with seismic activities conducted by three different seismic sources: the 
Gilavar’s 24–airgun, 3147–in3 array (2007–2008), the Henry C.’s two–airgun, 20–in3 array (2007–2008) 
and the Alpha Helix’s two–airgun, 20–in3 array (2008).  The sound levels produced by these sources 
varied substantially, and therefore a simple categorization of “seismic” and “non-seismic” would fail to 
take into account different sound exposure levels.  To quantify different sound fields produced by varying 
seismic sources, seismic sound pressure levels (in dB re 1 ųPa) were calculated for locations 
corresponding to the area beneath the aircraft at the mid–point of each aerial 2-min time period (hereafter 
“segment”).  Received levels of seismic sound were calculated for aerial segments that were surveyed 
within 0-3 min of seismic activity.   

All sources of seismic sound in the Beaufort Sea were considered, and on some occasions more 
than one seismic vessel was active.  On these occasions, the highest estimate of received sound level was 
used for analysis.  Aerial surveys were flown concurrently with seismic activities by SOI in 2007 and by 
SOI and Eni in 2008. In 2007, SOI conducted seismic activities from 18 Sep to 3 Oct using two vessels, 
the Henry C. (shallow hazard seismic) and the Gilavar (seismic); however, aerial surveys overlapped in 
time and location only with the Gilavar.  In 2008, SOI conducted shallow hazard seismic activities using 
the Henry C from 22 Jul to 23 Aug and seismic activities using the Gilavar from 3 Sep to 9 Oct. PGS 
(under contract by Eni) conducted ocean bottom cable/transition zone seismic surveys around Spy and 
Thetis Islands from 2 Aug to 26 Sep using three seismic vessels (Peregrine, Shirley V., Wiley Gunner). 
Aerial surveys overlapped in time and location with the Peregrine and Shirley V. 

Seismic sound levels were calculated using the propagation equation provided by JASCO 
Research, Inc., and Greeneridge Sciences, Inc. based on their SSV measurements in 2007 and 2008 (Aerts 
et al. 2008; Hauser et al. 2008; Hannay and Warner 2009).   The equation is as follows: 

 
Received level = A – B*log(range) – C*range   
 
where A, B, and C are coefficients provided by JASCO and Greeneridge for each vessel, 

corresponding to each seismic array and water depth (Table 7.1).  For the Gilavar, coefficients derived 
from the 2007 SSV were used again for 2008 because the 2007 SSV was done in deeper waters than in 
2008 and more accurately reflected water depths during aerial surveys. The use of 2007 coefficients for 
the Gilavar resulted in more conservative (higher) calculations of received sound levels than 2008 
coefficients. The “range” was the distance (m) from the mid-point of the aerial survey segment to the 
location of the operational seismic array.  Far-field (≥1 km from seismic source) coefficients were used in 
all cases. 
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TABLE 7.1. A, B, and C coefficients used in calculations of received sound levels using 
the above propagation equation. 

Year Vessel Array Size Water Depth A B C

2007 Gilavar 3147 in3 Deep 245.2 19.9 0.00041
30 in3 Deep 217.9 19.9 0.00041

2008 Gilavar1 3147 in3 Deep 245.2 19.9 0.00041
30 in3 Deep 217.9 19.9 0.00041

Henry C. 2 x 10 in3 Deep 205.0 17.4 0.00085
1 x 10 in3 Deep 199.2 16.6 0.00072

Peregrine2 880 in3 Deep 264.0 31.4 0.00085
70 in3 Deep 243.4 36.7 0.00072

Shirley V3 880 in3 Shallow 313.7 54.3 0
20 in3 Shallow 192.6 8.2 0.0209
880 in3 Deep 168.8 42.7 0.00041
20 in3 Deep 240.9 29.7 0.00078

 
1SSV results from 2007 were used to calculate coefficients for the Gilavar in 2008. 
2Deep water formulas were used for the Peregrine even when in shallow water at the 
Eni site. 
3For the Shirley V, array size and water depth combinations were constrained 
mathematically to produce the same received level at a range of 800 m and 1000 m. 
Therefore the equation used was as follows: 168.8 – 42.7*log(range/1000)-
0.00041*(range -1000). 

 
Background levels for each aerial segment were obtained from DASARs (Directional Autonomous 

Seafloor Acoustic Recorders, model C08) deployed in the Beaufort Sea in 2007 and 2008 (see Blackwell 
et al. 2008 for more details on DASAR deployment). Arrays of 7-12 DASARs were installed on the 
seafloor at five different sites in 2007 and 2008; however only four arrays were retrieved in 2007. 
Background sound pressure levels were calculated every two seconds at the northernmost and 
southernmost DASAR at each of the sites. For every one-minute interval, the minimum value of ambient 
sounds was selected. Then the two values (from each of the two DASARs) were averaged, providing a 
single time series for each of the five sites. A minimum smoother with a window of 8 hrs was run over 
each series so that the new value for each one-minute interval was the minimum of all values within 4 hrs 
of the time in question.  This process was necessary to avoid the contamination of background sound 
levels by seismic pulses and vessel noise.  

We used background sound level values corresponding to the time and location of each aerial 
segment.  Background sound levels from the DASAR site closest to the aerial survey location for the time 
period of interest were used.  We calculated the distance from the middle of the DASAR array to the 
midpoint of each aerial segment to determine the closest DASAR site, and thus the best approximation of 
background sound levels.  Received levels of seismic sound were compared with background sound 
levels. If background sound levels exceeded received levels of seismic sound, seismic influence was 
assumed to be negligible and coded as “not detectable”.  On certain dates in 2008 (19 Aug, 8 Oct, 9 Oct), 
no background levels were available because DASARs had not yet been deployed or had already been 
retrieved (DASARs were deployed 11-21 Aug and retrieved 3-8 Oct in 2008). On these dates, the average 
background level on the most recent (or next) day of data acquisition by the closest DASAR array to the 
aerial survey was used. 
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For the univariate analysis, seismic sound levels were categorized as follows: seismic not 
detectable (periods when there was no seismic activity or when background sound levels exceeded 
received seismic sound levels), <120 dB rms, or ≥120 dB rms.  Because there was little effort and zero 
sightings in the 160-180 dB category, we pooled 120-160 dB with 160-180 dB for subsequent analyses.   
Deflections and Distribution Relative to Seismic Activities 

As described in the introduction, changes in the distribution of bowhead whales relative to seismic 
survey activity have previously been documented (Richardson et al. 1986; Ljungblad et al. 1988; 
Richardson and Malme 1993; Miller et al. 1999).  One approach in the Miller et al. (1999) study was to 
consider the distribution of whales relative to distance from shore as they approached and passed the 
seismic survey area.  In that study, the seismic source was near the coast and if deflection occurred, it 
would involve movements away from the coast.  Because our surveys covered a large section of coastline 
with variable geography and also because they were farther offshore than the surveys reported by Miller 
et al. (1999), we examined water depth rather than distance from shore.  Effort and sightings data were 
assigned to 10–m (33–ft) depth bins using bathymetric data from the General Bathymetic Chart of the 
Oceans (GEBCO).  Sighting rates were computed within each of these depth bins and compared by 
received sound level.  We also compared average depth at sighting locations in the “seismic not 
detectable” category to the other seismic sound categories.   
 The distribution of bowhead whale sightings relative to seismic activity was also assessed by 
calculating the distance between the center of the seismic survey area and each sighting. This analysis 
included SOI seismic sources only.  Distance from the sightings to the center of the seismic survey area  
was calculated by plotting the seismic survey area in ArcMap 9.3 and estimating the geographical center 
with the measure tool.  Distances were calculated from seismic survey areas in Harrison Bay and Camden 
Bay, depending on the location of aerial surveys.  Sightings were plotted and the GIS add–on Hawth’s 
Tools (Beyer 2004) were used to determine distances between sightings and the center point of the 
seismic survey area.  We tested for differences in average distance from the center of the seismic survey 
during seismic and non-seismic periods using a Wilcoxon rank-sum test for non-parametric data.  For this 
analysis, seismic periods were defined differently than for previous analyses.  Instead of defining seismic 
activity by received sound levels, we used information from seismic shotfiles to categorize sightings and 
effort as occurring during seismic or non–seismic periods.  This was done to avoid the confounding 
effects of distance from seismic and levels of seismic exposure (that were calculated using distance from 
seismic). “Post–seismic” periods, 3 min to 12 hrs after the cessation of seismic, were excluded from 
analysis. 
Behavioral Responses    

We assessed headings, speeds, and activities of whales relative to seismic activities to examine 
potential behavioral responses to seismic sound.  If possible, behavior (movement or processes in which 
an animal was engaged) and activity (usually determined by multiple coordinated behaviors) were 
recorded for each sighting.  Behaviors included swimming, surfacing, diving, surface active (flipper or 
fluke slaps, splashing), turning, etc.; activities included feeding, traveling, socializing, resting, and 
milling.  Due to the limited time period for which an animal was observed, it was not always possible to 
determine the behavior, activity, speed, and/or heading for every sighting; as a result, a subset of this 
information was often collected.  Mean vector headings and circular standard deviations were determined 
using Oriana statistical software (Rayleigh test; KCS 2008) and data were divided into received sound 
level categories (≥120 dB rms, <120 dB rms, no detectable seismic).   
Density 
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Bowhead whale densities were calculated using DISTANCE software (Thomas et al. 2006).  
Program DISTANCE models the probability of detecting an animal at increasing distances from the 
observer and incorporates detection functions into estimates of density.  The detection curves that best fit 
the data (using all sightings from a particular year) were determined using AIC (Burnham and Anderson 
1998), and a common detection function (f(0)) was calculated for each year. 

  We corrected density estimates for groups that were on or near the trackline but unavailable for 
detection by observers using g(0) values based on previous research (g(0) = 0.144 for bowheads engaged 
in all activities; Thomas et al. 2002).  Right truncation distances were determined by graphing sightings 
and excluding those where the detection probability was <0.10.  Left truncation distances were set at 100 
m (330 ft) because animals directly below the aircraft were difficult to see and attempting to detect all 
animals below the aircraft would have resulted in substantially fewer sightings overall.   

Densities were calculated in two different ways.  For the first approach, we calculated separate 
densities for each survey, using a common detection function (f(0)) for each year.  Densities were only 
calculated for days on which more than 250 km (155 mi) of effort were obtained. For the second 
approach, we pooled data from multiple surveys and calculated densities separately for seismic and non-
seismic periods in Harrison and Camden Bay.  A separate detection function (f(0)) was calculated for 
each year and seismic category.   
Estimated Exposures 

We used bowhead whale densities calculated using the second approach (see above) to estimate the 
number of individuals exposed to seismic sounds in 2007 and 2008 (no sightings or effort occurred during 
seismic periods in 2006).  The density for each of these periods (seismic/non–seismic for Camden and 
Harrison bays in 2007 and 2008) was then multiplied by the area of water exposed to sound levels ≥160 
dB rms and ≥180 dB rms to calculate the estimated number of individual whales potentially exposed at 
those levels.  Estimated number of exposures per individual was calculated by determining the ratio of the 
total area of water ensonified (including areas that were ensonified multiple times) to the area of water 
ensonified with overlapping areas excluded. 
Multivariate Analyses of Aerial Survey Data 

A multivariate analysis was conducted to assess the effects of environmental and anthropogenic 
factors on bowhead whale sighting rates within the survey area.  By taking into account known temporal 
and environmental variables that affect bowhead whale sighting rates, we hoped to determine whether and 
to what degree seismic sound affected sighting rates.  Bowhead whale sighting rates over two years 
(2007–2008) were modeled by a suite of seismic and environmental variables using a negative binomial 
regression in the statistical program R (R 2.8.1: R Development Core Team 2008).  The negative 
binomial regression is commonly used for discrete data that are over–dispersed with numerous zeroes.  
The response variable was the number of bowhead whale sightings per aerial segment, and the kilometers 
of survey effort in the segment were used as an offset variable, thus accounting for differences in survey 
effort among segments.  On average, segments were 7 km long.  We excluded off–transect sightings 
(sightings observed while in transit or circling), sightings greater than 2.5 km from the observer (typically 
considered outside the normal field of view), and sightings observed by secondary observers or the data 
recorder.   Sightings were not excluded based on visibility conditions because the variable “sightability” 
was included as an explanatory variable in the analysis and thus accounted for variation in sea state, glare, 
and low cloud. 

Explanatory variables were identified and selected based on their potential to affect bowhead 
sighting rates and included:  year, day within season (day), longitude, sightability, percent ice cover, 
water depth, seismic on/off (a binary variable denoting whether or not seismic sound was detectable) and 
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received sound levels (measured in decibels).  Seismic was considered “detectable” if it occurred within 3 
minutes of the aerial survey segment, and if it exceeded background sound levels.  Each segment in the 
database contained a value for the above variables, as well as the length of the segment (effort) and the 
number of bowhead whale sightings within that segment.  Sightability and ice cover were recorded for 
each segment (see Survey Procedures) and average water depth was determined for each segment using 
data from the General Bathymetric Chart of the Oceans (GEBCO 2003) and MapInfo software (Pitney 
Bowes, Inc. 2007).  The quadratic terms for day, longitude, and depth were included to account for non-
linear effects of these variables.   

The following interaction terms were tested in addition to the main effects due to their known 
potential to affect bowhead sighting rates:  Year*Day, Year*Day2, Day*Depth, Day2*Depth, Year*Depth, 
Year*Depth2, Depth*Seismic sound, Depth2*Seismic sound, Year*Seismic sound, Longitude*Seismic 
sound, and Longitude2*Seismic sound.  We used stepwise model selection using the “stepAIC” function 
in program R, and specified both forward and backward selection of variables.  Akaike’s Information 
Criterion (AIC) uses the concept of parsimony to assess a suite of candidate models and select the model 
that most accurately describes the data while using the lowest number of explanatory variables (Burnham 
and Anderson 1998).   
The formula for calculating AIC is as follows: 
 

AIC = –2*ln(L) + 2*K 
 

where L is the maximized value of the likelihood function of the model, and K is the number of 
parameters (number of variables + 1 (intercept)) used in the model.  We were not able to fit the full model 
with all possible interactions containing of quadratic terms. Instead, we fit the best model without 
quadratic interactions and then added them one by one to model and retained them in the model if they 
lowered the AIC. 
 We tested spatial autocorrelation among residuals of the final (best) model using the Moran’s I 
statistic (Moran 1950).  The Moran’s statistic is a measure of correlation between points that are close 
together in space or time, where zero reflects randomness and 1 reflects perfect correlation.  We tested for 
spatial autocorrelation among points that had been defined as neighbors in various distance bins (e.g. 0-10 
km, 10-20 km, 20-30 km). 
 Predicted sighting rates based on the highest-ranked model were calculated using the predict() 
function in Program R (R Development Core Team 2008).  To illustrate observed patterns in sighting 
rates, predictions were made for various depths, dates, and seismic sound levels while all other 
explanatory variables were held constant at optimal or mean values.  Standard errors for predictions were 
calculated using a parametric bootstrap procedure programmed in Program R (R Development Core Team 
2008).  One thousand new data sets, constructed by adding randomly generated negative binomial 
residuals to predicted values of the original model, were passed through the negative binomial regression 
function.  Thus, model parameters were estimated for each of the 1000 data set generations, and 
confidence intervals were obtained based on these distributions. 
 We evaluated the accuracy of predictions by comparing observed, null, and predicted sighting rates 
over the two years.  Observed sighting rates were simply an average over both years, null sighting rates 
were calculated as the predicted sighting rate using only the intercept from the model, and the predicted 
sighting rate was the average of the expected number of sightings for each segment.  The expected 
number of sightings was calculated for each segment by multiplying the model estimate for each predictor 
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variable by the corresponding observed value of the predictor and subsequently taking the sum of these 
values for all predictors in the model.   
 
 
  

Results and Discussion 

Natural Factors Affecting Marine Mammals 
Study Areas and Environmental Conditions 
 The majority of aerial survey effort in 2006 and 2007 occurred near Camden Bay, while in 2008 
effort was split more evenly between Harrison Bay and Camden Bay vicinities.  Surveys were flown from 
Jul to Oct, with most effort from late–Aug to mid–Sep.  In 2006, surveys were conducted prior to the 
single day of seismic activity, while surveys in 2007 and 2008 were flown before, during, and after 
seismic activities.  Effort was greatest in 2008 (23,487 km; 14,594 mi) and least in 2006 (2811 km; 1747 
mi).    

Environmental conditions were much different in 2006 compared to 2007 and 2008.  Ice cover was 
more extensive in 2006 (see Figure 7.4), though it still fell into the “light/moderate” ice category as 
defined by Treacy et al. (2006).  In contrast, ice cover in 2007 and 2008 was minimal for the majority of 
surveys.  In general, weather conditions were highly variable among and within years, often limiting 
survey effort (e.g., low ceilings and high winds; Appendix Figures G1, G2, G3).    

Survey Effort 
 Surveys were flown from 26 Aug through 24 Sep in 2006.  Survey effort ranged from 17 km (11 

mi) to 504 km (313 mi) per survey (3% to 95% of the survey grid).  All effort in 2006 was non-seismic 
because surveys were only flown prior to the single day of seismic activity.  In 2007, surveys were flown 
from 22 Aug through 8 Oct with daily effort ranging from 7 km (4 mi) to 1178 km (732 mi) per survey 
(3% to 100% of the survey grid; Table 7.2).  Surveys were flown prior to, during, and after seismic 
activities.  In 2008, surveys were flown from 6 Jul through 11 Oct with daily effort ranging from 3 km (2 
mi) to 1090 km (677 mi) per survey (2% to 100% of the survey grid; Table 7.2). Surveys were also flown 
prior to, during, and after seismic activities in 2008.  A comparison of effort among years is presented in 
Figure 7.5. 

  
          4 Sep 2006                24 Aug 2007 
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              23 Aug 2008 

FIGURE 7.4. Sea ice extent within the Alaskan Beaufort Sea on 4 Sep 2006, 24 Aug 2007, and 23 Aug 
2008.  Days chosen for their lack of cloud cover.  Images from the Moderate Resolution Imaging 
Spectroradiometer (MODIS) website, http://rapidfire.sci.gsfc.nasa.gov/subsets/?AERONET_Barrow/. 
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FIGURE 7.5. Total on–transect aerial survey effort (km) by year in the central Alaskan 
Beaufort Sea, 2006–2008. 

 

Bowhead Whales 
Sighting Summary — A total of 208 bowhead whale sightings were recorded while on–transect 

over the course of the three years: 35 in 2006, 81 in 2007 and 92 in 2008 (Table 7.2).  Locations of 
sightings are shown in figures 7.6 through 7.8.  Bowhead whales were seen on seven days in 2006, 11 
days in 2007 and 22 days in 2008.  Daily sighting rates were not calculated for days with <250 km (155 
mi) of survey effort, because estimates based on such low effort are unreliable.  Average bowhead 
sighting rates were highest in 2006 (average of 13 sightings/1000 km; 21 sightings/1000 mi), and lowest 
in 2008 (average of 3 sightings/1000 km; 5 sightings/1000 mi; Figure 7.9).  Differences among years 
were significant (Table 7.3, p<0.05).  However, when comparison was restricted to a similar time period 
(i.e., the peak migration window from 26 Aug through 24 Sep each year), no significant differences were 
observed among years (Pearson’s Chi–square test, χ2=3.917, df=2, p=0.14). 

http://rapidfire.sci.gsfc.nasa.gov/subsets/?AERONET_Barrow/
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TABLE 7.2. Aerial survey effort (km) and number of bowhead sightings and individuals by month and day 
in the central Beaufort Sea from 2006–2008.  

Year Date Effort 
(km)

Bowhead 
Sightings

Bowhead 
Individuals Year Date Effort 

(km)
Bowhead 
Sightings

Bowhead 
Individuals

2006 2008, cont'd
26 Aug 433 3 3 1 Aug 190 0 0
03 Sep 459 3 3 2 Aug 471 0 0
04 Sep 430 7 11 4 Aug 646 0 0
06 Sep 445 14 20 5 Aug 542 0 0
12 Sep 99 0 0 6 Aug 398 0 0
13 Sep 403 4 6 8 Aug 205 0 0
14 Sep 263 3 5 11 Aug 607 0 0
23 Sep 24 1 1 16 Aug 189 0 0
24 Sep 131 0 0 18 Aug 565 0 0

2007 19 Aug 104 1 1
22 Aug 869 4 5 23 Aug 701 3 6
24 Aug 281 4 4 25 Aug 717 1 1
3 Sep 339 5 5 28 Aug 17 0 0
10 Sep 882 16 19 29 Aug 795 13 19
11 Sep 1074 18 23 30 Aug 3 0 0
14 Sep 457 8 15 31 Aug 75 0 0
18 Sep 708 14 17 5 Sep 466 0 0
19 Sep 7 0 0 6 Sep 629 7 11
20 Sep 485 4 4 9 Sep 328 0 0
21 Sep 1178 5 17 10 Sep 383 0 0
26 Sep 47 0 0 12 Sep 908 6 7
30 Sep 241 2 4 13 Sep 734 12 17
2 Oct 92 0 0 14 Sep 38 0 0
3 Oct 551 1 1 18 Sep 516 7 11
7 Oct 134 0 0 19 Sep 1090 17 25
8 Oct 18 0 0 22 Sep 175 2 2

2008 23 Sep 193 1 2
6 Jul 636 0 0 24 Sep 113 2 3
7 Jul 665 1 1 25 Sep 680 3 3
8 Jul 501 0 0 26 Sep 671 1 1
9 Jul 732 5 8 27 Sep 937 2 2
10 Jul 617 0 0 28 Sep 582 1 2
11 Jul 527 0 0 29 Sep 591 2 3
12 Jul 704 2 2 1 Oct 187 0 0
13 Jul 18 0 0 2 Oct 455 1 1
14 Jul 599 0 0 6 Oct 421 0 0
22 Jul 220 0 0 8 Oct 144 0 0
25 Jul 31 0 0 9 Oct 389 2 3
27 Jul 405 0 0 10 Oct 325 0 0
28 Jul 328 0 0 11 Oct 323 0 0
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FIGURE 7.6.  Bowhead whale (BHW) and Grey whale (GW) sightings recorded while on-transect on 
aerial surveys conducted in the central Beaufort Sea from 26 Aug through 24 Sep 2006.  All 
sightings were “not exposed” to seismic sound because aerial surveys did not overlap with seismic 
activities.   
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FIGURE 7.7.  Bowhead whale (BHW) and unidentified mysticete whale sightings, and a mudtrack 
(MT) left by a feeding mysticete whale during aerial surveys conducted in the central Beaufort Sea 
from 22 Aug through 8 Oct 2007.  On-transect sightings are shown.  Species are differentiated by 
symbol, and seismic state at time of sighting is indicated by shading.  “Not exposed” refers to 
periods when seismic was not occurring or seismic sound was below background levels. 
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FIGURE 7.8.  Bowhead whale (BHW) and unidentified mysticete whale (UMW) sightings during 
aerial surveys conducted in the central Beaufort Sea from 6 Jul through 11 Oct 2008.  On-transect 
sightings are shown.  Species are differentiated by symbol, and seismic state at time of sighting is 
indicated by shading.  “Not exposed” refers to periods when seismic was not occurring or seismic 
sound was below background levels. 
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FIGURE 7.9.  Average bowhead whale sighting rates (sightings/1000 mi) by year, based on 
data collected from aerial surveys of the central Beaufort Sea, 2006–2008.   
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2006 2007 2008 χ2 One-tailed p

Sightings (obs.) 35 81 92 67.3 <0.001
Sightings (exp.) 17 46 146
Effort (km) 2687 7362 23,487

Seasonal Occurrence and Evidence of Migration — Survey effort in 2006 and 2007 was focused 
on the first half of the main migration period (late Aug through late Sep).  In contrast, effort in 2008 
covered a much broader period, extending from Jul through early Oct.  All bowheads observed in Jul 
2008 were traveling eastward, with headings varying from 88–149°T, at moderate speeds (five of seven 
observations) and we assumed that these whales were moving toward the main summering area in the 
Canadian Beaufort.  Sighting rates in Jul were low, with a peak observed on 9 Jul.  The last eastward 
migrating bowhead during this period was observed on 12 Jul (Figure 7.10).  No other bowheads were 
sighted until late Aug.   

Sighting rates were highest in the month of Sep for all years.  In 2006, the highest sighting rate was 
observed on 6 Sep (31 sightings/1000 km; 50 sightings/1000 mi; Figure 7.10).  In 2007, peak sighting 
rates (17-20 sightings/1000 km, 27-32 sightings/1000 mi) were recorded between 10 and 18 Sep.  The 
peak sighting rates for 2008 (16 sightings/1000 km, 26 sightings/1000 mi) were recorded on 29 Aug and 
13 Sep.  Most traveling or swimming bowheads had westerly headings, ranging from 57% of sightings in 
2007 to 84% of sightings in 2008.  In Sep, whales were usually observed moving slowly (91% of 
sightings in 2007 and 74% of sightings in 2008).  Sighting rates were lower in Oct than in late Aug and 
Sep, and most sightings during this time had westerly headings. 

Sightings were made in late Aug during all three survey years, beginning around 19 Aug.  Over the 
three years, Aug sighting rates varied from 0 to 16 sightings/1000 km (0 to 26 sightings/1000 mi; Figure 
7.10).  Whales sighted in Aug typically traveled at slow (100% of traveling or swimming whales with 
speeds observed in 2007) to moderate speeds (57% of traveling or swimming whales with speeds 
observed in 2008).  However, headings were not always in a migratory (westerly) direction and varied 
from 45–270°T in 2006, and from 0–270°T in 2007.  In 2008, headings were documented at angles across 
the 360°T spectrum.  Travel was the most frequently observed activity in Aug in all three years, ranging 
from 30% of observations in 2008 to 86% of observations in 2007.     

Activities — Traveling was a common activity recorded in all three years, particularly in 2006 
(Figure 7.11).  Feeding was much more prevalent in 2007 (50% of activity observations) and 2008 (41% 
of activity observations).  In addition to these activities, resting was also commonly observed, accounting 
for 14–38% of activity observations over the three years.  Socializing and milling were observed less 
frequently, and were only seen in 2007 and 2008.    

TABLE 7.3.  Chi–square Goodness–of–Fit test comparing bowhead whale 
sighting rates among years as observed on aerial surveys of the central 
Beaufort Sea from 2006–2008. 
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FIGURE 7.10.  Bowhead whale sighting rates (sightings/1000 km) in the central Beaufort Sea by date, 2006–2008. Year is indicated by shading.  
Survey period for each year is indicated by the horizontal lines (thick dotted line for 2006, solid line for 2007, and thin dashed line for 2008).  No 
rates are calculated for days with less than 250 km (155 mi) survey effort.  Days with more than 250 km (155 mi) of effort yet no sightings are 
represented by an asterisk.   
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FIGURE 7.11.  Bowhead whale activities observed on aerial surveys of the central Beaufort 
Sea. Year is indicated by shading. 

 

Beluga Whales 
Sighting Summary — A total of 156 beluga sightings were made while on–transect over the course 

of the three years: 13 in 2006 (Figure 7.12), 25 in 2007 (Figure 7.13), and 118 in 2008 (Figure 7.14).  
Beluga whales were seen on three days in 2006, one day in 2007 and 16 days in 2008.  For days on which 
sufficient effort was obtained, average sighting rates were highest in 2008 (average of 5 sightings/1000 
km; 8 sightings/1000 mi), and lowest in 2007 (average of 2 sightings/1000 km; 3 sightings/1000 mi).  
Differences among years were not significant (Table 7.3).  

 

TABLE 7.4. Chi–square Goodness–of–Fit comparison of beluga whale sighting 
rates among years from aerial surveys of the central Beaufort Sea (2006–
2008). 

2006 2007 2008 χ2 One-tailed p

Sightings (obs.) 13 25 118 3.2 0.200
Sightings (exp.) 13 34 109
Effort (km) 2687 7362 23,487
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FIGURE 7.12.  Beluga whale (WW) sightings during aerial surveys conducted in the central Beaufort 
Sea from 26 Aug through 24 Sep 2006.   On-transect sightings are shown.  All whales were “not 
exposed” to seismic sound because aerial surveys did not overlap with seismic activities. 
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FIGURE 7.13.  Beluga whale (WW), harbor porpoise (HP), and unidentified whale (UW) sightings 
during aerial surveys conducted in the central Beaufort Sea from 22 Aug through 9 Oct 2007.  On-
transect sightings are shown.  Species are differentiated by symbol, and seismic state at time of 
sighting is indicated by shading. “Not exposed” refers to periods when seismic was not occurring or 
seismic sound was below background levels. 
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Seasonal Occurrence — The aerial surveys were designed to monitor the distribution of bowhead 
whales relative to seismic activities and thus did not fully encompass preferred beluga habitat, making 
sighting rates of belugas highly variable and lower than they would have been had surveys been extended 
farther north.  In 2008, peaks in beluga whale sighting rates were observed in Jul (85 sighting/1000 km; 
137 sightings/1000 mi, Figure 7.15).  In contrast, peak sighting rates in 2006 (22 sightings/1000 km; 35 
sightings/1000 mi) and 2007 (23 sightings/1000 km; 37 sightings/1000 mi), when surveys did not start 
until mid–to–late August, were much lower and occurred during early Sep.  

 

FIGURE 7.14.  Beluga whale (WW) and harbor porpoise (HP) sightings during aerial surveys 
conducted in the central Beaufort Sea from 6 Jul through 11 Oct 2008.  On-transect sightings are 
shown.  Species are differentiated by symbol, and seismic state at time of sighting is indicated by 
shading. “Not exposed” refers to periods when seismic was not occurring or seismic sound was 
below background levels. 

     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

 



Chapter 7:  Beaufort Sea Aerial Surveys   7–25 

 

(A) Jul-Aug

(B) Sep-Oct

0

5

10

15

20

25

30
1 

Ju
l

3 
Ju

l

5 
Ju

l

7 
Ju

l

9 
Ju

l

11
 J

ul

13
 J

ul

15
 J

ul

17
 J

ul

19
 J

ul

21
 J

ul

23
 J

ul

25
 J

ul

27
 J

ul

29
 J

ul

31
 J

ul

2 
A

ug

4 
A

ug

6 
A

ug

8 
A

ug

10
 A

ug

12
 A

ug

14
 A

ug

16
 A

ug

18
 A

ug

20
 A

ug

22
 A

ug

24
 A

ug

26
 A

ug

28
 A

ug

30
 A

ug

Si
gh

tin
gs

/1
00

0 
km

(85)

* * * * * * * * ** * * ** ** * ****

0

5

10

15

20

25

30

1 
S

ep

3 
S

ep

5 
S

ep

7 
S

ep

9 
S

ep

11
 S

ep

13
 S

ep

15
 S

ep

17
 S

ep

19
 S

ep

21
 S

ep

23
 S

ep

25
 S

ep

27
 S

ep

29
 S

ep

1 
O

ct

3 
O

ct

5 
O

ct

7 
O

ct

9 
O

ct

11
 O

ct

13
 O

ct

15
 O

ct

17
 O

ct

19
 O

ct

21
 O

ct

23
 O

ct

25
 O

ct

27
 O

ct

29
 O

ct

31
 O

ct

Date

Si
gh

tin
gs

/1
00

0 
km

2006
2007
2008

* ** *** * *** * * ** * * *** *** * * ** * * * * ** * * * * * * *

 
FIGURE 7.15.  Beluga whale sighting rates (sightings/1000 km) in the central Beaufort Sea, by date.  Year is indicated by shading.  Survey period 
for each year is indicated by a horizontal line (thick dotted line for 2006, solid line for 2007, and thin dashed line for 2008). No rates are calculated 
for days with less than 250 km (155 mi) survey effort.  See Appendix Table G.1 for a breakdown of effort and sightings by day.  Days with more 
than 250 km (155 mi) of effort and no sightings are represented by asterisks.    
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Polar Bears and Walruses 
Sighting Summary — Polar bear and walrus sightings in the central Beaufort Sea were rare in all 

years.  Only one polar bear was sighted in 2006 (Figure 7.16).  This individual was sighted on 13 Sep and 
was swimming.  A total of 27 polar bear sightings (46 individuals) were recorded in 2007; all were off 
transect and observed on the barrier islands while in transit between transects or to and from the survey 
area (Figure 7.17).  These sightings were of 12 lone adults, one sub–adult, nine mother–cub groups, and 
five individuals of indeterminate age.  Of the nine mother–cub sightings, three included a mother and a 
lone yearling, three included a mother and two young–of–the–year, and three were of a mother with two 
cubs of undetermined age.  When activity was recorded, it tended to be “resting”; 15 observations of 
resting bears and 2 observations of traveling bears were made.  The majority of sightings were made 
while no seismic activity was taking place, though one sighting was recorded during seismic activities.   

In 2008, 21 polar bear sightings (65 individuals) were recorded (Figure 7.18) and the majority of 
these sightings (14) were off–transect.  Of the 21 total sightings, eight were identified as lone adults, two 
were sub–adults, and five were mother–cub groups.  Three of these mother–cub groups consisted of a 
mother with two young–of–the–year, while an additional two were of a mother with one cub of 
undetermined age.  Age was not specified for six other sightings.  Behavior was primarily resting (eight 
observations) and traveling (two observations).  Nine sightings occurred during seismic activity; however 
only two were in the water at the time and were in locations where received sounds were <120 dB.  Three 
of the groups sighted on land were in an area where received sound levels in the water were >120 dB.  

In 2006, five walrus sightings (of six individuals) were recorded (Figure 7.16).  One sighting was 
of a lone adult, another was of a mother–calf pair.  Age was not determined for the remaining three 
sightings.  Resting was the primary activity observed (three of five sightings).  An additional sighting was 
classified as traveling.  In 2007, one walrus mother–calf pair was sighted during a non–seismic period 
(Figure 7.17).  In 2008, two sightings of adult walrus were made (Figure 7.18).  One of the walrus was 
milling slowly.  Both sightings were in areas where received sound levels were <120 dB.  
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FIGURE 7.16.  Polar bear (PB) and Pacific walrus (PWA) sightings during aerial surveys conducted 
in the central Beaufort Sea from 26 Aug through 24 Sep 2006.  All sightings, including off–transect 
sightings, are shown.  All sightings were “not exposed” to seismic sound because aerial surveys did 
not overlap with seismic activities. 
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FIGURE 7.17.  Polar bear (PB) and Pacific walrus (PWA) sightings during aerial surveys conducted 
in the central Beaufort Sea from 22 Aug through 8 Oct 2007.  Species are differentiated by symbol, 
and seismic state at time of sighting is indicated by shading.  All sightings, including off–transect 
sightings, are shown. “Not exposed” refers to periods when seismic was not occurring or seismic 
sound was below background levels. 

 

 



Comparisons with Other Studies 

Other Pinniped Species 
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Seasonal Occurrence— Temporal patterns in bowhead sighting rates for 2006–2008 were 
generally similar to those reported in other studies; however, sighting rates in late Aug to early Sep tended 
to be slightly higher and sighting rates in late Sep to early Oct slightly lower than those reported by Miller 
et al. (2002) (Figure 7.19, Table 7.5).  Reviewing data for this region from 1979–2000, Miller et al. 
(2002) found that the largest percentage of the Bering–Chukchi–Beaufort bowhead population observed 
on any day was about mid–Sep (Figure 7.19) with lower percentages observed in Aug.   

Many studies have assessed trends of bowhead whales with respect to natural factors such as time 
of year and ice cover. To put our results in a larger context, comparisons with previous research in the 
Beaufort Sea are made below.  

 Maps showing sightings of other pinniped species observed on aerial surveys of the central 
Beaufort Sea from 2006 through 2008 are available in Appendix G (Appendix Figures G.4–G.9). 

FIGURE 7.18.  Polar bear (PB) and Pacific walrus (PWA) sightings during aerial surveys conducted 
in the central Beaufort Sea from 6 Jul through 11 Oct 2008.  Species are differentiated by symbol, 
and seismic state at time of sighting is indicated by shading. All sightings, including off–transect 
sightings, are shown. “Not exposed” refers to periods when seismic was not occurring or seismic 
sound was below background levels. 
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FIGURE 7.19.  Bowhead whale daily sighting rates from aerial survey data collected in the central Beaufort Sea, 2006–2008 (bars with shading 
indicating year).  Right hand vertical axis (line on graph) shows percentage (10–day moving average) of bowhead population observed on 
each day during aerial surveys conducted from 1979–2000; data from Miller et al. (2002).  Survey period for each year is indicated by 
horizontal lines at the top of the figures (thick dotted line for 2006, solid line for 2007, and thin dashed line for 2008).   
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TABLE 7.5.  Peak bowhead sighting rates over time from Aug to Oct in the Alaskan Beaufort Sea with 
respect to year and location from the current and previous studies.  

Year Location
Period With Peak 

Sighting Rates 
(Aug - Oct)

Sighting rate 
(sightings/1000 km) Author

1979-2000 Flaxman Is - Herschel Is 16-30 Sep 10.3 Miller et al. 2002
1996-1997 Harrison Bay - Flaxman Is 1-10 Sep 11.3 Miller et al. 1999

1998 Oliktok Pt - Flaxman Is 11-20 Sep 10.2 Miller et al. 1999
2006 Camden Bay 4 Sep 16.3 Current study
2007 Harrison Bay - Kaktovik 18 Sep 19.8 Current study
2008 Harrison Bay 29 Aug 16.4 Current study
2008 Camden Bay 16 Sep 20.8 Current study  

 
Water Depth — Patterns in bowhead distribution by water–depth strata have been presented in a 

series of Minerals Management Service (MMS) reports since 1982 (Treacy 2002).  In these reports, the 
authors divided their study area into two sub–areas: west (from Barrow to Deadhorse) and east (from 
Deadhorse to Herschel Island).  Data collected during these studies indicated that within both sub–areas, 
bowhead distribution by depth, though highly variable among years, was highest in waters <100 m (328 
ft) deep (Figure 7.20).    

In general, previous research indicated that sighting rates tended to be highest in waters <50 m 
(<150 ft) deep when ice cover was light (Table 7.6; Miller et al. 2002; Thomas et al. 2006).  In contrast, 
years with heavy ice cover tended to have peak sighting rates in waters >200 m (>600 ft) deep (Moore 
2000; Miller et al. 2002).  The MMS depth data are presented below by light, moderate and heavy ice–
year groupings (as defined by Treacy et al. 2006).  Ice cover was considered to be light for all three years 
of our study, though 2006 was very close to being a moderate ice year.  Our data fit within the range of 
average sighting depths for light ice years, with average depths of approximately 32 m (105 ft).  Average 
depth at bowhead sighting locations in 2006 was slightly greater than in 2007 and 2008 and similar to 
trends observed in moderate ice cover years (Figure 7.20). 

TABLE 7.6.  Relationships between location, ice cover, and peak sighting rates of bowhead whales by 
depth categories in the Alaskan Beaufort Sea. 

Year Location Ice Cover
Depth Bin (m) with 
Peak Sighting Rate 

(Aug - Oct)
Author

1979-2000 Flaxman Is - Herschel Is Variable 20-200 Miller et al. 2002
1982-1991 Bering Strait - Canadian Border Heavy >200 Moore 2000
1982-1991 Bering Strait - Canadian Border Light/Moderate <50 Moore 2000

2006 Camden Bay Light/Moderate 50-200 Current study
2007 Harrison Bay - Kaktovik Light <50 Current study
2008 Harrison Bay - Kaktovik Light <50 Current study  
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FIGURE 7.20.  Mean depth (m) of bowhead whale sighting locations during annual fall aerial 
surveys conducted by Minerals Management Service in the Alaskan Beaufort Sea from 1982 
through 2000 grouped by annual ice conditions (Treacy 2006).  Striped columns represent data 
collected during this study.  Numbers over bars indicate values that extend beyond the range of 
the y–axis.   

 
Activity — Observations of bowhead whale activity appear to vary depending on location and year 

(Table 7.7).  Miller et al. (1998, 1999) reported traveling to be the most commonly observed activity, 
accounting for 82% of observations in 1998 and 78% of observations over the period of 1996–1998 from 
Harrison Bay to Flaxman Island.  However, Würsig et al. (2002) reported feeding to be the predominant 
activity (47% of observations) in four out of five years (1985, 1986, 1998, 1999, but not 2000) in waters 

 



Chapter 7:  Beaufort Sea Aerial Surveys   7–33 

between Flaxman Island and Herschel Island, which is east of the Miller et al. (1999) survey area.  Our 
data show similar variability, with feeding more prevalent in 2007 and 2008 than in 2006. The prevalence 
of feeding observed in our study depended upon location and time of year.   

 

TABLE 7.7. Most prevalent bowhead whale activity observed with respect to location and year 
during aerial survey studies in the central Beaufort Sea. 

Year Location Most Prevalent 
Activity (Aug- Oct) Author

1979-1984 Camden Bay Non-feeding Ljungblad et al. 1986
1979-1984 Prudhoe Bay Non-feeding Ljungblad et al. 1986
1979 Harrison Bay - Mackenzie Bay Diving Moore and Clarke 1989
1980-1984 Harrison Bay - Mackenzie Bay Swimming Moore and Clarke 1989
1985-1986 Harrison Bay - Mackenzie Bay Feeding Moore and Clarke 1989
1985 Flaxman Is - Herschel Is Feeding Wursig et al. 2002
1986 Flaxman Is - Herschel Is Feeding Wursig et al. 2002
1996-1997 Harrison Bay - Flaxman Is Traveling Miller et al. 1998
1998 Oliktok Pt - Flaxman Is Traveling Miller et al. 1999
1998 Flaxman Is - Herschel Is Feeding Wursig et al. 2002
1999 Flaxman Is - Herschel Is Feeding Wursig et al. 2002
2000 Flaxman Is - Herschel Is Traveling Wursig et al. 2002
2006 Camden Bay Traveling Current study
2007 Nuiqsut - Kaktovik Feeding Current study
2008 Harrison Bay Traveling Current study
2008 Camden Bay Feeding Current study

 
 
Headings — Many studies of bowhead whales in the central Beaufort Sea conducted in Aug and 

Sep have reported patterns in whale headings suggestive of westward migration (Table 7.8).  Miller et al. 
(1999) reported that the vector mean of observed bowhead headings from 1996–1998 was 297°T (circular 
s.d.= 59°T).  In addition, Miller et al. (2002) assessed bowhead headings from 1979–2000 by half–month 
periods from Aug through Oct.  Headings for most periods ranged from 267–326°T.  The exception was 
the period of 16–31 Aug when headings were more random.  We also found headings to be progressively 
more westward over time from Aug though Oct.  

Speeds — Numerous studies have also assessed bowhead whale speeds in the central Beaufort Sea 
(Table 7.9).  Miller et al. (1999) found that most observed whales were traveling at a medium speed.  In 
the present study, the majority of whales for which speed was noted were observed to be swimming at 
slow speeds or not moving at all (82% of whales in 2007 and 69% of whales in 2008).  When only 
traveling whales were examined, 70% and 57% of whales were swimming at medium speeds in 2007 and 
2008, respectively, whereas all feeding whales were swimming at slow speeds in both years.  
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TABLE 7.8.  Results of studies on bowhead headings in the central Beaufort Sea with respect to year, 
location and ice cover. A “westward” heading was defined as one being between 181º and 360º. 

Year Location Ice Cover
Majority of Headings 

Westward (Aug - 
Oct)

Author

1979-2000 Flaxman Is - Herschel Is Variable Yes Miller et al. 2002
1996-1998 Harrison Bay - Flaxman Is Variable Yes Miller et al. 1999

1998 Oliktok Pt - Flaxman Is Light Yes Miller et al. 1999
2006 Camden Bay Light-Moderate Yes Current study
2007 Nuiqsut - Kaktovik Light Yes Current study
2008 Nuiqsut - Kaktovik Light Yes Current study

 
 

TABLE 7.9.  Observed speeds of bowhead whales on aerial surveys of the central Beaufort Sea with 
respect to year, location, and ice cover.  

Year Location Ice Cover
Majority of 

Observed Speeds 
(Aug - Oct)

Author

1996-1998 Harrison Bay - Flaxman Is Variable Medium Miller et al. 1999
1998 Oliktok Pt - Flaxman Is Light Medium Miller et al. 1999
2006 Camden Bay Light-Moderate Slow Current Study
2007 Nuiqsut - Kaktovik Light Slow Current Study
2008 Harrison Bay Light Medium Current Study
2008 Camden Bay Light Slow Current Study

 
 
Univariate analysis of the effect of seismic sound on bowhead whales 

 
Effort 

Survey effort was highest in the “no detectable seismic” category, and was lowest in the 160-180 
dB category (Fig. 7.21).  The seismic category “no detectable seismic” included times when no seismic 
activities had occurred within 3 minutes of the aerial survey, or when sound exposure did not exceed 
background levels.  Because there was little effort in certain 10-dB seismic sound categories (particularly 
in the 160-180 dB category), we pooled seismic data into <120 dB and ≥120 dB categories for subsequent 
analyses of sighting rates. 
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FIGURE 7.21. Aerial survey effort (km) in the central Beaufort Sea, 2007–2008 by 
seismic sound level category (dB). The “no detectable seismic” category includes time 
periods when there was no seismic activity or when seismic sound was below 
background levels.   

Sighting Rates 
Bowhead whale sighting rates appeared to show no discernable pattern with respect to seismic 

sound until sound was greater than 150 dB, at which point sighting rates decreased to zero (Figure 7.22).  
The amount of survey effort in these seismic categories was low, however, thus necessitating caution 
when interpreting seismic effects.  When seismic categories were pooled, sighting rates did not differ 
significantly between “no detectable seismic” and “seismic”, or between the “no detectable seismic” and 
“≥120 dB” (Table 7.10).   
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FIGURE 7.22. Average bowhead whale sighting rates in the Beaufort Sea at three different exposure levels 
to seismic sound that occurred within 3 minutes of aerial surveys. Seismic sound categories with <250 km 
of survey effort are identified with an asterisk.  The “no detectable seismic” category includes time periods 
when there was no seismic activity or when seismic sound was below background levels. 
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TABLE 7.10.  Results of chi-squared tests of bowhead whale sighting rates between different 
seismic categories. The “no detectable seismic” category includes time periods when there was 
no seismic activity or when seismic sound was below background levels. 

Observed Sightings 102 63 102 31
Expected Sightings 98 67 102 31
Effort 12505.64 8548.83 12505.64 3811.87
Chi-square
df
p

0.40
1

0.53

0.00
1

0.99

No detectable 
seismic Seismic No detectable 

seismic ≥120 dB

Comparison A Comparison B

 
 

Deflection  
Sighting rates in different water depth bins were examined with respect to seismic sound categories 

to determine if whales moved either farther offshore and into deeper waters or closer to shore and into 
shallower waters when they were exposed to seismic sound.  Water depth was used rather than distance 
from shore because distance from shore of aerial surveys was highly variable depending on longitude.  
For example, transects in the Harrison Bay survey area were farther from shore than in the Camden Bay 
survey area due to the variable shape of the coastline.  The two survey areas, however, had similar depth 
profiles, and were therefore comparable with respect to depth.  We compared average water depth of 
sightings at different seismic sound categories.  Furthermore, we compared the average distance from 
sightings to the center of the seismic survey area for periods with and without seismic activity.  

Water Depth — Surveys were flown over waters from <10 m up to 2790 m (<33 ft to 9151 ft) 
deep.   No sightings were made in waters deeper than 60 m (197 ft) so all effort in waters >60 m (>197 ft) 
deep is presented in a single category.  Among the six 10–m (33–ft) depth categories with sightings, effort 
was lowest at depths of 0-10 m (0-33 ft) deep (Figure 7.23).  

Comparisons of water depth among seismic sound categories were confounded by the fact that 
seismic activities were limited to certain depths, and therefore not all seismic sound levels were equally 
distributed across depth categories.  Further investigation as to the best way to approach the analysis of 
depth/seismic interactions is needed, and the reader should interpret results of this analysis cautiously.   

At received sound levels of ≥120 dB rms, sighting rates were highest in waters 30–40 m (98–131 
ft) deep (Figure 7.24).  In contrast, sighting rates at received sound levels of <120 dB rms or at non-
detectable levels were highest in the 0–10 m (0–33 ft) depth bin, although survey effort in this category 
was low.    Other than this apparent increase in sighting rates at depths of 0-10 m, our analysis does not 
indicate strong offshore deflections (ie, to depths >50 m) by whales when received sound levels were 
above background levels.  
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FIGURE 7.23.  Survey effort (km) by 10–m (33 ft) water–depth bins from aerial surveys of the 
central Beaufort Sea in 2007–2008. Seismic sound categories are indicated by shading.  The “no 
detectable seismic” category includes time periods when there was no seismic activity or when 
seismic sound was below background levels. 
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FIGURE 7.24.  Bowhead whale sighting rates by 10–m (33 ft) water–depth bins recorded during 
aerial surveys of the central Beaufort Sea in 2007–2008.  Estimated received sound levels of 
seismic sounds in dB re 1 ųPa (rms) are indicated by shading. Depth bins with less than 250 km 
of effort in any seismic category are identified with an asterisk. The “no detectable seismic” 
category includes time periods when there was no seismic activity or when seismic sound was 
below background levels. 

 
In addition to our analysis of patterns of sighting rates across depth bins, we compared average 

water depth of sighting locations among received sound level categories.  We did not detect a significant 
difference in depth between “no detectable seismic” and either <120 dB or >120 dB categories (both t-
tests, t > -1.85, p > 0.05).   For both feeding and traveling whales, we observed a weak pattern of 
increasing depth at higher seismic sound levels (Figures 7.25 and 7.26); however, differences in depth 
between zero seismic sound and <120 dB or >120 dB categories were not significant (all t-tests, t > -1.54, 
p>0.05). 
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FIGURE 7.25.  Average depth and standard error for feeding bowhead whales at different 
seismic sound categories.  Data collected on aerial surveys of the central Beaufort Sea, 
2007–2008.  The “no detectable seismic” category includes time periods when there was 
no seismic activity or when seismic sound was below background levels. 
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FIGURE 7.26.  Average depth and standard error for traveling bowhead whales at different seismic 
sound categories.  Data were collected on aerial surveys of the central Beaufort Sea, 2007–2008.  
The “no detectable seismic” category includes time periods when there was no seismic activity 
or when seismic sound was below background levels. 

 
Behavioral Responses 

 Another indication of potential responses to seismic activity may be the speed and direction that 
whales were moving.  Differences in headings and speeds were therefore assessed with respect to 
received sound levels to look for evidence of responses to seismic sound.  Behavioral responses to 
seismic sound were subsequently examined separately for feeding and traveling whales. 

Headings — The mean heading for all whales (for which heading was recorded) was westward 
(274º), and this was significantly different from random (Table 7.11).   Traveling whales had a non-
random westward (275º) heading, whereas feeding whales had random headings (Figure 7.27).   In each 
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of the seismic categories, traveling whales maintained a westerly direction, and no obvious differences 
associated with seismic sound were observed (Figure 7.28).  Feeding whales showed no preferred 
direction in any of the seismic categories (Figure 7.29).  

 
TABLE 7.11.  Mean headings and results from Rayleigh tests for evidence of a preferred direction 
for bowhead whales detected in the Beaufort Sea, 2007-2008.  Analyses were conducted 
separately for different seismic categories.  The “no detectable seismic” category includes time 
periods when there was no seismic activity or when seismic sound was below background levels. 

     

Sub-group Mean N SD1 p 2

All whales 273.897° 106 93.78° 0.00
Feeding whales 123.071° 19 101.07° 0.44
Traveling whales 275.324° 48 66.761° <0.001
All whales 262.84° 69 95.562° 0.01
Feeding whales 154.281° 8 76.88° 0.28
Traveling whales 272.629° 31 81.021° 0.01
All whales 330.119° 18 110.502° 0.65
Feeding whales 53.819° 8 98.041° 0.67
Traveling whales 270.324° 6 48.769° 0.05
All whales 279.776° 19 67.929° 0.01
Feeding whales 127.604° 3 104.192° 0.91
Traveling whales 281.17° 11 37.911° <0.001

1Circular Standard Deviation
2Rayleigh's test for evidence of a preferred direction

All seismic 
categories

No detectable 
seismic

<120 dB

≥ 120 dB

 
 

 

 



7–40     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 
 

NA

TRA

FE

0

90

180

270
NATRA

FE

 
FIGURE 7.27.  Headings of feeding (“FE”) and traveling (“TRA”) bowhead 
whales in all seismic categories.  Whales engaged in other or unknown 
activities are labeled “NA”.  Data were collected during aerial surveys of 
the central Beaufort Sea in 2007–2008.   
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FIGURE 7.28.  Headings of traveling bowhead whales by received sound 
levels of seismic pulses in dB re 1ųPa (rms).  Data were collected during 
aerial surveys of the central Beaufort Sea in 2007–2008.   
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FIGURE 7.29.  Headings of feeding bowhead whales by received sound 
levels of seismic pulses in dB re 1ųPa (rms).  Data were collected during 
aerial surveys of the central Beaufort Sea in 2007–2008.   

 
Speeds — Speeds of movement of bowhead whales were classified as not moving, slow, moderate, 

or fast (Figure 7.30).  The majority of sightings were considered to be swimming at slow or medium 
speeds, and patterns differed little with respect to received sound level.  
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FIGURE 7.30.  Speeds of movement of bowhead whales by received sound level (dB).  
Data were collected on aerial surveys of the central Beaufort Sea from 2007–2008.  The 
“seismic not detectable” category includes time periods when there was no seismic activity 
or when seismic sound was negligible compared with background levels. 
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Distance from seismic operations — Bowhead whales were observed farther on average from 
seismic operations during periods of seismic activity than during periods of no seismic activity (Wilcoxon 
rank sum test, W = 3913, n = 160, p = 0.003).  We conducted subsequent analyses on a subset of whales 
that were either feeding or traveling. The pattern of increased distance during seismic periods was 
maintained for traveling (W = 525, n = 55, p < 0.001) but not feeding whales (W = 242, n = 45, p = 0.79, 
Figure 7.31). 
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FIGURE 7.31.  Mean distance from SOI seismic operations for feeding and traveling bowhead 
whales during seismic and non-seismic periods in the Beaufort Sea.  Standard errors are shown. 

   
Estimated Number of Bowhead Whales Present and Potentially Affected  — Two received sound 

level criteria have been specified by NMFS as relevant in estimating cetacean “take by harassment”, 
though exposures to these sound levels may not necessarily result in a biologically significant effect.  The 
criteria include: 
 

• 180 dB re 1µPa (rms), above which there is concern about possible temporary or permanent effects 
on hearing; 

• 160 dB re 1µPa (rms), above which avoidance and other behavioral reactions may occur.  
 

Bowhead whale density estimates during seismic periods and periods without detectable seismic in 
2007–2008 were multiplied by the total area of water ensonified to the specified levels by seismic 
activities to estimate the number of potential exposures to received sound levels ≥160 and ≥180 dB rms 
(Table 7.12).  Estimates calculated using densities from periods without seismic activity assume that no 
avoidance of the activities occurred.  By the most conservative estimates, based on densities calculated 
for non–seismic data, a maximum of 282 whales were potentially exposed to received sound levels ≥160 
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dB re 1µPa rms in 2007 and 326 whales in 2008 if they did not avoid seismic operations (Table 7.12).  Of 
these whales, a maximum of 65 in 2007 and 97 in 2008 would have been exposed to sound levels ≥180 
dB rms if they did not avoid seismic operations.  

 

TABLE 7.12.  Estimated densities of bowhead whales in the central Beaufort Sea by year and location, 
along with number of bowhead whales that, if they did not avoid seismic operations, would have been 
exposed to received sound levels of ≥180 dB re 1ųPa (rms) and ≥160 dB re 1ųPa (rms) due to the 
seismic activities of SOI and Eni in the central Beaufort Sea. 

≥180 dB ≥160 dB ≥180 dB ≥160 dB

2007
Camden 22.6 32(4.9) 137(11.2) 46.2 65(4.9) 281(11.2)
Harrison -- -- -- 31.9 0 1(1.5)

2008
Camden (6 Jul-18 Aug) -- -- -- 9.0 1 (1.2) 7 (1.9)

Camden (late) 30.9 43(7.3) 174(18.0) 30.9 43(7.3) 175(18.0)
Harrison 14.2 26(7.3) 70(12.7) 29.1 53(7.3) 144(12.7)

Estimates from Seismic Period Estimates from Non-seismic Period

Year Bay
 Density 

(No./1000 km2)

Individuals exposed    
(# of exposures) Density 

(No./1000 km2)

Individuals exposed    
(# of exposures)

 
 

Multivariate Analysis of Aerial Survey Data 
A total of 3902 segments (each ~7 km) of observer effort were included in the multivariate 

analysis, of which 123 contained bowhead whale sightings.  Some segments had more than one bowhead 
sighting, and a total of 182 sightings (not including off–transect sightings or sightings >2.5 km from the 
observer) were recorded over the two year period.  We used the stepAIC function (AIC = Akaike’s 
Information Criterion) in program R to select the most parsimonious model.  We were unable to fit a 
model including all desired linear and quadratic interaction terms and therefore fit the model using linear 
interactions only.  We subsequently added quadratic interaction terms, and kept them in the model if they 
improved the model fit (ie, lowered the AIC value).  Of the quadratic terms we were interested in, only 
year*depth2 improved model fit.  The negative binomial regression fit the data considerably better than a 
poisson regression when the two model types were compared using AIC.  Model predictions were similar 
to observed predictions and indicated that the model performed well compared with the null model (Table 
1).  To further assess the explanatory ability of the highest-ranked model, we plotted the residuals against 
each variable in the model (Appendix G, Figures G.10-16).  Residual plots indicated that the model 
reasonably explained variation in bowhead sighting rates.  Spatial autocorrelation was highest among 
segments within 0-10 km of each other (Moran’s I = 0.08) and decreased as greater distances were 
considered.  This degree of autocorrelation was not considered to be high enough to seriously affect 
interpretations of the final model.  
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TABLE 7.13.  Estimates and significance levels from the highest–ranked negative binomial regression 
model with bowhead whale sightings as the dependent variable. Seismic variables were calculated 
based on seismic activities that occurred within 3 minutes of aerial surveys.  Estimates and 
associated standard errors are on a logarithmic scale.  Variables with a significant relationship to 
bowhead whale sightings (p < 0.05) are bolded.  Null, observed, and predicted sighting rates are 
presented. 

Variable Estimate Std. Error z value p

Intercept -6.43 1.12 -5.76 0.00
Year (2008) -2.94 1.27 -2.32 0.02
Daya 0.20 0.05 4.09 0.00
Day2 0.00 0.00 -4.39 0.00
Longitude 0.17 0.07 2.53 0.01
Longitude2 -0.04 0.03 -1.66 0.10
Sightabilityb -0.79 0.15 -5.21 0.00
Water Depth 0.14 0.06 2.27 0.02
Water Depth2 0.00 0.00 -2.42 0.02
Seismic soundc -0.03 0.01 -2.56 0.01
Seismic on/offd 2.04 0.94 2.17 0.03
Day*Water Depth 0.00 0.00 -2.09 0.04
Water Depth*Seismic sound 0.00 0.00 1.45 0.15
Year* Water Depth 0.20 0.09 2.17 0.03
Year*Water Depth2 0.00 0.00 -1.90 0.06
Null Sighting Rate (#/1000 km) 11.23
Observed Sighting Rate (#/1000 km) 6.25
Predicted Sighting Rate (#/1000 km) 6.63

aDay within season (Day 1 = 19 Aug, Day 51 = 8 Oct)
bOn a scale of 0-4. 0=Excellent conditions, 4=very poor

dSeismic activity (0 = guns off or sound below background levels, 1 = guns on and above 
background levels). 

cReceived seismic sound levels (dB re 1 μPa rms) at the location of aerial segment when 
seismic sound > background sound.

 
 

Year and Day 
 A significant year effect was detected, and sighting rates were higher in 2007 than in 2008 (Table 

7.13).  We observed a significant non-linear relationship between sighting rates and day within season, 
with similar seasonal patterns between years, and peak sighting rates occurring in early to late Sep (Figure 
7.10). In 2007, peaks in sighting rates occurred slightly earlier in Sep than in 2008, but the interaction 
year*day was not significant and was not included in the highest-ranked model.    
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Ice 
 Ice cover was not a significant predictor of bowhead sighting rates, and this was likely due to 

light ice cover during both years (mean ice cover was 0.68% in 2007 and 0.09% in 2008).  It is probable 
that if the analysis included years of moderate to high ice cover, ice would have played a more prominent 
role in predicting bowhead sighting rates, as observed by Ljungblad et al. (1986). 
Longitude 

 A significant relationship between bowhead sighting rates and longitude was detected (Table 
7.13).  Bowhead whale sighting rates were generally highest between 145ºW to 147ºW and followed 
similar patterns in both years (Figure 7.32).  The area in which high sighting rates were observed 
corresponded to the region east of Mikkelsen Bay to the middle of Camden Bay.  This area encompasses 
Shell’s 2007 and 2008 seismic exploration areas west of Camden Bay but not in Harrison Bay in 2008.  
There was no significant interaction between longitude and seismic sound levels, indicating that the same 
relationship between sighting rates and longitude occurred when seismic sound was detectable and not 
detectable.   
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FIGURE 7.32.  Predicted relationship between bowhead sighting rates and longitude in the 
Alaskan Beaufort Sea at times when seismic sound was not detectable.  Solid lines represent 
predictions and broken lines represent 95% confidence intervals.  The following variables were 
kept constant for predictions: Year (2007), day (17 Sep), sightability (excellent), water depth 
(25 m), segment length (7 km), seismic (no detectable seismic). 

 
Sightability  

Bowhead whale sighting rates were negatively correlated with sightability, meaning they decreased 
in poor visibility conditions, such as when glare or cloud obscured the observer’s view of the ocean. 
Altitude 

Altitude was not included in the highest-ranked model, indicating that it was not an important 
predictor of bowhead whale sighting rates. Altitude was only occasionally (7% of the time) greater or less 
than 1000 ft, and in most of these cases surveys were conducted at 1500 ft to avoid disturbing bowheads 
during the subsistence hunt. 
Water depth 

Water depth was a significant predictor of bowhead whale sighting rates, and a non-linear 
relationship was evident (Table 7.13).  All sightings occurred in waters < 50 m (164 ft) deep, and patterns 
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of sighting rates and depth varied depending on day within season and year.  In 2007, peak sighting rates 
mid-season (17 Sep) were predicted to occur at slightly shallower water depths than in 2008 (Figure 
7.33).  This difference may be driven by feeding whales responding to varying prey distributions between 
the two years.  The distribution of bowheads in fall may be directly related to feeding opportunities 
(Ljungblad et al. 1986), which tend to be in nearshore waters in the Beaufort Sea (Moore et al. 1989).  
The significant interaction between water depth and day indicated a seasonal effect on the relationship 
between water depth and sighting rates.  Further investigation indicated that peak sighting rates were 
predicted to occur at greater depths early in the season, and shifted to shallower depths as the season 
progressed, particularly for 2007 (Figure 7.34).  The interaction between water depth and seismic sound 
was not significant, but improved model fit and therefore is worth mentioning.  Peak sighting rates 
occurred at slightly greater depths when seismic was detectable compared to when it was not detectable, 
although this shift did not constitute a significant deflection outside of the area influenced by seismic 
activities.    
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FIGURE 7.33.  Predicted relationship between bowhead sighting rates and water depth in 2007 
and 2008 in the Alaskan Beaufort Sea.  Solid lines represent predictions and broken lines 
represent 95% confidence intervals.  The following variables were kept constant for predictions: 
day (17 Sep), longitude (-148.0634), sightability (excellent), seismic (not detectable), segment 
length (7 km).  Water depth was measured in 10 m increments. 
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FIGURE 7.34.  Predicted relationship between bowhead sighting rates and water depth early (23 
Aug) and late (2 Oct) in the season in the Alaskan Beaufort Sea.  Solid lines represent predictions 
and broken lines represent 95% confidence intervals.  The following variables were kept constant 
for predictions: year (2007), longitude (-148.0634), sightability (excellent), seismic sound (not 
detectable), segment length (7 km).  Water depth was measured in 10 m increments. 

 
Seismic sound 

Residual plots indicated that the model adequately explained variance in sighting rates relative to 
seismic sound (Appendix figures G10-G16).  Sighting rates were negatively correlated with seismic 
sound levels (Table 7.13).  Predicted sighting rates declined gradually with increasing seismic sound for 
both years (Figure 7.35).  At low levels of seismic sound (80-100 dB), predicted sighting rates were 
higher than those at non-detectable levels.  Sighting rates began to decrease below non-detectable levels 
when received seismic sound levels exceeded 110 dB, although 95% confidence intervals overlapped with 
non-detectable levels when seismic sound levels  were <170 dB.   

We were interested in determining whether the observed seismic effect was driven by the lack of 
bowhead sightings at seismic sound levels >150 dB.  To test this, we removed all aerial segments exposed 
to seismic sound levels that exceeded 150 dB and re-ran the negative binomial regression.  When these 
segments were removed, seismic sound remained a significant predictor of sighting rates (z-value = -2.09, 
p = 0.04), and the negative relationship between sighting rates and seismic sound persisted when seismic 
sound did not exceed 149 dB. 
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FIGURE 7.35.  Predicted bowhead whale sighting rate at varying seismic sound levels when 
seismic exposure occurred within 3 minutes of the seismic survey.  Solid lines represent 
predictions and broken lines represent 95% confidence intervals.The following variables were 
kept constant for predictions: day (17 Sep), longitude (-148.0634), sightability (excellent), water 
depth (25 m), segment length (7 km). 

 
 

Summary and Conclusions 
Aerial surveys were conducted in summer and fall of 2006–2008 to monitor the effects of seismic 

activities on bowhead whale distribution and to collect baseline information on their density and 
distribution in the Alaskan Beaufort Sea.  We used a combination of univariate and multivariate 
approaches to consider the effect of natural and seismic factors on bowhead whale sighting rates and 
distribution.  

When we made comparisons among three years of aerial surveys, sighting rates were highest in 
2006 and lowest in 2008.  Several factors could account for this difference, including varying timing of 
surveys among years, and differences in ice cover.  Survey effort was higher in 2008 and spanned a larger 
portion of the year (Jul–Oct 2008 compared to Aug–Sep 2006) and included periods (Jul to mid–Aug) 
when bowheads were generally absent or present in low numbers in the survey area.  Most of the western 
Arctic population of bowhead whales spends much of Jul and early Aug within the Canadian Beaufort 
Sea (Braham et al. 1980; Moore and Reeves 1993) and whale abundance in the Alaskan Beaufort Sea 
during this time is expected to be low.  Thus, greater effort in months with historically low bowhead 
densities likely decreased overall sighting rates in 2008.  In contrast, surveys in 2007 and 2006 were 
conducted over narrower time periods (Aug–Oct 2007 and Aug–Sep 2006), and effort for both of these 
years was focused on the fall migration period when bowheads are common (Moore et al. 1989; 
Ljungblad et al. 1986; Miller et al. 2002).  When the same time period was compared among years, 
sighting rates no longer differed statistically, although sighting rates in 2008 remained lower than rates in 
2006 or 2007.    

Distinct patterns of bowhead whale behavior and distribution were observed in 2006, when ice cover 
was high relative to subsequent years.  Persistent ice cover in the summer months is known to decrease 
primary productivity, which in turn may discourage whales from feeding in near–shore areas during 
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heavy ice years (Ljungblad et al. 1986).  Moore and Laidre (2006) have suggested that reductions in sea 
ice cover will lead to increases in bowhead whale prey availability in the Beaufort Sea, because ice cover 
limits light penetration. Our 2006 observations of strictly traveling whales observed at greater depths on 
average than during ice–free years lend support to this idea.   

Overall trends in seasonal sighting rates corresponded with previous research on bowhead migration 
through Alaskan waters (Ljungblad et al. 1986; Moore et al. 1989).  Bowheads observed in Jul (2008) 
occurred near the shelf break, and may have been in transit between feeding grounds in the eastern 
Beaufort Sea and the Barrow region.  Fall surveys conducted from Aug to Oct (2006–2008) reported 
bowheads feeding and traveling at shallower depths on their westward migration.  This time frame has 
been identified as being important for fall migration of bowheads through Alaskan waters (Miller et al. 
2002; Treacy 2002).   

Our univariate comparisons did not reveal strong offshore deflections by whales in response to 
seismic activity.  Although average water depth of bowhead whale sightings increased slightly when 
seismic sound was detectable compared to when it was not detectable, differences were not significant.  
When sighting rates were compared at various water depth bins, obvious offshore deflections were not 
observed at detectable seismic sound levels.  Mean distance from the center of seismic activities increased 
during seismic periods for traveling but not feeding whales, suggesting that localized deflection away 
from seismic may have occurred.  This observed difference in response by traveling and feeding whales 
lend support to the idea that feeding whales may be more tolerant of seismic sound than traveling whales 
(Richardson et al. 1986; Koski et al. 2008).  

In the regression analysis, the water depth*seismic interaction term was present in the best-fitting 
model, although it was not significant, indicating that if whales moved offshore to greater depths when 
exposed to seismic sound, the effect was weak.  Longitudinal deflections in response to seismic sound 
were also not obvious.  The interaction between seismic and longitude was not significant, indicating that 
seismic sound did not influence patterns of sighting rates across longitudes.  Whether and the extent to 
which bowhead whales are deflected away from seismic activities warrants further exploration. 

Seismic sound was a significant predictor of bowhead sighting rates in the highest-ranked model.  
When environmental variables were held constant, sighting rates were predicted to decrease gradually 
with increasing seismic sound levels, although small sample sizes at received sound levels >150 dB 
require cautious interpretation of seismic effects at higher sound levels.  The decrease in survey effort at 
greater seismic sound levels was an unfortunate artifact of a smaller surface area of ocean exposed to 
higher sound levels.  This might have affected the precision of our predictions of bowhead sighting rates 
at higher seismic sound levels.  To address this, we used a parametric bootstrap procedure to generate 
95% confidence intervals around predictions.  We tested whether the negative relationship between 
sighting rates and seismic sound was driven by the lack of sightings at seismic sound levels >150 dB, and 
found that the pattern persisted when aerial segments exposed to seismic sound levels >150 dB were 
removed from the analysis. 

It is notable that the seismic sound variable was a significant predictor of bowhead sighting rates in 
the negative binomial model, yet univariate comparisons failed to reveal any significant differences in 
sighting rates among seismic categories.  It appears as though the regression detected a pattern that was 
not immediately obvious from examination of the raw sighting rates.  One major advantage of 
multivariate regression is that it takes into account several predictor variables simultaneously, thus more 
accurately modeling the effect of each variable of interest.   An additional advantage of the regression was 
that seismic sound was included in the model as a continuous variable, which was preferable to dividing 
the data into various seismic categories of uneven sample size.   
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The mechanism causing observed decreases in sighting rates is unknown and could be a result of 
changes in patterns of surfacing, respiration, and dive cycles (SRD), localized deflection by whales away 
from the seismic source, or a combination of deflection and changes in SRD behavior (Richardson et al. 
1986, Ljungblad et al. 1988).   
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8.  UNMANNED AERIAL SURVEYS1 

Introduction  
Manned aerial surveys have been commonly required aspects of marine mammal monitoring 

during offshore oil and gas exploration in the United States Arctic.  Manned overflights in small aircraft 
at great distances from shore put personnel at risk and are often limited by altitude and weather 
restrictions.  The use of unmanned aerial systems (UAS), if proven effective, could potentially replace 
manned aerial overflights, decreasing risk to personnel and increasing data acquisition opportunities.   
Most UASs consist of the unmanned aerial vehicle (UAV), a ground command station (GCS), and launch 
and recovery devices. The use of small, hand-launched UAVs has been tested for wildlife surveys in 
terrestrial and nearshore areas (Jones et al. 2006), but the UAVs investigated had very limited flight 
duration and range capabilities.  In contrast, some military-derived UAVs can be launched from vessels 
and fly for more than 20 hrs, resulting in much larger operating ranges.  These UAVs can be manually 
controlled up to 100 km (62 mi) from the control station and at greater distances on predetermined routes 
without direct operator control.   

In 2006, Shell Offshore Inc. (SOI) contracted LGL Alaska Research Associates, Inc. and Evergreen 
International Aviation to explore the use of UAVs in aerial surveys for marine mammals. The technology 
was tested in Port Townsend, Washington in Dec 2006.  Preliminary results from this trial were 
promising, indicating a 69% target detection rate in sea states with Beaufort wind force (Bf)  <2, though 
target detection rates declined to 44% in wind forces from Bf 2-4 and were even poorer at higher wind 
forces (Koski et al. in press).  These results indicated that UAVs may be suited for use in marine mammal 
surveys and a field-test in the Arctic was determined appropriate.  

 In 2008, a field test of a UAS in Arctic conditions was undertaken by SOI.  This field test was the 
first non-military use of UAVs in unrestricted airspace within the U.S.  Permit restrictions associated with 
this test were strict and limited the scope of the project.  A Certificate of Authorization (COA) permitting 
flights in unrestricted airspace was issued by the Federal Aviation Administration (FAA) to SOI on 22 
Aug 2008 after an iterative series of discussions spanning several months.  Permit stipulations included 
restrictions on flight times and locations, as well as instructions on personnel requirements.  Spatial and 
temporal restrictions stated that flights must be conducted during daylight hours and under conditions 
allowing visual flight rules (VFR).  In addition, the UAV could not fly closer than 19 km (12 mi) from 
shore and 8 km (5 mi) west of the Canadian border.  Finally, the UAV had to remain within one nautical 
mile (1.85 km) laterally and 3000 ft (914 m) vertically of the GCS at all times.     

The main personnel requirement listed in the COA was for a certified private pilot to be present 
and in charge of operations at all times. This pilot-in-command was required to conduct a standard pre-
flight inspection and to maintain direct two-way communications with the local air traffic control tower.  
In addition, he was to file a Notice to Airmen (NOTAM) prior to each flight. This notice described the 
anticipated location, activities, and duration of the flight.  An additional personnel requirement was for 
one to two observers to maintain visual contact with the UAV at all times, informing the operator of any 
necessary avoidance measures, should another aircraft approach.   
 To maintain the required minimum 19 km (12 mi) distance from shore, the UAS was stationed on a 
ship, the R/V Norseman II.  Due to differences between the speed of the ship and the aircraft, flight paths 
were limited to circular or zipper-patterns centered over the vessel location, in order to maintain visual 
contact with the UAV at all times.  This precluded direct comparison of the data collected by the UAV 
                                                 
1 By Courtney Lyons, William R. Koski, and Darren S. Ireland, LGL Alaska Research Associates, Inc. 
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with manned aerial surveys occurring in the same area because it was not possible for the UAV to 
consistently fly the same north-south transect lines surveyed by the manned aircraft.  Despite the 
restrictions, UAV flights were successfully conducted, setting a precedent for safe operations of a UAV in 
unrestricted airspace and providing a test of the technology in arctic conditions.   

Objectives  
The primary objectives of the field test of a UAS in the Arctic for surveying marine mammals were 

to:  
• determine the ability of UAVs to operate under summer and fall conditions in the Arctic, 
• determine sighting rates of known targets (inflatable, canvas-covered kayaks),  
• obtain video footage of marine mammals, particularly bowhead whales, within the study area, and 
• compare target and marine mammal sighting rates of the UAV to sighting rates from manned 

aircraft efforts occurring at or near the same times and locations. 

Methods 

Survey Area  
The COA issued by the FAA permitted flights in separate study areas within the Chukchi and 

Beaufort seas (Fig 8.1).  In accordance with COA stipulations, both sites were more than 19 km (12 mi) 
offshore and greater than 8 km (5 mi) from the Canadian border.  In addition, UAV flights were located to 
avoid areas of active industry data acquisition (seismic survey work and acoustic arrays) and to avoid 
subsistence whale hunting from 25 Aug through 14 Sep.  Most UAV flights occurred in a region 
northwest of Harrison Bay in the Beaufort Sea and a single flight was conducted in the Chukchi Sea 
northwest of Barrow.   

 
FIGURE 8.1. FAA permit boundaries and UAV activity locations in both Beaufort and Chukchi 
seas for UAV surveys conducted from 28 Aug through 24 Sep 2008.   
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Flight Planning and Coordination  
UAVs have no on-board pilot to perform see-and-avoid responsibilities and because of this, pre-

flight coordination with all potential air space users was essential.  Prior to each launch, a series of 
coordination phone calls was made. First, the pilot-in-command filed a NOTAM with Deadhorse Air 
Traffic Control.  The NOTAM included information on anticipated flight launch/recovery times, location, 
and activities.  In addition, the lead marine mammal observer (MMO) on the vessel contacted the land-
based manned aerial survey crew to inform them of anticipated flight launch time, location and survey 
type (i.e., known target or opportunistic marine mammal surveys, described below).  The manned aerial 
survey crew then coordinated with all other aerial survey programs in the area at the time (i.e., BWASP, 
BOWFEST, COMIDA, USFWS polar bear survey, and Commander North) to inform them of the 
anticipated UAV activities and how to contact the UAV pilot-in-command while in-flight.  
Equipment 

The UAS was stationed on, and launched from, the R/V Norseman II, a 35 m (115 ft) converted 
crab boat.  The Super Wedge Catapult and Skyhook Recovery System (Figure 8.2) for launch and 
retrieval were installed on the back deck of the vessel and the GCS was located on the back deck in a 
secure connex.  Five Insitu A-20 Insight UAVs (Figure 8.2) were used for the trial.  A small UAV, (3.1 m 
wing span, 1.2 m long, 20 kg max. gross weight; 10.2 ft wing span, 3.9 ft long; 44 lbs max. gross weight) 
the Insight can operate for more than 20 hours at an average speed of 89 km/hr (48 kts).  During our field 
test, the aircraft was launched with a catapult and retrieved by snagging a suspended wire with locking 
clips located on the wing tips.  Flight, including launch and recovery, was largely pre-programmed, but 
control of the aircraft could be assumed by the operator to investigate objects of interest.  The Insight was 
fitted with a variety of payloads, including infra-red (IR) cameras and video cameras housed in a 
plexiglass turret under the nose of the aircraft to reduce vibration and maximize field of view.    For this 
test, several different cameras were used: the Sony Alticam 600-780 25x zoom/50x digital zoom, the 
Sony Alticam 400-780 Color Low Light, the Sony Alticam 400-780 Black & White Low Light, and an IR 
(400-3500) camera.  Data were streamed to the GCS in real-time. 

The GCS consisted of two operator stations: one a flight control station and the other a data 
acquisition system.  An operator controlled the UAV and input flight parameters while a primary MMO 
studied the real-time video feed searching for marine mammals, and a secondary MMO entered data into 
an electronic database.  Each operator station had three high-resolution, flat-screen displays that could be 
configured in a number of ways. For the majority of surveys, however, the displays were configured as 
follows: 
Flight control station: 

• Left screen—flight settings and current aircraft status (Insitu’s Multiple UAV Software 
Environment; I-MUSE) 

• Center screen—pre-programmed flight tracks with current UAV, vessel, and waypoint locations 
• Right screen—real-time video feed relayed from the UAV 

Data acquisition system: 
• Left screen—enhanced video imagery, delayed by five seconds, allowing review of objects of 

interest (Scan Eagle Video Exploitation System; S-VEST) 
• Center screen—pre-programmed flight tracks with current UAV, vessel, and waypoint locations 
• Right screen—an Excel worksheet for data entry 
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FIGURE 8.2. (A) Insitu A20 Insight UAV, (B) Skyhook Recovery System  and (C) Super Wedge Catapult 
for launching used for surveys in the Beaufort and Chuckchi seas conducted from 28 Aug through 24 Sep 
2008. 
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 Prior to the start of each survey, the operator uploaded a flight plan to the UAV that defined the 

unches 
V was weather dependent and the following criteria had to be met for a launch 

s than Bf 5 with little swell. Too much swell made recovery impossible, because the aircraft 

ut SOI’s Conflict Avoidance 

g up under colder conditions. 
t to visibility for 

efined study areas.  At times the vessel was engaged in activities that took it 

light. Occasionally, conditions would improve later in the day, but if daylight was 

ys, the operator and primary MMO watched real-time video from the UAV, searching 
for ma

position of the track lines to be flown, flight altitude, flight speed, and camera settings (i.e., the left/right 
pan limits, forward focal distance, scan period, shutter speed, and zoom).  The UAV had to consistently 
change direction to stay within the stipulated 1.85 km (1 n.mi) radius around the vessel, and thus flight 
and camera parameters were often adjusted during flight, as glare and wind direction changed in relation 
to flight path.     
Determining La
 Launching of the UA
to take place: 

• Seas les
cannot compensate for the vertical movement of the recovery unit.   

• Ceilings higher than 305 m (1000 ft). The UAV can easily fly lower, b
Agreement (CAA) stated that their manned overflights would be at no lower than 305 m (1000 ft) 
and it was decided to apply this rule to UAV flights as well. 

• No fog. VFR cannot be followed with fog present.  
• Temperatures above freezing.  The UAV risked icin
• No precipitation. Rain drops collecting on the camera housing were an impedimen

marine mammal surveys and for UAV observers attempting to maintain visual contact with the 
UAV at all times.  

• Vessel inside COA d
outside of the permitted flight areas and, even if conditions were suitable, launching was not 
attempted.  

• Hours of day
waning a launch was not attempted.  

Data Recording  
During surve
rine mammals or targets.  The camera was programmed to automatically scan to the left and right 

of the aircraft flight path at a pre-determined interval.  When an object of interest was observed, the 
operator would assume manual control of the camera and mark the object with a GPS waypoint.  The 
waypoint allowed the camera to fix upon that stationary position while the UAV broke from the 
programmed flight path to circle the object of interest.  The waypoint also provided latitude, longitude, 
date, and time information associated with the object of interest.  Upon creation, the waypoint data 
appeared simultaneously on both the flight control station and data acquisition system computer screens.  
While the operator and primary observer studied the object to determine identity, the secondary observer 
immediately copied the waypoint data into an Excel database on a laptop computer.  If identified as a 
marine mammal or target, the primary observer dictated species name or target type, sighting cue, age, 
activity, heading, and speed data, as appropriate.  The secondary observer could also use the delayed 
video feed to record video footage, as instructed by the primary observer.  In addition to sightings data, 
environmental data (Beaufort wind force, ice type and percent cover, glare, and an overall sightability 
value (0= excellent, 4=impossible) were collected at either two-minute intervals or each time the aircraft 
changed direction (approximately 1.5 minutes), depending upon the type of surveys being flown.   
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Known–target Surveys  
Known–target surveys took place along one of four sections of manned aerial survey lines 

northwest of Harrison Bay (Fig 8.3).  Five inflatable kayaks of various colors were deployed along one of 
these 20 km (12 mi) transect line segments on four known–target survey days.  Kayak placements along 
transect were determined using a random number generator, with each number corresponding to 0.5 km 
(0.3 mi) intervals along the transect line.  Three of these randomly generated deployment options were 
presented to the vessel crew and the final locations were decided from these sets, at the crew’s discretion.  
The target locations were not made available to either the UAV or the manned overflight crews.   

Kayak deployments were conducted by the Norseman II crew early each survey morning, and 
completed prior to launch.  Once the targets were deployed, the vessel would idle at the start of the 
transect until the survey began.  Typical launch protocols took about one hour to complete and surveys 
started approximately 20 minutes after launch.  During the survey the vessel traveled along the transect 
line at a moderate speed (approximately 11 km/h; 6 kts) until reaching the end of the transect line.  As the 
vessel transited, the UAV would focus effort on one side of the transect at a time simulating the viewing-
area an observer on a manned aerial overflight would have.  The UAV was flown back and forth within 
1.85 km (1 n.mi.) of the Norseman II in either a zipper pattern (Figure 8.4) or a circular, racetrack pattern 
(Figure 8.5), adapting the flight pattern as necessary to prevailing environmental conditions (wind, glare, 
fog, etc.).  When the vessel reached the end of the transect line, it turned and transited in the opposite 
direction.  Due to differences in the vessel and UAV speeds, as well as the requirement to keep the UAV 
within 1.85 km (1 mi) of the vessel, some patches of water within transects may have been surveyed by 
the UAV more than once and other patches may have been missed.  This precluded calculation of target 
detection rates.  Flights continued until daylight or poor weather conditions forced recovery of the UAV.  
Manned aircraft also flew over these targets whenever possible so target detection rate comparisons could 
have been made.  

 
FIGURE 8.3. Known target survey area within the Beaufort Sea for UAV surveys conducted from 28 Aug 
through 24 Sep 2008.  Areas in which targets (inflatable kayaks) were deployed are indicated by shading.  
Vessel and manned aerial survey lines are the same.   
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FIGURE 8.4. Zipper-pattern flight path followed on UAV surveys in the Beaufort and Chukchi seas 
conducted from 28 Aug through 24 Sep 2008.  Areas in which targets (inflatable kayaks) were deployed 
are indicated by shading.  Vessel and manned aerial survey lines are the same.  

 

 
FIGURE 8.5. Racetrack pattern flight path followed on UAV surveys in the Beaufort and Chukchi seas 
conducted from 28 Aug through 24 Sep 2008.   
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Opportunistic Marine Mammal Surveys  
In contrast to the known–target surveys, opportunistic marine mammal surveys were conducted 

while the vessel crew was engaged in other activities.  This caused the vessel to alternate between periods 
of travel and periods of drifting, leading to periodic changes in direction, speed, and heading.  The UAV 
was flown in either a zipper or circular, racetrack pattern within a 1.85 km (1 n.mi.) radius around the 
vessel, searching for marine mammals.  
Vessel-based Marine Mammal Surveys 
 In accordance with SOI’s monitoring plan, vessel-based observers were stationed in the vessel’s 
wheelhouse during daylight hours to record data on marine mammal abundance and activity.  These 
observers alternated scanning the water with the unaided eye and Fujinon 7×50 reticle binoculars.  
Observers recorded environmental data (e.g., Beaufort wind force, glare, ice cover) every half hour and 
recorded details such as species, number of individuals, age, heading, speed, sighting cue, closest point of 
approach, and behavior for each marine mammal sighting.  Data collected by vessel-based MMOs were 
compared with data collected by UAV MMOs for the duration of each UAV flight.  
   

Results  

Effort  
The UAV field-test crew (four pilots and four MMOs) boarded the Norseman II at West Dock on 

24 Aug and disembarked on 24 Sep.  Over the 32 day deployment, eleven flights on ten days (two flights 
on 28 Aug and one flight on each subsequent survey day) were made.  There were four flights during 
which no marine mammal surveys were conducted.  A total of 32.4 flight hours and 19.8 hours (Figure 
8.6, Appendix Table H.1) of survey effort was conducted.  The majority of the flight time was within the 
Beaufort Sea (25.3 hrs over a period of nine days), with only one flight (7.1 hrs of surveying) in the 
Chukchi Sea.  Opportunistic marine mammal surveys were conducted during 63% of survey effort (12.5 
hrs over three days), compared to 37% (7.3 hrs over four days) for known target surveys.  See Appendices 
CD for a short video clip from UAS operations in 2008.    
Sighting Conditions 
 Sighting conditions were recorded for all flights (Table 8.1).  Bf varied from one to four.  Glare 
was only encountered on one survey and covered no more than 10% of the viewing area.  Ice was only 
observed on one flight, for which it covered 2% or less of the viewing area.  Sightability ranged from 
good to moderate on all surveys.  
Sightings 
Known–target Sightings 
 Known–target surveys on 29 and 31 Aug were trial runs to familiarize flight and vessel crews with 
equipment and procedures.  During these surveys the UAV was flown over known locations of targets to 
train UAV MMOs and develop communication procedures between aerial and vessel crews.  These trial 
surveys were approximately one hour in duration.   

Targets were identified by UAV observers on each of the two remaining known-target surveys.  Of 
the five targets deployed on 5 Sep, UAV surveyors were able to identify two fully inflated white kayaks 
over the course of a 17 minute survey.  The remaining three kayaks were not available for detection 
during this abbreviated survey, because they were located farther down the transect line in an area not 
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surveyed during the 17 minute period.  Environmental conditions for this flight were good (Table 8.1), 
but low ceilings forced an early termination of the survey.   
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FIGURE 8.6. Total hours flown (launch to recovery) on UAV surveys in the Beaufort and Chukchi seas 
from 28 Aug through 24 Sep 2008, with proportion of flight time spent engaged in surveying activities 
indicated by shading. 

 

TABLE 8.1. Average environmental conditions observed on each UAV marine mammal survey conducted 
from 28 Aug through 24 Sep 2008 in the Beaufort and Chukchi seas.  

Survey Type Date BF Glare      
(% cover)

Ice       
(% cover) Sightability

Known Target Survey 29 Aug 3 0 0 2
Opportunistic Mammal Survey 30 Aug 4 0 0 2
Known Target Survey 31 Aug 4 0 0 2
Known Target Survey 5 Sep 2 0 0 1
Known Target Survey 6 Sep 1 0 0 1
Opportunistic Mammal Survey 11 Sep 3 0 2 2
Opportunistic Mammal Survey 13 Sep 2 10 0 1

 
 
 

In contrast, the survey duration on 6 Sep was five hours and observers identified five fully inflated 
white kayaks.  Coordinates of the kayak locations indicated that one of the five sightings was a repeat 
sighting of a previously detected kayak (once as the vessel was traveling south and again as it was 
traveling north).  Environmental conditions for this survey were Bf 1, no glare, no ice, and good 
sightability conditions.  Manned overflight observers correctly identified all five targets set on this day.     
Marine Mammal Sightings 

Seven marine mammal sightings were made on two days during known–target or opportunistic 
UAV surveys (Table 8.2).  Five of these sightings were made in the Chukchi Sea study area and two in 
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the Beaufort Sea study area.  Three of the sightings were of walruses hauled out on ice (all in the Chukchi 
Sea) and an additional two were of feeding gray whales.  Environmental conditions for these sightings are 
listed in Table 8.1.  Video recordings were obtained for all sightings made on 11 Sep (Figure 8.7).   

 

TABLE 8.2. Details recorded for each marine mammal sighting made by UAV observers from 28 Aug 
through 24 Sep 2008 during known-target and opportunistic surveys in the Beaufort and Chukchi seas.  

Date Species Individuals Sighting Cue Activity Latitude Longitude

6-Sep Unidentified seal 1 Splash Diving 71 05.66 151 18.18
6-Sep Bowhead whale 1 Body Swimming 71 05.30 151 19.23
11-Sep Pacific walrus 7 Body Resting 71 58.98 160 07.13
11-Sep Pacific walrus 1 Body Resting 71 59.77 160 11.81
11-Sep Pacific walrus 4 Body Resting 71 59.35 161 05.00
11-Sep Gray whale 2 Mudtrack Feeding 72 00.43 161 29.57
11-Sep Gray whale 2 Mudtrack Feeding 71 58.68 161 31.40

 
 
 
 

 

A C
Surfacing 

Mud Track 

B D

FIGURE 8.7. Still images from video recordings of sightings made on the 11 Sep 2008 UAV survey in the 
Chukchi Sea. (A) Initial sighting of a group of hauled out walruses, (B) close up image of the walrus 
sighting, (C) initial sighting of a gray whale, (D) close up image of the gray whale.  
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Manned Overflight Surveys 
Manned overflights coincided spatially with UAV surveys on seven days.  Direct comparisons 

were difficult, however, due to differences in survey timing and flight paths (systematic, linear surveys 
flown by manned overflights versus zipper or circle patterns around the vessel flown by the UAV).  In 
addition, some mammals may have avoided the vessel around which the UAV operated, further 
confounding comparisons.  Though manned overflights were longer in duration and covered a much 
larger geographic area than UAV surveys, some overlap did occur.  Temporal overlap (hours that UAV 
and the manned overflight were simultaneously surveying) varied from around 20 minutes on 5 Sep to 
five hours on 6 Sep (Table 8.3).  Surveyors on manned overflights saw bowhead whales near the UAV 
flight area on two days (Table 8.3) and also saw seals on an additional two days that surveys coincided 
(Table 8.3).  However, these animals were not necessarily available for detection by the UAV due to 
spatial and temporal differences in the surveys.  As noted previously, manned overflight observers 
correctly identified all five known targets set on 6 Sep.     
Vessel-based Marine Mammal Sightings 

Sightings made by vessel-based observers during UAV surveys are shown in Table 8.4.  Both 
vessel-based observers and the UAV recorded at least one cetacean during the same time period on 6 Sep, 
though the total number of marine mammals recorded was greater from the vessel compared to the UAV 
(Tables 8.2 and 8.4).  The opposite occurred on 11 Sep when the UAV recorded five sightings and vessel-
based observers did not record any marine mammals during the same time period. 
 

TABLE 8.3. Marine mammal sightings near the UAV flight area, made by manned overflight 
observers on dates that coincided with UAV surveys in the Beaufort Sea from 28 Aug through 
24 Sep 2008.  Numbers represent total number of sightings made on each survey.  Numbers in 
parenthesis represent total number of individuals sighted.    

Date
Overlap 

(hrs) with 
UAV survey

Bowhead 
whale

Bearded 
seal Ringed seal Unidentified 

seal Target

29 Aug 1.0 0 0 0 0 3 (3)
30 Aug 1.0 0 0 0 0 0
31 Aug 1.0 0 0 0 0 2 (2)
5 Sep 0.3 0 2 (2) 2 (13) 9 (12) 0
6 Sep 5.0 2 (3) 0 0 1 (1) 5 (5)
13 Sep 3.4 0 0 0 0 0
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TABLE 8.4. Marine mammal sightings made by vessel-based observers on the Norseman II during 
UAV surveys in the Beaufort and Chukchi seas from 28 Aug through 24 Sep 2008.  Numbers in 
parenthesis represent the number of individuals sighted.  

Flight Purpose/Type Date Unidentified 
mysticete whale

Unidentified  
whale

Ringed 
seal

Spotted 
seal

Unidentified 
seal

Known Target (Kayak) 
Survey 29 Aug 0 0 0 0 0

Opportunistic Mammal 
Survey 30 Aug 0 0 0 0 0

Known Target (Kayak) 
Survey 31 Aug 0 0 0 1 (1) 0

Known Target (Kayak) 
Survey 5 Sep 0 0 0 0 0

Known Target (Kayak) 
Survey 6 Sep 1 (1) 2 (4) 4 (4) 0 9 (16)

Opportunistic Mammal 
Survey 11 Sep 0 0 0 0 0

Opportunistic Mammal 
Survey 13 Sep 0 0 0 0 1 (1)

 
 

Discussion 
 While the scope of this project was greatly limited due to permitting restrictions, the technology 
proved to be functional in the Arctic.  Several marine mammal sightings were made and video footage 
obtained.  The ability to see marine mammals varied greatly with changes in weather conditions.  This has 
been true for manned overflights (i.e., Scott and Winn 1980, DeMaster et al. 2001) as well, but the ability 
of UAV surveyors to see marine mammals may be somewhat more sensitive to changes in environmental 
conditions.  For example, no sightings were made in wind forces higher than Bf 3 and though several 
sightings were made during wind forces of Bf 3, these were of animals either hauled out on ice or leaving 
large mudtracks during feeding activities.  All other sightings were made in wind forces of Bf 2 or less.  
In contrast, observers on manned aerial surveys spotted mammals in Bf 4 and 5, though sighting rates 
began to decline at around Bf 3 (Scott and Winn 1980).   
 Observations of cetaceans by UAV observers are likely less affected by higher wind states than 
those of pinnipeds, but in general, marine mammal sighting rates from UAV surveys may be lower than 
those of manned aerial surveys, regardless of weather conditions.  This is due to the truncated field of 
view caused by the video camera. Panning and scan settings can help UAV observers view as much of a 
survey area as possible.  However, animals that surface for only a short time are still less likely to be 
detected by UAV observers than by manned overflight observers who have a larger field of view at any 
one time.   

Daylight also affected sightability on UAV surveys. Low light levels made distinguishing 
mammals difficult.  Data indicated that no sightings were made after 18:00, even though surveys 
regularly (5 out of 7) extended beyond this time and sunset was never earlier than 21:00.  In addition, 
light in the Arctic fall is often “flat” and gray.  Using a polarizing filter on the survey camera in these 
lighting conditions made spotting marine mammals nearly impossible.  Though this problem is unique to 
UAV surveys, on sunny days UAVs are advantageous, as the aircraft’s mobility allows operators to 
compensate for glare by maneuvering to keep the sun aft of the camera’s view-point as much as possible.  
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In contrast, observers on manned aerial surveys can do little more than slightly adjust their seating 
position.   

Moisture also restricted visibility.  Precipitation, for example, formed beads on the camera dome. 
At lower temperatures, this led to ice build-up on the camera, necessitating immediate UAV recovery.  
Furthermore, condensation accumulated on the inside of the camera dome, though this was resolved by 
drilling a small hole in the dome to allow ventilation. 

So few data were collected that it was difficult to separate limitations of the technology from areas 
in which improvements in procedure and technique could increase efficacy.  The field test provided some 
useful information, however, and several areas of improvement have been identified including UAV and 
payload specifications, pre-deployment coordination, permitting, and location of future surveys.  
UAV Specifications 

Most military-derived UAV technology has been designed for work in desert landscapes.  As such, 
the cold and moist environment of the Chukchi and Beaufort seas was at times difficult for the UAV to 
handle.  Insitu is currently developing de-icing and other cold-weather hardware adaptations for the 
Insight A-20.  Integration of these options would likely allow increases in sampling effort.   

In addition, image-focusing software used by the UAS is designed to focus on background points 
for reference, enhancing image clarity.  Such a system works well in terrestrial systems, but is less 
effective at focusing on the ever-changing surface of the sea.  We found that the camera would frequently 
change focal distance, attempting to focus on the waves and often over correcting, making the image less 
clear.  If possible, finding an alternative software package, or perhaps simply disabling this feature could 
improve image quality and increase effectiveness.   

Finally, GPS signal was often weak.  Most positional satellites are at lower latitudes and the UAV 
often had weak positional signals.  This was most noticeable during turns and recovery.  Operators often 
had to make in excess of eight attempts before GPS precision was considered high enough to engage the 
Skyhook.  Finding methods for increasing GPS signal strength would decrease the chance of a failed 
recovery and would improve overall flight efficiency. 
Coordination and Pre-deployment Planning 
 A project of this nature requires a great deal of coordination between operators, observers, vessel 
crew, and other aerial programs using the same airspace.  As such, effective communication and well-
defined procedures are essential.  To the extent possible, cross-training observers and operators on the 
software packages, flight procedures, study design, data needs, and data recording procedures should be 
undertaken.  A comprehensive understanding of all aspects of the operation will facilitate communication 
and promote integrated problem solving. 
 Coordination between air traffic control and the other aerial programs in the area went well.  
Appointing one land-based crew member as liaison between the UAV crew and other aerial programs was 
useful.  This spared the UAV crew from having to make a series of phone calls from the vessel, and 
allowed them to focus on survey work.  In addition, the liaison could answer questions other survey crews 
had and, in effect, became the single point-of-contact for the project.  Having a separate pilot-in-
command to handle all FAA and ATC communications was also useful and ensured that notifications 
were never forgotten in the midst of survey work.  The pilot-in-command also facilitated communication 
and passing maneuvers with the manned aircraft.  
Permitting Concerns 
 FAA permit stipulations were restrictive and may continue to be so in the near future.  The 
limitation of flying the UAV within 1.85 km (1 n.mi.) of the vessel was particularly burdensome.  This 
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reduced our ability to conduct operations in a manner comparable to those of manned aircraft surveys.  
Also, staying within a 1.85 km (1 n.mi.) radius required constant adjustment of the flight parameters and 
camera settings, increasing the difficulty of the operators’ jobs and making it nearly impossible to 
determine “optimal” conditions for surveying.   
 In addition, low clouds at or near the 305 m (1000 ft) flight minimum kept surveys from occurring 
on many otherwise good weather days.  The UAV was capable of safely flying at altitudes below 1000 ft 
without elevating risk to the aircraft and was unlikely to disturb animals at lower altitudes, because it was 
designed for quiet operation.  Allowing for lower altitude surveys in permits could significantly increase 
the number of hours and success rate of UAV observations. 
Location and Timing of Future Tests 

The 2008 operations were scheduled to occur during the bowhead whale migration across the 
Alaskan Beaufort Sea.  This was expected to allow the greatest likelihood of encountering whales because 
bowheads concentrate in a relatively narrow and predictable region of water as they migrate (Moore and 
Clarke 1989).  However, weather conditions at this time of year and location were often poor and made 
flying and/or surveying difficult or impossible.  The poor weather provided a good test of the ability of 
the UAV to fly under adverse conditions, but did not result in enough data to determine the efficacy of 
UAVs for detecting marine mammals.  Given that gray whales appear to consistently occur along the 
northeast Chukchi Sea coast between Wainwright and Barrow (see Chapter 3), it may be worth expending 
some survey effort at this location earlier in the year when weather conditions are likely to be more 
favorable. This might increase the amount of flight and survey effort and also increase the number of 
sightings which would help to demonstrate the efficacy of UAV technology in sighting marine mammals.  

Also, the majority of UAV operations in 2008 took place within a small section of Harrison Bay 
outside of whale hunting grounds.  This area is not known to be a whale feeding area. As such, most 
whales migrate through this area without lingering.  Spotting whales that are traveling is more difficult 
than spotting feeding whales and especially so during higher sea states.  Attempting to survey in areas 
where bowheads are known to be more surface active might allow surveyors to collect more data and to 
thoroughly test this application of UAV technology.  
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9.  BEAUFORT SEA ACOUSTIC MONITORING PROGRAM1 

INTRODUCTION 

Shell Offshore Inc. (SOI) conducted vessel–based seismic exploration in the Beaufort Sea during the 
2008 open–water season.  Acquisition of seismic data was accomplished using an industry standard airgun 
array and hydrophone streamers towed by the source vessel Gilavar.  In addition to the deep seismic 
surveys, SOI also conducted shallow hazard surveys on or near existing lease holdings in the Beaufort Sea.  
As part of the marine mammal monitoring and mitigation program SOI conducted a research program 
across a larger geographic area in the Beaufort Sea.  This program included underwater passive acoustic 
monitoring that was designed to answer broader-scale questions related to the interaction of bowhead 
whales with industrial activities during their fall migration, particularly seismic surveys, in the Beaufort Sea.   

In 2006, SOI funded development of improved directional acoustic recorders for monitoring marine 
mammal calls and other sounds in offshore areas of the Beaufort Sea.  During that program, background 
information on call distributions and sounds was collected in offshore areas that had not been monitored 
acoustically during earlier studies.  In 2007 and 2008, SOI used recorders that had been tested in 2006 to 
conduct a large–scale underwater acoustic monitoring program.  The 2008 program added recorders at one 
of the sites in a shared program with Eni U.S. Operating Company, Inc. (Eni) and Pioneer Natural 
Resources (Pioneer).  As of the printing of this report, the analysis methods described in this chapter 
continue to be refined.  Thus, although the conclusions will likely remain unchanged, the results presented 
herein should be considered preliminary. 

Objectives 

The objective of this study is to provide information on migration paths of bowhead whales along the 
Alaskan coast in late summer and early fall, as revealed by their calling behavior.  More specifically, the 
objective was to investigate possible effects of anthropogenic sounds, in particular sounds from airguns, on 
measurable aspects of bowhead whale behavior, such as call detection rates.  Using passive acoustics with 
directional autonomous recorders, the locations of calling whales were observed for a six- to seven-week 
continuous monitoring period at five coastal sites.  The 2008 field season lasted from 11 Aug to 9 Oct and 
the data collected are presented in this report.  

METHODS 
Equipment 

Recordings were made using Directional Autonomous Seafloor Acoustic Recorders model C08 
(DASAR-C08), which is a modified version of the DASAR-B of 2006 (see Greene et al. 2004, Blackwell et 
al. 2008).  These DASAR-C08’s will hereafter be referred to simply as “DASAR”.  A picture and schematic 
representation of such a DASAR are shown in Figure 9.1.  The DASAR consists of a pressure housing 
(17.8 cm high and 32.4 cm in diameter, or ~7” and 12.75“, respectively) containing the recording electronics 

                                                      

 
1 Authors: Susanna B. Blackwell (Greeneridge), Christopher S. Nations (WEST), Trent L. McDonald (WEST), 
Katherine H. Kim (Greeneridge), Charles R. Greene Jr. (Greeneridge), Aaron Thode (Scripps Institution of 
Oceanography), and Robert G. Norman (Greeneridge), 
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FIGURE 9.1.  DASAR recorder (model C08), on the aft deck of the Norseman II.  (A) Schematic diagram of 
the components of the DASAR-C08 recorder.  (B) A DASAR about to be deployed off the stern of the 
Norseman II.  The lowering line (shown) is looped through the top of the frame and is removed after the 
DASAR is set on the ocean floor.  The ground line is attached with a shackle to the bottom left corner of 
the DASAR frame on the picture.  At the end of its 110 m length, this line is connected to a chain and 
Danforth anchor, which are deployed last. 
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and alkaline batteries.  A sensor suspended elastically about 12.7 cm (5”) above the pressure housing 
includes two particle motion sensors mounted orthogonally in the horizontal plane for sensing direction.  It 
also includes a flexural pressure transducer for the omni-directional sensor.  The pressure housing is bolted 
to a square frame with 66 cm (26”) sides.  A spandex “sock” stretched over the tubular “cage” surrounding 
the pressure housing (see Fig. 9.1B) protects the sensors from motion in water currents.  The total in-air 
weight is ~32.2 kg (71 lb) and the in-water weight is ~15 kg (33 lb). 

DASARs record sound at a 1 kHz sampling rate (1000 samples / s) on each of three data channels:  
(1) an omnidirectional channel, (2) a “cosine channel” on the primary horizontal axis, and (3) a “sine 
channel” on the axis perpendicular to the cosine channel.  Each channel has maximum sensitivity in its 
primary direction, and the sensitivity falls off with the cosine of the angle away from the axis.  The recorder 
includes a signal digitizer with 16-bit quantization.  The samples are buffered for about 45 min, then written 
to an internal 60 GB hard drive, which takes about 20 s.  Allowing for anti-aliasing, the 1 kHz sampling rate 
allows for 116 days of continuous recording and a data bandwidth of 450 Hz. 

DASAR Hydrophone Calibration 

The omnidirectional hydrophone in each DASAR, an acoustic pressure sensor, was used for sound 
pressure measurements of the background, whale calls, and airgun pulses.  The hydrophone was procured 
with information from the manufacturer permitting their sensitivity to be computed.  In addition, two 
DASARs were taken to the U.S. Navy’s sound transducer calibration facility TRANSDEC at San Diego, for 
calibration in 2007.  The two DASARs calibrated at TRANSDEC were then used as secondary standards for 
comparison with the remaining DASARs. 

A plywood box sufficiently large for two DASARs was constructed with a loudspeaker at one end.  
The box served to isolate the subject DASAR hydrophones from the local room noises and to permit 
accurate positioning of the DASARs within the box.  Two calibration methods were used: (1) measure the 
response in the box of a calibrated DASAR from TRANSDEC, then substitute an “unknown” DASAR and 
repeat the measurement, comparing the two results to determine the sensitivity of the “unknown”; and (2) 
put a calibrated DASAR from TRANSDEC in the box next to an “unknown” DASAR, run the calibration 
transmission, and compare the results of the “known” and “unknown” DASARs to calibrate the “unknown”.  
These two methods gave the same results within 0.5 dB, and the comparison of the two “known” DASARs, 
treating one of them as the “unknown”, yielded similarly close results to those obtained at TRANSDEC. 

The hydrophone sensitivity varies with frequency.  The manufacturer’s specifications listed a 
sensitivity of -149 dB re 1 V/μPa at 100 Hz and the results of the TRANSDEC calibration confirmed this 
value.  The hydrophone recorder electronics in the DASARs overloaded (saturated) when the instantaneous 
sound pressure exceeded 151 dB re 1 μPa at 100 Hz.  Such overloading occurred with some of the received 
airgun pulses. 

Field Procedures 

DASARs were installed on the seafloor with no surface expression, which is important to avoid 
entanglement with ice floes.  One corner of the DASAR frame was attached with a shackle to 110 m (360 ft) 
of “ground line”, which ended with 1.5 m (5 feet) of chain and a small Danforth anchor.  During 
deployment the DASAR was lowered onto the seafloor using a line passed through the loop at the top of the 
“cage” (see Fig. 9.1B).  One end of the lowering line was then released from the vessel and the line was 
retrieved.  The vessel then moved away from the DASAR location while laying out the ground line in a 
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straight line.  As the end of the ground line was reached the Danforth anchor was dropped into the water.  
GPS positions were obtained of both the DASAR and anchor locations. 

The DASARs were retrieved by grappling.  The grappling setup consisted of four five-prong stainless 
steel grappling hooks interconnected with two-foot sections of long link chain.  Four 12-pound (5.5 kg) 
interlinked shackles connected the grappling hooks to 5/8” wire rope.  The whole setup was about 14 feet 
(4.3 m) long and ended with a 40-pound (18 kg) chain link segment.  The grappling setup was deployed off 
the stern of the Norseman II, the ship from which all the fieldwork was done.  It was dragged over the center 
of the ground line and perpendicular to it.  The main function of the shackles and sections of chain was to 
weight the setup to ensure it was dragging on the seafloor, even digging into the mud on the bottom, and not 
“flying” behind the vessel (off the seafloor).  Figure 9.2 illustrates the method, which is simple but effective:  
the crew of the Norseman II caught DASARs on the first pass in over 90% of cases. 

Deployments (and Retrieval of Overwintering 2007 DASARs) 

DASAR deployments took place on 11–21 Aug 2008.  Figure 9.3 shows that 40 DASARs were 
deployed offshore of Alaska’s North Slope, spread over an alongshore distance of ~280 km (151 n.mi. or 
174 mi).  DASARs were deployed in five groups (“sites”), four of seven recorders, and one of 12 recorders 
(site 1).  The 12-recorder site included seven DASARs (site 1-North) installed in the same configuration as 
sites 2–5, and five DASARs (site 1-South) installed for Pioneer/Eni at a location southeast of DASAR 1A 
(see Fig. 9.3).  These DASARs were to provide additional coverage in monitoring bowhead whale 
movements during seismic operations by PGS in the eastern end of Harrison Bay, south of the barrier 
islands.  From here on these twelve DASARs will be treated together as site 1.  When they need to be 
distinguished they will be referred to as site 1-North and site 1-South.  Table 9.1 summarizes deployment 
information for all 40 DASARs. 

DASARs at each site were placed to form a north-south stack of five equilateral triangles with 7 km 
sides (Fig. 9.3).  Site 1-South had a similar configuration, but with an east-west orientation.  The 
southernmost DASARs were 15–33 km (8–17.8 n.mi. or 9.3–20.5 mi) due north of the coast.  Sites 2–5 
extended northward by 21 km (11.3 n.mi. or 13 mi), whereas site 1 had a north-south spread of ~37 km 
(23.2 mi or 20 n.mi.).  DASAR locations at each site were labeled A, B, C, D, E, F, and G, from south to 

 
FIGURE 9.2.  Grappling procedure, as seen off the stern of the Norseman II.  The black arrows point to the 
grappling line. 
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FIGURE 9.3.  DASAR deployment locations during the 2008 field season.  The five sites are labeled 1–5 
from west to east, and A–G from south to north (A–L for site 1, see text). The insert shows how 25 
calibration locations were placed in relation to the DASARs at site 5.  The same relative locations, with six 
calibrations locations around each DASAR, were used at each site. 

north, and the DASARs at site 1-South were labeled H, I, J, K, and L from west to east.  Water depths at 
deployment locations were in the range 15–52 m (48–171 feet) and are summarized in Table 9.1. 

At sites 2, 3, 4, and 5, deployments of DASARs at location D was preceded by retrieval of the 
overwintering instruments that were deployed in those locations at the end of the 2007 field season.  All four 
DASARs were found but none had recorded more than a few hours of data because of a software problem. 

At site 1 four DASARs (1D, 1E, 1F, and 1G), could not be retrieved at the end of the 2007 field 
season before freeze-up.  All but DASAR 1G were retrieved on 17 Aug 2008.  All three had continued 
recording until their discs were full on 19 Nov 2007. 

Clock and Bearing Calibrations in the Field 

When DASARs are lowered to the seafloor there is no way to control their orientation in relation to 
true north.  In addition, each DASAR contains a clock that has a small but significant drift, which needs to 
be compensated for over the course of the deployment period (Greene et al. 2004).  Field calibrations 
consisted of projecting test sounds underwater at known times and known locations, and recording these 
sounds on the DASARs.  After processing, the collected data allowed us to determine each DASAR’s 
orientation on the seafloor, so that the absolute direction of whale calls could be obtained.  The calibration 
transmissions also allowed us to synchronize the clocks from the various DASARs, so that the bearings 
from a call heard by more than one DASAR could be combined, allowing an estimate of the caller’s 
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TABLE 9.1.  Deployment and retrieval dates in 2008, deployment locations (WGS84) and water depth for 
DASARs used during the 2008 open-water season.  N.A. = not applicable; these DASARs were not 
retrieved before freeze-up. 

  DASAR Latitude Longitude Depth  Deployment Retrieval 
Site Position # (deg. N) (deg. W) (m) date Date 

1 A 7 70.7920 150.6575 20.1 17 Aug 7 Oct. 
1 B 42 70.8230 150.4941 20.4 17 Aug 7 Oct. 
1 C 41 70.8551 150.6583 21.0 17 Aug 7 Oct 
1 D 44 70.8859 150.4931 22.9 17 Aug 7 Oct 
1 E 43 70.9180 150.6585 20.4 17 Aug 7 Oct 
1 F 33 70.9491 150.4923 22.9 17 Aug N.A. 
1 G 46 70.9819 150.6525 15.5 17 Aug 7 Oct 
1 H 56 70.6723 150.2599 16.2 11 Aug 8 Oct 
1 I 55 70.7287 150.1679 18.9 11 Aug 8 Oct 
1 J 53 70.6724 150.0744 15.2 11 Aug 8 Oct 
1 K 60 70.7285 149.9843 18.7 11 Aug 8 Oct 
1 L 54 70.6723 149.8897 14.6 11 Aug N.A. 

2 A 24 70.6376 148.9498 21.0 16 Aug 6 Oct
2 B 35 70.6693 148.7856 21.0 16 Aug 6 Oct
2 C 18 70.7012 148.9503 24.7 16 Aug 6 Oct
2 D 13 70.7326 148.7861 26.5 16 Aug 6 Oct
2 E 19 70.7638 148.9514 26.5 16 Aug 6 Oct
2 F 6 70.7953 148.7875 32.0 16 Aug 6 Oct
2 G 12 70.8268 148.9517 32.0 16 Aug 6 Oct
3 A 10 70.3866 146.8013 27.1 21 Aug 5 Oct
3 B 3 70.4181 146.6412 32.6 21 Aug 5 Oct
3 C 40 70.4490 146.8021 32.3 21 Aug 5 Oct
3 D 39 70.4742 146.6435 36.3 21 Aug 5 Oct
3 E 28 70.5122 146.8036 37.2 21 Aug 5 Oct
3 F 8 70.5433 146.6385 37.5 21 Aug 5 Oct
3 G 29 70.5749 146.8037 37.8 21 Aug 5 Oct
4 A 23 70.2511 145.7219 25.3 20 Aug 5 Oct
4 B 31 70.2825 145.5599 30.2 20 Aug 5 Oct
4 C 17 70.3142 145.7230 30.8 20 Aug 4 Oct
4 D 16 70.3458 145.5604 32.6 20 Aug 4 Oct
4 E 9 70.3763 145.7233 32.6 20 Aug 4 Oct
4 F 38 70.4081 145.5573 39.3 20 Aug 4 Oct
4 G 25 70.4395 145.7235 39.0 20 Aug 4 Oct
5 A 5 70.2466 143.3134 38.7 19 Aug 2 Oct
5 B 14 70.2771 143.1530 46.0 19 Aug 2 Oct
5 C 11 70.3096 143.3177 50.0 19 Aug 2 Oct
5 D 26 70.3405 143.1531 52.1 19 Aug 2 Oct
5 E 27 70.3724 143.3159 52.1 19 Aug 3 Oct
5 F 4 70.4029 143.1534 51.8 19 Aug 3 Oct
5 G 21 70.4350 143.3147 51.5 19 Aug 3 Oct 
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position by triangulation.  Calibration transmissions were projected at six locations around each DASAR, at 
a distance of about 4 km.  This resulted in a total of 25 calibration locations at each of sites 2–5, and 44 at 
site 1.  The insert in Figure 9.3 shows the locations of these calibration stations for site 5. 

Equipment used for calibrations included a J-9 sound projector, an amplifier, a computer to generate 
the projected waveform, and a GPS to control the timing of the sound source.  Two different waveforms 
were projected.  Type (1) was the same as that used in 2007, and consisted of a 2-s tone at 400 Hz, a 2-s 
linear sweep from 400 to 200 Hz, a 2-s linear sweep from 200 to 400 Hz, and a 2-s linear sweep from 400 to 
200 Hz.  Figure 9.4A shows a spectrogram of this waveform.  Type (2), shown in Figure 9.4B, consisted of 
the same 8 s as described for the first waveform, but with an added 4-s long section of pseudo-random noise, 
i.e., an m-sequence with 255 chips, repeated once every second and on a 255 Hz carrier frequency.  The 

 
FIGURE 9.4.  Spectrograms of the calibration waveforms used in 2008.  (A)  Three calibration waveforms 
of type (1), which is the same as the calibration waveform used in 2007.  (B)  One calibration waveform of 
type (2), which consisted of type (1) with an added 4 s of pseudo-random noise (see text). 
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source level of both of these waveforms was ~150 dB re 1 μPa @ 1 m.  During calibration a waveform 
transmission was initiated every 15 s, for a total duration of about 2 min (i.e., 8–9 transmissions).  
Calibration of one entire site took eight to nine hours.  Each site was calibrated directly following the 
deployment of its seven DASARs, and again in mid-season (13–20 Sep).  Calibrations were also performed 
before retrieval, but only at half the calibration sites (12 out of 25) to save time (see below). 

Health Checks 

To insure that the recorders and their software were functioning as expected, a health check was 
performed on each DASAR directly following deployment, and during the mid-season calibrations (13–20 
Sep).  A surface-deployed transducer (a line- or pole-mounted Benthos DRI-267A Dive Ranger Interroga-
tor) was placed in the water at the recorded GPS location of each DASAR.  The transducer interrogated an 
acoustic transponder (Benthos UAT-376, operational range 25–32 kHz) in each recorder, which responded 
on one channel if it was recording and on another channel if it was not.  The DASAR at location 1F had a 
faulty transponder and was retrieved as a precaution, to check that it was recording data normally.  It was 
immediately redeployed.  The DASAR at location 3F also had a faulty transponder but was left in place. 

Retrievals 

Retrievals were scheduled to begin on 27 Sep, but logistics changes delayed the boarding of the 
acoustics crew onto the Norseman II until 1 Oct.  Retrievals, preceded by end-of-season calibrations, took 
place on 1 to 8 Oct.  “Half calibrations” were performed at all sites: instead of using six calibration stations 
per DASAR only three were used.  Normally the six calibration stations are spread 60° apart (6 x 60° = 
360°), so when doing half calibrations the stations are spread 120° apart around each DASAR.  Half 
calibrations were chosen as an option because of the time constraint of impending freeze-up and because 
full mid-season calibrations had been performed only about two weeks earlier.  Sites were retrieved from 
east to west: 

• Calibration of site 5 began on the evening of 1 Oct, but had to be interrupted because of rough 
seas.  Calibrations were resumed on the afternoon of 2 Oct, and retrievals were completed by 1:30 
on the morning of 3 Oct.  Weather then forced the Norseman II to travel north closer to the edge of 
the pack ice, where sea state was lower. 

• At site 4 calibrations and retrievals were done concurrently.  They began at 14:00 on 4 Oct and 
ended at 0:30 on 5 Oct. 

• Site 3 calibrations began at 7:30 on 5 Oct and retrievals were complete by 19:30. 

• Site 2 calibrations began at 6:00 on 6 Oct and retrievals were completed by 19:00.  During 
grappling the ground line for DASAR 2D was dropped.  Another 90 min of continuous grappling 
were then necessary to retrieve this instrument. 

• Site 1 calibrations began at 22:00 on 6 Oct and ended at 4:30 on 7 Oct.  Retrievals were held up 
for a few hours by the Gilavar’s seismic operations nearby.  Retrievals began at 11:00 and ended 
at about 18:00 on 7 Oct.  However, DASAR 1F was not retrieved despite numerous grappling 
attempts.  Calibrations of the five southernmost DASARs at site 1 began at 22:00 on 7 Oct and 
ended around 04:00 on 8 Oct.  Retrievals began immediately and were complete by 7:00.  DASAR 
1L (easternmost at site 1) was lost when the ground line snapped during retrieval. 
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Deployment of Overwintering DASARs 

 As in 2007, one “overwintering DASAR” was deployed at the central location “D” (see Fig. 9.3) of 
each site at the end of the season, after all other DASARs had been calibrated and retrieved.  These 
DASARs were loaded with special duty-cycling software that led them to record on the omnidirectional 
channel for about 35 minutes every three hours.  This duty-cycling should continue for approximately 10 
months, until the batteries are depleted.  Table 9.2 summarizes the deployment information for the five 
overwintering DASARs, which will be retrieved during the redeployments in summer 2009. 

TABLE 9.2.  Deployment dates, deployment locations (WGS84), and water depth for overwintering 
DASARs in October 2008. 

Site Position DASAR Latitude Longitude Depth  Deployment 
  # (deg. N) (deg. W) (m) date 
1 D 2 70.8858 150.4873 22.9 7 Oct 
2 D 30 70.7316 148.7847 26.5 6 Oct 
3 D 20 70.4740 146.6446 35.7 5 Oct 
4 D 22 70.3457 145.5591 32.9 4 Oct 
5 D 34 70.3410 143.1526 51.8 2 Oct 

Data Analysis 

After retrieval, the DASARs were opened up and dismantled.  The sampling program was shut down, 
the 60 GB hard drives were removed and hand-carried back to Greeneridge headquarters where they were 
backed up.  Data were transferred to workstations running MATLAB and custom analysis software. 

Time Calibration 

The sample clock utilized in the DASAR hardware design is quite accurate.  However, as with all 
crystal oscillators, there is an inherent tradeoff between precision and power.  Low power consumption is 
desirable for long-term deployments and, fortunately in the Arctic, clock imprecision is readily correctable 
since the stable water temperature near the seafloor results in a constant rate of clock drift.  Under such 
conditions, the DASAR clocks will incur a linear drift that over 30 to 40 days of deployment can reach ± 
one minute. 

Figure 9.5A shows a spectrogram of a group of ten calibration signals received on a DASAR from 
location 1G.  Boat noise from the Norseman II can be seen before and after the calibration session (during 
calibration the vessel’s engine remains on but is idling).  Matched filtering was used to automatically detect 
the calibration signals received at a given DASAR.  Figure 9.5B shows the matched filter output of the data 
shown in Fig. 9.5A.  The software accounts for the travel time of the sound propagating between the 
calibration source and the DASAR, and determines what the true time of arrival at the DASAR should be.  
The time error (the difference between true time and DASAR clock time) was then characterized as a linear 
function, shown in Figure 9.5C, and used to correct the time measured by the DASAR clock to true time.  
For the DASAR in Figure 9.5C, the estimated initial time offset is 0.99 s, and the estimated clock drift is 
-2.38 s / day. 
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FIGURE 9.5.  Calibration of DASAR clocks.  (A)  Spectrogram of calibration signals with vessel noise (from 
the Norseman II) before and after the calibration session.  (B)  Matched filter output, coincident with 
above spectrogram, showing detections of the calibration signals.  (C)  Clock drift for DASAR 1G 
determined by plotting time error as a function of deployment time.  Calibration transmissions were 
performed on 18 Aug and 7 Oct 2008 (blue circles). 
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Bearing Calibration 

The acoustic data from a DASAR consists of three channels (omnidirectional, cosine directional, and 
sine directional) whose respective time series are combined to determine cosine and sine components of the 
incoming signal: 

 INS(n) = cosch(n) · omni(n)         Eq. (1) 

 IEW(n) = sinch(n) · omni(n)        Eq. (2)  

where cosch(n) is the cosine directional channel time series, sinch(n) is the sine directional channel 
time series, and omni(n) is the omnidirectional channel time series.  The cosch(n) and sinch(n) time series 
are proportional to particle velocity, and the omni(n) time series is proportional to acoustic pressure, so their 
products are proportional to acoustic intensity, I(n), a vector quantity with magnitude and direction.  The 
direction, or bearing, is the measure of interest for calibration signals and other sound sources, for example, 
a whale call. 

Figure 9.6 presents an example of a “scatterplot” in which the individual sample values of INS and IEW 
are graphed together to create a dot.  The signed amplitude of INS(n) is indicated on the y-axis and the signed 
amplitude of IEW(n) is indicated on the x-axis.  The effect is to show a scattering of sample values favoring 
the direction from which the sound is arriving with respect to the reference axis direction of the DASAR on 
the ocean bottom.  Were there no noise (no sound coming from anywhere other than the direction to the 
calibration sound transmitter), all the points would lie on a line indicating the direction to the source. 

The bearing relative to the DASAR orientation is estimated by averaging the INS(n) and the IEW(n) 
values independently for all the samples in the received calibration sound and taking the arctangent of their 
ratio:  

 Brel = arctan [ avg{IEW(n)} / avg{INS(n)} ]       Eq. (3) 

 

FIGURE 9.6.  Example of a scatterplot illustrating the estimated bearing, Brel, to a calibration signal relative 
to the DASAR’s cosine axis. 
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where avg denotes the average or mean intensity, arctan is the inverse tangent operation yielding results 
in the range of 0° to 360°, and Brel is the estimated bearing of the sound source relative to the DASAR’s 
cosine axis.  In Figure 9.6, the measured Brel was approximately 143°. 

The true bearing from the DASAR to the calibration source, Bgrd, is calculated directly from the 
known deployment locations of the DASARs and the known GPS positions of the calibration vessel. 
Examples of true bearings (Bgrd) for a grid coordinate system, for 11 groups of calibration signals 
surrounding a DASAR at location 1G are depicted in Figure 9.7A.  Figure 9.7B shows the same 13 groups 
of calibration signals and their measured bearings, Brel, relative to the DASAR’s cosine axis, obtained from 
the scatterplots and methodology described in the previous paragraph.  Note that the true bearings to the 

 

FIGURE 9.7.  (A)  True bearings, Bgrd, from a given DASAR to the calibration source for 13 groups of 
calibration transmissions.  (B)  Measured relative bearings, Brel, from the DASAR to the same calibration 
transmissions.  (C)  Resultant reference bearing, Bref, used to translate estimated bearings received on 
and relative to the DASAR to bearings relative to True North.  (D)  A secondary method of estimating the 
reference bearing, Bref, using a straight-line fit between Bgrd and Bref.  Note that the slope of the line is 
unity, indicating directionally-unbiased sensors, and the y-intercept of the line yields an estimate of Bref. 
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calibration source and their measured bearings relative to the DASAR share the same pattern and are simply 
offset by a constant bearing, an indication that there was no direction-dependent bias in the DASAR’s 
bearing measurements, as expected for directional sensors with matched sensitivities.  By subtracting Brel 
from Bgrd, one obtains Bref, the reference bearing subsequently used to translate an arbitrary sound’s 
measured bearing relative to a DASAR to a bearing relative to True North (Fig. 9.7C).  For this example 
DASAR, Bref is estimated to have a mean value of 259.7° with a standard deviation of 4.8°. 

The fact that Bref is a constant, with the same value regardless of the source’s bearing, can also be 
expressed in terms of a straight-line fit between Bgrd and Bref, where the line’s slope should equal 1 for 
directionally-unbiased sensors and the line’s y-intercept yields the estimate of Bref.  An example of this is 
shown in Figure 9.7D.  Using this alternative approach, Bref was estimated to be 260.2°.  In practice, the 
former method was used to estimate Bref since it provides additional quantitative statistics describing the 
quality of the estimate, such as its variability (standard deviation) and the number of samples used in the 
estimate. 

Bearing calibrations of the DASARs at locations 1B, 3E, 4A, and 4D suffered from possible 
intermittent wiring connections due to a defective crimping tool, but this could never actually be replicated 
or confirmed in the lab (all crimps were redone at the end of the season).  In the manual analyses (see 
below), bearings from these four DASARs were ignored for localization calculations, but calls detected 
were still tallied.  In the automated processing (see below) DASARs 1B, 3E, 4A, and 4D were excluded 
from the data sets. 

Whale Call Analysis and Automated Call Detection 

During the 2007 field season for this project there were over one-half million bowhead call detections 
at all DASARs combined.  Using a computer mouse, analysts delimited each and every one of these calls 
within a rectangle, to name but one of the steps used during the tedious and time-consuming process of 
manual analysis.  In addition to using up thousands of man-hours of analyst time over several months 
(~4900 hrs in 2007), manual analysis also postponed the actual evaluation of the data, which could only take 
place once the whale call analysis was done.  It is therefore apparent that transitioning to a computer-based 
automated call detection procedure would provide several important advantages, among them better 
efficiency in use of time and resources, faster availability of the data for further (generally more important) 
analyses, and reproducibility of the whale call analysis.  The development of an automated call detection 
technique for bowhead calls was undertaken in 2008 by Dr. Aaron Thode at Scripps Institution of 
Oceanography.  The technique extended machine-aided2 call detection routines that were developed during 
the analyses of the 2007 data set. 

Automatic marine mammal call detection has been conducted by a variety of academic and military 
organizations (e.g., Mellinger 2002), but three features of the Greeneridge deployments provide particular 
challenges to automated detection methods: the variability of the whale calls themselves, the diversity and 
variability of interfering sound sources, and the dramatic dispersive propagation effects induced on sounds 
in the shallow waters of the Beaufort Sea, which create difficulties in identifying the same call on widely-
separated DASARs. 

                                                      

 
2 Machine-aided, in contrast to automated.  In machine-aided call detection manual analysts are still identifying and 
classifying calls, but an algorithm helps them localize calls in the sound records, which saves time when there are 
sections with very few calls. 
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Until recently large-scale automated detection methods have only been used on species with simple, 
stereotypical calls such as blue whales or fin whales (Burtenshaw et al. 2004), or on very specific types of 
calls that comprise a small fraction of the complete species repertoire, as has been investigated with 
bowhead whales (Mellinger and Clark 2000).  Common automated techniques for stereotyped calls typically 
involve creating a template of a spectrogram of a particular sound, and then correlating the image with 
spectrograms created from the data (Mellinger and Clark 2000), or synthesizing a set of matched filters that 
attempts to capture the majority of the frequency-modulated variation in a call type (Urazghildiiev and Clark 
2006).  More recently, hidden markov models (HMM) have been adapted from speech recognition 
techniques and applied to classifying relatively high SNR calls that can be subdivided into distinct classes, 
in analogy with human phonemes (Clemins et al. 2005, Rickwood and Taylor 2008, Brown and Smaragdis 
2009, Adi et al. 2010, Chapter 5 of this volume).  However, the complete repertoire of bowhead whales is 
highly variable and complex, consisting of a wide variety of frequency-modulated (FM) sounds that vary 
not only in frequency range and bandwidth, but also in terms of the FM contour.  Some literature has been 
previously published on processing free-form marine mammal FM signals (Sturtivant and Datta 1995; Datta 
and Sturtivant 2002; Lammers et al. 2003; Asitha et al. 2008; Madhusudhana et al. 2008), but the process of 
automated detection of arbitrary FM signals is still an active area of research. 

The second challenge provided by these deployments is the presence of intense signals that are not 
whale sounds, but are also variable in terms of duration, bandwidth, and frequency modulation.  The most 
dramatic and common type of interference arises from the seismic surveys themselves.  The airgun sounds 
produced during surveys are pulsive, occur periodically, and propagate energy distributed over our entire 
analysis band of 10–450 Hz.  The pulse interval typically lies between 10 and 15 s, but during some 
deepwater surveys the interval can be greater than 20 s, and in shallow water it can be less than 5 s.  While 
designed to be repetitive and reproducible, the structure of airgun survey signals can change dramatically as 
they propagate long distances through shallow water, converting from simple pulses to extended FM 
downsweeps, and changing bandwidth as higher-frequency components are preferentially stripped away by 
absorption through the ocean bottom.  Indeed, a single airgun shot can split into three or four separate 
signals, due to multipath in the waveguide, each path yielding a different FM downswept structure.  While 
this structure can be exploited to estimate the range of the source (D'Spain et al. 1995; Thode 1999; Wiggins 
et al. 2004), in this situation multipath is a nuisance.  Another source of interference is vessel engine noise.  
Unlike bowhead calls this noise is continuous, but vessel engines are also non-stationary, thus generating 
acoustic fluctuations that can appear as transient signals in an equalized spectrogram.  A third source of 
interference is provided by bearded seal and walrus calls.  Whereas bearded seal calls are usually higher in 
frequency than most bowhead calls and readily distinguishable (at least by ear, see Risch et al. 2007), 
walruses and bowhead whales can be difficult to tell apart even by trained listeners. 

The final challenge particular to this project arises because DASARs are collecting low frequency 
data at locations 7 km apart, in water depths of less than 100 m.  In this type of propagation environment the 
characteristics of a signal can change substantially between stations.  The phase structure of the signal alters 
considerably due to multipath interference, and portions of the signal may vanish when detected on the more 
distant stations.  Thus techniques that have worked well in deep water in places like U.S. Navy test ranges, 
such as matched filtering, simply do not work in this environment, and more complex strategies need to be 
devised that permit a signal detected at two different stations to be identified as having a common origin.  
The problem is exacerbated by the fact that whale calls can occur so often, that for any given detection on a 
particular DASAR, there can often be several candidate detections on another DASAR that lie within the 
physically permissible time window. 

The whale call data collected during Aug–Oct 2008 were analyzed in a three-step process: 
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(A) First, a subset of the records was analyzed manually as in the past.  This subset included days 
with a representative range of background levels, of whale call detection rates, and of airgun pulses.  Six 
complete days (midnight to midnight) were analyzed at each site:  21 and 28 Aug, 6, 13, 21, and 29 Sep 
2008. 

(B) Second, the automatic call detection routine, which is described below, was trained on the first 12 
hours (00:00–11:59) of each of the six days that were analyzed manually. 

 (C) Third, the automatic analysis was run on the remainder of the acoustic records for each site.  

 These different stages are described in more detail below. 

Step A: Manual Whale Call Analysis.—Trained staff identified and classified each whale call by 
listening to recordings and examining spectrograms of each call or suspected call.  All DASARs belonging 
to one site (i.e., seven recorders) were analyzed simultaneously.  The lead analyst performed regular checks 
for consistency among analysts.  Most calls were detected by more than one DASAR, but each call was 
classified and tallied only once.  Reception of the call at more than one DASAR allowed for triangulation of 
the call’s estimated position, according to a method described below and in Greene et al. (2004).  Calls were 
classified into two major categories, simple calls and complex calls, on the basis of call descriptions by 
Clark and Johnson (1984), Würsig and Clark (1993), and Blackwell et al. (2007).  Simple calls were 
frequency modulated tonal calls or “moans” in the 50–300 Hz range.  We distinguished (1) ascending or 
“up” calls (“/”), (2) descending or “down” calls (“\”), (3) constant calls (“—“), and (4) inflected calls (“∪” 
and “∩” and mixes thereof).  Complex calls were infinitely varied and included pulsed sounds, squeals, 
growl-type sounds with abundant harmonic content, and combinations of two or more simple and complex 
segments.  Subcategories of complex calls could not be consistently discerned, so all subcategories were 
pooled.  The presence of call sequences (see Blackwell et al. 2007) was noted, but the calls making up the 
sequence were classified into the simple or complex categories, as relevant. 

In addition to sounds from bowhead whales, acoustic records included sounds produced by bearded 
seals (Erignathus barbatus) and walrus (Odobenus rosmarus divergens), and probably ringed seals (Phoca 
hispida) and gray whales (Eschrichtius robustus). 

Step B: Training the Automated Whale Call Detection Algorithm 

The automated whale call detection and localization analysis took place in nine stages, with the first 
stage being performed by Greeneridge Sciences, and the remaining stages performed by the Scripps 
Institution of Oceanography, with some assistance from WEST Inc.  The first five stages are applied 
independently to each DASAR, and consist of (1) converting the raw acoustic data into a form more 
amenable for automated analysis; (2) applying an “energy detection” stage to flag any potential transient 
signal of interest; (3) applying an “airgun removal” stage that seeks to remove a significant fraction of 
detected airgun pulses from further consideration; (4) running an image processing stage that extracts signal 
features from an equalized spectrogram of candidate detections; and (5) exploiting a feedforward neural 
network to winnow candidate detections based on their feature values.  The last four stages combine the 
stage five results from all DASARs at a site by (6) linking detections together between DASARs; (7) 
computing the geographic bearing of each linked detection; (8) removing bearings associated with the 
position of the seismic vessel; and (9) computing the position of the whale by triangulating the linked 
bearings.  The detailed description of these stages will be described in Step C. 

During the “training” step of the analysis, only stages 1–4 were employed on the first twelve hours of 
every DASAR, on six days preselected by the manual analysts.  The first 12 hours of the manual results for 
each day were sent to Scripps, where they were used to train the neural network to recognize whether a set 
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of features was consistently associated with a whale call.  Details of the training procedure are described in 
Step C.  At the time of this analysis, approximately 141,800 whale calls and 1.15 million “false alarms”, 
extracted from six days across all sites, were used in the training.  The false alarms were obtained directly 
from the data, and included airgun signals from a variety of ranges, ship noise, and some pinniped sounds.  
Once the network had been trained, the complete algorithm (stages 1–9) was rerun on all 24 hours of the 
six-day data set. 

Step C:  Bulk Automated Processing of all days on all DASARs 

Once the miss and false alarm rates of the algorithm were found to lie within acceptable standards, a 
bulk run of the automated algorithm was begun, with stages 1–9 being applied to all days at all sites. 

The first stage, file conversion, takes the raw binary data stored on the DASARs and chops it up into 
smaller files consisting of one day of data each.  A “header” is written at the start of each file that provides 
the computer with basic information such as the calendar date and time of the start of the data file, 
information about the bearing calibration, and information about the clock drift for each DASAR. 

The second stage searches for any transient signal that exceeds a preset signal-to-noise ratio (SNR) 
for at least one-tenth of a second.  This algorithm is informally known as an “energy detector”, and more 
formally as a “cell averaging/clutter map constant false alarm rate detector” in the radar literature 
(Nitzberg 1986; Levanon 1988).  The algorithm is present in many bioacoustic software packages, 
including Ishmael (Mellinger 2002), but the particular implementation used here was written in the JAVA 
programming language.  The Java routine imports raw acoustic data into memory as 0.256 s chunks, 
converts the time series into a spectrogram, and then computes the sound exposure level (SEL, dB re 1 
μPa2·s) over 37 Hz chunks of bandwidth, which overlap each other by 50%.  Thus the SEL values are 
computed from data centered on 18 Hz, 36 Hz, 54 Hz, etc.  These incoming data chunks are incorporated 
via exponential smoothing into a running average of the “mean” background noise level, with an effective 
adjustment time scale of 24 s.  Once the running average is established, each new SEL estimate in a given 
frequency band is compared with the running average for that same band.  If the ratio of the incoming to 
mean SEL values exceeds a threshold of 6 dB (a factor of 2) over any band, then a potential transient 
signal is flagged.  The motivation for flagging a potential detection if only a single frequency band is 
triggered, as opposed to simply measuring the SEL over the entire band of interest, is to preferentially 
detect FM-swept signals over diffuse broadband signals.  Once subsequent values of the SEL fall below 
the threshold, an event is logged to file, provided that the duration of the detection exceeded 1/10th s.  
Events that occur within 50 ms of each other are merged into one single long event detection.  A snapshot 
of the time series in question, along with the mean background SEL levels, is written to file along with 
the date and time of the beginning of the detection, and which 37 Hz band obtained the peak SEL level 
during the detection.  Values for the parameters used for this stage were determined by conducting a local 
optimization using one half-day’s worth of manual data, and then adjusted as needed, depending on the 
results of stage 3. 

The third stage attempts to remove sounds that occur at regular intervals, such as airgun signals.  This 
stage was doubly useful in the processing because it amounted to automatic detection of airgun pulses 
whose acoustic parameters could then be computed and logged without operator intervention.  The stage 
works by looking 40 s into the future and past, relative to a current detection of interest.  If other detections 
exist within that 80-s window, that share the same peak frequency and duration as the detection in question, 
then these detections provide a set of candidate time intervals to test.  For each candidate time interval, the 
program then jumps four intervals into the future, and four into the past, and checks whether detections exist 
at these predicted interval times.  If at least seven out of these ten trial interval times contain detections that 
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match the peak frequency and duration of the current detection, then the current detection is flagged as being 
“regular” and is rejected.  Note that if a whale call happens to occur at the time of an airgun signal, the 
duration of the complete detection will be different from other contemporary airgun detections, and thus this 
“contaminated” detection will be accepted for further analysis.  This stage typically removes between 30–
50% of the 5,000–9,000 airgun pulses typically present in one day of DASAR data. 

The fourth stage, image processing, is the workhorse of the algorithm, requiring nearly 80% of the 
total processing time.  In this stage, the time series stored from the output file generated by stage one is read 
into memory and converted into a spectrogram image.  The stored values of the background noise spectrum 
are then used to subtract an estimate of the backgound noise levels from the image, and image pixels that lay 
less than 5 dB above the background level are eliminated.  The grayscale image is then converted into a 
binary image by thresholding using Otsu’s method (Otsu 1979).  The Niblack method described in Asitha et 
al. (2008) was not used, because no reliable a priori knowledge exists of what percentage of a typical 
spectrogram would consist of noise.  The output binary image now contains a series of “segments” that 
contain the time-frequency contours of potential whale calls.  Because calls often vary in intensity 
throughout the call, a whale call is often broken into a set of disconnected segments during the binary 
conversion.  A morphological “opening” and “closing” operation is thus performed on the image to first 
remove small objects, and then link surviving objects that lie within 0.04 s and 11 Hz of each other 
(Gonzalez and Woods 2002, Asitha et al. 2008).  At this point segments that are less than 0.15 s are 
removed.  The next stage identifies harmonics in calls by noting whether segments overlap in time by more 
than 25% and have less than 50 Hz separation in frequency.  Finally the program merges segments whose 
ends lie within 0.1 s and 20 Hz of each other.  The net result is a time-frequency representation of the call, 
that contains information not only about the FM modulation pattern, but also about the instantaneous 
bandwidth (“fatness”) of the call at any given time, as well as its minimum and maximum frequency, 
duration, number of harmonics, and orientation and eccentricity of a best-fit ellipse positioned over the call.  
These values are computed both for the call as a whole, and for the segment within that call that has the 
largest time-bandwidth product (i.e. pixel area).  All these values are extracted from the connected 
components in the binary image using segmentation techniques (Haralick 1993) and stored to file, along 
with a compressed version of the binary image for future use.  An excellent introduction into the techniques 
used in this stage, including thresholding techniques and morphological processing, can be found in 
Gonzalez and Woods (2002). 

The fifth stage, neural network filtering, collects 23 normalized feature values from every candidate 
output of stage 4, and passes this feature vector into two cascaded multilayer feed-forward neural network 
(Rumelhart 1986, Rumelhart et al. 1986, Bishop 1995, LeCun et al. 1998, Duda et al. 2001, Bishop 2006) to 
eliminate candidates that do not have features commensurate with bowhead whale calls.  Excellent 
introductions to the theory and practical implementation of feed-forward neural networks, including details 
on backpropagation training methods, can be found in Duda et al. (2001) and Bishop (1995).  The former 
reference, in particular, has an excellent annotated bibliography on the historical development of these 
networks.  The approach here differs from previous applications of neural networks on bowhead whale calls 
(Potter et al. 1994) in that the network is applied to descriptive features of the calls, instead of the raw 
spectrogram time-frequency pixel values.  The network consists of two hidden layers of five units each, each 
using a sigmoid activation function.  A single output unit was used that ideally would have a value of +1 if 
the feature set belonged to a bowhead whale call, and –1 if otherwise.  In reality a given pattern would 
produce a value somewhere between those values. 

The appropriate network weights and biases were derived using Levenberg-Marquardt optimization 
during backpropagation training (Marquardt 1963; Hagan and Menhaj 1994).  The initial weight values 
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were randomly seeded, in accordance with accepted practice (LeCun et al. 1998) and the observations of 
earlier work (Potter et al. 1994).  Out of the 141,800 whale calls and 1.15 million non-whale signals 
available for training, 60% were used to adjust the network weights, 20% were held in reserve to evaluate 
when to stop training the network, and 20% were held to test the final network on completely novel inputs, 
to confirm that the network had not been over-optimized on the particular data set.  Note that the 
“evaluation” discussed here is different than the evaluation discussed in Step C.  Once training had been 
completed, it was found that nine out of every ten false alarms could be eliminated by rejecting a candidate 
signal whose feature vector generated a network output of less than -0.75, at the cost of sacrificing about 
10% of the true calls. 

To this point all the processing steps had taken place on a single DASAR, but the sixth stage requires 
the stage five outputs from all DASARs at a given site.  This stage attempts to link detections at a given 
DASAR with detections at other DASARs, in preparation for call localization.  It begins by taking each 
surviving detection logged on the southernmost DASAR (the “anchor” DASAR), computing the maximum 
travel time that would be physically possible between the anchor and the two closest DASARs (the “target” 
DASARs), and finding detections on the target DASAR that lie within the permissible time window.  Due to 
the large number of calls detected, multiple candidates were often available, and thus each candidate had to 
be compared with the original detection on the anchor DASAR.  This step was a particular challenge for this 
environment, for reasons mentioned above.  After trying three other techniques, including matched-filtering, 
feature matching, and computing the forward Hausdorff distance (Rucklidge 1996), a variant of spectrogram 
correlation (Mellinger and Clark 2000) of the stored binary images was used.  A particular type of 
normalized correlation coefficient was computed between each potential pairing, and any value that 
exceeded 0.57 (corresponding to 33% overlap between images) was taken as an indication of a match 
between the pair.  If multiple candidates passed this threshold, the candidate with the largest coefficient was 
linked to the original detection on the anchor DASAR.  Once all detections on the anchor DASAR have 
been processed, the routine then assigns the “anchor” role to the second DASAR, and every candidate 
detection on that DASAR is then compared with detections on the two next closest DASARs, including the 
original anchor DASAR.  The process repeats until all DASARs have served the role as “anchor” DASAR. 

Once the sixth stage is complete, the processing procedure becomes nearly identical to the manual 
procedure.  The seventh stage marches through each linked detection and assigns an acoustic bearing to it.  
This is accomplished by using the information stored with the detection to download the raw acoustic time 
series from the two orthogonal particle velocity channels of the DASAR.   The mean active intensity of the 
detection along each axis is then computed and the bearing and bearing uncertainty derived in a manner 
identical to the time domain methods described in Greene et al. (2004) and the frequency-domain methods 
described in D'Spain et al. (1991) and D'Spain et al. (2006).  The eighth stage is a final attempt to remove 
close-range airgun signals from the output, and works by rejecting bearings from a DASAR that lie within 
10 degrees of bearings pointing toward the GPS position of known active seismic vessels in the vicinity.  
Finally, the ninth stage computes the location of the call using a robust maximum-likelihood procedure 
(Lenth 1981), which has been extensively used in previous DASAR localization algorithms (Greene et al. 
2004).  An output parameter of the localization is the weighting assigned to each DASAR in the solution.  If 
the weight of any DASAR was less than 0.7, that DASAR was assumed to be an outlier and the location 
was recomputed without using that DASAR.  A “repeated-median regression” approach (Lenth 1981) 
toward triangulating the bearings was also investigated and was found to yield minimal improvement.  The 
final result was a location bounded by a 90% confidence ellipse. 

All results were written to a text file in a format identical to those produced by manual analysts, 
requiring no new software to be acquired by downstream users of the data. 
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Whale Call Localization 

Bearings to calling whales were determined by all DASARs in each of the 5 arrays (sites) 
displayed in Figure 9.3.  When two or more DASARs detected a given call, the location of the calling 
whale was estimated using triangulation.  This section describes these triangulation methods, which were 
used during manual analysis and also by the automated call detection routines.  The triangulation methods 
were designed to provide both an estimated location and an error estimate. 

When a call occurred, each DASAR receiving the call provided a directional bearing, with some 
uncertainty, to the call (Greene et al. 2004).  We used the Huber robust triangulation location estimator 
(Lenth 1981; Greene et al. 2004) to compute call locations based on the intersection(s) of bearings from 
multiple DASARs.  The Huber estimator downweighted the occasional outlying bearing and in theory 
yielded a more robust and accurate location solution than alternative techniques.  Calls received by a 
single DASAR could not be localized.  Calls could have been detected by only 1 DASAR, or missed 
completely, if the call was weak, occurred far from the DASAR array (due to attenuation of the signal), or 
occurred during times when background levels of underwater ambient sound was high (mainly due to 
high wind and wave action).  Even when calls were received by ≥2 DASARs they occasionally did not 
produce a location estimate because estimated bearings either did not cross or were too disparate to allow 
the Huber estimator to converge. 

For each call location, an error estimate in the form of a 90% confidence ellipse was calculated 
using the methods in Lenth (1981) that rely on the estimated variance-covariance matrix of the location.  
In general, confidence ellipse size was a function of the number of DASARs that received the call, the 
configuration (geometry) of all pair-wise bearing intersections, disparity of the intersections, and bearing 
variation estimated from bearing scatterplots (see Fig. 9.6).  Bearing variation was estimated from 
scatterplots by bootstrap resampling points in the scatterplot, re-computing the mean direction, and 
repeating 500 times.  The length of the average mean direction over all 500 iterations was then converted 
into an estimate of bearing variation using the theory of circular statistics.  Area (m2) and lengths (m) of 
the major and minor axes were computed for each ellipse. 

BWASP Trend Lines 

This study aims to detect changes in bowhead whale distribution during the westward fall migration 
as a result of anthropogenic activities.  To aid interpretation, it is useful to have information on the long-
term location of the whale migration corridor.  The bowhead whale aerial survey program (BWASP) has 
been conducting standardized aerial surveys of the Alaskan Beaufort Sea during late summer and autumn 
since 1982.  From BWASP data collected during years that were similar to 2008 in terms of ice coverage, 
the whales’ 10th, 50th (median), and 90th percentile location, across the longitude range 140º–152ºW, was 
estimated using a quantile regression model (Koenker and d'Orey 1987, Koenker 2005).  Because migrating 
whales tend to be farther from shore in heavy ice years (Moore 2000; Treacy 2002; Treacy et al. 2006), and 
because fall 2008 saw very little ice coverage along the entire North Slope, BWASP data were restricted to 
the low ice years of 1998–2004, 2007 and 2008.  The quantile regression used to estimate locational trends 
in the BWASP data was of the form 

Qτ (y) = β0 + g(longitude)        Eq. (4) 

where y was latitude (decimal degrees) of the BWASP sighting, Qτ(y) was the τth quantile (τ = 0.1, 0.5, and 
0.9 here) of latitude, and g(longitude) was a 12 or 7-degree B-spline polynomial function of the call’s 
longitude (decimal degrees).  A 12-degree B-spline polynomial was used for the 10th percentile regression to 
adequately fit locations near the coast.  A 7-degree B-spline was deemed adequate to represent trends in the 
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median and 90th percentiles. Only non-repeat bowhead groups sighted on transect were used to fit the 
quantile regression.  The degrees of freedom for the smooth function g() were chosen subjectively as the 
smallest degrees of freedom that followed the general trends of the BWASP data. 

Airgun Activities during the 2008 Field Season 

Airgun activities by three different vessels or operations took place during the 2008 DASAR 
deployment period.  Figure 9.8 shows the dates and locations of these seismic acquisition activities, which 
are listed below: 

• Seismic surveys conducted by Shell with the vessel Gilavar.  The surveys were in two different 
areas separated by ~190 km (118 mi), in Harrison Bay and in Camden Bay (see Chapter 1).  
Data acquisition took place over the period 3 Sep–9 Oct 2008. 

• Shallow hazard surveys conducted by Shell with the vessel Henry Christoffersen.  The surveys 
took place during the period 22 July–23 Aug in the Camden Bay area. 

• Seismic and shallow hazard surveys conducted by PGS (under contract to Pioneer / Eni) for the 
Nikaitchuq Development area around Spy Island and Thetis Island, east of Harrison Bay.  The 
surveys took place during the period 2 Aug–26 Sep.  A total of three seismic vessels operated in 
the area during this period, though at any particular time no more than two vessels were 
operational.  When two vessels were present, firing generally alternated between the two, but 
available records did not indicate which of the two was firing. 

•  

 

FIGURE 9.8.  Location of seismic acquisition activities during the 2008 DASAR deployment period (based 
on navigational data and MMO records, therefore seismic data collection may not have occurred at every 
one of the dots indicated).  The DASAR locations for all sites (labeled S1 to S5) are shown with red 
triangles.  The DASAR deployment season was from 11 Aug to 8 Oct, therefore the dates shown are all 
within that range.  Actual dates of seismic acquisition may have extended before and after the DASAR 
deployment season (see text). 
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Spatial and Temporal Grid for Modeling 

Extent.—A spatial grid was established over the entire region encompassing sites 1–5.  To simplify grid 
generation, a separate grid was established for each site.  The overall shape of the grid at each site was 
approximately rectangular, centered on the DASAR array, with southern extent sufficient to cover most 
coastal waters to the Alaskan coastline and approximately equivalent northern extent (Figure 9.9A).  The 
eastern and western limits of each rectangle were determined by the North-South line midway between each 
pair of adjacent sites.  For sites 1 and 5, the western and eastern limits, respectively, were chosen so that the 
DASAR array was approximately in the center of the rectangle. 

 

FIGURE 9.9.  Illustrations of the spatial grid used for modeling.  (A)  Rectangular grid limits for each of the 
five sites.  DASAR locations are shown with red triangles.  (B)  Hexagonal cells for site 1-North and 1-
South. 
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Within each site, DASARs represented initiation points for the grid and polygon centers.  The 
remaining polygon centers were established along lines parallel to the two lines through DASARs A-C-E-G 
and B-D-F.  Thus, these lines were approximately oriented North-South.  Cell centers were offset in each 
pair of adjacent lines (Figure 9.9B).  Cell centers at site 1-South were adjusted off of the North-South lines 
to coincide with locations of DASARs H-K.  Using these cell centers, the Voronoi tessellation of two-
dimensional space generated the grid for each site.  The resulting cells or polygons were primarily six-sided.  
Nearly all polygons were approximately hexagonal, though some cells within the DASAR arrays were 
distorted due to the irregular spacing of DASARs.  Finally, half of the cells on the northern and southern 
edges of each grid were five-sided.  The Voronoi diagram has the useful property that all points within each 
cell are closer to that cell’s center than to any other cell center. 

Cell Size.—Cell size was determined by several features of the planned analysis.  Small cells would offer 
greater spatial resolution, with respect to for example whale positions or received levels of sounds from 
airguns.  At greater ranges from seismic operations (e.g., 100 km), cell size would have little effect on 
received level (RL) because sound levels would not vary much over the extent of a cell that was for 
example 5 km in diameter.  However, at nearer ranges (e.g., 5 km or less), RL could vary substantially 
across such a cell.  For this reason, relatively small cells were preferred, even though very small cells 
would include no, or very few, whale calls for any particular time period. 

Another consideration for cell size was the process of grid generation described above.  Because of 
the planned estimation of RLs (described below), it was important to have cells centered on DASARs and to 
have a fairly regular grid (equally sized and spaced cells) within and near the DASAR arrays.  Thus, the 
layout of the DASAR arrays and the Voronoi tessellation dictated that either no cell centers or an odd 
integer multiple of cell centers were interspersed between adjacent DASARs.  Given the 7 km distance 
between adjacent DASARs, we determined that the considerations described above would best be met by 
having three intervening cell centers between each DASAR pair.  Such spacing produced polygons with 
diameter of approximately 1.75 km (Fig. 9.9B). 

Completed Grid.—The collective grid for all five sites represented 12,375 polygons.  Excluding cells 
centered on land and those centered beyond the 75 m isobath (rationale provided below), there were 9,535 
polygons in the analysis dataset. 

Time Interval.—The entire study period from 16 Aug–7 Oct (11–15 Aug, when only site 1-South DASARs 
had been deployed, were not included in this analysis) was divided into time intervals in a manner 
analogous to the creation of the spatial grid, and with similar constraints.  Shorter intervals would yield 
better temporal resolution, but few or no whale calls would likely be detected.  Longer time intervals would 
include more whale calls at the expense of temporal resolution.  RL of airgun sounds was again a 
particularly important consideration with respect to time resolution, as very long intervals would likely 
obscure potentially important variations in RL.  Finally, the interval length ought to be relevant for whale 
response to RLs, of which little is known.  Based on these considerations, a 15-min interval was chosen.  
Thus, for the entire study period, there were an average of 4598 time intervals at each site. 

Modeling of Received Levels 

Rather than rely on standard sound source verification (SSV) equations for prediction of RLs of 
sound, we used data on airgun pulses detected at DASARs to develop statistical models for RL.  These 
models were based on range, on the identity of the seismic vessel, its operational status (i.e., mitigation gun 
or full array), and water depths at the source (seismic vessel), receiving end (DASAR), and in-between.  The 
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statistical models were then used to predict RL at all grid cells for all time intervals (15-min periods) during 
which seismic vessels were operating. 

SPL and SEL Calculations.—Airgun pulses were recorded by DASARs throughout the study period and 
were analyzed using a pulse detection routine developed by Aaron Thode (see “Third stage” in section 
Whale Call Analysis and Automated Call Detection above).  Datasets were generated in which each record 
consisted of the DASAR on which a pulse was detected, time of the pulse event, signal duration, signal 
sound pressure level (SPL), and signal sound exposure level (SEL)3. 

As mentioned above, the entire record duration was divided into 15-min intervals.  If airguns were 
firing for at least 14 of the 15 min, then the median sound pressure level (MSPL) was calculated across all 
pulses detected in the interval.  Similarly, cumulative sound exposure level was calculated as 

 CSEL =10log10 10SELs ,i /10

i=1

n∑( )        Eq. (5) 

where SELs,i represented the ith of n pulses detected in the 15-minute interval (Southall et al. 2007).  Note 
that SEL levels were unweighted in this study.  Because of the frequency characteristics of the recorders 
and of the sound source, M-weighting, which is appropriate for low-frequency cetaceans, would not have 
made a visible difference in received SEL values (Southall et al. 2007, Hannay and Warner 2009). 

Covariates.—Three seismic operations were conducted in the Beaufort Sea near sites 1–5 during the 
study period.  These included the Gilavar, the Henry Christoffersen (HenryC), and PGS operations (see 
section Airgun Activities during the 2008 Field Season above).  Several different vessels were involved 
in the PGS operations, but records were incomplete and it was not possible to determine which vessel was 
operating at any particular time.  Therefore, all PGS vessels were treated as equivalent in this analysis, 
i.e., as if RL was independent of the PGS vessel.  During our study period the Gilavar and HenryC never 
used airguns at the same time, though PGS operations sometimes co-occurred with airgun operations 
from either the Gilavar or, more rarely, the HenryC.  In other words, when airgun operations were 
ongoing there were either 1 or 2 vessels using airguns simultaneously. 

To account for these characteristics, separate models were fit to received level data (MSPL and 
CSEL) depending on whether one or two seismic operations were active.  The case with one active operation 
is easiest to consider first.  In that case either the Gilavar, the HenryC, or the PGS vessel could have been 
using airguns.  To represent the three alternative vessels, two indicator variables (vessel1a and vessel1b) 
were created.  A ‘1’ was appended to the variable names to distinguish these variables from additional 
similar variables representing a potential second seismic vessel operating at the same time (see below).  A 
single indicator (guns1) accounted for operational status, i.e., whether the mitigation gun or the full array 
was firing.  Range, or distance from the seismic vessel to the DASAR, was represented by both a linear 
effect (dist1) and the log-transformation of distance (logdist1).  Direction from the DASAR to the seismic 
vessel was represented by the sine and cosine transformations (cosdir1 and sindir1).  Three different water 
depths were considered in modeling RL:  at the vessel location (vdepth1), the minimum depth along a 
straight line between the vessel and the DASAR (mindepth1), and depth at the DASAR or cell center 
(cdepth).  Other candidate covariates included latitude (lat) and longitude (lon) of the DASAR or cell center. 

                                                      

 
3 Pulse duration (in s) was defined as the time interval between the arrival of 5% and 95% of the total pulse energy.  
Pulse SPL (in dB re 1 μPa) was averaged over the pulse duration.  Pulse SEL (in dB re 1 μPa2·s) was defined as the 
squared instantaneous sound pressure integrated over the pulse duration. 
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Aside from latitude, longitude, and water depth at the cell center, the covariates described above 
depended on some aspect of the seismic operation.  When airguns from two operations were firing 
simultaneously, the “first” vessel was either the Gilavar or the HenryC and the “second” vessel was 
invariably associated with the PGS operation.  Because the second vessel was always associated with PGS, 
it was unnecessary to represent the vessel with an indicator variable.  A ‘2’ was appended to names for 
variables representing the second vessel.  These included distance (dist2 and logdist2), direction (cosdir2 
and sindir2), water depth at the vessel location (vdepth2), and minimum depth (mindepth2).  The complete 
list of main effects covariates is shown in Table 9.3. 

DASAR Overloading.—The DASAR hydrophones overloaded when the instantaneous sound pressure 
exceeded 151 dB re 1 μPa at 100 Hz.  Such overloading occurred when the seismic vessel was in the range 
16–51 km from the receiving DASAR at sites 1–4, depending on the vessel, the DASAR site and other 
factors affecting propagation (airgun pulses were never overloaded at site 5).  Overloaded airgun pulses 
were excluded from the modeling process. 

Model Selection.—Received level of sound was modeled using multiple linear regression, as are standard 
SSV equations.  The response variable was either MSPL or CSEL estimated for each DASAR in each 15-
min interval.  Covariates included the main effects described above (see Table 9.3) as well as selected 
interactions.  Models were developed first for occasions when a single vessel was firing its airguns.  
Model selection followed a stepwise AIC-based procedure (Burnham and Anderson 2002) with a 
backwards look at each step.  The variables dist1 and logdist1 were forced into each model, as in SSV 
equations.  Main effects were examined first and when no additional main effects could be added, 
interactions were examined.  If cdepth had entered the model, then the corresponding interaction with 
dist1 was forced into the model.  Preliminary modeling had indicated that including the dist1×cdepth 
interaction substantially reduced the tendency for model predictions to become unreasonable when 
extrapolating to depths beyond maximum DASAR depth (see Received Level Predictions below).  Other 
interactions considered in model-building are shown in Table 9.4.  If an interaction involving dist1 was 
found to improve model fit, then the corresponding interaction involving logdist1 was also examined, 
though interactions involving only logdist1 (and not dist1) were not considered. 

 

TABLE 9.3.  Covariates considered in statistical models for received level. 

Candidate Covariates Description 

vessel1a, vessel1b Indicators for seismic operation (either Gilavar, HenryC, or PGS) 

guns1, guns2 Indicators for operational status (mitigation gun or full array) 

dist1, logdist1, 
dist2, logdist2 

Distance from seismic vessel to DASAR or cell center, untransformed and 
log10 transformed 

cosdir1, sindir1, 
cosdir2, sindir2 

Cosine and sine transformations of direction from DASAR or cell center to 
seismic vessel 

vdepth1, vdepth2 Water depth at vessel location 

mindepth1, mindepth2 Minimum water depth between seismic vessel and DASAR or cell center 

cdepth Water depth at DASAR or cell center 

lat, lon Latitude and longitude at DASAR or cell center 
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TABLE 9.4.  Candidate interactions for models of received level of sound. 

Interactions 

vessel1a×guns1, vessel1b×guns1 

dist1×cdepth ⇒ logdist1×cdepth 

dist1×vdepth1 ⇒ logdist1×vdepth1 

dist1×mindepth1 ⇒ logdist1×mindepth1 

dist1×guns1 ⇒ logdist1×guns1 

dist2×cdepth ⇒ logdist2×cdepth 

dist2×vdepth2 ⇒ logdist2×vdepth2 

dist2×mindepth2 ⇒ logdist2×mindepth2 

dist2×guns2 ⇒ logdist2×guns2 

 

The final model for times when only one vessel was active was used as a starting model for 
occasions when two vessels were firing airguns simultaneously.  Further model-building proceeded as 
described above.  That is, main effects for the second vessel (e.g., dist2, guns2) were examined first.  If 
these could be added to the model (i.e., if they improved model fit), then the selected interactions (Table 
9.4) were also examined.  The conditional examination of interactions involving either logdist1 or 
logdist2 is indicated by double arrows in Table 9.4. 

Received Level Predictions.—Using the best models for airgun pulses recorded on DASARs, the fitted 
equations were used to predict MSPL and CSEL within all grid cells for all 15-min intervals.  That is, 
received levels were predicted across the entire study region and the entire study period during those 
times that seismic vessels were operating in the region. 

Background Sounds 

Estimated background sound levels were required by the modeling process to account for potential 
variations in call detections due to changes in wind- and wave-generated sound.  Associating call counts 
with variations in background sound levels was essential because high background sound levels could 
potentially mask calls, particularly those at long distances.  For subsequent models to remain unbiased, 
accurate absolute background sound levels were not required, only that the measure included in our model 
to account for variations in background sound was proportional to the agent that was potentially masking the 
calls. 

To be included in the model, a measure of background sound was required for every time interval 
(15 min) and every grid cell.  The presence of airgun pulses on DASAR recordings during most of the 
season made direct measurement of background sounds impossible.  Therefore surrogate background levels 
were determined in three steps at the DASARs nearest and farthest from shore at each site (DASARs A and 
G): 

• First, broadband levels were computed.  Using blocks of 1.204-s data from the raw acoustic samples, 
discrete Fourier transforms were computed for blocks with 50% overlap.  Results from each 
successive three blocks were averaged to reduce the variance of the sound pressure spectral densities.  
Then, the results in the frequency cells from 10 to 450 Hz were summed.  From those sums the 
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broadband sound pressure levels (SPL) for the 10–450 Hz band were computed (dB re 1 μPa).  To 
estimate a sound level time series without airgun pulses, the minimum measured SPLs over successive 
30-min periods were selected, resulting in the black curve in Figure 9.10.  Clearly, these minimum 
SPLs show the presence of the seismic survey, as revealed in the sequence of four-hour “spikes” in the 
graph.  These spikes result from the survey vessel moving toward and away from the DASAR receiver 
in four-hour cycles.  When the vessel is closer to the DASAR, the minimum background rises, a 
consequence of the pulse reverberation. 

• Second, an eight-hour moving minimum of the preceding broadband time series, centered on the time 
of interest, was computed to remove energy and reverberation from seismic pulses that continued to 
contaminate measurements ahead of each seismic pulse (blue line in Fig. 9.10). 

• Third, the time series of moving minimums was smoothed to remove discontinuities and jumps.    
Smoothing was performed by the Super Smoother routine (supsmu())  in R (www.r-project.org) with a 
span of 10%, i.e., 10% of the dates were included in the running linear line smoother.  The super 
smoother resulted in a time series of background values that were visually very close to the running 
minimum series (red line in Fig. 9.10).  These three processing steps resulted in a smooth measure of 
background sound through time at each of the 10 DASARs (= 5 sites x 2 DASARs) where background 
measurements were sought. 

 

FIGURE 9.10.  Computation of background sound levels for eleven days at site 4G.  The colored lines 
illustrate the three steps described in the text.  The black line (step 1) shows the 30-min minimum 
broadband level, the blue line (step 2) shows the eight-hour running minimum centered on the time of 
interest, and the red line (step 3) shows the smoothed running minimum with span parameter set to 10%.  
See text for more details. 
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Given a smoothed measure of background sound at 10 locations (DASARs), inverse distance 
weighting was used to interpolate values for all other locations in the grids surrounding each site.  Inverse 
distance weighting computed a weighted average of background sound with weights inversely related to a 
power of the distance between prediction locations and data locations.  For an arbitrary grid cell s, inverse 
distance weighting computed the weighted average, 

b s =

bi

dsi
pi=1

n∑
1
dsi

pi=1

n∑
          Eq. (6) 

where n was the number of locations with background sound measurements (here n = 10), bi was 
background sound at location i, dsi was the distance from location s to location i, and p was a power 
parameter that controlled the weight associated with location i and thus the smoothness of the surface.  
When dsi = 0, bs was set equal to bi, to ensure that the surface interpolated the data.  The smoothing 
parameter p was chosen based on visual assessment of the interpolated surface.  After inspection of surfaces 
for p = 0.5, 1, 1.5, …, 4, the surface for p = 2 was determined to provide a reasonable level of smoothness  
in the interpolated surface; consequently, p was set equal to 2.  A map of background sound for one 15-min 
time period is show in Figure 9.11. 

Analysis Dataset for Modeling of Call Detection Rate 

Study Areas 

The basic response of interest in this study is the presence or absence of calls through time in every 
grid cell.  However, all cells of the grid (Fig. 9.9) were not sampled equally and the precision of locations 
was not equal in all cells.  In particular, calls that occurred far from a DASAR array were less likely to be 
detected and located than calls near or within the DASAR array.  Calls far from a DASAR array also tended 
to have location estimates with larger error ellipses than those near or within the array.  To compensate for 
these inequities in sampling, racetrack-shaped study areas surrounding each array were established and are 
shown in Figure 9.12.  Calls located within those areas were used for modeling, whereas calls detected 
outside those areas were not used for model estimation. 

Size of the study areas was designed to provide approximately equal probability of detection and 
localization of calls regardless of background sound and other potential masking sounds.  Localization 
precision was not considered when setting study area size because location estimates were assumed to be 
unbiased.  Lack of bias in the location estimates assured that location errors cancel out under large sample 
sizes.  Study area size was set large enough to ensure a large sample of calls, yet small enough to ensure 
approximately equal probability of detection and localization. 

Previous studies (McDonald et al. 2008) have found that similar-sized and -shaped DASAR arrays 
could reliably detect calls to distances of 6–12 km from the array’s center.  Within this range, it was 
desirable to include as many observations as possible and as much range in conditions (covariates) as 
possible.  In particular, as many cells as possible in deeper water were desired because depth was thought to 
be an important predictor of call presence.  To balance these competing desires and include as many calls as 
possible, yet retain approximately equal probability of detection and localization, the study area was 
established at the upper end of the range given, i.e., at 12 km.  The depth of cells inside 12 km study areas 
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FIGURE 9.11.  Interpolated background sound levels on 13 Sep 2008 for the period 12:00–12:15. 

  

FIGURE 9.12:  Illustration showing how study areas were defined around each DASAR array. 

ranged from 7 m to 74.8 m.  Longitude of cells within the study areas ranged from 150.9° W (site 1) to 
142.95° W (site 5). 

Localized bowhead whale calls were counted for each grid cell that was located within one of the five 
12-km racetrack-shaped study areas, and for each 15-min interval.  Whale call counts represented the 
response variable in the modeling of whale call probability described below.  It goes without saying that the 
probability of getting a call in a grid cell is dependent on the probability of having a whale in that cell and of 
that whale calling. 
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Spatial and Temporal Sample of Cells 

The presence of whale calls in one cell during a 15-min interval was potentially correlated with the 
presence of whale calls in nearby cells during the same or nearby time intervals.  This spatial and temporal 
correlation, if left unchecked, could cause bias in regression coefficients and standard error estimates.   
Several statistical techniques are designed to accommodate such spatial and temporal correlation, including 
hierarchical modeling (Royle and Dorazio 2008), Bayesian methods (McCarthy 2007, Ntzoufras 2009, 
Albert 2007), and mixed linear models (Pinheiro and Bates 2000).  However, these techniques are 
computationally expensive and none of them were feasible for the large data set generated here.   To be 
feasible, these techniques would need to accommodate 1.18 million data points (number of cells in the five 
study areas times number of time intervals). 

Instead, to eliminate the spatial and temporal correlation of responses in nearby cells, a systematic 
subsample of cells in the study area and time intervals was taken.  Previous studies (McDonald et al. 2008) 
have found that the offshore distances of calls separated by 6 to 8 hrs were spatially uncorrelated.  Because 
the response here is call count, and because a large number of calls were available, the systematic subsample 
taken here opted to enforce a temporal separation of 12 hrs. 

To actually draw the systematic subsample, a list of all cells and time intervals was sorted first by cell 
ID, then by time interval.  A systematic sample, with random start and step size equal to 12 hours, was then 
selected from the sorted list.  There were 4939 15-min time intervals at site 1, 4951 intervals at site 2, 4396 
intervals at site 3, 4396 intervals at site 4, and 4309 intervals at site 5.  The 12-hour step size meant that 
approximately 96 observations (time intervals) from each cell at sites 1 and 2 were included, while 
approximately 84 observations were included from cells at sites 3, 4, and 5.  Because 12 hours was not an 
even multiple of the number of intervals at any site, observations taken from adjacent or nearby sites were 
from different time intervals.  After subsampling, 53,140 observations from site 1 were used in the modeling 
process, 30,517 observations from site 2, 26,159 from site 3, 26,244 from site 4, and 26,389 from site 5 for a 
total of 162,449 observations. 

Model fitting 

The fundamental goal of the analysis was to determine factors that influenced the presence of a call at 
a certain point in time and space.  The basic measurement available to achieve this goal was presence (or 
absence) of one or more whale calls in a grid cell.  In other words, whale call counts were transformed to 
presence-absence observations.  This was justified on the grounds that whale calls were rare within any 
given grid cell and 15-min interval.  Furthermore, of those grid-cell – time-interval combinations (hereafter 
referred to as “cell-time combinations”) in which one or more calls occurred, 78% had only one call. 

Logistic regression was applied to relate probability of a call in a cell during an arbitrary 15-min 
interval to “nuisance” and “industrial” covariates.  The logistic regression took the form,  

ln
π st

1− πst

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = β0 + β1x1st + ...+ βp xpst        Eq. (7) 

where πst was the (unknown) probability of a call occurring and being localized in grid cell s during a 15-
min interval t, xist was the i-th covariate associated with cell s during interval t, and the β’s were 
coefficients to be estimated.  The probability of localization was assumed to be constant inside each site’s 
racetrack study area and in this case πst can be reduced to represent probability of a call occurring in 
hexagon cell s during interval t. 
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Selection of covariates to include in the logistic regression was determined in two steps.  First, a large 
set of a priori models containing “nuisance” variables was fitted and ranked according to the Bayesian 
Information Criterion (BIC).  This model was estimated to explain as much nuisance variation in call 
presence as possible given the set of nuisance variables available.  The top nuisance model from this step 
then formed the basis of models estimated during the second step.  During step two of model selection, a 
large set of a priori models containing “industrial sound” variables was fitted by adding them to the top 
model from step 1.  The list of nuisance and industrial sound variables considered during modeling appear 
in Table 9.5.  Note that MSPL was expressed in dBs above background levels occurring at the same time.  
Values of MSPL below background were set to 0, while values of MSPL above background were set to the 
difference between MSPL and background.  The list of a priori models fitted during each step appears in 
Table 9.6. 

TABLE 9.5.  Nuisance and industrial sound variables used in the modeling for probability of a whale call. 

Variable Description 
depth Water depth, in meters below surface (negative numbers), at the hexagon cell's center. 
depth.bs Cubic polynomial of depth, after standardizing.  Includes 3 coefficients: linear (x), 

quadratic(x2), and cubic (x3), where  
x = (depth - mean(depth))/sd(depth) = (depth - (-28.94))/11.44. 

long Longitude (negative decimal degrees) of the hexagon cell center. 
long.bs Cubic polynomial of longitude, after standardizing.  Includes 3 coefficients: linear (x), 

quadratic(x2), cubic (x3), where x = (long - mean(long))/sd(long) = (long - (-147.57))/2.59. 

date Date and time of the start of each 15-min interval, represented as number of seconds 
after 00:00 of 01 Jan 1970 (i.e., as POSIX number).  First interval = 16 Aug 08 15:45.  
Last interval = 10 Oct 08 03:45.  

date.bs Quartic polynomial of date, after standardizing.  Includes 4 coefficients: linear (x), 
quadratic (x2), cubic (x3), and quartic (x4), where  
x = (date - mean(date))/sd(date) = (date - (1221220065.4))/1116383.7. 

back Background SPL, in dB re 1 μPa, at the hexagon cell center determined 7.5 min after 
start of 15-min interval.  Background values estimated by multiple running minimums 
and smoothing.  See text. 

back.bs Cubic polynomial of background SPL, after standardizing.  Includes 3 coefficients: linear 
(x), quadratic(x2), and cubic (x3), where  
x = (back - mean(back))/sd(back) = (back - (88.97))/9.63. 

seismic Presence or absence of airgun sounds during a 15-min interval.  Seismic equaled 1 if 
airguns were used sometime during interval, 0 otherwise.  

rl.mspl Estimated received broadband (10–450 Hz) MSPL at the hexagon cell center for a 15-
min interval, in dB re 1 μPa above background levels.  MSPLs estimated via the 
regression-based propagation model described in the text. 

rl.csel Estimated received broadband (10–450 Hz) CSEL at the hexagon cell center for a 15-
min interval, in dB re 1 uPa2 · s.  CSEL levels estimated via the regression-based 
propagation model described in the text. 
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TABLE 9.6.  All a priori models estimated during model fitting.  Nuisance variation models were estimated 
first.  Industrial sound models were then added to the top nuisance variation model. 

Model Type  Model # 
# 

Parameters  Model 
1  1  (Intercept only) 
2  2  depth 
3  2  depth.bs 
4  2  long  
5  2  long.bs  
6  2  date  
7  2  date.bs  
8  2  back 
9  2  back.bs 
10  3  depth + long 
11  3  depth + date 
12  3  depth + back 
13  3  depth + long.bs 
14  3  depth + date.bs 
15  3  depth + back.bs 
16  3  depth.bs + long 
17  3  depth.bs + date 
18  3  depth.bs + back 
19  3  depth.bs + long.bs 
20  3  depth.bs + date.bs 
21  3  depth.bs + back.bs 
22  3  long + date 
23  3  long + back 
24  3  long + date.bs 
25  3  long + back.bs 
26  3  long.bs + date 
27  3  long.bs + back 
28  3  long.bs + date.bs 
29  3  long.bs + back.bs 
30  3  date + back 
31  3  date + back.bs 
32  3  date.bs + back 
33  3  date.bs + back.bs 
34  4  depth + long + date 
35  4  depth + long + date.bs 
36  4  depth + long + back 
37  4  depth + long + back.bs 
38  4  depth + date + back 
39  4  depth + date.bs + back 
40  4  depth + date + back.bs 
41  4  depth + date.bs + back.bs 
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42  4  depth.bs + long + date 
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43  4  depth.bs + long + date.bs 
44  4  depth.bs + long + back 
45  4  depth.bs + long + back.bs 
46  4  depth.bs + date + back 
47  4  depth.bs + date.bs + back 
48  4  depth.bs + date + back.bs 
49  4  depth.bs + date.bs + back.bs 
50  4  depth + long + date + back 
51  4  depth + long + date + back.bs 
52  4  depth + long + date.bs + back 
53  4  depth + long + date.bs + back.bs 
54  4  depth + long.bs + date + back 
55  4  depth + long.bs + date + back.bs 
56  4  depth + long.bs + date.bs + back 
57  4  depth + long.bs + date.bs + back.bs 
58  4  depth.bs + long + date + back 
59  4  depth.bs + long + date + back.bs 
60  4  depth.bs + long + date.bs + back 
61  4  depth.bs + long + date.bs + back.bs 
62  4  depth.bs + long.bs + date + back 
63  4  depth.bs + long.bs + date + back.bs 
64  4  depth.bs + long.bs + date.bs + back 

65  4  depth.bs + long.bs + date.bs + back.bs 

Industrial 
Sound  66 to 81  df(best) + 1 

Best nuisance model + rl.mspl with 
thresholds at 0, 5, 10, …, 75 dB above 
background  

 82 to 97  df(best) + 2  Best nuisance model + seismic + rl.csel 
with thresholds at 75, 80, 85, …, 150 dB 

 98  df(best) + 1  Best nuisance model + seismic 

 

The set of nuisance variable models contained those with polynomial effects in several of the 
covariates.  These polynomial effects were included to model non-linear effects and trends in the presence 
of whale calls.  The degree of the fitted polynomial was determined a priori and based on variation in the 
covariate and the potential for higher order effects in the dimension.  The degree of the longitude 
polynomial was set to 3 because longitude largely varied across sites, and a cubic polynomial was 
intermediate between a linear effect and the number of coefficients estimated by the site factor (5).  The 
degree of the depth polynomial was set to 3 because depth does not vary greatly across our study area and 
support for a higher degree polynomial was difficult to imagine a priori.  Fifty percent of the depths of 
hexagon cells in the five racetrack study areas were between 20 m and 36 m.  Assuming probability of a call 
declined in shallow depths near shore, it was difficult to postulate a depth polynomial with degree >3 
because few calls were observed in waters >50 meters deep.  The degree of the polynomial for background 
sound was set to 3 because, like depth, variation in background sound was small relative to other variables 
and it was difficult to imagine higher (>3) effects.  The degree of the date polynomial was set to 4 as a 
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compromise between identifying non-linear trends in the overall number of calls and over-fitting the data 
through time. 

The set of industrial sound models contained parameterizations of received MSPL and CSEL 
necessary to identify a threshold at which call probability begins to drop appreciably.  MSPL threshold 
values were tried from 0 to 50 dB (re 1 μPa) above background in steps of 5 dB.   Similarly, CSEL threshold 
values were fitted from 75 to 150 dB (re 1 μPa2·s) in steps of 5 dB. 

Estimation 

Following estimation, all models listed in Table 9.6 were ranked according to BIC.  The top model in 
this sorted list was identified as the final model.  To investigate effects in the final model, it was evaluated at 
all grid locations inside and outside the racetrack-shaped study areas.  To make predictions of call 
probability (i.e., of πst), all covariates in the final model were required for every cell and every one-hr period 
during the study.   Estimates of background sound were computed for the first 15 min of every hour at 7.5 
min past the hour.  Longitude and depth covariates were known for all cells and did not vary through time.  
Predictions were made for all grid cells with depth less than the maximum observed depth (i.e., 75 m).  Date 
and time did not vary spatially and were set to the top of the hour for all days in the study. 

RESULTS AND DISCUSSION 

DASAR Performance and Call Counts 

During the 2008 field season 40 DASARs were deployed at a total of five different sites (Fig. 9.3).  
Thirty-eight DASARs were retrieved in October (all but 1F and 1L).  Of these, four DASARs had 
inconsistencies in their bearing calibrations (DASAR 1B, 3E, 4A, and 4D).  Bearings from these four 
DASARs were therefore only used during the manual analysis of whale calls, and not in the automated 
analysis.  All in all about 1470 useable DASAR-days of data were collected, amounting to about 35,280 
hours of recordings.  The six days that were analyzed manually represent ~204 DASAR-days or almost 14% 
of the collected data. 

The manual analysis—which was performed on 6 days out of the entire data set—yielded >105,000 
detected calls from several species of marine mammals, including bowhead whales, bearded seals, and 
walrus.  These call counts are summarized in Table 9.7.  Most of the detected calls (>95,000) were from 
bowhead whales.  Bowhead calls were classified into five call types:  upsweeps, downsweeps, constant 
calls, and undulated calls, representing “simple” calls, and one category of complex calls.  The percentage of 
simple calls during the 2008 field season was 84.3% (= 100–% complex calls = 100–15.7%, see Table 9.7).  
This is in the range of a similar study in the Prudhoe Bay area: during eight years (2001–2008) of 
monitoring bowhead calls using DASARs offshore of BP’s Northstar production island, the percentage of 
simple calls was in the range 69–87% (Blackwell et al. 2009a).  Call totals for the manual analysis are 
presented in Table 9.8 as a function of DASAR location.  Site 4 had the highest number of call detections 
and the highest D/C ratio (ratio of detections to calls), i.e., on average, at site 4 each call was detected by 
nearly 4 DASARs.  Site 2 had the highest number of localized calls, followed by sites 3, 4, 5, and 1.  During 
manual analysis there were, at sites 2–5, calls that were detected by all seven DASARs of a site (i.e., max # 
of DASARs used = 7).  Out of 10 functional DASARs at site 1 the highest number of DASARs detecting a 
call was 7 (Table 9.8). 
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TABLE 9.7.  Numbers of calls by bowhead whales, bearded seals, walrus, and unidentified marine 
mammals, as detected during manual analysis of six days (21 and 28 Aug, 6, 13, 21, and 29 Sep) at all 
DASAR sites.  Bowhead calls are classified into five different call types, four types of “simple calls” 
(upsweeps, downsweeps, constant calls, and undulated calls) and one complex call type.  The bottom of 
the table includes a by-site comparison of the number of localized bowhead calls using manual and 
automated analysis, for the same six days mentioned above.  “MM” = marine mammal. 

 Site 1 Site 2 Site 3 Site 4 Site 5 Totals  
Marine mammal species:        
Bearded seal 652 928 558 650 708 3496  
Walrus 710 269 7 30 0 1016  
Unidentified MM 1349 979 1270 1392 562 5552  
Bowhead whale  9415 24,683 20,292 22,996 17,702 95,088  
TOTAL MM CALLS 12,126 26,859 22,127 25,068 18,972 105,152  
        
Call type breakdown for bowhead whales:    Call type % 
   - Upsweep 2609 7587 6488 6850 5640 29,174 30.7% 
   - Downsweep 2079 4813 4063 4611 4389 19,955 21.0% 
   - Constant call 849 2413 2023 2373 3329 10,987 11.6% 
   - Undulated call 2275 5269 4561 4902 3060 20,067 21.1% 
   - Complex call 1603 4601 3157 4260 1284 14,905 15.7% 
        
Call number comparison between manual and automated analysis:  
(only localized bowhead calls)      
Manual analysis 5686 18,835 17,078 15,602 15,086 72,287  
Automated analysis 5541 18,966 15,778 13,954 19,071 73,310  
% difference (from manual) -2.6% 0.7% -7.6% -10.6% 26.4% 1.4%  

 

The automated call analysis yielded >1.3 million bowhead call detections, representing over 420,000 
individual calls.  Call totals from the automated analysis are shown in Table 9.9 for all sites.  As seen during 
manual analysis (Table 9.8), the highest number of localized calls was at site 2 (107,320 call localizations) 
and the lowest at site 1 (38,539 call localizations).  The maximum number of DASARs used per call was 
generally lower during automated call detection (5, 7, 6, 5, and 7 DASARs for sites 1, 2, 3, 4, and 5, 
respectively) than during manual call analysis (7 DASARs at all sites).  A total of 268,870 calls were 
localized within 12 km of each site’s centerline (racetrack-shaped study areas).  These calls were used in the 
modeling of call detection rate as a function of received levels of sound, also presented in this chapter. 

Figure 9.13 illustrates how call numbers were spread over the north-south extent of each site.  All 
sites included a set of seven DASARs placed at the vertices of five “stacked” equilateral triangles (Fig. 9.3), 
with a spacing of 7 km (3.8 n.mi. or 4.3 mi) between DASARs.  Therefore each array was about 6 km (3.2 
n.mi. or 3.7 mi) wide and 21 km (11.3 n.mi. or 13 mi) long.  Site 1 had an additional four DASARs (site 1-
South had five deployed DASARs, but one was lost) placed 20–31 km (~12–19 mi) southeast of DASAR 
1A.  Figure 9.13 shows that DASARs H–K, which were closest to shore and in the shallowest water (15–
19 m or 49–62 ft), recorded the fewest calls.  This trend of decreasing numbers of calls with decreasing 
distance to shore can also be seen within the DASARs of site 1-South, for both the manual (Table 9.8) and 
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TABLE 9.8.  Total numbers of bowhead calls detected during manual analysis of six days (21 and 28 Aug, 
6, 13, 21, and 29 Sep) at each DASAR location and all sites.  The number of calls is smaller than the 
number of detections because each call can be detected by more than one DASAR.  Shown is also the 
maximum number of DASARs that were used in a single call location for each site.  The D/C ratio is the 
ratio of detections to calls.  An asterisk (*) indicates DASARs that were not retrieved at the end of the 
season.  

DASAR location Site 1 Site 2 Site 3 Site 4 Site 5 
% of all call 
detections 

A 21 1026 985 2425 489 1.6% 
B 1319 9855 14,233 16,924 11,499 16.9% 
C 2786 13,346 15,199 17,414 12,911 19.4% 
D 5141 12,509 13,926 15,483 11,558 18.4% 
E 4623 12,198 11,140 13,433 11,124 16.5% 
F 0* 11,507 11,112 12,557 7172 13.3% 
G 4429 11,455 10,166 11,138 5023 13.3% 
H 27 - - - - 0.01% 
I 848 - - - - 0.27% 
J 24 - - - - 0.01% 
K 833 - - - - 0.26% 
L 0* - - - - 0% 
   

TOTALS:      Sum of totals: 
Call detections 20,051 71,896 76,761 89,374 59,776 317,858 

Calls 9415 24,683 20,292 22,996 17,702 95,088 
Localized calls 5686 18,835 17,078 15,602 15,086 72,287 

Max # DASARs used / call 7 7 7 7 7  
D/C ratio 2.13 2.91 3.78 3.89 3.38  

 

automated (Table 9.9) analyses—the two northern DASARs of this group, I and K, detected more calls than 
the two southern DASARs, H and J.  A comparison of the overall distribution of calls as a function of 
position at all five sites (Tables 9.8 and 9.9, rightmost column) showed the highest number of calls at 
DASAR C (19.4% and 19.6% of calls analyzed with the manual and automated methods, respectively), and 
then decreasing percentages for DASARs to the north and south of the central C DASAR.  During 
migration, bowhead whales mainly travel over waters 20–50 m deep (Moore et al. 1989, Moore and Reeves 
1993, Treacy 2002), a depth range in which ~75% of our DASARs were located.  The exceptions are the 
four southernmost DASARs at site 1 (H, I, J, and K), the northernmost DASAR at site 1 (G), as well as the 
northernmost DASARs at site 5, but just barely (D, E, F, and G at site 5 are in the depth range 51.5–52.1 m).  
Considering five out of ten retrieved DASARs at site 1 are out of the preferred depth range for migrating 
bowheads, it may not be surprising that site 1 recorded the fewest calls in both 2007 and 2008. 

Figure 9.14 shows hourly whale call counts at all sites over the entire field season.  The highest 
hourly call detection rates at each site were as follows:   

- site 1:  371 calls/hr on 23 Sep 08:00–09:00; 

- site 2:  644 calls/hr on 5 Oct 23:00–24:00; 

- site 3:  545 calls/hr on 13 Sep 03:00–04:00; 
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TABLE 9.9.  Total numbers of bowhead calls detected during automated analysis over the entire field 
season, at each DASAR location and all sites.  The number of call locations is smaller than the number of 
detections because each call can be detected by more than one DASAR.  The calls within 12 km of the 
centerline at each site are those used in the modeling.  Shown is also the maximum number of DASARs 
that were used in a single call location for each site.  The D/C ratio is the ratio of detections to calls.  An 
asterisk (*) indicates DASARs that were not retrieved at the end of the season.  A pound sign (#) indicates 
a DASAR with an unreliable reference bearing for some or all of its deployment.  

DASAR location Site 1 Site 2 Site 3 Site 4 Site 5 
% of all call 
detections 

A 3663 34,276 51,940 0# 59,724 11.2% 
B 0# 55,315 45,269 44,429 57,893 15.1% 
C 22,920 57,474 64,670 55,092 62,437 19.6% 
D 22,262 63,635 56,390 0# 54,842 14.7% 
E 23,833 60,351 0# 62,187 52,383 14.8% 
F 0* 56,333 37,940 44,683 32,229 12.8% 
G 12,318 46,670 17,369 43,826 21,094 10.5% 
H 2772 - - - - 0.2% 
I 4993 - - - - 0.4% 
J 3713 - - - - 0.3% 
K 4407 - - - - 0.3% 
L 0* - - - - 0% 
       

TOTALS:      Sum of totals: 
Call detections 100,881 374,054 273,578 250,217 340,602 1,339,332 

Call localizations 38,539 107,320 93,551 82,365 98,355 420,130 
Calls w/in 12 km of centerline 26,600 74,233 55,495 51,805 60,737 268,870 

Max # DASARs used / call 5 7 6 5 7  
D/C ratio 2.62 3.49 2.92 3.04 3.46  

 

 
FIGURE 9.13.  Numbers of call detections as a function of DASAR locations for sites 1–5.  DASAR A was 
the farthest south at each site, and DASAR G the farthest north (see Fig. 9.3).  DASARs H–L were part of 
site 1, southeast of DASAR 1A (see Fig. 9.3).  DASARs 1F and 1L were lost, and DASARs 1B, 3E, 4A, 
and 4D were not included in the automated analysis because of uncertainties in their bearing calibrations. 
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FIGURE 9.14.  Hourly call detection rate at all five sites over the entire field season. 
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- site 4:  601 calls/hr on 12 Sep 11:00–12:00; 

- site 5:  538 calls/hr on 23 Aug 13:00–14:00. 

Location Estimates 

Location estimates were obtained whenever a call was detected by at least two DASARs.  Location 
estimates are shown in Figure 9.15 for calls detected over the entire season at all sites.  Figure 9.15A shows 
all positions obtained, regardless of the quality of the position estimate.  Figure 9.15B shows positions that 
were located within the racetrack-shaped study areas, i.e., within 12 km of the centerline through each site, 
and that were used in the modeling of calling rates as a function of received levels of sound.  The DVD that 
accompanies this report contains two movies showing the progression of call location estimates, in four-
hour snapshots, over the entire study area and the entire season.  One movie shows all call locations whereas 
the second movie is limited to calls that are within the racetrack-shaped study areas. 

 
FIGURE 9.15.  Call location estimates for sites 1 through 5.  (A)  All call locations obtained, irrespective of 
their accuracy.  (B)  Call locations within 12 km of a centerline through each DASAR array. 

 

 



Chapter 9:  Beaufort Sea Acoustic Monitoring    9-39 

The six days that were analyzed both manually and with the automated detection program give us the 
opportunity for a comparison of results using these two methods.  Figure 9.16 shows all calls localized on 
six days (21 and 28 Aug, 6, 13, 21, and 29 Sep) using either manual analysis (Fig. 9.16A) or the automated 
algorithm (Fig. 9.16B).  Visual comparison of the two plots shows many similarities in general features of 
the call distribution.  However, at least two differences between the two analysis methods are readily 
identifiable at this scale:  (1) the automated method identified more calls far away from the DASAR arrays;  
and (2) the automated method identified “spokes” in the call distribution.  “Spokes” are groups of calls 
placed approximately on a line originating at a DASAR and pointing in a certain direction, generally east or 
northeast.  Spokes are also visible in Figure 9.15A, showing all the calls localized using automated 
detection.  Spokes that stretch over tens to hundreds of km are caused by very distant airgun operations.  As 
the airgun pulses travel over long distances their spectral characteristics change and they acquire features 
that make them look like whale calls.  If the location of the seismic vessel producing the spokes is known, 
then it is relatively easy to eliminate the spokes by eliminating any bearings that point directly to the 
location of the seismic vessel at the time it is known to be using airguns.  However, during the 2008 field

 

FIGURE 9.16.  Comparison of the distribution of bowhead calls as detected during 6 days (21 and 28 Aug, 
6, 13, 21, and 29 Sep 2008) analyzed at all sites, either manually (A) or with the automated call detection 
algorithm (B). 
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season there were at least a couple of seismic operations to the east or northeast of our study area and for 
which we have no location information, so spokes created by those operations could not be eliminated 
objectively. 

This study aims to detect changes in bowhead whale distribution, as indicated by whale calls, during 
the westward fall migration as a result of anthropogenic activities.  It is therefore useful to have a “control” 
as a point of comparison.  The bowhead whale aerial survey program (BWASP) has been conducting aerial 
surveys since 1982.  Figure 9.17A shows a map of sightings during the years 1998–2004, 2007, and 2008. 
Those nine years were all characterized by low summer ice coverage.  This is important as bowhead whales’ 
travel distance from shore is influenced by the amount of ice cover during the fall migration (Moore 2000, 
Treacy 2002, Treacy et al. 2006), and tends to be closer to shore in ice-free years (compared to heavy ice 

 
FIGURE 9.17.  (A)  BWASP sightings in the years 1998–2004, 2007 and 2008, with a different symbol for 
each year.  These years were all low ice years.  The red (middle) line shows the median distance from 
shore for whale sightings during these years, the green (inshore) line is the 10th percentile and the blue 
(offshore) line is the 90th percentile.  (B)  Comparison of the call locations obtained in 2008 (gray dots) 
with the BWASP sightings shown in (A).  The functional DASAR locations are shown as red triangles.  
Note that the longitude range on the two maps is different. 
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years).  The whales’ median distance location, in the range 140º–157º longitude W, is also shown in Figure 
9.17 together with the 10th and 90th percentiles.  These data, potentially augmented with other years of aerial 
surveys, may serve as useful control information to help establish the long-term location of the whale 
migration corridor. 

Received Levels 

Fitted models 

Estimated coefficients of final regression models for MSPL (median sound pressure level) and CSEL 
(cumulative sound exposure level) at DASARs are shown in Table 9.10 for occasions when a single seismic 
vessel was using airguns, and in Table 9.11 for occasions when two vessels were operating at the same time.  
Models were fit first for MSPL using stepwise AIC-based selection.  For CSEL these same models were 
verified to fit the data well, judging both from examination of models closely related to the final model and 
from confidence intervals for regression coefficients.  However, extensive model-building was not repeated 
for CSEL. 

During model-building for a single active seismic vessel, both dist1 and logdist1 (range and its log-
transform) were forced into all models.  In addition to these terms, the final model (Table 9.10) included 
terms for identifying the vessel, operational status (either mitigation gun or full array), direction from 
DASAR (i.e., the cell center) to the vessel, longitude at the DASAR, water depths at both the vessel and the 
DASAR locations, minimum water depth between the vessel and the DASAR, as well as interactions 
between range and each of vessel depth, DASAR depth, and operational status.  Adjusted R2 was 0.66 for 
MSPL and 0.68 for CSEL, indicating that most variation in recorded sound level was accounted for by these 
models.  Nonetheless, there was still substantial unexplained variation, as seen in overlaid plots of observed 
and predicted values at DASARs (Figure 9.18A and B). 

 

TABLE 9.10.  Estimated equations for received level when only one seismic vessel was operating.  Lower 
and upper 95% confidence limits (L95 and U95, respectively) are shown for all estimated coefficients. 

 MSPL CSEL 
Parameter Estimate L95 U95 Estimate L95 U95 
Intercept 315.2354 297.8794 332.5914 329.3904 311.4648 347.3160
dist1 0.3386 0.3286 0.3486 0.3358 0.3254 0.3461
logdist1 -37.0943 -38.0579 -36.1308 -31.9737 -32.9688 -30.9785
vessel1a 3.7220 3.2315 4.2124 1.0104 0.5038 1.5169
vessel1b -9.1846 -9.8138 -8.5555 -10.7249 -11.3747 -10.0751
guns1 11.6065 11.2546 11.9585 14.0756 13.7121 14.4391
cdepth 0.4771 0.4429 0.5113 0.5792 0.5438 0.6146
mindepth1 -0.3315 -0.3587 -0.3043 -0.4969 -0.5250 -0.4689
vdepth1 -0.7680 -0.7950 -0.7409 -0.7652 -0.7932 -0.7372
cosdir1 -1.1569 -1.5508 -0.7630 -0.1442 -0.5511 0.2627
sindir1 2.7732 2.5489 2.9974 3.2786 3.0469 3.5102
lon 1.3441 1.2306 1.4576 1.4181 1.3009 1.5353
dist1 × vdepth1 0.0073 0.0071 0.0074 0.0075 0.0074 0.0077
dist1 × cdepth -0.0022 -0.0023 -0.0020 -0.0023 -0.0025 -0.0022
dist1 × guns1 -0.0528 -0.0554 -0.0503 -0.0612 -0.0638 -0.0585
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TABLE 9.11.  Estimated equations for received level when two seismic vessels were operating 
simultaneously.  Lower and upper 95% confidence limits (L95 and U95, respectively) shown for all 
estimated coefficients. 

 MSPL CSEL 
Parameter Estimate L95 U95 Estimate L95 U95 
Intercept 972.5626 920.4148 1024.7105 916.6078 863.7070 969.5085
dist1 0.1829 0.1675 0.1984 0.1268 0.1111 0.1424
logdist1 -52.2724 -53.7606 -50.7843 -44.0765 -45.5861 -42.5668
vessel1 12.4136 11.5051 13.3221 13.0343 12.1127 13.9560
guns1 13.0355 12.5661 13.5049 16.7035 16.2273 17.1796
cdepth -0.3270 -0.3739 -0.2802 -0.3515 -0.3990 -0.3040
mindepth1 -0.3640 -0.4007 -0.3274 -0.4638 -0.5009 -0.4266
vdepth1 -0.5958 -0.6424 -0.5491 -0.5422 -0.5895 -0.4948
cosdir1 -9.4696 -10.0395 -8.8997 -7.8861 -8.4642 -7.3080
sindir1 1.3210 1.0150 1.6270 2.0339 1.7235 2.3443
lon 5.6247 5.2863 5.9630 5.3751 5.0318 5.7183
dist1 × vdepth1 0.0035 0.0032 0.0038 0.0033 0.0030 0.0036
dist1 × cdepth 0.0011 0.0009 0.0014 0.0019 0.0017 0.0021
dist1 × guns1 -0.0614 -0.0646 -0.0582 -0.0764 -0.0797 -0.0732
dist2 -0.1506 -0.1616 -0.1396 -0.1817 -0.1929 -0.1705
logdist2 17.0884 15.7660 18.4108 29.6066 28.2651 30.9481
vdepth2 -0.2407 -0.3296 -0.1519 -0.4874 -0.5775 -0.3973
 

Model-building for two simultaneously active seismic vessels began with covariates in the final 
model for a single vessel and added terms, as appropriate.  The final model (Table 9.11) included dist2, 
logdist2  (range to the second seismic ship) and vdepth2 (water depth at the second ship).  No other terms 
were appropriate for this model.  Adjusted R2 was 0.81 for MSPL and 0.83 for CSEL.  Observed and 
predicted values at DASARs correspond reasonably well (Figure 9.18C and D). 

One somewhat surprising result was the fact that site 5 recorded the highest number of airgun pulses 
of all sites, as analyzed by the automatic airgun pulse detector, despite being farthest from the Shell and 
Pioneer / Eni airgun operations.  In addition to these operations, described in this report, there were at least a 
couple of seismic operations east or northeast of our study area.  Site 5 was therefore closest to these 
operations and in the deepest water (up to 52 m) of all the sites.  This likely explains the large number of 
airgun pulses detected (site 5 had ~1.5 × the number of pulses at sites 1 and 2, and ~1.3 × the number of 
pulses at sites 3 and 4), even though received levels were generally low (50th and 95th percentiles: SPL = 105 
dB and 118 dB re 1 μPa, SEL = 106 dB and 119 dB re 1 μPa2·s).  Pulses from “other” (non-Shell or non-
Pioneer/Eni) operations are a source of error in the modeling of received levels.  Ideally they should not 
have been included in the modeling, but eliminating them would have required computing the bearing of 
each pulse, a time-consuming task that had not been anticipated but is planned for future analyses. 

Site 5 was the only location at distances more than ~210 km from the known airgun operations.  
Figure 9.18 shows that at those distances RLs are somewhat higher than may be expected based on RLs at 
closer distances.  This may be a direct consequence of these interfering pulses from unknown sources to the 
east. 
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FIGURE 9.18.  Observed and predicted received MSPLs ((A) and (B)) or CSELs ((C) and (D)) at DASARs, 
plotted against distance from the only, or the first, airgun vessel.  (A) and (C) show received levels when 
only one vessel was operating airguns, while (B) and (D) show received levels while two vessels were 
using airguns.  Note that variation in predictions is generated by the contribution of multiple covariates 
(Tables 9.7 and 9.8).  Predictions were generated at the observed covariate values.  Overloaded pulses 
at close ranges were not included. 

Predictions 

Using the fitted models based on sound levels recorded at DASARs (Tables 9.10 and 9.11), both 
MSPL and CSEL were predicted for every grid cell during every 15-min interval in which airguns were 
used.  Received CSELs and MSPLs are summarized in Figures 9.19 and 9.20, respectively, as a function of 
whether cell-time combinations included whale call detections (black bars) or not (white bars), for all five 
sites.  The two figures show the same general patterns.  Figure 9.19 shows that at the two sites that were 
farthest from airgun activities—sites 2 and 5—the distribution of received CSELs for cell-time 
combinations with and without calls is similar.  This indicates that cumulative sound exposure levels were 
not sufficient at these sites to cause a noticeable change in the probability of getting a call inside a particular 
grid cell at a particular time. 
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FIGURE 9.19.  Predicted received cumulative sound exposure levels (CSEL) at all five sites, for cell and 
time interval combinations that include one or more whale calls (black bars) versus no whale calls (white 
semi-transparent bars—therefore when black bars are behind white bars they appear gray).  Only cells 
inside the racetrack-shaped study areas were included.  Sample sizes are given at the bottom right. 
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FIGURE 9.20.  Predicted received median sound pressure levels (MSPL) at all five sites, for cell and time 
interval combinations that include one or more whale calls (black bars) versus no whale calls (white semi-
transparent bars—therefore when black bars are behind white bars they appear gray).  Only cells inside 
the racetrack-shaped study areas were included.  Sample sizes are given at the bottom right. 

 



9-46   Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

The situation is different for the three sites closest to airgun activities—sites 1, 3, and 4.  Here the 
distribution of CSELs shows a “bump” to the right of the distributions, for cell-time combinations that did 
NOT include a whale call (white bars in Fig. 9.19).  In other words, at times and locations (grid cells) with 
higher received CSELs no whale calls were detected, presumably because the whales were not calling or 
were not present.  (Remember that Figure 9.19 only includes calls detected in grid cells of the racetrack-
shaped analysis areas, where the probability of detecting a call is high.)  Received CSELs in that bump are 
lower at site 1 than at sites 3 and 4.  This probably has to do with the fact that site 1 is in shallower water 
(15–23 m) than sites 3 and 4 (25–39 m).  Thus, the lower frequencies of the airgun pulses are more likely to 
get stripped out at site 1, leading to lower received levels and energies of sound. 

In assessing Figure 9.19 it is important to remember that there was not a continuum, for each site, in 
the distances to the airguns, but rather a set of ranges.  This explains some of the features in the distribution 
of received levels and emphasizes the fact that the differences in the distributions with and without whale 
calls are what is important, not the distributions themselves.  For example, the lack of samples at received 
CSELs of about 120 dB re 1 μPa2·s, at sites 3 and 4 (Fig. 9.19), could be due to the fact that the DASARs at 
these two sites were never in the range of ~60–120 km from known airgun operations.  Continuous airgun 
operations at the rate of one airgun pulse every 10 s would result in ~ 90 pulses in a 15-min period.  If the 
received SEL is about 100 dB re 1 μPa2·s, then the received CSEL over 15 min would be about 20 dB 
higher (10 · log(90) = 19.54), i.e. ~120 dB re 1 μPa2·s, assuming all 90 pulses are at about the same SEL. 

Figure 9.19 shows that at site 5 the CSEL probability distribution is shifted to the right compared to 
the other sites.  In other words, received CSELs were higher at site 5, regardless of whether cell-time 
combinations included whale calls or not.  This could be a direct consequence of the interfering pulses from 
the east, explained above.  However, what matters in this analysis is the fact that the distributions for cell-
time combinations with whale calls (at site 5) versus without are not different for either the CSEL or MSPL 
measures. 

Background Sounds 

Figure 9.21 presents an overview of background sounds at a total of 10 DASARs, two at each site.  
The 30-min minimum (step 1, see Figure 9.10) is shown for the G DASAR (northernmost) at each site 
(black line).  This line is strongly influenced by ongoing airgun use.  The smoothed running minimum (step 
3) is also shown for the G DASAR at each site (red line).  These smoothed background levels were used in 
the modeling procedure.  At all sites background levels were somewhat lower at the A (southernmost and 
shallowest) DASAR.  To illustrate this the smoothed running minimum background level (step 3) for the A 
DASAR at each site is also shown (gray line) in Figure 9.21.  Overall, minimum levels of background sound 
were lowest at site 1, the shallowest site, and increased with site depth, being highest at site 5 (Fig. 9.21). 

Logistic Regression Modeling of Call Probability  

The first step of model selection resulted in two similar and essentially equivalent nuisance variable 
models.  The top two BIC-ranked nuisance variable models differed by 4.56 BIC points only (Table 9.12), 
and both contained polynomial effects for depth (depth.bs), longitude (long.bs), and date (date.bs).  The top 
two models differed only in the form of background sound included.  The top model contained background 
sound as a linear predictor (back) (Table 9.12), while the second model contained background sound as a 
polynomial (back.bs).  Although both models were equivalent by BIC standards, the second model 
contained two more coefficients than the top model.  The principal of parsimony dictates that the model 
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FIGURE 9.21.  Background levels of broadband sound at all five sites (S1–S5).  The 30-min minimum (step 
1, see text) is shown in black for DASAR G at each site.  The smoothed running minimum (step 3, see 
text) is shown in red for DASAR G at each site and in gray for DASAR A at each site.  Note y-axis scales 
are somewhat different for sites 4 and 5. 
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TABLE 9.12. The top twenty logistic regression models containing nuisance variables only.  BIC is the 
Bayesien Information Criterion that measure overall fit of the model to data, and includes a penalty for 
every additional covariate.  ΔBIC is the difference between a model’s BIC and the minimum BIC. 

Rank Model BIC ΔBIC 

1  depth.bs + long.bs + date.bs + back 29558.87 0 
2  depth.bs + long.bs + date.bs + back.bs 29563.43 4.56 
3  depth.bs + long + date.bs + back 29660.32 101.45 
4  depth.bs + long + date.bs + back.bs 29663.45 104.58 
5  depth.bs + long.bs + date + back.bs 29736.85 177.98 
6  depth.bs + long.bs + date + back 29772.41 213.54 
7  depth.bs + long + date + back.bs 29819.27 260.4 
8  depth.bs + long + back.bs 29858.71 299.84 
9  depth.bs + long + date + back 29860.91 302.04 

10  depth.bs + long + back 29893.64 334.77 
11  depth.bs + date.bs + back.bs 29925.63 366.76 
12  depth.bs + date.bs + back 29985.52 426.65 
13  depth.bs + date + back.bs 30058.92 500.05 
14  depth.bs + back.bs 30120.36 561.49 
15  depth.bs + date + back 30194.23 635.36 
16  depth + long.bs + date.bs + back.bs 30222.38 663.51 
17  depth + long.bs + date.bs + back 30246.68 687.81 
18  depth.bs + back 30249.01 690.14 
19  depth + long.bs + date + back.bs 30375.13 816.26 
20  depth.bs + long.bs 30395.84 836.97 

 

with fewer coefficients should be favored, and thus the top nuisance model was advanced to the second step 
of model selection. 

The second step of model selection added MSPL and CSEL sound variables under a variety of 
hypothesized thresholds.  The top model at the end of step two contained the anthropogenic variables 
seismic and rl.csel.125 (Table 9.13).  This model implied that the probability of a call occurring during any 
particular 15-min period depended on whether airguns were being used and whether those operations dosed 
the cell with >125 dB re 1 μPa2·s of cumulative sound exposure level (CSEL).  If airguns were turned off or 
distant enough that their cumulative energy was <125 dB re 1 μPa2·s, the model predicted no change to the 
underlying probability of a call in the cell.  When cumulative SEL exceeded 125 dB re 1 μPa2·s, the relative 
odds of a call (= ln( / (1 ))st stπ π− ) declined by 9.9% (95% CI = 8.5% to 11.2%, p < 0.0001) for every 1 dB 
increase in CSEL.  Assuming the odds of detecting a call were 0.0526 (=0.05/0.95) with CSEL=125 dB, the 
odds of detecting a call when CSEL increased to 130 dB declined to 0.0312 (=0.0526 · (1 – 0.099)5).  For 
very high CSELs, the odds of detecting a call were predicted to be very close to, but not equal to, zero.  This 
is shown in Figure 9.22, in which every dot represents the received CSEL for a particular cell-time 
combination, and whether or not one or more whale calls were detected for that cell.  Figure 9.22 allows 
visualization of the received CSEL at which call detection rates drop—for the data set presented in this 
report this “edge” is at a CSEL value of 125 dB re 1 μPa2·s. 
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Table 9.13.  Top twenty models at the end of the second step of model selection.  '[top nuisance model]' 
is the top model from step one and includes the variables depth.bs, long.bs, date.bs, and back. 
'rl.csel.XXX' or 'rl.mspl.XXX' means CSEL or MSPL sound variables with a threshold at XXX dB. 

Model BIC ΔBIC 

[top nuisance model] + seismic + rl.csel.125 29119.82 0.00 
[top nuisance model] + seismic + rl.csel.130 29135.94 16.12 
[top nuisance model] + rl.mspl.20 29141.78 21.96 
[top nuisance model] + seismic + rl.csel.120 29158.14 38.32 
[top nuisance model] + rl.mspl.15 29159.48 39.67 
[top nuisance model] + rl.mspl.25 29178.65 58.83 
[top nuisance model] + seismic + rl.csel.115 29183.71 63.89 
[top nuisance model] + seismic + rl.csel.135 29199.73 79.92 
[top nuisance model] + rl.mspl.10 29211.74 91.92 
[top nuisance model] + seismic + rl.csel.110 29218.42 98.60 
[top nuisance model] + rl.mspl.30 29248.26 128.44 
[top nuisance model] + seismic + rl.csel.140 29255.25 135.43 
[top nuisance model] + seismic + rl.csel.105 29257.65 137.83 
[top nuisance model] + rl.mspl.5 29260.63 140.81 
[top nuisance model] + seismic + rl.csel.100 29271.41 151.59 
[top nuisance model] + seismic + rl.csel.95 29287.77 167.95 
[top nuisance model] + rl.mspl.0 29292.99 173.17 
[top nuisance model] + seismic + rl.csel.90 29297.76 177.94 
[top nuisance model] + seismic + rl.csel.85 29304.86 185.05 
[top nuisance model] + seismic + rl.csel.80 29315.10 195.28 

 

Interpretation of this result is not straightforward, mainly because “do-not-exceed” injury or 
behavioral disturbance limits, as implemented by NMFS (2000) and as used in the last decade, are expressed 
as sound pressure levels (dB re 1 μPa), which are measured as averages over the pulse duration.  In addition, 
because SPLs are dependent on pulse duration, which changes with distance from the source because of 
propagation effects, the relationship between SPL and SEL is not constant, and one unit cannot simply be 
converted into another. 

It is therefore easiest to examine this result with examples, using data from sound source verifications 
(SSVs) performed by JASCO on the Gilavar in 2008 (Hannay and Warner 2009), while the vessel was 
operating with a full array (3147 in3) or a mitigation gun (30 in3).  In these examples we have assumed that 
the airguns were fired every 10 s4 and that they were firing continuously (e.g., no shut-downs).  We 
therefore assumed 90 airgun shots (15 · 6) per 15-min period.  Near the seismic vessel received sound 
exposure levels (SELs) were well above 125 dB, therefore CSEL calculated over 15 min were also well 
above 125 dB re 1 μPa2·s.  At these distances our model predicts a very low calling rate in bowhead 

                                                      

 
4 The Gilavar aimed for an airgun shot every 25 m—at a mean speed of 4–5 knots that comes to an inter-pulse 
interval of 10–12.5 s. 
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FIGURE 9.22.  Relative effects of received CSEL in the final logistic regression.  Each point represents a 
grid cell at a particular 15-min time window in the fitting data set, and either contained or did not contain 
an estimated call location.  Vertical coordinates of points have been ‘jittered’ to show overlapping points 
(without jittering all points of the same color would align on a line).  Best fitting model contained a 
threshold at CSEL = 125 dB re 1 μPa2·s. 

whales, as shown by the lack of blue dots in the top right half of Figure 9.22.  As distance from the seismic 
ship increases and received sound levels decrease, there is a point when received SELs are low enough that 
the CSEL over 15-min is 125 dB re 1 μPa2·s—the threshold determined by our model.  Based on the SSV 
measurements (Hannay and Warner 2009), this distance was about 50 km when using the full array and 
33.5 km when using the mitigation gun, and is illustrated in Figure 9.23 in relation to the DASAR 
deployment locations.  The center of the set of circles is arbitrarily placed northwest of site 4, in an area 
where the Gilavar was gathering seismic data during some of the 2008 season (see Fig. 9.8).  These 
examples do not mean that there will not be a possible effect on call detection rates beyond the circles.  For 
example, if the received SEL at a whale is such that a CSEL of 125 dB is reached in 17 min instead of 
15 min, this could have an effect on a whale’s calling rate, but our model does not address this case since we 
have chosen the arbitrary time interval of 15 min over which to calculate CSEL. 

The distance from the Gilavar at which the received SEL was 125 dB re 1 μPa2·s—meaning a single 
airgun pulse would be enough to yield a CSEL of 125 dB re 1 μPa2·s—was about 34 km for the full array 
and 11.3 km for the mitigation gun.  These distances are shown in Figure 9.23 with dashed lines. 

Since do-not-exceed criteria (NMFS 2000) are expressed as sound pressure levels (and not sound 
exposure levels) it is useful to put these numbers in perspective with the actual received SPLs at the 
distances shown in Figure 9.23.  For the full array, the SPL at 50 km (farthest distance from the Gilavar at 
which CSEL over 15 min≥125 dB re 1 μPa2·s) was 123 dB re 1 μPa, and the SPL at 34 km (point at which 
SEL=125 dB re 1 μPa2·s for a single pulse) was 135 dB.  For the mitigation gun, the SPL at 33.5 km 
(farthest distance from the Gilavar at which CSEL over 15 min≥125 dB re 1 μPa2·s) was 108 dB re 1 μPa, 
and the SPL at 11.3 km (point at which SEL=125 dB re 1 μPa2·s for a single pulse) was 134 dB.  Note how 
different the SPL values are for the full array and mitigation gun, at these two thresholds where SEL or 
CSEL values are the same.  In other words, at the outer limit of the turquoise and light gray circles in Figure  
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FIGURE 9.23.  Range of distances from seismic ship within which the top model would predict a drop in 
call detection rates.  These examples are calculated assuming continuous operation of the airguns and a 
firing rate of once per 10 s (i.e., 90 shots per 15 min period).  The shaded circles show the calculated 
ranges within which CSEL≥125 dB re 1 μPa2·s for the mitigation gun (30 in3, light gray) and full airgun 
array (3147 in3, turquoise).  The radius of the biggest circle is 50 km.  Dashed lines show the distance at 
which received SEL=125 dB re 1 μPa2·s, for the mitigation gun (smaller dashed circle) and the full airgun 
array (dash-dotted circle, which happens to be right next to the limit between the turquoise and light gray 
shading).  Note that this depiction is idealized and does not take into account factors that would affect 
propagation.  For example, as water depths become shallow southward towards the Alaskan coast, 
airgun pulses would attenuate faster than in deeper water, which would push the southern edges of the 
circles northward. 

9.23 the CSEL value is the same for both types of arrays (125 dB re 1 μPa2·s), yet the SPL values differ by 
15 dB (123 dB for the full array vs 108 dB for the mitigation gun). 

Figure 9.24 illustrates the relationship between SPL, pulse duration, and the CSEL calculated over 15 
min (again, assuming a total of 90 airgun pulses in 15 min).  For example, if SPL=100 dB re 1 μPa and the 
pulse duration is 0.08 s, then CSEL=116 dB re 1 μPa2·s (as calculated over 15 min).  If SPL=110 dB re 1 
μPa and pulse duration is 0.5 s, then CSEL=133.5 dB re 1 μPa2·s.  In other words, with shorter pulses higher 
SPLs are required to reach a CSEL of 125 dB in 15 min. 

Maps of predicted call probability appear in Figure 9.25.  When seismic exploration activities were 
ongoing, the depression in probability of calling due to increased received levels from airgun pulses is 
evident in these figures (compare Fig. 9.25A and 9.25C to Fig. 9.25B).  These figures are frames taken from 
a movie that is available on the DVD accompanying this report.  Note that the nearshore seismic operations 
around Spy Island and Thetis Island (PGS, see Fig. 9.8) were ongoing in all three frames.  However, the 
shallow water depth and the fact that few bowheads traveled that close to shore meant that effects on calling 
behavior are barely detectable in that area.  

Effects of anthropogenic sounds—from vessel noise to sonar “pings” and airgun pulses—on mysticete 
vocal behavior have been studied in several species, with various results.  In some, increased levels of 
anthropogenic sounds led to decreased calling rates or shorter call durations (Sousa-Lima and Clark 2008, 
Sousa-Lima et al. 2002, Norris 1994, 1995, Watkins 1986, Dahlheim 1987, Tyack 1999), whereas in others 
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FIGURE 9.24.  Relationship between pulse sound pressure level (SPL) and cumulative sound exposure 
level (CSEL, calculated over 15 min) as a function of the length of the pulse. 

there was no effect (Maybaum 1993) or an increase in the length of songs (Miller et al. 2000, Fristrup et al. 
2003).  However, a mysticete whale’s reaction to a continuous sound, like a vessel, could be different from 
their reaction to an impulsive sound, such as an airgun pulse or pile-driving.  Therefore, the discussion below 
will be limited to studies investigating mysticete reactions to airgun pulses and/or studies on bowhead whales. 

Bowhead whales have been shown to react to airgun sounds, by deflecting or by changing their 
calling behavior (Richardson et al. 1986, 1999; Ljungblad et al. 1988; Blackwell et al. 2008), or both. 
Greene et al. (1998, 1999) used autonomous seafloor acoustic recorders to monitor bowhead call detection 
rates during the use of airguns in the Alaskan Beaufort Sea in late summer/early autumn.  Concurrent aerial 
surveys showed that most bowheads were displaced from the area near the operating airguns, and call 
detection rates (per hour) at the recorders closest to the airguns were significantly lower at times with pulses 
than without.  Richardson et al. (1986) used sonobuoys and aircraft-based observations to study the 
reactions of bowhead whales to seismic exploration in the Canadian Beaufort Sea during summer.  They 
found that average call detection rates (per whale) were slightly less for summering bowheads exposed to 
seismic pulses compared to undisturbed bowheads.  Our findings are generally consistent with these earlier 
studies, and particularly with the Alaskan study of Greene et al. (1998, 1999), i.e., seismic surveys lead to a 
significant decrease in the call detection rates of bowhead whales.  The 2007 Shell acoustic monitoring in 
the Beaufort Sea, using the same arrays of DASARs, compared call detection rates at sites close to and far 
away from airgun operations, while controlling for ambient sound levels.  Here again, the results showed a 
significant drop in call detection rates during airgun operations (Blackwell et al. 2008). 

What distinguishes the findings presented in this chapter from most earlier work is the fact that we 
have been able to quantify the “dose” of airgun sounds at which bowhead whale call detection rates drop 
significantly.  This dose hinges on some arbitrary decisions that had to be made to make the analysis 
manageable, like calculating sound exposure levels over 15 min instead of for example 5 min or 30 min.  
Nevertheless, there is an urgent need to quantify behavioral effects of anthropogenic sounds on marine 
mammals (NRC 2003, 2005), and this study takes a few steps towards that goal. 
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FIGURE 9.25.  Map of estimated call probability at three different times during the 2008 field season.  Color 
bar on the right represents probability of a call in a grid cell during an arbitrary 15-min period of time.  The 
location of the seismic vessel is shown with gray dots when airguns were not being used and pink dots 
when airguns were being used.  (A)  8 Sep @ 8:00 when airguns were being used by the Gilavar at site 1 
and the PGS operation.  (B)  12 Sep @ 15:00 when airguns were only being used at the PGS operations 
(and not by the Gilavar at site 2).  (C)  13 Sep @ 15:00 when airguns were being used by the Gilavar 
north of sites 3 and 4 and the PGS operation. 
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It is likely that the apparent decrease in calling rate (as measured by call detection rates at the 
DASARs) is caused by the combination of a reduction in calling rate (per whale), and by avoidance of the 
area by some whales in response to the seismic program.  The rapid increase in call detection rates at sites 3 
and 4 during breaks in seismic activities (Blackwell et al. 2009b) lends support to the hypothesis that at least 
some whales remained in the area during periods with seismic operations but altered their calling patterns in 
response to airgun sounds.  In addition, after the onset of seismic operations we did not see a “trail” of calls 
at sites 3 and 4, at increasing distances from the seismic vessel, as would be the case if the whales left the 
area while continuing to call.  Similarly, soon after the end of seismic operations calls started appearing 
close to the seismic operations area, so the whales could not have been too far away.  The aerial surveys that 
were part of the present study (Chapter 7) showed high sighting rates near seismic operations, and these 
sightings consisted primarily of whales that appeared to be feeding, as opposed to just migrating.  Miller et 
al. (2005) have showed that bowhead whales are much more tolerant of seismic operations when an 
attractant such as food is present.  The aerial surveys also showed that rather than being displaced by 
seismic activities bowhead whales appeared to aggregate in the vicinity of seismic operations, while 
showing mild avoidance to the seismic operations.  Again, the cause of this behavior seems to have been the 
presence of feeding patches (Chapter 7). 

Another noteworthy aspect of the analysis presented in this chapter is the fact that cumulative sound 
exposure level (CSEL) was included in the top model, as opposed to the more commonly used sound 
pressure level (SPL).  Sound exposure levels have the advantage of enabling the summation of multiple 
sounds that can have differing lengths and intensities.  SELs on their own do not provide sufficient 
information to describe all the aspects of a sound source that may be important to an animal (Southall et al. 
2007, Madsen 2005).  However, in the type of study presented here, where the sound source consists of 
high-intensity pulses of short duration and separated by relatively long pauses (compared to the length of the 
pulse), SEL certainly seems like a better measure of the dose of sound impinging on a whale than is SPL.  
Because SPLs cannot be added, the median SPL, for example, would be the same for a 15-min interval with 
three or with 90 airgun pulses at a particular received level.  The use of SEL is expanding in the field, and 
the results presented in this chapter add another element to the list of advantages of criteria other than SPL 
to assess effects of anthropogenic sounds on marine mammals. 

Bowhead whales have also been known to deflect away from airgun sounds.  Studies in the 1980s 
showed that whales within a few kilometers of seismic activities generally moved away from the area 
(Richardson et al. 1986; Koski and Johnson 1987; Ljungblad et al. 1988).  Based on visual observations 
using aerial surveys in 1996–1998, Miller et al. (1999) and Richardson et al. (1999) showed that most 
autumn-migrating bowhead whales apparently avoided seismic vessels operating in the Alaskan Beaufort 
Sea by 20–30 km.  The passive acoustic method used in this study only addresses changes in calling 
patterns.  Because the method is dependent on calling whales (as opposed to silent whales), and the factors 
determining why and when a bowhead vocalizes are not known, we cannot detect changes in other aspects 
of the whales’ behavior, such as whether they deflect from their migration path. 

In summary, this analysis has quantified behavioral reactions of migrating bowhead whales to airgun 
sounds from seismic exploration.  When exposed to cumulative sound exposure levels (CSELs) exceeding 
125 dB re 1 μPa2·s over 15 min, call detection rates at the DASARs dropped rapidly and significantly.  This 
analysis has also shown that in determining this threshold, CSEL is a better measure of the dose of sound 
impinging on the whales than median sound pressure level (MSPL). 
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10.  OTHER INDUSTRY AND AGENCY STUDIES 1 
In addition to the studies conducted by SOI as described in the earlier chapters of this report, other 

industry–sponsored studies were conducted by several companies in support of development activities in 
offshore areas of the Chukchi and Beaufort seas during the open–water period 2008.  ConocoPhillips, in 
conjunction with SOI, conducted shallow hazards surveys and baseline studies of marine birds and 
mammals in the Chukchi Sea in 2008 in support of potential future exploratory activities.  In the Beaufort 
Sea, BP Exploration (Alaska) Inc. (BPXA) conducted ongoing acoustic studies in support of oil 
production activities at Northstar Island, and a marine mammal monitoring and mitigation program in 
support of ocean bottom cable (OBC) seismic surveys for the Liberty development that also included an 
acoustic component.  Pioneer Natural Resources Alaska, Inc. (Pioneer) in cooperation with Eni U.S. 
Operating Co. Inc. (Eni) and SOI conducted acoustic and aerial surveys in support of oil development and 
production activities in Harrison Bay.   

In addition to these industry studies, the National Marine Mammal Laboratory (NMML) and the 
National Marine Fisheries Service (NMFS) in cooperation with various universities began the multi–year 
Bowhead Whale Feeding Ecology Study (BOWFWST) during the summer 2007 which was ongoing in 
2008 (Rugh et al. 2009).  The BOWFEST focused on late summer oceanography and prey densities 
relative to whale distribution over continental shelf waters within 160 km (100 mi)  north and east of 
Point Barrow.  The Minerals Management Service (MMS) and previously the Bureau of Land 
Management (BLM) have funded the Bowhead Whale Aerial Survey Program (BWASP) annually from 
1979 to the present to document bowhead whale movement patterns during fall migration through the 
Beaufort Sea.  The MMS also funded aerial surveys in the Chukchi Sea as part of the Chukchi Offshore 
Monitoring In Drilling Area (COMIDA) program and a study of the effects of light, turbidity, and other 
environmental parameters as part of the continuation of Arctic Nearshore Impact Monitoring In the 
Development Area (cANIMIDA) project.  A summary of these projects and brief discussion of the 
preliminary results (when available) is presented below.  Detailed reports describing the methods and 
results of these studies are available or will be forthcoming through the various industry or agency 
participants.   

ConocoPhillips Shallow Hazards Surveys 

Introduction 
CPAI conducted shallow hazards surveys in the Chukchi Sea in 2008 in support of future oil 

exploration at the Klondike prospect.  The surveys were conducted under an IHA issued by NMFS and a 
LoA issued by USFWS.  Details of the timing and location of the surveys and the type of equipment used 
were provided in CPAI’s 90–day report (Breuggeman 2009) and were summarized in Chapter 2.  The 
methods used to conduct the marine mammal monitoring and mitigation program and the results of the 
program were also reported by Bruegeman (2009) and are summarized below.   
Methods 

The procedures used by MMOs on the source vessel Norseman I were similar to those used by 
MMOs during other recent seismic surveys in the Arctic and were described in detail in CPAI’s 90–day 
report.  Two MMOs onboard the Norseman I followed a schedule so one observer monitored marine 
mammals near the seismic vessel during ongoing daytime operations and nighttime startups of the 

                                                 
1 Robert Rodrigues and Darren Ireland, LGL Alaska Research Associates, Inc., Anchorage, Alaska. 
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sparker.  MMOs searched for marine mammals with the unaided eye and 7 x 50 binoculars with reticles.  
Night vision equipment was available for observations during periods of darkness.  MMOs were 
instructed to record all observations and sparker shut downs in a standardized format.   
Results 

Total effort by MMOs occurred along 3452 km (2145 mi; 467 hr) of trackline, ~59% of which 
occurred in the Klondike prospect.  Approximately 44% of the effort (1525 km) occurred during periods 
of sparker operation.  Only 14 km (9 mi) of effort occurred along a potential pipeline route.   

In total, 222 detections of 279 marine mammals were recorded during the survey period (Table 
10.1).   Seals comprised the highest proportion of the detections (78%), followed by Pacific walrus (18%) 
and cetaceans (4%).   Fewer marine mammal sightings were recorded during shallow hazards surveys 
compared to non–survey periods at the Klondike site.  Estimated seal density was over seven times 
greater when shallow hazards surveys were not conducted compare to survey periods.   

 
Table 10.1.  Marine mammal detections (Det.) and number of individuals recorded during the CPAI 
monitoring program in the Chukchi Sea, 2008.  Numbers of juveniles are shown in parentheses.  Source: 
Brueggeman (2009).   

Det. No. Det. No. Det. No. Det. No. Det. No. Det. No.
Ringed/Spotted Seal 7 7 37 42(2) 4 4 48 53(2)
Ringed Seal 1 1 4 4 1 1 6 6
Spotted Seal 10 12(1) 1 1 14 15 2 2 27 31(1)
Bearded Seal 6 6 3 3(1) 26 30(4) 35 39(5)
Ribbon Seal 1 1 1 1
Pacific Walrus 14 43 2 7 16 50
Unidentified Seal 10 10 1 1 64 70(2) 3 3 78 84(2)
Unidentified Pinniped 1 1 2 2 3 3
  Subtotal 48 79(1) 0 5 5(1) 149 170(8) 12 13 214 267(10)

Gray Whale 5 9(1) 5 9(1)
Minke Whale 1 1 1 1
Unidentified Wahle 1 1 1 1
  Subtotal 0 0 0 0 6 10(1) 1 1 7 11(1)

Polar Bear 1 1 1 1
    Total 48 79(1) 0 0 5 5(1) 156 181(9) 13 14 222 279(11)

Transit TotalKlondike Burger Pipeline Other

 
 
 No marine mammals were observed within the relevant 180 or 190 dB rms safety radii and no shut 

downs of CPAI’s activities were required during the 2008 Chukchi Sea shallow hazards survey 
operations.  Based on direct observations, no marine mammals were exposed to received sound levels 
≥180 dB rms, but 10 seals and one Pacific walrus were exposed to received levels ≥160 dB rms.  
Estimates of the numbers of marine mammals exposed to received levels ≥160 dB rms based on marine 
mammal densities during seismic periods included <42 seals, <10 whales, < 50 walruses, and one polar 
bear.   
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BP (Northstar)—Acoustic Studies 2008 2 
BPXA has used passive acoustic techniques since 2000 to monitor the bowhead whale fall 

migration north of Northstar Island for a nominal 30–day period each year.  During the bowhead whale 
migration in 2008, Greeneridge Sciences, on behalf of BP, implemented an acoustic monitoring program 
north-northeast of BP’s Northstar Island to assess the effects of Northstar production activities, especially 
underwater sounds, on the southern edge of the distribution of calling bowhead whales during their 
autumn migration.  This was to be done by comparing the offshore distances of calling bowheads at times 
with varying levels of industrial sound to investigate possible effects of activities associated with 
Northstar on bowhead whales. 

In 2008, an array of 10 directional autonomous seafloor acoustic recorders (DASARs) were 
deployed at locations from 8.5–38.5 km (5.3–24 mi) offshore of Northstar for ~29 days (27 Aug–25 Sep; 
Fig. 10.1).  The DASARs recorded continuously and provided bearings to calling whales by triangulation.  
Concurrently, sounds produced by Northstar and its attending vessels were recorded continuously by 
DASARs located ~450 m north of the island over the same period.  In 2008, the scope of the study was 
augmented relative to that in 2005–2007 and was generally similar to that in 2001–2004, although the 
study design was somewhat modified from that in 2001–2004.  The geometry of the DASAR array was 
changed, and new emphasis was placed on understanding how far Northstar sounds propagate offshore, 
i.e., what type and quantity of Northstar sounds reach the locations of migrating whales. 

The analyses included the computation of broadband, narrowband, and one-third octave band 
levels on the data collected by DASARs close to Northstar and farther offshore, and computation of 
industrial sound indices (ISIs) for a range of DASARs, to allow comparisons among years and among 
DASARs within 2008.  Analyses performed to detect helicopter tones in the sound records are described, 
as are the methods used to analyze a new “popping” sound found on the near-island recorders and the 
numerous airgun sounds present on the sound record of all offshore DASARs.   

Broadband levels of Northstar sound, as recorded on the near–island DASARs, were generally 
similar to those of previous years.  The density of vessel spikes was lower in 2008 than in 2007 and 2006, 
but short-term variability in sound levels was higher than in previous years.  This was attributed to the 
presence of a new type of impulsive sound on the records of the near-island DASARs, referred to as 
“pops”, and whose source was not known.  Pops were broadband in nature, of short duration (~0.05 s), 
and of high enough intensity that they sometimes overloaded the DASAR hydrophone. Received sound 
pressure levels at the near-island DASAR ranged from 107 to 144 dB re 1 μPa. 

One of the specific objectives in 2008 was to better understand which island sounds propagate 
offshore and the distances at which these sounds can be detected in the offshore array.  Large vessel 
spikes from tugs maneuvering at Northstar could be detected to a distance of at least 21.5 km and possibly 
farther.  The 60 Hz power frequency tone related to machinery use could no longer be detected at the 
southernmost array DASAR (A; ~8.5 km or 5.3 mi from Northstar), even with low ambient conditions, 
despite omnipresence at Northstar and being the strongest tone in the island spectrum.  Tones from 
helicopters were detected in the records of the near-island DASAR, but they were faint and only detected 
during helicopter departures from Northstar, not during arrivals. 

 

                                                 
2 Summarized by LGL from a detailed technical report by Greeneridge Sciences, Inc. (Blackwell et al. 2009a,b,c). 
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FIGURE 10.1.  Locations of DASAR arrays (2 DASARs were deployed at 
location C) and 37 calibration stations with respect to Northstar Island, 
Sep 2008.  The three near-island DASARs are shown just north of 
Northstar.  For comparison, DASAR locations used in 2001–2004 are 
also shown (a subset of these locations was used in 2005–2007). 

 
More than 90,500 airgun pulses were detected on the record of DASAR J, the farthest from shore.  

Airgun pulses were omnipresent during the 2008 deployments, occurring in over 70% of 10-min sample 
periods within the project’s field season at the northern end of the DASAR array.  These airgun pulses 
therefore constituted a strong confounding factor in achieving the objective of assessing the effects of 
Northstar sounds on bowhead whale behavior.  Bowhead whales have been shown to react to airgun 
sounds, by deflecting or by changing their calling behavior, or both.   

Calls from migrating bowhead whales near Northstar were recorded and localized to assess the 
effects of Northstar production activities, especially underwater sounds, on the southern edge of the 
distribution of calling bowhead whales during their autumn migration.  A total of 85,669 bowhead whale 
calls were detected on the records of the 10 array DASARs combined, from a total of 350,597 call 
detections.  The highest number of calls was detected by DASAR E, close to the center of the array.  
About 86% of calls were detected by two or more DASARs, and over 2% were detected by all 10 
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DASARs concurrently.  The highest call detection rate was 612 calls per hour on 20 Sep.  Other peaks in 
call detection rates occurred in late Aug and mid-Sep.  DASARs have been deployed at location C (2008) 
/ EB (2001–2007) every year of the study.  Therefore, data collected at that location serve to make 
comparisons across years.  Call detection rates at DASAR C in 2008 were the highest to date with on 
average 1337 calls/day.  Mean bearings to calls from DASAR C were on average at 59° and similar to 
bearings at that location in 2002, 2003, 2004, and 2007, which were all low-ice years like 2008.  Call type 
percentages recorded at DASAR C in 2008 were within the range of previous years.  In short, the number 
of calls detected was the highest since monitoring began in 2001, and both call distribution and call types 
were similar to those seen in some previous years. 

Marine Mammal Monitoring during Liberty Seismic Surveys 3 

Introduction  
BPXA conducted OBC 3D seismic surveys in Federal waters of Foggy Island Bay east of the 

Endicott development during Jul–Aug 2008 in support of future oil development (Fig. 10.2).  A marine 
mammal monitoring and mitigation program was conducted as required under an IHA issued by NMFS 
and a LoA issued by USFWS.   BPXA also met with representatives of the community of Nuiqsut, the 
Alaska Eskimo Whaling Commission (AEWC), and the North Slope Borough (NSB) to discuss 
appropriate measures to avoid conflicts with the subsistence hunting activities.  These measures were 
included in the Conflict Avoidance Agreement (CAA) that was signed on 4 Jun 2008. 

Marine mammal observers (MMOs) were stationed on source vessels (Peregrine and Miss Diane) 
to detect marine mammals within or about to enter the designated safety radii (Table 10.2; 190 dB for 
pinnipeds and 180 dB for cetaceans), and request an immediate power-down or shut-down of the airguns 
if necessary.  A detailed description of OBC surveys and the results of the monitoring and mitigation 
program were provided in BPXA’s 90–day report to NMFS and USFWS (Aerts et al. 2008).  A summary 
of the timing of OBC survey activities and the survey vessels and equipment is presented in Chapter 2.   

In addition to the vessel–based marine mammal monitoring and mitigation program, BP also 
conducted an acoustic program to measure underwater sound production from (1) the airgun arrays used 
during seismic surveys, (2) vessel noise, and (3) combined sounds from airguns and vessels in relation to 
presence or absence of barrier islands.  The acoustic component of BPXA’s monitoring program is 
discussed below followed by the vessel-based component.   

 
TABLE 10.2.  Cetacean (180 dB) and pinniped (190 dB) safety radii used by 
MMOs on the Peregrine and Miss Diane during BP’s OBC seismic surveys in 
Foggy Island Bay, 2008. 

Miss Diane
880 in3 440 in3 70 in3 440 in3

190 300 250 100 150
180 800 550 200 300

PeregrineSafety Radius  
dB re 1 μPa 

 

                                                 
3 Summarized by LGL from a detailed technical report by Aerts et al. 2008. 
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FIGURE 10.2.  Location of the BPXA Liberty survey area in Foggy Island Bay east of 
the Endicott development, and locations of DASAR used for measurements of airgun 
pulses with respect to barrier island locations.   

 
Acoustic Component 

Two Autonomous Seafloor Acoustic Recorders model B (ASARs) were used by Greeneridge 
Sciences, Inc. to conduct measurements of underwater sound propagation from airgun arrays on the 
Peregrine and Miss Diane along a 12 km (7.5 mi) trackline prior to the start of seismic data acquisition.  
Source equipment on the Peregrine included 880–in3 and 440–in3 arrays, and a 70–in3 mitigation gun.  
The Miss Diane had only a 440–in3 array.  Marine mammal safety radii used by MMOs on the source 
vessels were developed based on the sound source measurements (Table 10.2).    

Underwater sound produced by the two source vessels and various support vessels (including bow 
pickers, crew/support, recorder, and housing vessels) involved in BPXA’s OBC seismic survey was 
measured by Greeneridge with the ASARs described above, or by JASCO with Ocean Bottom 
Hydrophones (OBHs).  Underwater source levels ranged from ~129 to 203 dB rms.  Details of the sound 
measurements were provided in BPXAs 90–day report (Aerts et al. 2008).   

Acoustic measurements were also conducted at three locations outside but near the Liberty project 
area (Fig. 10.2) to determine the extent to which barrier islands may function as an acoustic barrier, and to 
determine the offshore distance to which received airgun pulses reach sound levels ≥160 and 120 dB 
(rms).  Measurements were conducted by Greeneridge using Directional Autonomous Seafloor Acoustic 
Recorders (DASARs).  The recorder locations included one inside the barrier islands (DASAR Inside), 
one outside and beyond a gap between barrier islands with respect to the survey area (DASAR Gap), and 
the third behind a barrier island (DASAR Out).  The deployment period was from 3–26 Aug 2008.  
Thousands of pulses were detected and analysis calculations were based on successive 10–min sections of 
data. 
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Received levels of sound from seismic pulses were highest at DASAR Inside, located closest to the 
Liberty seismic survey operations.  Seismic pulses sometimes overloaded the hydrophone at DASAR 
Inside which was not the case for the other two DASARs.  DASAR Out, located outside of and behind a 
barrier island, received the lowest sound levels.  The percentage of 10–min data sections with received 
median SPLs exceeding 120 dB rms was 90.1% for DASAR In, 25.3% for DASAR Gap, and 0.5% for 
DASAR Out.  Received sound levels exceeding 135 dB rms were recorded for 1.7% of the 10–min 
samples for DASAR In, but were not recorded by DASARs Gap and Out.   

Although the presence of islands served as a sound barrier, the gaps between the barrier islands 
potentially served as funnels through which sound could propagate seaward.  Median received pulse SPLs 
at DASAR Gap were >120 dB re 1 µPa about 25% of the time.   At these times, and depending on the 
spreading loss term, the 120 dB isopleth could have been located up to 20 or 30 km seaward of the barrier 
islands.  The 160 dB isopleth (for airgun pulse SPLs) was not estimated but would have been inshore of 
the barrier islands. 
Vessel–based Monitoring Component 

The procedures used by MMOs on the two source vessels were similar to those used by MMOs 
during other recent seismic surveys in the Arctic and were described in detail in BPXA’s 90-day report 
(Aerts et al. 2008).  BPXA’s OBC seismic surveys were conducted from 15 Jul when cables were laid 
through 25 Aug.  The airguns on the Peregrine operated for a total of 383.9 hours, with 352.7 hours 
(92%) during daylight and 31.5 hours (8%) during darkness.  Airguns on the Miss Diane were active for a 
total of 260.2 hours, with 244.3 hours (94%) during daylight and 15.9 hours (6%) during darkness.  
MMOs were on watch during all daylight hours when airguns were operating, and during many hours 
when the source vessel was not operating its airguns.   

Seventeen sightings of 29 individual marine mammals were recorded by MMOs during on–watch 
periods (Table 10.3).  An additional six sightings of seven individuals were recorded opportunistically 
when MMOs were off watch.  Beluga whale was the most frequently sighted cetacean.  One cetacean 
sighting from the Miss Diane consisted of eight individuals of two species: bowhead and gray whale.  It 
was documented as one sighting with an unknown number of individuals for each species.  Ringed seal 
was the most frequently recorded pinniped species.  Spotted and bearded seals were also recorded, 
although bearded seal was recorded only during an off–watch period.   

All on–watch marine mammal sightings from the Miss Diane were recorded during non–seismic 
periods.  In contrast, three of the on–watch sightings from the Peregrine were during seismic periods.  All 
cetacean sightings were recorded during non–seismic periods.   

Ten polar bear sightings were also recorded by MMOs on the source vessels or by crew members 
on support vessels.  Most polar bear sightings were made when no seismic data acquisition was taking 
place and vessels were hiding from bad weather close to the barrier islands or behind Endicott Satellite 
Drilling Island.  One polar bear was sighted during a MMO watch period from the Miss Diane when 
seismic airguns were operating. This bear was swimming at a distance of ~1.1 km (0.7 mi), far outside the 
190 dB safety radius for the 440–in3 airgun array (150 m or 492 ft). 
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Table 10.3.  Numbers and species of cetaceans and pinnipeds recorded by MMOs on the Peregrine 
and Miss Diane during BP’s OBC seismic surveys in Foggy Island Bay, 2008.  Source–Aerts et al. 
(2008).   

Peregrine
Miss 
Diane Total Peregrine

Miss 
Diane Total

    Cetaceans
Beluga whale 1 (1) 2 (7) 3 (8) 1 (2) 0 1 (2)
Bowhead/Gray whale 0 1 (8) 1 (8) 0 0 0 (0)
Total Cetaceans 1 (1) 3 (15) 4 (16) 1 (2) 0 1 (2)
    Pinnipeds
Ringed seal 0 8 (8) 8 (8) 0 1 (1) 1 (1)
Spotted seal 0 1 (1) 1 (1) 0 1 (1) 1 (1)
Bearded seal 0 0 0 (0) 1 (1) 0 1 (1)
Unidentified seal 3 (3) 1 (1) 4 (4) 2 (2) 0 2 (2)

Total Pinnipeds 3 (3) 10 (10) 13 (13) 3 (3) 2 (2) 5 (5)
    Total 4 (4) 13 (25) 17 (29) 4 (5) 2(2) 6 (7)

Species

ON-WATCH OFF-WATCH

 
During the Liberty seismic survey a total of three shut-downs and one power-down were 

implemented for marine mammals.  Two shut-downs were implemented for carcasses observed while 
airguns were operating on 24 and 28 July.  NMFS was immediately notified on both occasions.  Approval 
from NMFS to restart the operation was only required on 24 July.  Due to an IHA amendment effective as 
of 28 July, ramp-up of operations was allowed if, after examination of the carcass by the MMO, it could 
be confirmed that the cause of death was something other than the seismic operation.  All carcasses 
examined showed gunshot wounds which were the likely cause of death.  One power down and one shut-
down were implemented by the Peregrine due to ringed seal sightings within the 190 dB safety zone.   

Minimum estimates of the numbers of marine mammals exposed to received levels ≥160 dB rms 
were zero for cetaceans and three for pinnipeds.  Maximum exposure estimates of animals exposed to 
received levels ≥160 dB rms were 10 for cetaceans and 30 for pinnipeds.   

 

Pioneer/Eni Acoustic Study 4 

Introduction 
Pioneer developed an Offshore Monitoring Plan in 2006 to facilitate compliance with the North 

Slope Borough Ordinance (serial no. 75–6–50) that included an acoustic and aerial survey component.  
The acoustic and aerial survey components were continued in 2007 and results of the studies were 
submitted to the NSB (Zykov et al. 2007a,b; Laurinolli et al. 2008; Reiser et al. 2008; Williams et al. 
2008).   

In 2008, the programs were expanded as part of a larger joint monitoring effort between Pioneer 
and Eni, and in cooperation with monitoring activities by SOI in support of offshore exploratory 
activities.  Seismic survey activities were conducted by Eni in the vicinity of its Spy Island Drillsite (SID) 
and by SOI in waters offshore of the barrier islands.  Details of the Eni seismic survey, including a 

                                                 
4 Summarized by LGL from a detailed technical report by JASCO 2009 and Hauser et al. 2008. 
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description of Eni’s activities and the results of the marine mammal monitoring and mitigation program 
required by NMFS and USFWS were provided in Eni’s 90–day report (Hauser et al. 2008).  Eni’s 
activities associated with island construction and the seismic survey activities were also summarized in 
Chapter 2, and results of the vessel-based marine mammal monitoring and mitigation program are 
summarized below.   

Aerial surveys of marine mammals were also required in support of the seismic surveys by Eni and 
SOI as stipulated in their respective IHAs issued by NMFS.  The results of Eni’s aerial survey program 
were submitted in Eni’s 90–day report (Hauser et al. 2008) and in a report to the NSB (Lyons et al. 2009).  
The Eni aerial survey results as they relate to the SID and Pioneer’s Oooguruk Drillsite (ODS) were also 
incorporated into the discussion of SOI’s aerial survey program in 2008 (Chapter 7).   

The Pioneer/Eni acoustic program in 2008 included measurements of underwater sound 
propagation from (1) Pioneer and Eni barges and crew vessels, (2) vessels and airgun arrays from the 
three source vessels associated with Eni’s seismic survey activities (Wiley Gunner, Shirley V, and 
Peregrine), (3) drillsite activities on ODS and SID, and (4) call locations of migrating bowhead whales.  
Detailed results of the acoustical studies and of the Pioneer/Eni aerial survey component were submitted 
in report to the NSB.   
Methods 

A variety of methods was used to measure underwater sound propagation for the various acoustic 
studies.  These methods included the use of ocean bottom hydrophones (OBHs) by JASCO to measure 
sound from vessels and airgun arrays, use of ASARs by Greeneridge to monitor in-water vessel and on–
island sound near ODS and SID, and use of DASARs by Greeneridge to monitor bowhead whale call 
locations.   
Results 

Measurements of underwater sound from Pioneer support vessels were conducted by JASCO 
offshore of the barrier islands in water ~9 m (30 ft) deep rather than in shallower water inshore of the 
barrier islands to provide a more conservative assessment of the range of received levels.  Underwater 
received sound levels were higher for the barge MV Stryker than from three smaller crew/transfer vessels.  
Received levels dropped to 120 dB re 1 μPa at 850 m (930 yd) for the Stryker compared to 260 to 440 m 
(284–481 yd) for the crew/transfer vessels.  Received levels decreased to 100 dB at 3700 m (4046 yd) for 
the Stryker and between 2400 and 3100 m (2625 and 4046 yd) for the crew/transfer vessels.   

JASCO also measured underwater sound from Eni support vessels used during OBC surveys for 
cable laying and as crew vessels, and for the source vessel Wiley Gunner.  Underwater received levels 
dropped to 120 dB between 280 and 1300 m (218 and 1421 yd) from the sources.   

Measurements of underwater sound propagation from the 880–in3 airgun arrays and the 20–in3 
mitigation guns used by the Wiley Gunner and Shirley V were made by JASCO on 3–5 Aug and 18–19 
Aug at two locations with differing water depths based on the expectation that sound propagation would 
be depth dependant.  Water depths were ~2.5 m (8.2 ft) and 10 m (33 ft) at the nearshore (shallow) and 
offshore (deep) sites, respectively.  Sound measurements of 880– and 440–in3 airgun arrays and the 70–
in3 mitigation gun used by the Peregrine were made on 15 Jul in Foggy Island Bay by Greeneridge.   

The measured 160 and 120 dB radii of the 880-in3 arrays of the Wiley Gunner and Shirley V were 
much greater in deep than in shallow water (Table 10.4).  The 160 dB radius for the 880-in3 arrays in deep 
water ranged from 1600 to 3800 m (1750 to 4155 yd) compared to 800 to 1600 m (875 to 1750 yd) in 
shallow water, and the 120 dB ranged from 14 to 22 km (8.7 to 13.7 mi) in deep water and 4.4 to 7.9 km 
(2.7 to 4.9 mi) in shallow water.   The differences between deep and shallow water measurements were 
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much less for the 190 and 180 dB radii, and shallow water measurements were often greater than 
comparable deep water measurements.  The 190 dB radius ranged from 100 to 180 m (109 to 197 yd) in 
deep water compared 200 to 270 m (219 to 295 yd) in shallow water; the 180 dB radius ranged from 260 
to 640 m (284 to 700 yd) in deep water compared to 340 to 430 m (372 to 470 yd) in shallow water.   

 
Table 10.4.  Measured radii of the 880– and 440-in3 arrays of the Wiley Gunner and 
Shirley V in deep and shallow water, and of the 880- and 440-in3 arrays of the Peregrine 
and each vessel’s mitigation gun at received sound levels of 190, 180, 170, 160, and 120 
dB re 1 μPa. 

Vessel 190 dB 180 dB 170 dB 160 dB 120 dB 
Wiley Gunner (880-in3 array)

Deep
Forward-endfire 100 260 660 1600 16000
Broadside 180 440 1100 2400 21000
Mitigation gun 87 210 480 1100 12000

Shirley V (880-in3 array)
Deep

Forward-endfire 180 640 1300 2200 14000
Broadside 160 550 1600 3800 22000
Mitigation gun 73 160 340 720 94000

Wiley Gunner (880-in3 array)
Shallow

Forward-endfire 220 340 520 800 4400
Broadside 270 430 680 1100 7100
Mitigation gun 41 120 360 870 2400

Shirley V (880-in3 array)
Shallow

Forward-endfire 270 420 640 970 5300
Broadside 200 430 870 1600 7900
Mitigation gun 6 67 290 640 2300

Peregrine
880-in3 array

Bow aspect 204 379 699 1274 10327
Stern aspect 278 752 1614 1664 4096

440-in3 array
Bow aspect 226 533 1056 1408 3232
Stern aspect 136 304 652 1314 8595

70-in3 mitigation gun
Bow aspect 90 187 384 781 8968
Stern aspect 22 143 577 1374 2910

Measured Radii (m) 

 
 

Bowhead whale calls were recorded from two sites with DASAR arrays located offshore of the 
barrier islands (Fig. 10.3).  Site 1 included seven DASARs from Shell Site 1 plus five Pioneer/Eni 
DASARs.  Site 2 included the seven DASARs at Shell Site 2.  Data could be analyzed from only nine of 
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the original 12 DASARs comprising Site 1 due to technical difficulties.  Two DASARs could not be 
retrieved.   

Bowhead calling rates were higher at Site 2 than Site 1 (Figure 10.4).  Far fewer calls were 
recorded at the Pioneer/Eni DASARs located in shallower water nearer the barrier islands than at the 
offshore DASARs at Sites 1 and 2 suggesting that the placement of the Pioneer/Eni DASARs was south 
of the main bowhead migration corridor in 2008.  DASAR call locations correlated well with visual 
sightings by aerial observers.  Most calls and sightings were located near or beyond the 20 m isopleth and 
relatively few were within a 32 km (20 mi) area around ODS and SID.  Most bowheads visually recorded 
within the 32 km area were located near the outer edge of this area and the 20 m isopleth.   

 

 
Figure 10.3.  Locations of SOI’s Site 1 DASARs and five Pioneer/Eni DASARs relative to 
ODS and SID in eastern Harrison Bay, Alaskan Beaufort Sea, 2008.  Note locations of 
four ASARs (see Chapter 4) and SOI’s Site 2 DASARs at the eastern portion of the map. 
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Figure 10.4.  Locations of all bowhead sightings during aerial surveys and bowhead call 
locations from Sites 1 and 2 with 32 km (20 mi) area around ODS and SID, and 15 km 
(9.3 mi) buffers around DASARs, 17 August – 5 October 2008. 

Eni OBC/TZ Seismic Monitoring 

Introduction 
Eni contracted PGS to conduct Ocean Bottom Cable/Transition Zone (OBC/TZ) seismic surveys in 

the vicinity of Eni’s SID development during the 2008 open–water season in support of future oil and gas 
production.  The seismic operations were conducted under an IHA issued by NMFS and a LoA issued by 
the USFWS.  Eni submitted a 90-day report describing the results of a marine mammal monitoring and 
mitigation program supporting the exploratory activities (Hauser et al. 2008).  The Report described 
mitigation implemented during the survey activities and the numbers of marine mammals exposed to 
various received sound levels.   
Methods 

Three source vessels, the Wiley Gunner, Shirley V, and Peregrine, were used to conduct the 
OBC/TZ seismic surveys in the vicinity of Eni SID development (Chapter 2, Fig. 2.5).  The seismic 
surveys were conducted from 2 Aug when the airgun arrays were tested until the surveys were completed 
on 28 Sep.  Measurements of underwater sound propagation from the airgun array were conducted in the 
project area for the Wiley Gunner on 3–5 Aug and for the Shirley V on 18–19 Aug.  Underwater sound 
propagation of the Peregrine’s airgun array was measured on 15 Jul ~100 km (60 mi) east of the project 
area in Foggy Island Bay.  The airgun arrays on the Wiley Gunner and Shirley V were identical 10 Bolt 
600 C arrays with a total volume of 880 in3.  The Peregrine used an 880–in3 array in deeper water 
offshore of the barrier islands but array size was reduced to 440 in3 in shallower water.  MMOs onboard 
the source vessels conducted watches for marine mammals similar to those used during other recent 
seismic surveys in the Arctic.   
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Results 
MMOs on the source vessels recorded observations of marine mammals and requested power 

downs or shut downs of the seismic arrays when marine mammals were observed within or about to enter 
relevant safety radii.  A total of 1268 h (4912 km) of marine mammal monitoring occurred during the 
Eni/PGS seismic survey, including 245, 576, and 447 h (757, 2434, and 1721 km) from the Wiley Gunner, 
Shirley V, and Peregrine, respectively.  Of that effort, ~67% (853 h; 3278 km) met the data–analysis 
criteria and was used in subsequent analyses and discussion of the survey results.   

In total, 38 seal sightings (total of 38 individuals) and one cetacean sighting (of three unidentified 
mysticetes) were made from source vessels during the Eni/PGS seismic survey (Table 10.5).  Over half of 
the seal sightings (52% of 38 sightings) were of unidentified seals, ~18% were of bearded or spotted seals 
(7 sightings, each), and ~11% (4 sightings) were of ringed seals.  Most seal sightings were made in the 
deeper waters seaward of the barrier islands (~76% of 38 sightings) versus the shallower waters shoreward of 
the barrier islands.  The seal sighting rate for non-seismic periods (67.1 seals/1000 h) was significantly 
greater than the rate for seismic periods (~31.1 seals/1000 h; χ2 =13.22, df = 1, p <0.005). 

Based on direct observations, 16 and 32 seals were exposed to received sound levels ≥190 and 160 
dB rms, respectively.  Based on seals densities during non–seismic periods and the size of the seismic 
survey area, 18 and 40 seals may have been exposed to the same sound levels.   
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Table 10.5.  Numbers of marine mammal species recorded by MMOs during seismic, post–seismic, and 
non–seismic periods from source vessels during Eni’s OBC/TZ seismic surveys, Harrison Bay, 2008. 

Species Groups Indiv. Groups Indiv. Groups Indiv. Groups Indiv.
Wiley Gunner

Bearded seal 0 0 1 1 2 2 3 3
Ringed seal 0 0 1 1 0 0 1 1
Spotted seal 1 1 1 1 4 4 6 6
Unidentified seal 7 7 1 1 6 6 14 14
Total 8 8 4 4 12 12 24 24

Shirley V
Bearded seal 2 2 0 0 0 0 2 2
Ringed seal 3 3 0 0 0 0 3 3
Spotted seal 0 0 0 0 1 1 1 1
Unidentified seal 2 2 0 0 2 2 4 4

Unidentified mysticete 0 0 1 3 0 0 1 3
Total 7 7 1 3 3 3 11 13

Peregrine
Bearded seal 0 0 0 0 2 2 2 2
Unidentified seal 2 2 0 0 0 0 2 2
Total 2 2 0 0 2 2 4 4

Total Seals
Bearded seal 2 2 1 1 4 4 7 7
Ringed seal 3 3 1 1 0 0 4 4
Spotted seal 1 1 1 1 5 5 7 7
Unidentifed seal 11 11 1 1 8 8 20 20

Total Pinnipeds 17 17 4 4 17 17 38 38
Total Cetaceans 0 0 1 3 0 0 1 3
Grand Total 17 17 5 7 17 17 39 41

aPost-seismic is defined as 3 min to 1 h after seismic periods.

Note: There was one incidental sighting of a single unidentified seal that occurred while MMOs were not on-watch. Details are included 
in Appendix E.  Three seals (one bearded and two unidentified) were also sighted during crew transport and are reported in Appendix E.

Seismic Post-Seismica Non-Seismic Total

 

 

Bowhead Whale Feeding Ecology Study (BOWFEST)5 
The NMML and the MMS began a study of bowhead whale feeding ecology (BOWFEST) in 2007.  

The study focused on late summer oceanography and prey densities relative to whale distribution over 
continental shelf waters within 160 km (100 mi) north and east of Point Barrow.  The study was 
conducted through grants and contracts to scientists from Woods Hole Oceanographic Institute, 
University of Rhode Island, University of Alaska Fairbanks, University of Washington, and Oregon State 
University, and through NMML employees.  Field work was coordinated with the North Slope Borough, 
Alaska Eskimo Whaling Commission, Barrow Whaling Captains' Association, Alaska Department of Fish 
and Game, and the MMS. Marine mammal studies were permitted under NMML’s Permit No. 782–1719.  
Components of the BOWFEST program included aerial surveys, photographic analysis of feeding whales, 
acoustical monitoring, mooring and broad–scale oceanography, tagging and fine–scale oceanography, and 

                                                 
5 Summarized by LGL from annual reports provided by NMML and study participants. 
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examination of bowhead stomach contents.   Available results of the various components of the 2008 
BOWFEST study were presented by Rugh et al. 2009 and are summarized below. 

 
Aerial Surveys in the Vicinity of Barrow, Alaska, Aug–Sep 2008 

Bowhead whales are known to feed near Barrow during the summer but whether these are whales still 
traveling from the Chukchi Sea following spring migration, traveling toward the Chukchi Sea prior to fall 
migration, or residing between the Chukchi and Beaufort seas during the summer is unknown.  BOWFEST 
was established to determine the relative scale and consistency of bowhead feeding near Barrow in summer.   

The study area was divided into two sections located offshore of northern Alaska generally east and 
north of Barrow (Fig. 10.5).  The inner (violet) section covered ~7276 km2 (2809 mi2) and an outer 
(yellow) section covered ~12,152 km2 (4691 mi2).  Survey effort was concentrated in the inner area where 
bowhead density was expected to be greater based on BWASP data from 2000–2005.  Eight sampling 
schemes, six of which were flown during the survey period, were devised with trackline spaces of 9.6 and 
33.6 km (6 and 21 mi) in the inner and outer sections, respectively.   

Aerial surveys were conducted on eight days from 29 Aug through 16 Sep 2008.  The surveys were 
flown along predetermined transect lines in a NOAA Twin Otter aircraft during 42.7 hr of flight time.  
The percentage of transects flown per survey ranged from zero to 90.7% and averaged 35.2% for all 
surveys combined.  Two observers and a computer operator recorded environmental data and marine 
mammal sightings.  A laptop computer interfaced with a portable GPS to record position data 
automatically.  Specific data entries for weather included overall percent ice cover, ice type, sky 
condition, and sea state (on a Beaufort scale) as well as glare, visibility angle, and visibility quality for 
each side of the aircraft.  Observers used an inclinometer to determine the searchable distance from each 
side of the aircraft.  Date, time, sighting observer, inclinometer angle, group size, species, and reaction to 
plane were recorded for all marine mammals; in addition, for bowhead whale sightings, observers 
reported calf number, travel direction, sighting cue, dominant behavior, group composition, and number 
of nearby vessels.  Two Canon EOS–1DS Mark III cameras with a 70 x 200 mm or 55 mm fixed lens were 
used to collect photoidentification and photogrammetry data.  Photographs of a calibration target were used as 
a reference for determining whale lengths.   

Bowhead whale was the most frequently sighted and most abundant cetacean recorded during the 
2008 BOWFEST aerial surveys (Table 10.6).  The highest numbers of bowhead sightings were recorded 
on 6 Sep (23 sightings of 62 whales) and 13 Sep (14 sightings of 50 whales) which accounted for ~66% 
of the 56 total bowhead sightings.  These higher numbers may be the result of good sighting conditions 
rather than representing actual higher numbers of bowheads in the survey area.  Behavior of only four of 
the 56 bowhead sighting was recorded as feeding.  This contrasted with the 2007 results when nearly all 
bowheads were recorded as feeding.  Traveling was the most commonly recorded bowhead behavior in 
2008 suggesting that most bowheads were probably migrating through the study area.   
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Figure10.5. Aircraft tracklines (black lines) per survey scheme (colored lines) flown during the 
2008 BOWFEST field season. Each of these 6 schemes was flown once with the exception of 
Scheme 1 which was attempted 3 times due to poor survey conditions.  
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Table 10.6.  Summary of marine mammal sightings and numbers of marine 
mammals counted during the 2008 BOWFEST aerial surveys.  Asterisk 
indicates increased counts made while circling.   

Species Sightings Number
Bowhead Whale 56 126(163*)
Gray Whale 22 39
Beluga Whale 2 2
Ringed Seal 4 6
Bearded Seal 9 9
Unidentified Seal 87 141
Unidentified large cetacean 13 13
Polar Bear 4 5
    Total 197 341(378*)

 
 

Photographic Analysis of Feeding Whales 
The primary purpose of the photographic study was to glean information about bowhead feeding 

ecology.  Bowhead whales have three documented feeding strategies including surface feeding, water–
column feeding, and epibenthic feeding which can occasionally be demonstrated through analysis of 
bowhead aerial photographs.  A database was developed based on aerial photographs off Barrow to 
determine the proportion of whales that show evidence of epibenthic feeding (e.g., those with mud on the 
dorsal surface) relative to whales that do not display such evidence.  A scoring system was developed 
based on evidence of feeding visible on aerial photographs of bowheads.  The scoring system was tested 
among various experts during the 2008 field season to ensure that there was agreement among the experts 
regarding designation of feeding whales.  There was 74.1% general agreement that a whale was muddy, 
clean, or the status was undeterminable.  Agreement among experts was greater when photos with 
undeterminable status were excluded.  Although a systematic analysis of photos taken in 2008 has not yet 
begun, a preliminary review of the photos revealed many whales with evidence of epibenthic feeding 
despite the fact that active feeding behavior was rarely evident during aerial surveys.   Experiments are 
being conducted to determine rate of flushing and mud tenacity on bowheads.  Evidence to date suggests 
that bowheads with dorsal mud probably feed close to locations where they were photographed and that 
aerial images of muddy whales can provide a map of feeding locations.    
Passive Acoustic Monitoring 

Four autonomous underwater recorders for acoustic listening (AURALs) deployed in 2007 were 
retrieved and three of these redeployed in 2008 along with a new instrument.  In addition to these 
BOWFEST AURALs, two identical units were deployed for the National Ocean Partnership Program.  
Preliminary analyses of the AURAL data include recordings of bowheads, belugas, bearded seals, 
walruses, airguns, ships and ice noise.   

Two environmental acoustic recorders (EARs) were deployed in shallow water on UAF mooring 
frames on 19 Aug and were retrieved on 10 Sep 2008.  One of the EARs did not function due to a 
dislodged chip.  Four other EARs were deployed on movable moorings as a single mooring and a triad 
array.  The goal of the movable arrays was to determine if these arrays could be used to track bowhead 
whales, and to increase local Inupiat involvement in the BOWFEST program by integrating the EARs 
into local vessel surveys.  Analysis of the AURAL and EAR data is ongoing 
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Mooring and Broad–scale Oceanography 
Bottom–mounted moorings were deployed in Aug and Sep 2008 to investigate the relationship 

between overlying wind field, shelf currents, and the presence of zooplankton.  An association between 
wind and current direction and elevated levels of vertically migrating backscatter (presumed to be krill) 
was observed in the records of short–term mooring near the Beaufort Canyon edge.   

Oceanographic sampling at discrete stations was accomplished using a CTD, plankton nets, video 
plankton recorder, and Nisken bottles to collect water samples.  Preliminary results indicated colder water 
conditions in 2008 compared to 2005 and 2007.  Colder water temperatures in 2008 were closer to those 
of 2006.  Net tows contained krill following periods of east wind although quantitative analyses have not 
yet been completed.  Bowheads were observed along the 15–20 m isobath during periods when krill 
appeared to be most abundant.   

Based on four years of data it appears that a combination of wind and currents affects the 
distribution and concentration of krill.  During periods of easterly winds, currents move to the west along 
the Beaufort Shelf, the Alaska Coastal Current (ACC) is pushed to the northwest away from the Barrow 
Canyon, some shelf water escapes around Barrow, and upwelling occurs along the Beaufort Shelf 
northeast of Barrow bringing krill to the shelf.  Subsequent winds from the south or southwest, or periods 
with weak winds result in weaker, less directed currents along the shelf and the ACC moves tight against 
the eastern edge of Barrow Canyon, concentrating krill along the 15–20 m isobath.   
Tagging and Fine–scale Oceanography 

Efforts to tag bowhead whales with the use of suction–cup archival tags were unsuccessful in 2008.  
Development of an alternative tag attachment began after completion of the 2008 field season.  The tag 
attachment device will consist of a needle designed to penetrate the blubber layer.  The tag will be 
attached to the needle by a severable tether to allow the tag to detach and be recovered within several 
hours.  The tag will have a time–depth recorder, acoustic transmitter, and radio transmitter.   
Examination of Bowhead Stomach Contents 

Boat–based surveys were conducted from 20 Jul through 13 Sep to gather distribution data on 
bowhead whales within the study between Barrow and Cape Simpson to ~20 km (12 mi) offshore.  Few 
bowheads appeared to be in the survey area from late Jul through late Aug.  Most whales appeared to be 
migrating through the study area but a few feeding groups were noted.  Large numbers of bowheads were 
seen in the study area by the third week of Aug.  Satellite tagging operations in Oct 2008 were successful 
with 14 tags deployed.   

Bowhead stomach samples were examined from spring and fall harvested whale at Barrow and fall 
harvested animals from Kaktovik.  Preliminary analysis of fall samples suggested that whales were 
feeding primarily on copepods at Kaktovik and euphausiid–like prey at Barrow.  Only two of nine whales 
harvested at Barrow in spring (12%) appeared to be feeding, however 75% of 11 whales examined in Oct 
were feeding.   

Bowhead Whale Aerial Survey Project (BWASP) 
The Bowhead Whale Aerial Survey Project (BWASP) has been conducted annually since 1979 to 

document the fall migration of bowhead whales through the Alaskan Beaufort Sea. The MMS and 
previously the Bureau of Land Management has funded the program.  Information from BWASP is used 
by the MMS for pre- and post-lease analysis and documentation under the National Environmental Policy 
Act (NEPA) for Beaufort and Chukchi Sea Lease Sales. Starting in 2007, BWASP has been coordinated 
through NMML. Key BWASP objectives are: (1) provide real time data to MMS and NMFS on the 
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general progress of the fall migration of bowhead whales across the Alaskan Beaufort Sea, for use in 
implementing overall limitations on seasonal drilling and geological/geophysical exploration; (2) monitor 
temporal and spatial trends in the distribution, relative abundance, habitat, and behavior of whales in the 
study area; (3) analyze the sighting data for interyear differences and long-term trends in the distance 
from shore and water depth at which whales migrate; and (4) provide an objective context for 
management interpretation of the overall fall migration of bowhead whales and site-specific study results. 

Results of BWASP surveys have been reported since 1979.  The most recent report (Monnett and 
Treacy 2005) describes the results of the surveys from 2002 through 2004.  Reports for subsequent years 
will be forthcoming, however survey flight and sightings data for 2008 are available online at 
http://www.afsc.noaa.gov/NMML/cetacean/bwasp/flights_BWASP.php.   

 

Chukchi Offshore Monitoring in Drilling Area (COMIDA) 
The Chukchi Sea Planning Area (CSPA) was surveyed extensively for marine mammals by MMS-

supported contractors during many summers between 1979 and 1991.  However, with the exception of a 
small amount of data collected in the immediate vicinity of Barrow during recent MMS-conducted aerial 
surveys, the last significant aerial survey was in 1991.  Starting in 2007, BWASP was coordinated 
through NMML, and in 2008 these surveys were extended across the northeast Chukchi Sea to document 
marine mammal distribution during the open-water (ice-free) months. 

The surveys in the Chukchi Sea are referred to as COMIDA (Chukchi Offshore Monitoring In 
Drilling Area).  COMIDA–1 covers the period from 17 Jun to 7 Jul; COMIDA–2 covers 4–25 Aug; and 
COMIDA–3 covers 21 Oct to 10 Nov.  The BWASP surveys cover the period between COMIDA 2 and 3 
from 31 Aug to 20 Oct. 

The goal of the COMIDA study is to augment scientific knowledge about the distribution and 
abundance of marine mammals in the Chukchi Sea Planning Area (CSPA).  Emphasis will be placed on 
aerial surveys during the open-water months (mid-June to early November) when various species are 
making seasonal migrations through the CSPA, and when industrial activities are more likely to occur.  
Results of COMIDA research will facilitate mitigation related to oil and gas development.  Results of the 
COMIDA surveys have not yet been reported however survey flight and sightings data for 2008 are 
available online at http://www.afsc.noaa.gov/NMML/cetacean/bwasp/flights_COMIDA_1-3.php.   

 

Literature Cited 
Aerts, L., M. Blees, S. Blackwell, C. Greene, K. Kim, D. Hannay, and M. Austin.  2008.  Marine mammal 

monitoring and mitigation during BP Liberty OBC seismic survey in Foggy Island Bay, Beaufort Sea, July–
August 2008.  Report prepared by LGL Alaska Research Associates, Inc., Anchorage, AK, Greeneridge 
Sciences Inc., Santa Barbara, CA, and JASCO Research Ltd. Victoria BC, for BP Exploration (Alaska) Inc.  

Blackwell, S.B., Katherine H. Kim, William C. Burgess, Charles R. Greene, Jr., Robert G. Norman, and Lisanne 
A.M. Aerts.  2009a.  Methods used during the acoustic monitoring of bowhead whale migration, autumn 
2008.  Chapter 2 In: Aerts, L.A.M. and W.J. Richardson (eds.). 2009. Monitoring of industrial sounds, seals, 
and bowhead whales near BP’s Northstar Oil Development, Alaskan Beaufort Sea, 2008: Annual Summary 
Report. LGL Rep. P1081. Rep. from LGL Alaska Res. Assoc. Inc. (Anchorage, AK), Greeneridge Sciences 
Inc. (Santa Barbara, CA), and Applied Sociocultural Res. (Anchorage, AK) for BP Exploration (Alaska) Inc., 
Anchorage, AK.  

http://www.afsc.noaa.gov/NMML/cetacean/bwasp/flights_BWASP.php
http://www.afsc.noaa.gov/NMML/cetacean/bwasp/flights_COMIDA_1-3.php


10-20    Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 
 

Blackwell, S.B., W.C. Burgess, K.H. Kim, R.G. Norman, C.R. Greene, Jr., M.W. McLennan, and L.A.M. Aerts.  
2009b.  Sounds recorded at Northstar and in the offshore DASAR array, autumn 2008.    Chapter 3 In: Aerts, 
L.A.M. and W.J. Richardson (eds.). 2009. Monitoring of industrial sounds, seals, and bowhead whales near 
BP’s Northstar Oil Development, Alaskan Beaufort Sea, 2008: Annual Summary Report. LGL Rep. P1081. 
Rep. from LGL Alaska Res. Assoc. Inc. (Anchorage, AK), Greeneridge Sciences Inc. (Santa Barbara, CA), 
and Applied Sociocultural Res. (Anchorage, AK) for BP Exploration (Alaska) Inc., Anchorage, AK. 

Blackwell, S.B., K.H.. Kim, W.C. Burgess, C.R. Greene, Jr., and L.A.M. Aerts.  2009c.  Acoustic localization of 
migrating bowhead whales near Northstar, Autumn 2008.  Chapter 4 In: Aerts, L.A.M. and W.J. Richardson 
(eds.). 2009. Monitoring of industrial sounds, seals, and bowhead whales near BP’s Northstar Oil 
Development, Alaskan Beaufort Sea, 2008: Annual Summary Report. LGL Rep. P1081. Rep. from LGL 
Alaska Res. Assoc. Inc. (Anchorage, AK), Greeneridge Sciences Inc. (Santa Barbara, CA), and Applied 
Sociocultural Res. (Anchorage, AK) for BP Exploration (Alaska) Inc., Anchorage, AK. 

Brueggeman, J.  2009.  90–day report of the marine mammal monitoring program for the ConocoPhillips Alaska 
shallow hazards survey operations during the 2008 open water season in the Chukchi Sea.  Prepared for 
ConocoPhillips Alaska, Inc. by Canyon Creek Consulting LLC, Seattle WA.   

Hauser, D.D.W., V.D. Moulton, K. Christie, C. Lyons, G. Warner, C. O’Neill, D. Hannay, and S. Inglis.  2008.  
Marine mammal and acoustical monitoring of the Eni/PGS open-water seismic program near Thetis, Spy, and 
Leavitt islands, Alaskan Beaufort Sea, 2008: 90-day report.  Prepared by LGL Alaska Research Associates, 
Inc., Anchorage, AK, LGL Limited, environmental research associates, King City, Ontario, and JASCO 
Research Ltd., Victoria, BC, for Eni US Operating Co. Inc., Anchorage, AK, PGS Onshore, Inc., Anchorage, 
AK, the National Marine Fisheries Service, Silver Springs, MD, and the U.S. Fish and Wildlife Service, 
Anchorage, AK.   

Laurinolli, M.H., M.M. Zykov, S.R. Pearson, R.D.C. Bohan, and M.R. Link.  2008.  Underwater acoustics 
measurements near the Oooguruk Drillsite, Alaskan Beaufort Sea, September 2007.  Unpublished report 
prepared by JASCO Research, Ltd. and LGL Alaska Research Associates, Inc., for Pioneer Natural Resources, 
Alaska, Inc., Anchorage, AK.  33 p + Appendices.   

Lyons, C., K. Christie, R. Rodrigues, and M.R. Link.  2009.  Aerial surveys of marine mammals in Harrison Bay, 25 
August–11 October 2008.  Chapter 6 In Monitoring of in-water sounds and marine mammals near the 
Oooguruk and Nikaitchuq developments in eastern Harrison Bay, Alaskan Beaufort Sea, 2008.  Rep. from LGL 
Alaska Research Associates, Inc., Anchorage, AK, Greeneridge Sciences Inc., Santa Barbara, CA, and JASCO 
Research Ltd., Victoria, BC, for Pioneer Natural Resources Alaska, Inc., Anchorage, AK  and Eni US Operating 
Co. Inc., Anchorage, AK.  

Monnett, C., and S.D. Treacy.  2005.  Aerial surveys of endangered whales in the Beaufort Sea, fall 02–2004.  
Report prepared by Minerals Management Service, Alaska OCS Region.  OCS Study MMS 2005–37.   

Reiser, C. M., D. S. Ireland, and M. R. Link.  2008.  Aerial Surveys for Marine Mammals in Eastern Harrison Bay, 
Alaskan Beaufort Sea, September 2006.  Unpublished report prepared by LGL Alaska Research Associates, Inc. 
for Pioneer Natural Resources Alaska, Inc., Anchorage, Alaska, 12 p. + Appendix. 

Rugh, D. (ed.) 2009. Bowhead Whale Feeding Ecology Study (BOWFEST) in the Western Beaufort Sea; 2008 Annual 
Report. MMS-4500000120. Produced through the National Marine Mammal Laboratory, Alaska Fisheries 
Science Center, NMFS, NOAA, 7600 Sand Point Way, NE Seattle, WA  98115-6349. 

Williams, B.C., C.M. Reiser, and M.R. Link.  2008.  Aerial surveys for marine mammals in eastern Harrison Bay, 
Alaskan Beaufort Sea, September and October 2007.  Unpublished report prepared by LGL Alaska Research 
Associates, Inc., for Pioneer Natural Resources Alaska, Inc., Anchorage, AK.  13 p. + Appendix.   

Zykov, M., D. Hannay, and M.R. Link.  2007a.  Oooguruk development project, acoustic measurements, 2006: vessel 
underwater source levels.  Unpublished report prepared by JASCO Research, Ltd., and LGL Alaska Research 
Associates, Inc., for Pioneer Natural Resources, Alaska, Inc., Anchorage, AK., and FEX LP, Anchorage, AK. 

Zykov, M., D. Hannay, and M.R. Link.  2007b.  Underwater measurements of ambient and industrial sound levels near 
Oooguruk Drillsite, Alaskan Beaufort Sea, September 2006.  Unpublished report prepared by JASCO Research, Ltd., 
and LGL Alaska research Associates, Inc., for Pioneer Natural Resources, Alaska, Inc., Anchorage, AK. 



Chapter 11:  Summary and Assessments     11–1 

11.  SUMMARY AND ASSESSMENT OF POTENTIAL EFFECTS ON 
MARINE MAMMALS1 

Introduction 
The dynamics of the physical environment in the Beaufort and Chukchi seas create high temporal 

and spatial variability in conditions that affect marine mammals.  The Chukchi Sea is relatively shallow 
and uniform in depth and the presence of currents and movements of sea ice alter the suitability of 
particular areas for marine mammals over variable time scales.  Similar dynamic patterns occur in the 
Beaufort Sea, although bathymetry is much less uniform with deeper water occurring relatively close to 
shore where the continental shelf transitions to the Canada Basin. 

The extent and persistence of sea ice in the Chukchi and Beaufort seas have shown wide variability 
over the past decade and may be especially important for determining habitat use by marine mammals.  
Sea–ice cover in the study areas differed markedly during the three years of this study (2006-2008).  
Average ice cover was almost four times greater in the Chukchi Sea and two times greater in the Beaufort 
Sea in 2006 compared to 2007.  In 2008, ice cover was similar to 2007 but remained in some areas of the 
Chukchi Sea later into the season.  In general, a declining trend in the extent of arctic sea ice has occurred 
since 1953 and it reached a record low in 2007 (Stroeve et al. 2008).  The change in ice cover from 2006 
to 2007 and 2008 was probably the greatest factor influencing the large differences in the numbers and 
distributions of walruses in the Chukchi Sea study area during these years.  Additionally, the years 
differed with regard to the timing and distance offshore of the fall bowhead whale migration through the 
Beaufort Sea.  This may also have been due, at least in part, to the differences in ice cover among years. 

The spatial and temporal variability in the environment of the Chukchi and Beaufort seas drives 
large scale movements of many of the marine mammal species that inhabit these areas.  These movements 
lead to wide seasonal variation in habitat use and marine mammal abundance, and to a large degree 
determine the timing and success of subsistence hunts of these resources by Native people in the area 
(George et al. 2004). 

This high degree of variability in both the physical and biological aspects of the Chukchi and 
Beaufort seas makes it challenging to characterize and assess the patterns of marine mammal movement, 
behavior and abundance, and the potential effects of human activities on those patterns.  This is 
particularly true when trying to identify and distinguish longer term changes (or potential changes) in 
distribution, timing and abundance of marine mammals relative to effects of annual changes in 
environmental variables like ice cover, and potential effects of human activities.   

There have been numerous studies of marine mammals in the Beaufort Sea over the past two to 
three decades focusing on bowhead whales, beluga whales, seals and polar bears.  Industry research and 
monitoring programs have contributed to our understanding of impacts to marine mammals from oil and 
gas exploration and production and of annual variation in distribution.  Various government entities 
including the Minerals Management Service (MMS) and the U.S. Fish and Wildlife Service (USFWS) 
have also funded long–term research in the area.  In the Chukchi Sea far fewer studies have been 
conducted and very few of those studies have occurred in recent years.  Many of the data sets for the 
Chukchi Sea are 20 years old, or more, making the three years of data from this program important for 
improving the understanding of current marine mammal use of the Chukchi Sea.  The discussion and 
conclusions presented here should be viewed in the framework of this somewhat limited data set, 

                                                 
1 Dale W. Funk, Robert Rodrigues, Darren S. Ireland, and William R. Koski, LGL Alaska Research Associates, Inc. 
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collected across a large area in years with markedly different ice–cover conditions.  Interpretation of 
broad patterns from such data is inherently limited. 

Marine Mammal Monitoring in the Chukchi Sea 
 A Joint Monitoring Program (JMP) was initiated by Shell, ConocoPhillips Alaska Inc. (CPAI), 

and GX Technology (GXT) in 2006.  Vessel–based observations, aerial surveys, and acoustic techniques 
were used to collect data on the density and distribution of marine mammals in the Chukchi Sea from 
early Jul through mid–Nov in 2006.  In 2007 and 2008, vessel–based monitoring activities were continued 
from the operating seismic ship, monitoring vessels, and various support vessels used during seismic 
operations by Shell.  Data from these operations were collected from mid–Jul through early Nov in 2007 
and from mid–Jul through mid–Sep in 2008.  The majority of these observations generally occurred in a 
limited area because much of the seismic survey activity was located in relatively small blocks within the 
MMS Planning Area (Chapter 3, Fig. 3.5).  In 2006, data were collected over a broader area of the 
Chukchi Sea in conjunction with somewhat wider ranging seismic surveys conducted that year by GXT as 
well as via vessel–based surveys within the MMS Planning Area.  Ice cover was much more extensive in 
2006 than in 2007 and 2008 and limited the area that could be surveyed, particularly during Jul and early 
Aug. 

 Aerial surveys were conducted over nearshore waters and the coastline of the Chukchi Sea 
between Barrow and Pt. Hope at (approximately) biweekly intervals for most of the period from mid–Jul 
through mid–Nov in both 2006 and 2007 and from mid–Jul through mid Sep in 2008.  Surveys began 
shortly after the annual spring beluga whale hunt by the village of Pt. Lay and continued until operations 
in the Chukchi Sea ended each year.  Logistical constraints near the end of Jul 2006 prevented surveys 
from being flown from late Jul until late Aug of that year.   

Acoustic studies were conducted along the Chukchi Sea coast and at additional locations in deeper 
water using bottom–founded recorders.  During 2006 five recorders were deployed off each of Cape 
Lisburne, Pt. Lay, Wainwright, and Barrow.  The five recorders in each area were deployed perpendicular 
to the coastline from ~10 to 93 km (~6 to 58 mi) offshore, except near Barrow, where the recorders were 
positioned approximately parallel to the Chukchi Sea coast and extending beyond Pt. Barrow to the east 
to avoid strong currents associated with Barrow canyon.  These recorders provided information on the 
received sound levels from seismic survey activities at various distances from shore, as well as marine 
mammal vocalizations at those locations.  In 2007 and 2008 acoustic recorders were deployed over a 
wider area as described in Chapter 5.  Unfortunately, problems with the recorders in both years limited 
the amount of data that were collected.  A small number of recorders were deployed overwinter in 2007–
2008 and 2008–2009. 

In 2006, the design of the aerial and acoustic studies and the impact of ice on the vessel–based 
surveys skewed the results of the studies toward nearshore locations and limited the number of data 
collected farther offshore in the MMS Chukchi Sea Planning Area.  The vessel–based results from 2006 
reflected both the areas where seismic work was occurring and the location of the pack ice during the 
early part of the season.  In 2007, the acoustic studies were able to collect data on sound levels from 
seismic acquisition and on marine mammal vocalizations across a larger portion of the Chukchi Sea.  The 
greatly reduced ice cover during 2007 did not restrict access of program vessels to particular portions of 
the study area as it had in 2006.  In 2008, some ice remained in the study area over the Burger prospect 
(west of Wainwright) later into the year but, as in 2007, ice generally did not restrict access of the 
program vessels to particular portions of the study area. 
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Cetaceans 
There were relatively few reports of vessel–based observations of marine mammals in the Chukchi 

Sea prior to 2006.  Brueggeman et al. (1992) summarized data that were collected from an icebreaker 
operating near drilling activities, with 43% of the observation effort occurring while the vessel was 
stationary.  During vessel operations in 2006–2008, data were collected from periods when vessels were 
underway, making direct comparison with Brueggeman et al. (1992) data difficult.  A small number of 
other marine mammal observations have been recorded during brief transits of the Chukchi Sea during the 
open–water season (Haley and Ireland 2006; Haley 2006), but the limited amount of time spent in the 
Chukchi Sea during these transits also makes comparison to the current results of marginal value.   

From 2006–2008 there were 353 cetacean sightings of 629 individuals reported in the Chukchi Sea 
during vessel activities associated with the seismic survey programs.  The most commonly recorded 
cetacean species overall was gray whale (~39%) followed by bowhead whale (~12%).  The least 
commonly recorded species was beluga whale (a single sighting; 0.3% of the three-year total).    

The species composition of cetacean sightings was similar in all three years with approximately 
90% of sightings each year consisting of bowhead whales, gray whales, harbor porpoises, unidentified 
mysticete whales and unidentified whales.  The largest difference among years was the species 
composition of gray and bowhead whale sightings.  Approximately 30% of Chukchi Sea cetacean 
sightings were bowhead whales in 2006 compared to 9% in 2007 and 5% in 2008.  Gray whale sightings 
comprised only 29% of cetacean sightings in 2006 compared to 48% in 2007 and 40% in 2008.    

When vessel-based data for the three years were combined, cetacean sighting rates were higher in 
Jul–Aug than in Sep–Nov.  Annual variation was apparent, and a higher sighting rate in the fall period 
occurred in 2006.  In 2007 and 2008, greater numbers of gray whales were present in the Chukchi Sea 
during their summer feeding period in Jul and Aug than were present in autumn.  Most gray whales 
appeared to have left the Chukchi Sea by mid–Sep in both of those years.   

Additionally, the timing of the bowhead whale fall migration into the Chukchi Sea in 2007, and to 
a lesser extent in 2008, also contributed to the observed seasonal trend in cetacean sightings.  Greater 
feeding activity as bowhead whales passed through the central and western Beaufort Sea may have 
resulted in the later arrival of whales in the Chukchi Sea.  Bowhead whales observed during aerial surveys 
in the Beaufort Sea were commonly recorded as feeding well into Sep in these years.  Hunters from 
Barrow reported few bowheads in mid–Sep when they are typically common which also suggested a later 
arrival during fall 2007.      

Aerial surveyors along the coastline reported 150 cetacean sightings of 581 animals for the 2006–
2008 period.  The most frequently recorded cetacean species in all years combined was gray whale, which 
accounted for ~38% of sightings.  Beluga whales had a greater number of individuals but slightly fewer 
sightings (~32%).  Bowhead whales comprised ~21% of cetacean sightings with harbor porpoise and 
unknown whales making up the remainder of the sightings.  Fewer whales were seen on the coastline 
surveys in 2008 than in either 2006 or 2007.     

Sawtooth aerial surveys over near-shore waters reported 344 cetacean sightings of 853 individuals 
during the 2006–2008 period.  Ninety-nine cetacean sightings of an estimated 127 individuals were 
observed during sawtooth surveys within the Chukchi Sea in 2008.  During the 2007 field season, almost 
twice as many cetacean sightings were recorded while half as many cetacean sightings were recorded 
during the 2006 field season.  The lower numbers of beluga and bowhead whales in 2008 were likely due 
to the 2008 field season ending earlier than in 2007 or 2006, resulting in fewer sighting of whales on their 
return migration.   
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In general, the species of cetaceans seen during both aerial and vessel-based surveys were similar 
to those previously reported in the area (summarized in: MMS 2007).  In a few cases, species uncommon 
to the area were documented including 14 sightings of 16 Minke whales, four sightings of six humpback 
whales, and two sightings of four fin whales.  

Gray Whales 
Gray whales migrate north to the Chukchi Sea to feed, arriving in mid–Jun (Braham 1984; Moore 

et al. 1986; Moore 2000).  Some gray whales continue east into the Beaufort Sea (Reeves et al. 2002; 
Angliss and Outlaw 2008), but most remain in the Chukchi Sea until Sep–Oct, when they migrate south to 
wintering areas in northern Mexico (Moore et al. 1986).  Our survey results in all three years were 
generally consistent with these movements described in earlier studies.   

Gray whale was the cetacean species most frequently sighted from seismic and support vessels 
combined and during aerial surveys in all three years (2006–2008); however, the distribution and 
abundance of this species varied annually.    In 2006 gray whales were most abundant in Jul and declined 
during Aug and Sep. In 2007, gray whale numbers peaked in Aug and then declined in Sep.  In 2008 gray 
whale numbers again peaked in Jul but remained relatively high through Sep, decreasing in Oct.  Moore 
et al. (1986) also observed inter–annual variability in gray whale abundance in the Chukchi Sea with peak 
abundance occurring in Jul during 1982, Aug during 1983, and Sep during 1984.  Gray whales were 
sighted only once during late Oct in 2006 and no gray whales were sighted in Oct 2007.  No gray whales 
were seen during Nov surveys in 2006 or 2007 and they were not expected to be present in the Chukchi 
Sea during winter, although Stafford et al. (2007) documented gray whales overwintering east of Barrow. 

Gray whale distribution within the aerial survey area was also different among study years.  In 
2007 and 2008, gray whales were most abundant in the northern part of the survey area from about 
Wainwright to Barrow.  In 2006, they were most abundant in the central part of the survey area near Point 
Lay.  Sighting rates were higher near shore in 2006 and farther offshore in 2007 and 2008.  Variation in 
gray whale distribution may have been related to differences among years in prey distribution. Gray 
whale sighting rates in summer were similar during our 2006–2008 study to those during a 1982–1986 
study (Moore et al. 2000); however, sighting rates were lower in autumn 2006–2007 than during the 
earlier study.   

Previous studies have documented gray whale use of coastal and shoal waters (Moore and 
DeMaster 1998; Moore et al. 2000).  The northeastern–most of the known recurring feeding areas 
frequented by gray whales are located in the northeastern Chukchi Sea southwest of Barrow (Clarke et al. 
1989).  Gray whales routinely feed in the Chukchi Sea during summer and 79% of our combined aerial 
observations in 2006-2008 were of feeding animals.  Moore et al. (2000) reported that gray whales 
summering in the Chukchi Sea clustered along the shore, primarily between Cape Lisburne and Point 
Barrow.  In autumn, gray whales clustered near shore at Point Hope and between Icy Cape and Point 
Barrow, as well as in offshore waters northwest of Point Barrow at Hanna Shoal and southwest of Point 
Hope (Moore et al. 2000).   

Bowhead Whales 
The Bering–Chukchi–Beaufort (BCB) stock of bowhead whales migrates north from wintering 

areas in the Bering Sea through the Chukchi Sea in early spring (April–May) and arrives in summering 
areas in the eastern Beaufort Sea and Amundsen Gulf in Jun–Jul.  Most of the bowhead whales that 
winter in the Bering Sea are thought to migrate to the Beaufort Sea during this period but a few may 
summer in the Chukchi Sea (see below).  Bowhead whales return to the Chukchi Sea in the fall as they 
migrate back to the Bering Sea, in at least some cases via feeding grounds along the northeast coast of 
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Chukotka (Sep–Nov; Moore and Reeves 1993; Quakenbush 2009).  Observations from vessels in 2006 
indicated that bowhead whales were most common in the Chukchi Sea during 25 Sep – 25 Oct (18 
sightings, 25 individuals) although nearly as many whales were recorded during the earlier part of the 
season (9 sightings, 18 individuals).  No bowheads were recorded from vessels from 26 Oct through mid–
Nov 2006.  In 2007, there were only six sightings of bowhead whales from vessels all of which occurred 
in the later part of the season.  In 2008, some bowhead whales were reported during Jul-Aug but no 
sightings were recorded in Sep.  Additionally, a number of unidentified whales were sighted some of 
which may have been bowheads.  Vessel operations during the fall of 2008 were greatly reduced 
compared to previous years and this may account for the low numbers reported for the fall period.   

Aerial surveys in nearshore areas of the northern Chukchi Sea indicated that bowhead whales were 
most common during Oct–Nov in 2006–2008.  Small numbers of bowheads were estimated to be in 
nearshore areas during Jul and Sep of 2006 and 2008 but not in Jul or Sep of 2007.  Bowheads were not 
seen during Aug of 2006 or 2007, but few surveys were conducted during Aug 2006.  One bowhead 
sighting was reported in Aug 2008.  The relatively higher numbers of bowhead observations during the 
later part of the season likely resulted from the movement of bowhead whales through the Chukchi Sea 
during their fall migration.   

Moore (1992) reported 26 sightings of bowhead whales during Jul and Aug in the northeastern 
Chukchi Sea from 1975 to 1991 and suggested that some bowhead whales may summer in the Chukchi 
Sea rather than moving into the Beaufort Sea.  Whether bowhead whales observed during Jul and Aug of 
the study years remained in the Chukchi Sea for the entire summer is uncertain.  However, hydrophones 
deployed off the Chukchi coast recorded bowhead whale calls throughout the open–water season of 2007 
(JASCO 2008) and researchers from the Oshoro Maru 2007 summer cruise in the Bering and Chukchi 
seas reported an aggregation of 30 bowhead whales approximately 130 km (80 mi) north of Cape 
Lisburne on 9 Aug (Sekiguchi et al. 2008).   

Acoustic recorders placed along the Chukchi Sea coast detected bowhead whale vocalizations in 
2006 and 2007.  In 2008 problems with the recorders resulted in very little data collected during the 
summer open-water period.  Bowhead whales were recorded in fall 2006 by the arrays at Barrow, 
Wainwright, and Pt. Lay, but not at Cape Lisburne.  However, the three recorders farthest offshore at 
Cape Lisburne were not recovered.  Detections decreased from Pt. Barrow to Pt. Lay, and a shift in 
detections relative to the coast occurred from Wainwright, where there were similar numbers of 
detections at various distances from shore, to Pt. Lay, where there were mostly inshore detections.  In 
2007, bowheads were recorded in the nearshore Chukchi Sea during summer.  Recorders deployed over 
winter in five locations indicated that bowhead whales were present and actively calling throughout the 
fall and until the last day of Dec.  

Monitoring data during the study years indicated an increase in bowhead whale abundance during 
the fall, as would be expected based on the known migration pattern.  However, aerial survey data 
indicated that peak bowhead whale abundance in the study area occurred in Nov 2006 and Oct 2007 and 
2008 (although no surveys were flown in Nov during 2008), with most sightings in the Pt. Franklin area.  
Previous ship–based surveys in Sep and Oct of 1992 and 1993 did not record any bowhead sightings 
along the western coast of Alaska between Point Hope and Barrow (Moore et al. 1995).  Recent satellite 
tagging data confirmed earlier aerial–survey evidence that at least some bowhead whales continue their 
westward migration across the northern Chukchi Sea to waters near the Russian coast before migrating 
southeast toward and through the Bering Strait (Mate et al. 2000; Quakenbush 2007, 2008 Fig 11.1).  In 
2008, most of the tagged whales moved across the northern Chukchi Sea into Russian waters before 
heading south along the Chukotka coast.  
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Figure 11.1  Movements of tagged whales between 19 and 28 Sep 2008 (A) and between 27 Sep and 6 
Oct 2008 (B).  Data are from a study by Quakenbush et al. (2009) and are available online at 
http://wildlife.alaska.gov/management/mm/bow_move_chukchi_sea.pdf 
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Beluga Whales 
Two beluga whale populations are seasonally present in the Chukchi Sea.  The Chukchi population 

spends part of the summer in the Chukchi Sea and the Beaufort population migrates through the Chukchi 
Sea during spring and fall.  During Jun and Jul, Chukchi Sea beluga whales typically congregate in 
lagoons and nearshore waters along the Chukchi Sea coast, especially Omalik and Kasegaluk Lagoons 
near Point Lay (Huntington et al. 1999; Suydam et al. 2001).  Some beluga whales have been reported 
migrating along the Chukchi Sea coast in Apr and May (Moore et al. 1993) and movements past Barrow 
continue into Jun.  Most of these migrating belugas are thought to move north towards or into the pack ice 
and continue into the Canadian Beaufort Sea and Amundsen Gulf where they spend the summer (Suydam 
et al. 2001).   

Beluga whale sighting rates during aerial surveys were greatest during Jul (2006), Aug (2007), and 
Jul (2008).  Sightings decreased during mid–season and then increased later in the year, which was 
consistent with earlier studies (Suydam et al. 2001, 2005a).  In 2006, beluga whale sighting rates and 
numbers of individuals were highest during the early season in coastal areas (within 5 km of shore).  
However, acoustic recorders deployed along the coast detected only five groups of beluga whales during 
285 recorder–days from mid–Jul to late Aug.  Beluga whale sighting rates were lowest in Aug and 
thereafter steadily increased through Nov with most whales recorded farther offshore during the mid– and 
late seasons.   In 2007, sighting rates were lowest in Sep rather than Aug, perhaps because of the reduced 
ice cover.  In 2008, beluga whale sighting rates peaked in Jul but no beluga whales were reported from 
Aug through early-Oct.  Sighting rates and the estimated numbers of beluga whales in 2008 were 
substantially lower than in 2006 or 2007.  Some of this difference was related to the early end date of the 
surveys in 2008 relative to the previous two years, which may have missed the return migration of 
belugas into the southern Chukchi Sea.  The return may also have been later than in previous years or 
farther offshore where these surveys would not have detected the whales.  However, overall sighting rates 
were lower than would have been expected based on 2006 and 2007 data.  Only one beluga whale was 
reported by vessel–based MMOs during the study years. 

Detections of beluga whale calls on acoustic recorders in 2007 were sparse with only small 
numbers of calls recorded early in the season.  Detections were only made along the Barrow and 
Wainwright recorder lines and call detection rates were approximately uniform with respect to distance 
from shore.  Over-winter data contained beluga whale calls in Nov and from Apr to Jun with a peak of 
calling in late Apr off of Pt Lay.  These data may indicate that beluga whales were moving north earlier 
than usual, which could account for the lower numbers of belugas reported by the aerial survey program 
in Jul.     
 

Seals  
In total, 2568 seal sightings comprised of 2965 individuals were recorded from ships in the 

Chukchi Sea from 2006 through 2008.  The most commonly identified seal species was ringed seal (792 
sightings), followed by bearded seal (346 sightings), spotted seal (213 sightings) and one ribbon seal.  
Seal detection rates from vessels were lower in 2007 and 2008 than in 2006.  The 2006 Chukchi Sea total 
of 1751 seal sightings was more than seven times higher than the number of seal sightings in 2007, and 
approximately three times higher than the number of seal sightings in 2008.  Although the number of 
sightings varied greatly by year, the species composition of the sightings was similar among the three 
years.  In 2006, the data showed an expected relationship of greater seal detection rates in areas closer to 
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pack ice.  The lower overall seal detection rates in 2007 and 2008 may have been due, in part, to 
decreased ice cover in areas where vessels were operating.   

In 2006 and 2007, fall sighting rates from vessels were approximately twice those in summer.  The 
fall sighting rate in 2008 was slightly less than the summer sighting rate, but relatively little observation 
effort occurred in the fall of 2008.  Seal sighting rates from the three years combined were significantly 
higher during fall than during summer.   

Aerial sightings of ringed and spotted seals peaked in Aug 2008, Oct 2007, and Sep 2006, but these 
species were sighted throughout the study period.  Bearded seals were also sighted during all months of 
the study, but the greatest number of sightings occurred in Oct and Nov of 2007 and in Sep of 2006 and 
2008.  Bearded seals were sighted throughout the study area but were more concentrated in the area 
between Barrow and Wainwright.  Ringed and spotted seals were seen consistently along the coastline 
from Barrow to Pt Hope with somewhat fewer sightings in the southern portion of the study area.  

Seal densities calculated from vessel–based observations in areas where received sound levels were 
<120 dB rms in summer and fall respectively ranged from 192 to 504 seals/1000 km2 (386 mi2) in 2006, 
40 to 152 seals/1000 km2 (386 mi2) in 2007 and 86 to 60 seals/1000 km2 (386 mi2) in 2008 depending 
upon whether summer or fall densities were used.  By comparison densities reported for ringed and 
bearded seals by Bengtson et al. (2005), based on aerial surveys in the eastern Chukchi Sea, ranged from 
70 to140 bearded seals/1000km2 (386 mi2), and 1620 to 1910 ringed seals/1000km2 (386 mi2).  No 
correction factor was applied to the bearded seal densities and actual bearded seal densities may be 
greater than those reported by Bengtson et al. (2005).  The Bengtson et al. (2005) aerial surveys were 
conducted earlier in the year (May/June) than the current surveys, primarily over pack ice, and cannot be 
considered equivalent to the current vessel–based surveys.  No densities were derived from our aerial 
surveys because the survey altitude (optimized for whales) made detection of seals difficult and limited 
accurate identification of seals. 

Walrus 
Most Pacific walruses winter in the southern Bering Sea and migrate north in the summer into the 

Chukchi Sea following the receding pack ice.  Once in the Chukchi Sea, walruses on the Alaskan side 
spend the summer between 70° N and Barrow, and on the Russian side between the Bering Strait and 
Wrangel Island.  When ice is present near feeding areas they alternate periods of hauling out on ice pans 
with periods of feeding.  Walruses feed primarily on benthic invertebrates and the ice edge provides a 
platform for resting adjacent to feeding habitat.  Pacific walruses feed in relatively shallow water up to 
~80 m (262 ft) in depth, although deeper dives have been recorded (Fay and Burns 1988).  Most of the 
Chukchi Sea is relatively shallow with depths generally <50 m (164 ft) providing extensive feeding 
habitat.  In Oct, the pack ice develops rapidly in the Chukchi Sea, and large herds begin to move 
southward.   

Our 2006 survey results were consistent with these typical movements, but the observed 
distribution in 2007 was much different.  During 2006, peak walrus sighting rates were in Jul in nearshore 
areas closely associated with the pack ice.  Sighting rates in these nearshore areas declined markedly 
during Aug and Sep as the pack ice retreated.  Presumably walruses remained with the pack ice that was 
present over shallow offshore waters.  In contrast, during 2007 the pack ice retreated so far north early in 
the season that walruses appeared to have abandoned the pack ice by late Aug.  Pacific walrus sightings 
(n = 143) recorded from the source vessel Gilavar on 24 Aug, before seismic activity began, contributed 
72% of the non–seismic walrus sightings in 2007.  These sightings were in open water over 100 km (62.1 
mi) from the pack ice.  Later in Aug and early Sep large numbers of walruses hauled out along the 
Alaskan Chukchi coast from Barrow to Cape Lisburne (Fig. 11.2).  Walrus numbers at the Chukchi Sea 
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haulouts ranged from ~100 to well over 5000 animals (Fig. 11.3).  Walrus vocalizations were detected by 
bottom–founded recorders deployed in the Chukchi Sea throughout the 2007 study period with noticeable 
movements of animals into and away from shore.  In particular, a noticeable movement from offshore to 
onshore was recorded along the Point Lay line of recorders in late Aug, although offshore vocalization 
activity continued throughout the season. 

 
FIGURE 11.2.  Pacific walrus haulouts recorded during aerial surveys along the 
Chukchi Sea coast in 2007.   

 

 
FIGURE 11.3.  Pacific walrus haulout on  the Chukchi Sea coast east of Icy Cape, 18 Sep 2007.    
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In 2008, walruses were consistently sighted in the Chukchi Sea from both vessels and aircraft but 
they did not use terrestrial haulouts along the Chukchi Sea coast, as occurred in 2007.  Sea ice 
concentration in the study area was low overall in 2008, but ice pans remained in some areas much later 
into the season than in 2007.  While ice cover was <10% of the sea surface in much of this area in 2008, 
the pieces of ice present were apparently large enough to support walruses while feeding and resting. 

The large number of different terrestrial haulout sites used by large numbers of walruses in 2007 
along the Alaskan Chukchi Sea coast had not been previously documented, but it may become more 
common if the trend for reduced ice cover in the Chukchi Sea in summer continues.  How the use of 
land–based haulouts along the Chukchi Sea coast rather than haulout locations on the pack ice will impact 
walruses is unknown.  Cooper et al. (2006) reported at least nine Pacific walrus calves separated from 
adult females in waters as deep as 3000 m (1.86 mi) in Jul and Aug of 2004 in the Canada Basin of the 
Arctic Ocean, presumably due to the rapid seasonal sea–ice retreat during that year.  The authors 
speculated that walruses may be ill adapted to such rapid retreat of sea–ice. 

Polar Bears 
Polar bears occur in most ice–covered marine waters of the Northern Hemisphere including the 

coastal waters of the Bering, Chukchi, and Beaufort seas.  Over most of their range polar bear distribution 
is primarily limited to locations near sea ice.  Sea ice disappears from most of the southern Chukchi Sea 
during summer and polar bears migrate north with the drifting pack ice (Garner et al. 1990, 1994; 
Amstrup 2000).  Therefore the low numbers of polar bears seen during the surveys in the Chukchi Sea 
were not surprising, particularly in 2007 when the extent of arctic sea ice reached a record low (Stroeve et 
al. 2008). 

Eight polar bears were observed during the 2006–2008 Chukchi Sea seismic operations from 
vessels.  Three were seen in Aug 2008 and five were observed in 2006 during Sep.  None of the polar 
bears were observed during active seismic operations.  Seventeen polar bear sightings (19 individuals) 
were made during 2008 aerial surveys.  Fifteen of the sightings were of lone adults, and two sightings 
were of pairs.  All but three bears sighted were on land.  One polar bear sighting (1 individual) was made 
in 2007, and it was observed on land close to a walrus haulout.  Five polar bear sightings (9 individuals) 
were made during 2006 aerial surveys.  Two of these sightings were on ice floes and three bears were 
swimming.  Most sightings occurred in Sep, but one sighting was recorded in Aug.  The sightings were 
spread along the coast from Barrow to Pt Hope. 

 

Marine Mammal Monitoring in the Beaufort Sea 
Sea ice was more concentrated in some nearshore areas of the Beaufort Sea in 2006 compared to 

2007 and 2008, which resulted in different levels of seismic survey activity during the three years.  In 
2006, sea–ice conditions in the area of Shell’s prospects precluded seismic exploration and only shallow 
hazards and site clearance activities were conducted in the Beaufort Sea.  In Sep 2007 and 2008, low ice 
cover allowed Shell to conduct seismic exploration and to continue shallow hazards survey work.  
Vessel–based marine mammal observations were conducted in the Beaufort Sea in 2006, 2007, and 2008 
(described in Chapter 6) as part of Shell’s monitoring and mitigation program for the seismic surveys. 

Shell also conducted aerial surveys as part of its monitoring and mitigation program during all 
three years (Chapter 7), although aerial surveys in 2006 were limited.  The aerial survey program was 
designed to provide information on the distribution and movements of marine mammals, particularly 
bowhead whales.  Of particular interest was how far west of seismic operations bowheads that may have 
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deflected from their natural migration paths would return to a more normal distribution.  The initial 
survey routes were designed to collect information on whale distribution west of industry operations in 
addition to distribution near and east of the operations.  The program was also designed to provide 
information needed for mitigation through monitoring the surveyed area for bowhead cow/calf pairs.  
Because sound source verification tests showed that seismic survey sounds traveled farther than initial 
models had predicted, aerial surveys in 2007 and 2008 had to extend farther east than initially planned in 
order to monitor the ≥120 dB zone for bowhead cow/calf pairs.  This meant that the surveys could not 
extend as far to the west as originally planned unless the spacing between the lines was increased.  
Therefore, survey lines were spaced farther apart with a lower overall percent coverage of the survey area.  
The aerial survey program in the Beaufort Sea was expanded in 2007 compared to 2006 due to the 
expanded scope of the 2007 exploration program—in particular, the operations of the Gilavar.  In 2006, 
surveys were flown from late Aug through late Sep in the Camden Bay area in support of shallow hazards 
surveys.  In 2007 and 2008, the survey area was expanded to both the west and the east, and extended 
from Harrison Bay to Kaktovik.  In 2007, aerial surveys were conducted from late Aug through early Oct 
in support of both shallow hazards and deep seismic surveys.  In 2008, surveys began in mid-Jul and 
extended through early Oct. 

In 2006, Shell funded development of improved directional acoustic recorders for monitoring 
marine mammal calls and other sounds in offshore areas of the Beaufort Sea.  During that program, 
background information on call distributions and sounds was collected in offshore areas that had not been 
monitored acoustically during earlier studies.  In 2007 and 2008, Shell used recorders that had been tested 
in 2006 to conduct a large–scale underwater acoustic monitoring program.  This program was designed to 
provide information on fall migration paths of bowhead whales along the Alaskan Beaufort Sea coast in 
relation to Shell’s oil and gas exploration activities (Chapter 9).   

The acoustic study began on ~20 Aug 2007 and continued until 12 Oct, with a few recorders left in 
the water to collect acoustic data throughout the fall, winter, and spring.  The latter recorders were 
retrieved in summer 2008 but experienced problems during the deployment and no data were recorded.  
In 2008, recorders were deployed ~16 Aug and retrieved ~8 Oct.  In each year five arrays each consisting 
of seven Directional Autonomous Seafloor Acoustic Recorders (DASARs) were deployed at locations 
along the Beaufort Sea coast from eastern Harrison Bay to Kaktovik (Chapter 9, Fig. 9.3). The 
southernmost DASARs of each array were located 15–33 km (9–21 mi) offshore with the remaining 
DASARs in each array extending northward to 21 km (13 mi) from the southernmost DASAR.  In 2008, 
the recorder array at Site 1 was supplemented by five recorders placed along the coast in an east to west 
orientation by Eni U.S. Operating Co. Inc (Eni).  One of the DASARs did not function properly, but data 
were collected on the other four recorders. 

Cetaceans 
Numerous aerial surveys to determine the distribution of marine mammals, particularly bowhead 

and beluga whales, have been flown over the Beaufort Sea since the late 1970s (e.g., Davis et al. 1985; 
Moore et al. 1993, 2000; Moore and DeMaster 1998; Miller et al. 1999; Monnett and Treacy 2005).  
However, few systematic vessel–based studies of marine mammals have been reported in offshore areas 
of the Beaufort Sea.  Richardson and Lawson (2002) reported on marine mammal observations made 
during Ocean Bottom Cable (OBC) seismic surveys in the Beaufort Sea from 1996 to 2001.  These 
surveys were generally in relatively nearshore areas inside or just outside the barrier islands and the 
majority occurred during mid– to late summer prior to the peak of the bowhead whale migration.  
Consequently, and possibly due to the tendency for cetaceans to avoid approaching seismic vessels, most 
of the marine mammals observed were seals.  Miller et al. (1998) reported one vessel–based bowhead 
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whale sighting during OBC surveys in relatively nearshore areas between Northstar and Flaxman islands 
in 1996 and 1997.    

Vessel-based observers reported 141 cetacean sightings (240 individuals) in the Beaufort Sea from 
2006–2008.  Sixty-five percent of the cetacean sightings occurred in 2008, but almost 60% of the effort 
also occurred in 2008. The higher cetacean sighting numbers in 2008 likely reflected differences in effort 
among years rather than differences in cetacean abundance or distribution.  Bowhead whales represented 
~53% of total sightings.  Unidentified mysticete whales represented an additional ~33% of sightings.  
Additionally, small numbers of gray whales were recorded each year. 

Aerial surveyors in the Beaufort Sea reported 379 cetacean sightings of 657 animals for the 2006–
2008 period.  Most of these sightings occurred in 2007 (116 sightings) and 2008 (214 sightings).  In 2008 
aerial surveys began in Jul whereas they began in late Aug of 2007 and 2006.  In 2006 (49 sightings), ice 
conditions in the study area that precluded seismic activity limited the amount of required survey effort.   
The most frequently recorded cetacean species in all years was bowhead whale, which accounted for 
~50% of sightings.  Beluga whales accounted for ~38% with harbor porpoise and unidentified whales 
making up the remainder of the sightings.  A single gray whale was reported in 2006. 

In general, the species of cetaceans seen during both aerial and vessel-based surveys were similar 
to those previously reported in the area (summarized in MMS 2007).  The only unusual sightings were the 
relatively large number of harbor porpoise seen in 2007 and 2008. 

Gray whales 
Gray whales are much less abundant in the Beaufort Sea than in the Chukchi Sea.  The Beaufort 

Sea is outside of their typical range and in the 1970s to mid–1990s gray whales were rarely seen in the 
Beaufort Sea (Rugh and Fraker 1981; Miller et al. 1999).  Starting in the late 1990s, small numbers of 
gray whale sightings were recorded in most years.  Reasons for increases in sightings are unknown, but 
may include extension of their range as the population recovered, and potential changes in habitat due to 
declining sea ice in the Arctic.  During vessel–based observations in the Beaufort Sea in support of the 
current seismic and shallow hazards surveys, only two gray whale sightings of three individuals were 
recorded in 2006, one sighting of one individual in 2007, and four sightings of 6 whales in 2008.  
Similarly, few gray whales were sighted in the Beaufort Sea during aerial surveys in the three years of 
study.  Three gray whales were sighted in 2006, one in 2007 and none in 2008. The numbers of gray 
whale sightings were too low to perform any analyses of distribution, habitat use, or of the potential 
effects of activities in the Beaufort Sea on gray whales.  Gray whale sightings have tended to be near the 
coast and few gray whales were likely to have been affected by seismic operations in the Beaufort Sea in 
2007 and 2008 or site clearance surveys in 2006–2008.  

Bowhead whales 
The majority of the BCB stock of bowhead whales migrates eastward through the central Alaskan 

Beaufort Sea in spring (April to mid–June), and arrives in summering areas in the Canadian Beaufort Sea 
and Amundsen Gulf in May–July.  A few bowheads may remain in the northeastern Chukchi Sea during 
summer (Moore 1992) and little is known about their distribution and movements during summer and 
early autumn.  Most bowheads that summer in Canadian waters do not return to the Alaskan Beaufort Sea 
until fall (late Aug to late Oct or possibly later; Moore and Reeves 1993; Miller et al. 2002).  No bowhead 
whales were sighted from vessels in the Beaufort Sea in 2006, but there were 20 sightings of 51 
individuals and 48 sightings of 84 individuals in 2007 and 2008, respectively.  Most of these sightings in 
both years were recorded by MMOs on monitoring vessels, probably related in part to the greater amount 
of effort from monitoring vessels compared to source vessels.   
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In contrast to the vessel–based observations, bowheads were commonly recorded during aerial 
surveys in 2006–2008 (Chapter 7).  In total, 203 bowhead whale sightings were recorded while on-
transect over the course of the three years: 35 in 2006, 81 in 2007 and 87 in 2008.  Average bowhead 
sighting rates were highest in 2007, and lowest in 2008.  Differences among years were significant, but 
when the comparison was restricted to a similar time period (i.e., the peak migration window from 26 
Aug through 24 Sep each year), no significant differences were observed among years (Chapter 7). 

 Survey effort in 2006 and 2007 was focused around the peak migration period (late Aug through 
late Sep).  In contrast, effort in 2008 covered a much broader period, extending from Jul through early 
Oct.  All bowheads observed in Jul 2008 were traveling eastward, and appeared to still be on their spring 
migration.  The last eastward migrating bowhead was observed on 12 Jul and no other bowheads were 
sighted until late Aug.   

Sightings were made in late Aug for all three years beginning around 22 Aug.  Whales sighted in 
Aug tended to move more slowly and headings of whales were not always in a migratory (westerly) 
direction when compared to those seen later in the year, although travel was the most frequently observed 
activity.     

In contrast, sighting rates were much higher in Sep for all years. By Sep most traveling or 
swimming bowheads had migratory headings.  Feeding (2007, 2008) or traveling (2006) were the most 
frequently observed activities in Sep.  Peak bowhead migration near Kaktovik, at least in years up to 
2000, was usually around 18 Sep (Fig. 11.4) with the majority of whales passing Kaktovik from about 3 
to 25 Sep (Miller et al. 2002).   Oct sightings were rare, with only one bowhead observed in 2007 and six 
in 2008.  All bowheads sighted in Oct had migratory headings and most (five of seven sightings) were 
swimming or traveling.  

Traveling was a common activity recorded in all three years (ranging from 29–59% of activity 
observations), and was the predominant activity in 2006.  In contrast, feeding was much more prevalent in 
both 2007 (52% of activity observations) and 2008 (43% of activity observations).  In addition to these 
two activities, resting was also commonly observed, accounting for 15–40% of sightings over the three 
years.  Socializing and milling were observed less frequently, and were only seen in 2007 and 2008.    

Bowhead whales feed extensively in the Canadian Beaufort Sea during the summer and then 
continue to feed intermittently during fall migration across the Alaskan Beaufort Sea (Landino et al. 1994; 
Miller et al. 1999, 2002; Würsig et al. 2002; Lowry et al 2004).  Recurrent bowhead whale feeding areas 
have been identified near Kaktovik and northeast of Barrow, where whales have been observed feeding 
during the fall.  Whales have also been observed feeding near Cross Island in the Prudhoe Bay area 
(Lowry et al. 2004).  Behavioral and movement data collected during aerial surveys in 2007 and 2008 
suggested that more feeding occurred in the Alaskan Beaufort Sea than has been observed during most 
previous years (Chapter 7).  Bowhead feeding was one of the main activities recorded during the 2007 
aerial surveys. 

Bowhead sighting rates during aerial surveys were greatest in the 15–20 km (9–12 mi) offshore 
band in 2007 and 2008 and ~60 km offshore in 2006.  The differences in sighting rates with distance from 
shore among years may be due to differences in ice conditions.  Bowhead whale distribution in the 
Alaskan Beaufort Sea during late summer and autumn has been shown to vary with ice conditions (Moore 
2000; Treacy et al. 2006).  Bowhead whales tend to occur farther offshore in years of heavy ice (95% CL: 
67.2–79.6 km [41.8–49.5 mi]) compared to years of moderate (95% CL: 44.8–53.8 km [27.8–33.4 mi]), 
or light (95% CL: 30.0–32.4 km [18.6–20.1 mi]) ice conditions (Treacy et al. 2006).  The sighting 
distributions in this study were consistent with what would be expected in low and moderate ice years 
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FIGURE 11.4.  Plot of 10–day moving average of bowhead abundance (individuals 
seen/100 km) during aerial surveys in the eastern Alaskan Beaufort Sea, 7 Aug.–27 Oct., 
1979–2000.  The study area extended from Flaxman Island to the Canadian border (from 
Miller et al. 2002). 

 
Overall trends in seasonal sighting rates corresponded with previous research on bowhead migration 

through Alaskan waters (Ljungblad et al. 1986; Moore et al. 1989).  Data collected in Jul (2008) indicated 
that east–migrating bowheads tended to travel near the shelf break.  In contrast, fall surveys conducted 
from Aug to Oct (2006–2008) documented bowheads feeding and traveling at shallower depths on their 
westward migration.  Over the course of this study, whales traveling and feeding during fall migration 
were observed in the Alaskan Beaufort Sea from 22 Aug through 9 Oct, corresponding with time frames 
identified in previous research on fall bowhead migration through Alaskan waters (Miller et al. 2002; 
Treacy 2002).   

Beluga whales  
The westward migration of beluga whales through the Alaskan Beaufort Sea typically begins in 

Aug and continues through Oct (Moore and Reeves 1993).  The main beluga migration occurs near and 
north of the edge of the pack ice and the continental slope, although a few animals are seen closer to the 
coastline.  Beluga whales were not sighted by vessel–based MMOs in the Beaufort Sea in any of the study 
years (2006–2008), but sightings were made during aerial surveys in all three years (Chapter 7).   

A total of 156 beluga whales were sighted during aerial surveys over the course of the three years: 
13 in 2006, 25 in 2007, and 118 in 2008.  Average sighting rates were highest in 2008 and lowest in 2007 
though differences in sighting rates among years were not significant.  Beluga whale sighting rates were 
highly variable at least partly because the aerial surveys were designed to help provide seismic 
monitoring and mitigation, and the survey area did not fully encompass preferred beluga habitat further 
offshore.  The highest beluga whale sighting rates were recorded in Jul 2008 (85 sighting/1000 km; 137 
sightings/1000 mi).  In contrast, peak sighting rates in 2006 (22 sightings/1000 km; 35 sightings/1000 mi) 
and 2007 (23 sightings/1000 km; 37 sightings/1000 mi) were much lower and occurred during early Sep. 
Past studies have reported peak beluga abundance in the central Alaskan Beaufort Sea in early–Oct 
(Miller et al. 1999). 
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Beluga whale sighting rates based on the combined 2006–2008 aerial survey data were generally 
highest in the more offshore portions of the transects, but sighting rates were also relatively high as close 
as ~60 km (37 mi) from the coast.  Few belugas were recorded closer than 55–60 km (34–37 mi) from 
shore.  As in past studies (Miller et al. 1999; Moore et al. 2000), beluga whales were generally found 
farther offshore than bowhead whales.  Similar results were seen in the 2006 SNACS survey area near 
Barrow (Appendix G in Funk et al. 2007) where most beluga whale sightings (n = 219; 75%) occurred at 
distances >50 km from shore.     

Seals, Walruses, and Polar Bears 
In total, 2011 sightings of 2394 individual seals were recorded from vessels operating in the 

Beaufort Sea during Sep and Oct of 2006 through 2008.  Approximately 69% of the sightings were 
recorded in 2008, however, 69% of the effort also occurred in 2008, so this result likely reflects 
differences in effort across years as opposed to differences in seal abundance or distribution.   

Ringed seal was the most frequently identified seal species (33% of total sightings) followed by 
bearded and spotted seals for all three years combined.  Forty-nine percent of seals were recorded as 
unidentified species.  Spotted seals are relatively uncommon in the central Alaskan Beaufort Sea and 
some of the spotted seals may have been misidentified due to the difficulties in distinguishing this species 
from ringed seal. 

No seasonal patterns in seal detection rates were obvious during the three years of study.  
Similarly, no strong trend in seal sighting rates with respect to distance from the main pack ice edge was 
apparent from 2006 through 2008, although, seal sighting rates were generally higher in areas closer to ice 
in 2006.  Seal sighting rates were generally higher in more shallow water (<200 m) though effort in deep 
water (>200m) was limited. 

Summer seal densities ranged from ~172 to 330 seals/1000 km2 and fall densities ranged from 
~225 to 393 seals/1000km2 during non-seismic periods.  These densities were generally similar to those 
reported in previous studies.  Seal densities during other vessel–based observations in the Beaufort Sea 
ranged from 51 to 300 seals/1000 km2 (386 mi2; Harris et al. 1997, 1998; Moulton and Lawson 2000, 
2002).  Moulton et al. (2002) reported seal densities in the Beaufort Sea near Northstar Island ranging 
form 490 to 630 seals/1000 km2 (386 mi2).   However, these densities were based on spring aerial survey 
data of seals hauled out on landfast ice and may not be comparable to densities based on vessel–based 
observations.  Frost and Lowry (1999) reported higher densities ranging from 1010 to 2940 
seals/1000km2 (386 mi2) during similar spring aerial surveys in the Beaufort Sea.  No densities were 
derived from our aerial surveys because the surveys were conducted primarily over water at altitudes too 
high to make consistent observations of seals.   

Pacific walruses are uncommon in the Beaufort Sea.  Only 10 Pacific walruses in six groups were 
recorded by vessel-based MMOs in the Beaufort Sea during 2007 (5 sightings) and 2008 (one sighting), 
and no Pacific walrus sightings were recorded in the Beaufort Sea during 2006.  Five sightings (six 
individuals) of Pacific walrus were recorded during aerial surveys in 2006.  In 2007, one walrus cow-calf 
pair was sighted and in 2008 two sightings of adult walruses were recorded.    

During the 2006–2008 survey periods in the Beaufort Sea 21 polar bear sightings were recorded.  
Most of these occurred in 2007 and 2008 when MMOs recorded 43 animals in 18 groups, with nine 
sightings in each year.  Only four polar bears in three groups were recorded in 2006.  Only three of the 21 
polar bear sightings from 2006 through 2008 were recorded in the fall.  All 18 of the summer polar bear 
sightings were recorded in Aug when polar bears were frequently observed on or adjacent to the barrier 
islands, most notably, Cross Island.  Thirteen of the 21 polar bear sightings were recorded on ice or land. 
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Potential Interactions of Industry and Other Human Activity 
in the Chukchi and Beaufort Seas 

Chukchi Sea 

Seismic Operations 
Shell’s activities in the Chukchi Sea in 2008 included seismic exploration from the Gilavar and 

shallow hazards and site clearance surveys from the Cape Flattery and the Alpha Helix.  In addition to 
Shell’s 2008 Beaufort Sea exploratory activities, CPAI conducted shallow hazards and site clearance 
surveys from the Norseman I.  Neither the Alpha Helix nor the Norseman I used airguns during their site 
clearance activities.  The Alpha Helix used several instruments including side-scan sonar for bathymetric 
surveys.  The Norseman I used a 6 kj sparker as a sound source.  The Gilavar collected seismic data in the 
Chukchi Sea from 27 Jul–28 Aug 2008 The Cape Flattery conducted shallow hazards surveys from ~28 
Aug to 13 Sep.  Use of the small airgun array on the Cape Flattery began on 29 Aug and was completed on 
9 Sep and the Norseman I operated between 7 Sep and 31 Oct 2008.   

Through coordination of survey activity there was no overlap between the seismic survey activity 
of the Gilavar and the shallow hazards surveys conducted by either Shell or CPAI (Table 11.1). The 
Gilavar used their airgun array on 22 days during the survey period.  There was some overlap between 
the two shallow hazards survey programs.  CPAI began using their 6 kj sparker on 7 Sep during sound 
source measurements and the Cape Flattery used its airgun array until 9 Sep.  Therefore, there was a three 
day period of 7, 8, and 9 Sep when the sparker operated by CPAI and the Shell airgun array operated on 
the same days.  Operations, however, were geographically separated by at least 15 n.mi. as required by 
IHA’s issued to each company.  

 
Table 11.1 Overlap in seismic, and shallow hazards programs in the Chukchi Sea in 2008. 

28 25 28 1 4 7 10 13 16 19 22 25 28 31 3 6 9 12 15 18 21 24 27 30 3 6 9 12 15 18 21 24 27 30
Seismic (SOI)
Shallow Hazards (SOI)
Shallow Hazards (CPAI)

OctoberSeptemberJuly August

 
 
The failure of the JASCO recorders deployed in the Chukchi Sea in 2008 prevented analysis of the 

ambient sound levels in the Chukchi Sea in 2008, as well as sounds associated with vessel traffic, and 
those associated with seismic and shallow hazards survey activity.  It is likely that the sound levels 
produced by the seismic airgun array were similar to those produced in 2007 given that the same airgun 
array towed by the same vessel, the Gilavar, was used by Shell in both 2007 and 2008.   As in 2007, the 
Shell survey was the only active seismic program during 2008.   More ice was present in the Chukchi Sea 
later into the year in 2008, which may have increased ambient sounds somewhat when compared to 2007.  
Ship traffic was also fairly similar during the two years. 

From 29 Aug to 10 Sep 2007, sounds associated with seismic surveying were recorded on bottom–
founded acoustic recorders deployed near Point Lay, Wainwright, and Cape Lisburne.  During that time 
the SPLs for all stations except PLN40, which was well offshore and nearest the seismic survey activity, 
were generally below 115 dB rms.  Recorders deployed in 2006 documented pulses with received levels 
as high as ~130 dB rms during active seismic periods.  During some periods in 2006, two seismic ships 
were working simultaneously in the Chukchi Sea. 
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The SPL over time on the offshore station PLN40 (located ~61 km or 38 mi from the center of the 
seismic survey area) showed a clear increasing and decreasing pattern that was most likely due to the 
progress of the survey vessel as it moved closer to and farther from the recorder.  Other discontinuities in 
the SPL were likely due to transitions from the full array to a single mitigation gun during power downs 
or survey line changes.  Over a selected 32–min period, average SPLs during the survey ranged from 100 
to 137.4 dB rms on this single recorder. Individual shots often reached 142 dB rms, and on two occasions 
exceeded 144 dB rms.   

During a second seismic survey period (20 through 26 Oct 2007), the airgun sounds were detected 
on recorders near Wainwright and Barrow (W35R, W50R, B35R and B50R stations).  At the W50R OBH 
(located ~58 km or 36 mi from the center of the seismic survey area), over a 32–min period average shot 
SPLs were as high as 132 dB rms, and individual shots typically peaked at ~138 dB rms. 

Ambient sound levels in 2006 off Cape Lisburne, Point Hope, and Wainwright recorded at the #2 
recorder in each array ranged between ~90 and 100 dB rms whereas levels of ambient sounds averaged 
several dB higher at the #5 recorder. In 2007, ambient sounds were highly variable, as they were in 2006, 
but generally ranged from ~85 to 125 dB rms depending upon the location of the recorder and weather 
conditions at the time of the measurements. 

 The seismic vessels in 2006 were generally closer to the “offshore” recorders than to the nearshore  
recorders, and the higher ambient levels recorded at the #5 recorders may, to some degree, have resulted 
from the contribution of routine vessel noise to the recordings in offshore waters and some reverberation 
of the seismic pulses.  However, the main noise sources offshore were related to ice and wave action.  
This was also generally true in 2007. JASCO reported high ambient sound levels at several of their 
nearshore recorders, but were unable to identify the source(s) of these higher levels of low frequency 
sound.  

Vessel Traffic 
In addition to the seismic vessels operating in the Chukchi Sea in 2008, various other vessels 

supported the seismic operations.  In general, these included the monitoring boats associated with the 
seismic vessel (usually the Gulf Provider, Torsvik, Theresa Marie, Norseman II, and Arctic Seal)).   

Sound levels from each support vessel used by Shell were measured.  While the source levels of 
the routine vessel operations do not approach the source levels produced by the seismic airgun arrays at 
times when pulses are being received, these smaller vessels may produce a substantial amount of sound, 
particularly if a number of vessels are operating in a relatively small area such as a harbor or bay.  Also, 
vessels produce continuous sound whereas an airgun array produces sound for only a fraction of a second 
every several seconds (i.e., duty cycle 100% vs. <5%).  Sounds from all of these vessels contributed to the 
total in–water sounds.  A wide variety of shipping and boating sounds was reported throughout the 2007 
study period from recorders deployed in the Chukchi Sea.  The SPLs for vessel sounds were reported as 
generally being above the 95th percentile of ambient sound levels, but they never exceeded 120 dB rms at 
the recorders.  It is likely that vessel sound levels in 2008, given the similar numbers of ships, was fairly 
near the levels measured in 2007. 

In addition to the vessel traffic associated with the seismic activities, other vessel traffic also 
occurred in the Chukchi Sea during the 2008 open–water season.  Other large vessels operating in the 
Chukchi Sea in 2008 included barges, and at least two Coast Guard vessels.  This vessel traffic was in 
support of other industry activity not associated with the Shell seismic surveys, and with barge activity in 
support of villages.  Several barges transited the Chukchi Sea to the Alaskan or Canadian Beaufort Sea.  
In 2007, the recorders closest to shore generally detected more vessel traffic than the recorders further 
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offshore.  It appeared that some of this activity was related to small fishing, hunting, and pleasure vessels. 
Vessels were the dominant noise source when present.  For some vessels the signals were over 40 dB rms 
above the mean ambient sound levels.   

Beaufort Sea 

Seismic Activities 
Shell’s activities in the Beaufort Sea in 2008 included seismic exploration from the Gilavar, and 

shallow hazards and site clearance surveys from the Henry Christoffersen (Henry C.) and the Alpha Helix.  
In addition to Shell’s 2008 Beaufort Sea exploratory activities, Eni conducted ocean bottom 
cable/transition zone seismic surveys in nearshore waters off Oliktok Point near Spy, Leavitt, and Thetis 
islands (Hauser et al. 2008).  BP Exploration (Alaska) Inc. (BPXA) also conducted ocean bottom cable 
seismic surveys in the Beaufort Sea in 2008 east of the Endicott causeway in Foggy Island Bay (Aerts et 
al. 2008).   

 Seismic activity began on 22 Jul in Camden Bay and was continuous in some portion of the 
Beaufort Sea until 9 Sep.  Each of these operations occurred on specific lease blocks in areas that were 
separated geographically, but they overlapped temporally as shown in Table 11.2. Shell and Eni both 
worked in the Harrison Bay area during the same time period in early Sep.  Eni had completed their 
offshore work and was only working inside the barrier islands while Shell was actively shooting seismic 
in the offshore waters of Harrison Bay. 
 

Table 11.2.  Overlap in shallow hazards, seismic, and OBC programs in the Beaufort Sea in 2008. 

22 25 28 1 4 7 10 13 16 19 22 25 28 31 3 6 9 12 15 18 21 24 27 30 3 6 9
Shallow Hazards (SOI)
Seismic (SOI)
OBC (Eni)
OBC (BPXA)

July August

Harrison BayHarrison Bay Camden Bay

September

Camden Bay

Foggy Island Bay
Harrison Bay (offshore) Harrison Bay (inshore)

 
 

Table 11.3 shows the number of days that one or more vessels operated airguns during the seismic 
programs conducted in the Beaufort Sea by Shell, Eni, and BPXA in 2008 and the total number of vessel-
airgun days that occurred.  Five vessels operated airguns on two days though more typically one, two or 
three vessels were operating.  In most cases, only one vessel operated outside the barrier islands in deeper 
water. 
 

Table 11.3.  Number of days that one or more vessels operated airguns during either deep 
seismic, ocean bottom cable, or shallow hazards surveys, and total number of vessel-airgun 
days in the Beaufort Sea in 2008. 

1 2 3 4 5 Tot
Days 19 19 21 11 2 72
Vessel Days 19 38 63 44 10 174

Number of vessels operating
al

 
 

Although seismic source vessels did not operate within 15 n.mi. of each other, there could have 
been some areas that received sound pulses from multiple operating sources.  Given that seismic airgun 
sounds are impulsive rather than continuous, there would be few locations where sound pulses were 
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received from both operations simultaneously.  At most locations the sound pulses would arrive 
sequentially and alternately from one seismic ship and then the other.  Thus, at most times the received 
sound levels would not exceed the level of the sounds from the loudest of the two operations.  However, 
the number of pulses received per unit time (the pulse repetition frequency) would be greater in the region 
of overlap than in areas ensonified by a single operation.  There would have been a small number of 
locations and times where pulses from two operations would arrive at or near the same time.  In these few 
occasions the sound pulses would add incoherently (with random phase).  At most, when pulses from 
each source were received simultaneously with the same root-mean-square pressure level, the combined 
sound pressure level would be ~3 dB higher.  When the received levels of the overlapping pulses differ by 
10 dB or more, their combined level will be less than 1 dB greater than the level of the stronger pulse.  
Given that the vessels were separated by a fairly large distance and that in most cases of temporal overlap 
some of the vessels were inside the barrier islands this latter scenario is the most likely. 

Underwater sound levels produced by most of these vessels were measured in the Beaufort Sea in 
2008.  Distances to which underwater received sound levels diminished to 120 dB rms are reported in 
Shell’s 90–day report (Ireland et al. 2009) and ranged from ~400 to 1500 m (437 to 1640 ft) for the 
smaller vessels, and to ~6300 m (6890 yd) for the Gilavar.  Underwater received levels for source and 
support vessels operated by Eni during OBC surveys in eastern Harrison Bay dropped to 120 dB at ranges 
between 280 and 1300 m (218 and 1421 yd) from the sound sources. 

In 2008, the Shell seismic program operated in both the Harrison Bay and Camden Bay areas.  
Shallow hazards work was more extensive than in 2007 but only occurred in Camden Bay.  Additionally, 
Eni was conducting OBC seismic activities in eastern Harrison Bay inside and outside the barrier islands, 
and BPXA conducted OBC surveys in Foggy Island Bay.  Measurements of received seismic pulse sound 
levels for 2008 were not available at the time that this report was prepared, but will be included in future 
versions of the report.  It was more difficult to assess sound levels that were related to each program at the 
different sites since there was more than one seismic program operating.  For instance, background levels 
computed at DASARs Sites 3 and 4 during operations by the Gilavar on 13–28 Sep were visibly affected 
by airgun reverberation and vessel sounds.   

Received sound levels at whale call locations indicated that DASAR Sites 1, 3, and 4 had the 
highest received levels.  This was to be expected since the Eni OBC operation was close to Site 1, the 
Henry Christoffersen operated between Sites 3 and 4, and the Gilavar operated close to all three sites   
The seismic pulses from the Gilavar’s array and those from the other sources could have been detectable 
at some of the same locations where underwater sounds produced by activities at BPXA’s Northstar 
Island and at Pioneer’s ODS were detectable.  

Oil and Gas Construction and Production Activities 
As described in Chapter 2, a number of independent oil exploration, construction, and production 

operations occurred in the Beaufort Sea during the open–water period of 2008.  These operations did not 
interact directly, but their operations overlapped temporally.   Acoustic monitoring was conducted in the 
vicinity of ODS and SID in 2008 to characterize underwater sound from the two drill sites and associated 
vessel traffic.  A report on the results from that monitoring program is currently under review by the 
North Slope Borough Department of Wildlife Management.     

 Similarly, some of the Shells activities and vessel operations occurred near BPXA’s oil 
production operations at Northstar Island.  Numerous types of activities are required to support oil pro-
duction at Northstar.  These activities are summarized in Chapters 2 and 10.  While Shell activities around 
Northstar inevitably contributed to in–water sounds in the area, acoustic measurements made near North-
star indicated that levels of low–frequency sound near Northstar in 2008 were similar to those in other 
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years during which measurements were made (Blackwell et al. 2009; summarized in Chapter 10). Most 
underwater sounds from on–island activities at Northstar are only detectable within 2–4 km of the island 
(Blackwell and Greene 2006) and it is unlikely that there was any significant interaction of sound 
produced by on–island Northstar activities and Shells activities, or the BPXA OBC seismic shoot at the 
Liberty prospect.  However, underwater sound from Northstar–related vessel traffic is sometimes 
detectable to ~30 km from the vessel in question (Blackwell and Greene 2005).  Such vessel sound could 
have interacted with underwater sounds related to Shells activities.   

Non–Seismic Vessel Traffic 
Various types of barge traffic in support of industry activities occurred in the Beaufort Sea between 

Barrow and Kaktovik during the 2008 open–water period.  The types of vessel traffic, general location of 
vessel routes, number of round trips, and timing of barge traffic are discussed in Chapter 2.  Barge 
activities in the Beaufort Sea were conducted primarily in support oil production activities at ODS by 
Pioneer, and by BPXA at Northstar Island.  Eni also operated barge traffic between Oliktok Point and 
SID.  Various other types of barge and vessel activities were conducted between Barrow and Kaktovik in 
support of villages and the U.S. Air Force installation at Bullen Point. 

Barge routes in the Beaufort Sea were generally near the coast and barges often transited inside the 
barrier islands.  The primary barge routes for industry activities in 2008 were between West Dock and 
Northstar, Oliktok Point and ODS and SID (Fig. 11.5).  Other barge traffic that carried general cargo or 
fuel included several round trips between Barrow and Kaktovik (Fig. 11.6).  Also, several vessels 
transited the entire Alaskan Beaufort Sea during the 2008 open–water period.   

In 2008 monthly barge traffic from Oliktok Point to Pioneer’s ODS was highest in Aug and Sep 
(Table 11.4).  Crew vessel activity associated with ODS was similar in Jul, Aug, and Sep, and was 
reduced in Oct.  Underwater sound propagation from vessels operated by Pioneer was measured by 
JASCO.  Received levels recorded for the barge Stryker were 120 dB re 1 μPa at 850 m (0.53 mi).  
Received levels were lower for smaller support vessels and reached 120 dB from 260 to 440 m (284 to 
481 yd) from the vessels.   

 
 

 
FIGURE 11.5.  General location of barge routes from West Dock to Northstar Island and Oliktok Point to 
ODS and SID 2008.   
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FIGURE 11.6.  General location of barge traffic routes in the Alaskan Beaufort Sea between Barrow and 
the Canadian border, 2008. 
 

Most of BPXA’s barge traffic between West Dock and Northstar Island in 2008 occurred during 
Aug and Sep.  Hovercraft use was greater in Jul and Aug, and crew vessels were most active in Jul,  Sep, 
and Oct.  BPXA has conducted an underwater acoustic monitoring program at Northstar since 2001 
(Blackwell et al. 2008a).  Blackwell and Greene (2006) reported that vessels were the main contributors 
to underwater sound related to Northstar activities and that vessels were sometimes detectable to ~30 km 
(19 mi).  In the absence of vessel sounds broadband levels from island activities usually reached ambient 
within 2–4 km (1.4–2.5 mi).  Underwater sound levels produced by BP’s Griffon 2000TD hovercraft 
were considerably lower than those from barges and other conventional vessels of similar size (Blackwell 
and Greene 2005).   

The long distance barge activities between Barrow and the Canadian border in support of activities 
at Cape Simpson, Lonely and Kaktovik would likely have had a greater potential to cause disturbance to 
marine mammals than the more localized barge traffic near ODS and Northstar Island.  The long distance 
barge traffic occurred over a broad portion of the Beaufort Sea coast and had the potential to affect marine 
mammals along the entire route, particularly from Camden Bay eastward.  Potential effects of barge 
traffic on marine mammals would likely have been temporary and confined to periods when animals were 
in the immediate vicinity of barges.   
 
TABLE 11.4.  Number of barge, crew vessel, and hovercraft round trips by Pioneer between ODS and 
Oliktok Point, by BP between Northstar Island and West Dock, and by Eni between Oliktok Point and SID 
during the 2008 open-water season. 

 

Month Barge Crew Vessel Barge Hovercraft Crew Vessel Barge Crew Vessel
July 6 54 5 122.5 15 0 34
August 29 55 26 135 8 1 73
September 30 58 12 84 16 4 7
October 12 6 2 40 16 0 0

EniPioneer BP

 
 

Subsistence Whaling 
Fall subsistence whaling activities for bowhead whales in the Beaufort Sea in 2007 were successful 

with bowhead whales landed at Kaktovik, Cross Island, and Barrow.  Details of the 2008 fall subsistence 
hunt were not available from the AEWC at the time that this report was prepared, but will be added once 
we receive them.  On the basis of unofficial accounts from the industry supported Communications 
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Centers, the 2008 bowhead whaling season was generally successful.  Both Kaktovik and Nuiqsut 
achieved their quotas and several whales were taken by Barrow whalers.  Shell, Eni, and BPXA operated 
within the established guidance of a Conflict Avoidance Agreement with AEWC which established 
blackout zones and time periods for seismic activities.  No adverse impacts of the various seismic 
programs with the subsistence hunts in 2008 were reported.  Figure 11.7 shows the GPS tracklines of 
Cross Island whaling boats since 2001 and provides an indication of the area that whalers may travel 
while hunting bowheads 
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 Figure 11.7  GPS tracklines for Cross Island whaling boats 2001 – 2008 (from 
Galginaitus 2008). 
 

Bowhead whales are typically hunted from Barrow during spring whaling season in May as well as 
during the fall.  Bowhead subsistence hunts occur primarily in the spring at Point Hope and Wainwright.  
The numbers of whales landed by villagers in the Beaufort Sea (Kaktovik and Nuiqsut) and the Chukchi 
Sea (Point Hope and Wainwright) since 1993 are presented in Table 11.5.  Whales landed at Barrow may 
have been taken either from the Chukchi or Beaufort sea.  Vessel traffic associated with the seismic 
program, which began in mid–Jul, would not have affected the spring bowhead hunts.  Results of the 
2008 subsistence bowhead hunts were not available at the time this report was prepared.   
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TABLE 11.5.  Number of bowhead whale landings by year at Point Hope, 
Wainwright, Barrow, Cross Island (Nuiqsut) and Kaktovik, 1993–2007.  The 
numbers for Barrow include the total number of whales landed for the year 
followed by the numbers landed during the fall hunt in parenthesis.  

Year Point Hope Wainwright Barrow Cross Island Kaktovik

1993 2 5 23 (7) 3 3
1994 5 4 16 (1) 0 3
1995 1 5 19 (11) 4 4
1996 3 3 24 (19) 2 1
1997 4 3 30 (21) 3 4
1998 3 3 25 (16) 4 3
1999 2 5 24 (6) 3 3
2000 3 5 18 (13) 4 3
2001 4 6 27 (7) 3 4
2002 0 1 22 (17) 4 3
2003 4 5 16 (6) 4 3
2004 3 4 21 (14) 3 3
2005 7 4 29 (13) 1 3
2006 0 2 22 (19) 4 3
2007 3 4 20 (7) 3 3

 
1 Compiled in USDI/BLM (2003) from various sources.   

andings”. From Burns et al. (1993), various 

 
POTENTIAL EFFECTS OF INDUSTRY ACTIVITIES ON MARINE MAMMALS 

Chukchi Sea 
mbers of bowhead whales may remain in the northern Chukchi Sea through the summer 

(Moor

 after Shell seismic 
operat

2 Numbers given for Barrow are “total landings/autumn l
issues of Report of the International Whaling Commission, Alaska Eskimo Whaling Commission, J.C. 
George (NSB Dep. Wildl. Manage.), Suydam et al. 2004, 2005b, 2006, 2007, 2008. 
3 Cross Isl. (Nuiqsut) and Kaktovik landings are in autumn.  Data compiled in  Koski et al. (2005) from 
various sources.  

IN THE CHUKCHI AND BEAUFORT SEAS 

Small nu
e 1992; Rugh et al. 2003), and these whales may have been exposed to seismic sounds in the 

Chukchi Sea from Jul through early Sep of 2008 (including shallow hazards surveys).  At least some 
bowheads were probably exposed to seismic sounds during Aug.  Recorders deployed in the Chukchi Sea 
in 2007 detected bowhead whales at that time and it is likely that a few whales were also present in 2008.  
A few bowheads were seen by aerial surveyors in Jul, Aug and early-Sep in coastal areas of the Chukchi 
Sea but bowheads are not common until later in Sep and Oct.  In general, most bowhead whales would 
have already migrated through the Chukchi Sea to their summering grounds in the Canadian Beaufort Sea 
well before the time Shell began seismic operations in the Chukchi Sea in late Jul.   

Most bowhead whales returning to the Chukchi Sea would have arrived
ions ended in late Aug.  Some of the bowhead whales returning to the Chukchi Sea during their fall 

migration to wintering grounds in the Bering Sea may have encountered sound produced by Shell’s 
shallow hazards operations from 28 Aug through 9 Sep 2008.  CPAI also operated shallow hazards 
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surveys from 7 Sep until 31 Oct.  These operations used relatively small sound sources.  In most areas in 
2007, (i.e., for all acoustic recorders except one station near the area being surveyed), sound levels from 
the full Gilavar airgun array were generally 115 dB rms or lower.  This sound level was below any level 
that has been reported to cause reaction in bowhead whales.  The smaller array used by the Cape Flattery 
and the sparker used by CPAI would have produced much weaker in-water sounds than the Gilavar’s 24-
airgun array.    

Most bowhead whales that encountered airgun sounds from operations in the Chukchi Sea would 
have b

e to noise pulses 
from a

mainly 1998) study of migrating bowhead whales, relatively low levels 
of airg

een migrating.  The response of bowhead whales to seismic surveys can be variable depending on 
the activity of the whales (e.g., migrating vs. feeding vs. socializing).  Bowhead whales on their summer 
feeding grounds in the Canadian Beaufort Sea showed no conspicuous reactions to pulses from seismic 
vessels at distances of 6–99 km and received sound levels of 107–158 dB on an approximate rms basis 
(Richardson et al. 1986).  Subtle but statistically significant changes in surfacing–respiration–dive cycles 
were evident upon analysis, but were not noticeable to observers at the time the data were collected.  
Bowheads usually showed strong avoidance responses when seismic vessels approached within a few 
kilometers (~3–7 km or 2–4 mi) and when received levels of airgun sounds were 152–178 dB on an 
approximate rms basis (Richardson et al. 1986, 1995). Generally similar results were obtained during a 
separate study in the eastern Alaskan Beaufort Sea during early autumn (Ljungblad et al. 1988).  This 
work and more recent studies by Miller et al. (2005) found that feeding bowhead whales tended to tolerate 
higher sound levels than did fall migrating bowhead whales (cf. Miller et al. 1999; Richardson et al. 
1999).  Similar results were reported during seismic surveys in Canadian waters in 2006 (Harris et al. 
2007) and in the Alaskan Beaufort Sea during the 2007 seismic activities where whales were also 
recorded as feeding during aerial surveys (Koski et al. 2008).  In this latter study whales remained in the 
same general area while seismic surveys were conducted 10–50 km (6–30 mi) east of them and bowheads 
were seen as close as 1.4 km (0.9 mi) from the source vessel.  The authors reported evidence of small 
scale avoidance of the seismic sounds but 16 groups of 27 individuals tolerated sounds greater than 160 
dB (rms). Additionally, Citta et al. (2007) reported that, in Canadian waters, tagged whales approached 
within 19 km of an active seismic ship during 2007.  Whales were feeding in the area and the seismic ship 
was shut down in response to other bowhead whales that had entered the “safety zone.” 

Fall migrating bowhead whales in the Alaskan Beaufort Sea were more responsiv
 distant seismic vessel than were summering feeding bowheads.  In 1996–98, a partially–controlled 

study of the effect of OBC seismic surveys on westward–migrating bowheads was conducted in late 
summer and autumn in the Alaskan Beaufort Sea (Miller et al. 1999; Richardson et al. 1999).  Aerial 
survey observations showed that some westward–migrating whales avoided an active seismic survey 
vessel by 20–30 km, and that few bowheads approached within 20 km when the airguns were operating.  
Received sound levels at those distances were 116–135 dB re 1 μPa (rms).  The specific distance at which 
deflection began could not be determined from the available data, but some whales approaching from the 
east apparently began to deflect from their migration path at ~35 km from the airguns.  In contrast, at 
times when the airguns were not active, many bowheads moved into the area close to the inactive seismic 
vessel.  Avoidance of the area within ~20 km of the seismic operations did not persist beyond 12–24 h 
after seismic shooting stopped.   

Based on the 1996–1998 (
un sounds (e.g., ≥120 dB re 1 μPa rms) are considered by NMFS (2007) to have the potential to 

cause disturbance to bowhead whales.  There has been concern that bowhead whales subjected to sound 
pressures ≥120 dB rms may be deflected from the migration routes and therefore less accessible to 
subsistence hunters.  For this reason the IHAs issued for arctic seismic programs in the Chukchi and 
Beaufort seas in 2006–2008 required monitoring of the 120 dB (rms) zone after 25 Sep in the Chukchi 
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Sea.  All of these referenced studies have been conducted in the Beaufort Sea where the bowhead whale 
migration is concentrated in a fairly narrow band along the Alaskan coast or in the Eastern Beaufort Sea 
on bowhead feeding grounds.  Reactions of migrating bowhead whales may be substantially different in 
the Chukchi Sea where the migration appears to spread out more than in the Beaufort Sea. 

Few data have been obtained subsequent to the 1996–1998 study to replicate (or otherwise) the 
observation that migrating bowhead whales avoid areas with relatively low received levels (≥120 dB re 
1 μPa rms) of airgun sounds.  During a recent cooperative effort by the Alaska Department of Fish and 
Game, the Alaska Eskimo Whaling Commission, the North Slope Borough, and the Minerals Manage-
ment Service, a bowhead whale was tracked from the Barrow area in the spring to the Canadian Beaufort 
Sea, and then westward through the Beaufort Sea to Barrow (Fig.11.8; Quakenbush 2007).  The tracked 
whale eventually continued west past Barrow in mid–Oct and through the northern Chukchi Sea to the 
Chukotka coast south of Wrangel Island.  As the whale passed Barrow moving westward it approached 
the eastward moving GXT seismic vessel Discoverer on 15 and 16 Oct 2006, and was within the 120 dB 
radius around the operating airgun array (Fig. 11.8).  Sound levels up to 120 dB rms were expected to 
occur as much as ~58 km (~36 mi) fore and aft and ~167 km (~104 mi) to the side of the operating airgun 
array―see GXT 90–day report (Ireland et al. 2007).  Within the limits of uncertainty regarding the 
whale’s specific trackline and closest point of approach to the operating seismic vessel, the seismic survey 
activity from the Discoverer did not appear to cause a deflection in the bowhead’s migration route.   

 
FIGURE 11.8.  Tracklines of satellite–tagged bowhead whale (yellow track) and GXT seismic vessel 
Discoverer (dotted track) from 13 to 18 Oct 2006 showing closest point of approach on 15–16 Oct.  Data 
are from Quakenbush (2007) for the bowhead trackline and from GXT for Discoverer trackline.  
Numbered boxes indicate the dates for whale and vessel locations, respectively. 
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Gray Whales—Gray whales were sighted regularly along the Chukchi Sea coast during aerial 
surveys in 2006 - 2008.  Relatively few gray whales were sighted from vessels except when the vessels 
were close to shore.  The locations of the whales sighted, along with the acoustic measurements from 
bottom recorders in 2006 and 2007, indicated that gray whales would have been exposed to seismic 
sounds while feeding or traveling along the coast between Pt. Hope and Barrow from 27 Jul through 28 
Aug.  Additionally, they would have been exposed to lower level sound sources from the shallow hazards 
programs operating from 28 Aug until 31 Oct.  In general, the recorders deployed along the coast of the 
Chukchi Sea in 2007 showed SPLs that were rarely greater than 115 dB re 1 μPa rms, making it unlikely 
that gray whales feeding or traveling along the coast were adversely affected by the sounds from the 
seismic program that was occurring in offshore waters.  There would have been short periods (several 
days) of time when shallow hazards vessels working on pipeline routes operated closer to shore and 
would have been more likely to interact with gray whales.  In general, numbers of gray whales decline in 
the Chukchi Sea in Sep and Oct but sightings in 2008 indicated that at least some gray whales were 
present in the area during this time. 

Malme et al. (1986, 1988) studied the responses of feeding eastern gray whales to pulses from a 
single 100–in3 airgun off St. Lawrence Island in the northern Bering Sea.  They estimated, based on small 
sample sizes, that 50% of feeding gray whales ceased feeding at an average received SPL of 173 dB re 
1 μPa on an (approximate) rms basis, and that 10% of feeding whales interrupted feeding at received 
levels of 163 dB.  Malme at al. (1986) estimated that an average pressure level of 173 dB occurred at a 
range of 2.6–2.8 km from an airgun array with a source level of 250 dB (0–pk) in the northern Bering 
Sea.  Similarly, studies of western gray whales on their summer feeding grounds off Sakhalin Island 
demonstrated considerable tolerance of an operating seismic vessel offshore of the feeding area (Johnson 
et al. 2007).  However, there were some subtle behavioral responses (Gailey et al. 2007) and some 
movement of whales within the feeding area in apparent response to strong airgun sounds (Yazvenko et 
al. 2007).   

These findings from the summer feeding grounds were generally consistent with the results of 
experiments conducted on larger numbers of gray whales that were migrating along the California coast.  
Malme and Miles (1985) concluded that, during migration, avoidance occurred for received levels of 
about 160 dB re 1 μPa and higher, on an approximate rms basis.  For a 4000–in³ airgun array operating 
off central California, the 50% probability of avoidance was estimated to occur at a CPA distance of 2.5 
km where the received level would be ~170 dB re 1 μPa (rms).  During the study of migrating gray 
whales, some behavioral changes were noted at received sound levels of 140 to 160 dB (rms), and it was 
believed that initial deflection probably began at considerably lower received levels, when the sounds 
were barely above the background noise level. 

Given the relatively high tolerance of gray whales to airgun sounds on summer feeding grounds in 
the Bering Sea (Malme et al. 1986, 1988) and off Sakhalin island (Yazvenko et al. 2007), it is unlikely 
that gray whales in the project area would have been disturbed sufficiently by the low levels of sound 
recorded in coastal areas of the Chukchi Sea in 2006 or in 2007 to have moved away from a feeding area.  
Reactions to the highest levels of received seismic sounds along the coast would likely have been no more 
than short–term behavioral responses in 2006 when two seismic programs were operating. The highest 
received levels in 2007 and presumably in 2008 (though we cannot confirm this), when only one program 
was operating, were unlikely to have caused any overt response.   

Gray whale use of waters farther from shore in the fall may have been affected by seismic surveys.  
If shoals within the Lease Sale Area are important feeding habitat for gray whales, animals using the area 
may have been affected in 2006.  Whales may have been temporarily displaced from those areas and may 
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have been forced to use less optimal feeding habitat.  In 2007 and 2008, it was unlikely that airgun sounds 
would have displaced gray whales from these areas since recorded sound levels rarely exceeded 115 dB re 
1 μPa (rms) except on the recorder positioned close to the area of seismic activity, where received levels 
were as high as 144 dB (rms).  The Sakhalin Island study indicated that feeding gray whales that show 
local displacement generally remain within the overall feeding area.  As the location of the seismic survey 
activities moved, sound levels in the area would return to background levels and whales could reoccupy 
preferred feeding areas.  While it is possible that a few gray whales were present far enough offshore to 
have been exposed to enough sound from the airguns to have caused disturbance, it is unlikely that the 
number of whales affected was high enough to have impacts on more than an individual level.    

Beluga Whales Based on aerial surveys along the Chukchi Sea coast (Chapter 4) and on the 2007 
acoustic studies, small numbers of beluga whales from the eastern Chukchi Sea stock were likely still in 
the Chukchi Sea when seismic survey activities began in late Jul of 2008.  Aerial surveys indicated that 
most beluga whales had left the Chukchi Sea by mid–Sep.  Sightings of beluga whales did not increase in 
2008 before the aerial program ended on 13 Oct.  In previous years beluga whales have returned to the 
Chukchi Sea by this date, but a later return probably meant that few belugas were exposed to seismic 
sounds from Shell activities in the Chukchi Sea.  A few beluga whales may have been exposed to sounds 
from the shallow hazards program conducted by CPAI which operated until the end of Oct. 

Beluga whales encountering the operating shallow hazards vessel may have altered their course to 
maintain some nominal distance from the sound source.  Effects of seismic exploration and other industry 
activities on most toothed whales are generally thought to be less than on baleen whales.  Beluga whale 
hearing sensitivity peaks between 10 and 100 kHz and most of the sounds produced by vessels and 
seismic activities are at much lower frequencies that are less prominent to belugas.  Nonetheless, airgun 
pulses and sparkers are strong enough, and extend to sufficiently high frequencies, to be audible to 
belugas 10s of kilometers away (Richardson and Würsig 1997).  Although belugas are not likely to react 
to barely–detectable sound pulses at those long distances there is evidence that in summer, belugas in the 
Beaufort Sea tend to avoid operating seismic vessels to distances of 10 km or more (Miller et al. 2005; 
Harris et al. 2007).  In general, beluga whales moving along the Chukchi coast probably did not receive 
sound pulses strong enough to elicit overt disturbance, but belugas farther offshore probably would have 
avoided the area around active shallow hazards surveys.  

Seals, Walruses, and Polar bears — Ringed, spotted, and bearded seals, and Pacific walruses were 
also present in the survey areas and may have been exposed to seismic and vessel activities in the 
Chukchi Sea during Jul and Aug 2008.  Previous monitoring work in the Alaskan and Canadian Beaufort 
seas indicates that seals show no more than localized avoidance of active seismic operations (Miller et al. 
1999, 2005; Harris et al. 2001; Moulton and Lawson 2002).   

During the open–water period, the highest densities of ringed seals were most often found within 
the margin of the pack ice edge.  Seismic source vessels towing long streamers cannot operate close to ice 
because of the risks to equipment towed behind the vessels.  However, lower densities of ringed seals also 
occur in open–water areas where seismic operations occurred.  Some ringed seals present in areas of the 
Chukchi Sea where seismic surveys were ongoing may have been displaced from the area immediately 
around an operating airgun array.  Evidence from previous studies in the Beaufort Sea indicated that 
ringed seals were not likely to move away from sounds produced by seismic surveys at distances >100–
200 m.  However, sighting rates of seals from monitoring vessel operating 1–2 km (0.6–1.2 mi) from 
seismic vessel during 2006–2007 operations were higher than from the source vessels, indicating there 
may have been some localized avoidance at somewhat greater distances than previously identified. 
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Ringed seals (and other seals) that did not move from areas receiving strong seismic sounds may 
have been exposed to varying levels of impulsive sounds for an extended period of time as the seismic 
vessel moved back and forth through the seismic survey area.  During operations, the distance between 
airgun shots was ~50 m (55 yd).  Stationary animals along the vessel trackline would be exposed to ~20 
shots within the 190 dB safety radius as the vessel approached and moved beyond the animal, assuming 
no avoidance of the oncoming vessel. Most animals in the vicinity of the seismic survey activities, 
however, were likely at some distance off the vessel trackline and thus exposed to fewer shots within the 
safety radius.  No specific data are available describing the potential for long durations of exposure to 
impulsive sounds to cause impairment (temporary or permanent) in pinniped hearing.  However, there is 
increasing evidence that seal hearing may be more susceptible to impairment by strong sounds as 
compared with the hearing of belugas and dolphins (Kastak et al. 2005).  

Spotted seal foraging habits are not well understood.  Lowry et al. (1998) placed satellite tags on 
spotted seals at haulouts along the Chukchi Sea coast and reported that spotted seals spent about 16% of 
their time at haulouts.  Seals likely spent a significant portion of the remaining 84% of the time feeding.  
Chukchi Sea spotted seals traveled as far as 1000 km (621 mi) during foraging trips and they traveled to 
the Russian coast using haulout sites there during feeding expeditions (Lowry et al. 1998).  In 2006–2008, 
spotted seal exposure to industry activities may have occurred in offshore areas of the Chukchi Sea. 
Limited information from prior monitoring studies in the Beaufort Sea indicated that spotted seals 
occasionally occur close enough to operating seismic vessels to be visible to observers on the source 
vessel (e.g., Moulton and Lawson 2002).  There is no specific information to suggest that spotted seals 
show greater avoidance of seismic vessels than do ringed seals.  Other than the nearshore aerial surveys, 
little industry activity occurred in coastal areas where disturbance to haulouts would have been possible.  
During aerial surveys, the aircraft remained at an altitude of 305 to 457 m (1000 to 1500 ft) to minimize 
disturbance at haulouts, but some disturbance was noted when attempting to photograph the haulouts at 
the request of agencies and stakeholders.  Once disturbance was recognized, photography of spotted seal 
haulouts was discontinued.  Underwater sound levels from offshore seismic surveys reaching haulout 
areas were probably near ambient according to measurements made in nearshore waters along the 
Chukchi Sea coast in 2007.  Therefore, it is unlikely that large areas, either offshore or nearshore, were 
made unavailable to spotted seals due to seismic surveys occurring in the Chukchi Sea.  However, seals 
traveling longer distances to forage may have encountered these seismic activities.  Additionally, shallow 
hazards assessment of potential pipeline routes may have exposed animals on or near coastal sites to 
impulsive sound for short periods of time (several days).  Given that spotted seals are thought to use 
terrestrial haulouts about 16% of the time it is unlikely that such disturbance, even if it displaced seals 
from the haulouts for short periods, would have more than a low level effect on individuals. 

Bearded seals in the Chukchi Sea are more likely to be found near the margin of the pack ice than 
in the open–water areas where most seismic work occurred.  Individuals present near active seismic 
surveys likely moved away to some limited extent (Harris et al. 2001).  Continual or repeated industry 
activities in a localized area may have displaced some animals from the area, but there was no specific 
evidence of this.  

Walrus abundance and distribution in the study area in 2008 indicated that most animals remained 
with the floating pack ice as a platform from which to forage.  This occurred despite the generally low ice 
concentration in the Chukchi Sea in 2008.  Walruses appeared to remain with smaller pieces of ice rather 
than move ashore to terrestrial haulouts as they did in 2007.  Walruses foraging offshore may have 
encountered higher levels of sound from the seismic airguns during the period 27 Jul through 28 Aug 
when Shell was operating in the Chukchi Sea, and it is possible that these sounds may have temporarily 
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displaced some walruses from potential food resources (though no power downs of the seismic airguns 
for walruses occurred in 2008).   

Polar bears were observed in the Chukchi Sea during 2008 aerial surveys.  When polar bears are in 
the water, they are near the surface where sounds from seismic sources tend to be lower due to pressure 
release effects (Greene and Richardson 1988).  Their habit of swimming at the surface also makes polar 
bears relatively easy to observe from a vessel.  The direct effects of industry activities in the marine 
environment on polar bears were, at most, very limited in 2008.  Most (all but 3) of the polar bears seen in 
2008 were on land well away from the seismic activities.   

Beaufort Sea 
Bowhead Whales — Most bowhead whales are thought to feed in the Canadian Beaufort Sea 

during the summer months and migrate through the Alaskan Beaufort Sea during fall (Mate et al 2000; 
Schick and Urban 2000).  Fall migration through the Alaskan Beaufort Sea begins in late Aug or early 
Sep and continues into Nov (Burns et al. 1993 and references therein).  The MMS has conducted annual 
aerial surveys of the Beaufort Sea to monitor the bowhead whale fall migration since 1979 (e.g., Monnett 
and Treacy 2005).  Some early migrating bowheads may occur in the Beaufort Sea in early Aug; 
alternatively, some bowhead whales may spend the summer in the Beaufort Sea.  Sightings of bowhead 
whales in the Beaufort Sea in Aug are not uncommon.  In 2007 Green et al. (2007) reported sightings of 
38 bowhead whales in mid–Aug at Smith Bay east of Barrow, and Goetz et al. 2008 reported 49 
bowheads northeast of Barrow on 23–24 Aug 2007.   

The peak of the bowhead migration in the Beaufort Sea generally occurs later in Sep.  Blackwell et 
al. (2008a) reported three peaks in bowhead calls recorded near Northstar Island on 29–30 Aug, 7 Sep, 
and 15–21 Sep in 2007.  During aerial surveys in 2006 and 2007 in the vicinity of the seismic surveys, 
bowhead whales were observed during the first surveys each year on 26 and 22 Aug, respectively, but 
peak sighting rates occurred during mid– to late Sep.  Similar results occurred in 2008 with fall migrating 
bowheads first detected on 22 Aug.  The peak of the migration again occurred in Sep with the highest 
sighting rates recorded on 13 Sep (Chapter 7). Bowheads were also observed by MMOs on the Gilavar 
and on support vessels during the seismic surveys which began in mid–Sep of 2007 and 2008 (Chapter 6).   

Only a few bowhead whales were likely present during the early open–water season while shallow 
hazards work was being conducted in Camden Bay from 22 Jul through 20 Aug.  The aerial survey 
program reported the first migrating bowhead whales on 22 Aug.  The Henry C. ended their active 
seismic acquisition in Camden Bay on 20 Aug and departed the project area on 24 Aug.  The Alpha Helix 
only used its airgun array on 3 and 4 Aug, well before large numbers of bowhead whales would be 
expected in the area. 

The Gilavar began seismic acquisition in Harrison Bay on 3 Sep, and remained there during the 
blackout period for the Cross Island whaling season.  From 3 through 12 Sep some early migrating 
bowhead whales would have been exposed to seismic sounds from the Gilavar airgun array working in 
Harrison Bay.  Following the bowhead whale subsistence hunt at Cross Island the Gilavar moved to 
prospects near Camden Bay for several weeks from 13 through 28 Sep.  During these operations in 
Camden Bay the peak of the fall migration was passing through the area.  Aerial sighting rates in Camden 
Bay in 2008 peaked on 13 Sep, the day that the Gilavar began active seismic work in Camden Bay.  The 
Gilavar returned to Harrison Bay on 30 Sep and worked there through 9 Oct.  During this latter period the 
migration was decreasing with only 6 sightings of bowheads in Oct from aerial surveys.  The Gilavar left 
the Beaufort Sea on 11 Oct and transited to Dutch Harbor.   
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Analyses of data collected from DASAR arrays in the vicinity of the 2007 seismic activities 
provided evidence of bowhead response to underwater seismic sound (Blackwell et al. 2008).  Bowhead 
call rates were significantly higher at recorders near the seismic survey area before the airguns began 
firing than during periods of airgun activity.  This difference in calling rates between seismic and non-
seismic periods was not observed at recorders located further from the seismic survey area where received 
sound levels from the airguns were reduced.  The difference in calling rates at the various recorder sites 
could not be explained by factors such as weather or potential masking of the calls by the seismic pulses.  
The reduction in call rates during seismic periods could have been due to displacement of some whales to 
areas further away from the seismic survey activities (and the recorders).  However, call rates increased 
near the recorders during breaks in the seismic airgun activity suggesting that at least some bowheads 
remained in the area but altered their calling patterns in response to the seismic survey activities.  Aerial 
survey data from 2007 (Lyons et al. 2008) also suggested that feeding bowheads did not appear to move 
significantly further from the location of the seismic survey activities after the onset of airgun activity.  
Data from 2008 DASAR arrays also suggest that calling behavior may change during seismic periods. 
These data are still being analyzed, but hourly call detection rates on dates when active seismic occurred 
appeared much lower at sites nearer to the seismic operation (Chapter 9).  As in 2007, call rates increased 
during breaks in the seismic activities.   

Based on quantile regressions of distance from shore for bowhead call locations, there was a 
general trend for locations of calls to change during seismic activities compared to the distribution of call 
locations recorded before onset of seismic operations in 2007 at some sites (Blackwell et al. 2008b).  The 
two closest sites to the seismic survey activities were Sites 3 and 4 located ~29 and 18 km (18 and 11 mi) 
west and east of the survey area, respectively.  At Site 3 the distance of call locations from shore tended to 
decrease for locations within ~2/3rds of the quantiles closest to shore (i.e., the lower 2/3rds of the 
distribution) suggesting possible shoreward deflection of bowheads in response to seismic activities.  At 
Site 4 located near the eastern edge of the seismic survey area, the upper 1/3rd of the call distribution was 
significantly further offshore after onset of seismic activities suggesting possible offshore deflection in 
response to the seismic activities.  In both cases it was also possible that whales further from the seismic 
activities were calling at a higher rate due to exposure to lower received sound levels with increasing 
distance from the exploration activities.  This would produce the same result in call distribution as whale 
deflection away from the sound source.  At Site 5, located ~105 km (65 mi) east of the seismic survey 
area, no effect on call distribution in relation to seismic pulses was noted.  At Site 2, located ~177 km 
(110 mi) west of the seismic survey area, there was a slight increase in the offshore distance of the lower 
1/3rd of the call distribution which might be explained by the wider continental shelf (and shallower 
water) at this site compared to Sites 3 through 5.    

However, the distribution of calls at Site 3 on 5 Oct 2007 (2 days after completion of seismic 
activities) was widely dispersed over a large area further offshore than prior to and during seismic 
operations.  At Site 2 located ~90 km (56 mi) west of the seismic activities, the offshore distribution of 
bowhead calls detected by the array was wider before seismic activities than at Sites 3 and 4 and there 
was a trend for calls to occur further offshore as the season progressed.  The general trend for whales to 
be seen farther offshore as the season progressed was expected because the migration is size structured 
with small bowheads migrating early in the season and large bowheads migrating near the end of the 
migration (Koski and Miller 2002).  Small or subadult bowheads feed and travel through shallow 
nearshore waters and large or adult bowheads feed and migrate farther offshore.  However, bowhead calls 
were not as widely dispersed over as large an area after seismic activity at Site 2 compared to Sites 3 and 
4.  In general, the northward deflection of bowhead calls in apparent response to seismic sound was 
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greater at the sites near the seismic activity (Sites 3 and 4) compared to the site further away (Blackwell et 
al. 2008).   

Similarly, in 2008 quantile regression suggested some movement of bowhead whales in relation to 
seismic activities.  Quantile regressions of whale call locations showed that four out of the five sites 
showed regular oscillations onshore and offshore during the course of the season.  These oscillations were 
asynchronous between certain sites, i.e., when quantiles moved offshore at the easternmost and 
westernmost sites they moved inshore at the more central sites.  At site 3 all quantiles tended to move 
increasingly farther offshore for most of the season.  Using statistical methods, shifts in the locations of 
quantiles over the course of the season are currently being compared to the timing and location of seismic 
exploration activities (Chapter 9). 

Bowhead whales in the Beaufort Sea could have also been affected by other activities not 
associated with Shell’s seismic exploration.  Two seismic operations occurred in the Canadian Beaufort 
Sea in 2008.  Reports on these operations and the numbers of bowhead exposures were not available at 
the time that this report was prepared.   At least some of the bowhead whales migrating through the area 
of Shell operations likely would have been exposed to the seismic activities that occurred in Canada.  
Additionally, as described previously, two OBC seismic programs occurred in the Alaskan Beaufort Sea 
in 2008.  Eni conducted seismic operations from 3 Aug until 23 Aug in offshore areas in Harrison Bay.  
Eni operations then moved inshore (inside the barrier islands) and continued until 28 Sep.  Migrating 
whales that may have been exposed to Shell operations in Camden Bay could also have been exposed to 
sounds from the Eni seismic program as they passed through or outside of Harrison Bay.  BPXA also 
conducted OBC seismic acquisition in Foggy Island Bay which lies between Camden Bay and Harrison 
Bay.  Data acquisition occurred between 29 Jul and 26 Aug.  Early migrating bowhead whales were seen 
in Camden Bay on 22 Aug and most whales would not have reached the Foggy Island Bay area before the 
BPXA program ended 26 Aug.  

Offshore activities at BP’s Northstar Island and Pioneer’s ODS emitted sounds into the water that 
may also have the potential to affect bowhead whale behavior and distribution.  Underwater sounds result 
from drill site activities and vessel traffic used for transportation of personnel and equipment to and from 
the islands.  After multi–year studies at Northstar Island, McDonald et al. (2008) and Richardson et al. 
(2009) reported subtle offshore displacement of the southern edge of the bowhead migration corridor in 
response to underwater sound related to Northstar activities.  This effect was only apparent after intensive 
statistical analyses.   

Pioneer’s ODS is located inshore of the barrier islands in shallow water ~1–2 m (3–6 ft) deep.  The 
bottom gradually slopes to ~13 m (43 ft) of water depth about 14.5 km (9 mi) north of ODS and bowhead 
whales would not be expected to occur in the immediate vicinity of ODS.  During limited aerial surveys 
at ODS four bowhead whales were observed ~35 km (22 mi) northeast of ODS (Williams et al. 2008).  
Data from the annual BWASP surveys have documented 134 bowhead sightings within 32 km (20 mi) of 
ODS and SID since 1979, many of which were opportunistic sightings rather than sightings along 
systematic transects.   

Bowhead whales were also exposed to non–seismic vessel traffic associated with Shell’s seismic 
program (i.e., support vessels used during monitoring activities and deployment and retrieval of acoustic 
equipment) and various types of barges and other vessel traffic associated with industry or other activities 
between Barrow and the Canadian border.  The extent of this vessel traffic is discussed in the next section 
on Potential Cumulative Effects.  Bowhead whale sighting rates have generally been lower during seismic 
than non–seismic periods during vessel–based observations in support of seismic operations suggesting 
avoidance of seismic survey activities.  Non–seismic vessel traffic has less potential to result in changes 
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in bowhead behavior and distribution than vessels engaged in seismic activities.  Green et al. (2007) did 
not detect bowhead whale (or other cetacean) reactions to barges in Smith Bay in 2007.  Green et al. 
(2007) also reported that most seals (71%) showed no reaction to the barges, although 6% showed strong 
reactions.     

In general, current mitigation measures appear to have been effective in limiting impacts from 
industry operations in the Beaufort Sea to bowhead whales and to the subsistence bowhead hunts in 
Barrow, Kaktovik, and Nuiqsut.  Despite measured changes in whale behavior in response to seismic 
exploration and development and production activities, whales have been successfully hunted each year 
from 2006–2008 and there have been no reported impacts to hunts from these activities during this period.  
Data indicate that feeding whales appear to tolerate heightened levels of sound exposure, but that they 
also avoid potentially injurious sound exposure levels.  Such movements in response to seismic 
operations may deny the whales access to relatively small areas of foraging opportunity, but given the 
extent of the annual migrations and the apparent wandering of some tagged animals, it is unlikely that 
foregoing these feeding opportunities or slight adjustments to migratory pathways are biologically 
significant. 

Gray and Beluga Whales — Gray whales occur in nearshore areas, but are not common in the 
Beaufort Sea.  Small numbers of gray whales have been reported along the coast of the Alaskan and 
Canadian Beaufort Sea in summer (Rugh and Fraker 1981; Miller et al. 1999; Treacy 2002).  Seven 
sightings of 10 animals were recorded during vessel–based observation in the Beaufort Sea from 2006–
2008 and one gray whale was recorded during aerial surveys.  Gray whales occur regularly in the 
Beaufort Sea but are uncommon.  Few if any gray whales were likely to be affected by Shell’s seismic 
activities because they occur in nearshore areas where received seismic sound levels are low.  A few gray 
whales may have been affected by the Eni and BPXA OBC seismic activities that occurred in nearshore 
waters. 

Beluga whales were not reported during vessel–based operations 2006–2008 in the Beaufort Sea, 
but they were frequently observed during aerial surveys in all three years.  Beluga whale sighting rates 
and numbers of individuals recorded during aerial surveys were greatest with sighting rates and numbers 
of whales peaking in Jul.  Beluga whales were generally recorded further offshore than bowheads.  Moore 
(2000) and Moore et al. (2000) reported that beluga whales in the Beaufort Sea use deeper slope habitats 
in contrast to shelf habitats used by bowheads.  Beluga whales may avoid seismic activities by as much as 
20 or 30 km (Miller et al. 2005) but the normal migration corridor of belugas is well north of areas where 
seismic operations were conducted during 2006–2008.  Beluga whales present in Camden Bay in Jul may 
have been exposed to shallow hazards seismic work.  Additionally, a few beluga whales were sighted in 
Aug and a few later in Sep during periods when the Gilavar was actively acquiring seismic data.   

Seals, Walruses, and Polar Bears — Seals were the most abundant marine mammals observed 
during vessel–based surveys in the Beaufort Sea in 2008.  Ringed seal is the most abundant seal species in 
the Beaufort Sea and is a year–round resident.  Bearded and spotted seals are also regularly observed in 
the Beaufort Sea in smaller numbers.  Pacific walruses occur in the Beaufort Sea but are uncommon. In 
2008, two sightings of adult walrus were made.  Both sightings were in areas where received sound levels 
were <120 dB.           

As discussed in the previous section on the Chukchi Sea, seals in the Beaufort Sea may also be 
more tolerant of anthropogenic activities and underwater sound than cetaceans (Miller et al. 1999, 2005; 
Harris et al. 2001; Moulton and Lawson 2002; Moulton et al. 2003).  Seals were present in the waters 
where active seismic was occurring throughout the open–water period and likely were exposed to the 
sounds from the airguns.  Sighting rates for seals exposed to received sound levels ≥160 dB rms were 
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significantly higher from monitoring vessels than from seismic source vessels in the Beaufort Sea from 
2006 through 2008 (χ2 = 5.043, df = 1, p = 0.025).  The highest seal sighting rate was recorded from 
source vessels for animals exposed to received sound levels <120 dB rms.  These results suggest localized 
avoidance of the active seismic vessel and movement of seals toward the monitoring vessels that were 
positioned ~ one km away from the source vessel. 

In 2008, 21 polar bear sightings (65 individuals) were made.  Seven of these sightings occurred 
during seismic activity, however only two were in the water at the time and were in locations where 
received sounds would have been <120 dB.  Two of the groups sighted on land were in an area where 
received sound levels were from 159–120 dB in the water. 

 

POTENTIAL CUMULATIVE IMPACTS 
Cumulative effects to a species or a group of species may result from the accumulation of impacts 

of all previous, current, and future activities that affect the species or species group on a population level.  
MMS (2007) identified past, present, and potential future human activities and possible naturally 
occurring phenomenon that may incrementally affect and thus have cumulative impacts on bowhead 
whales and other marine mammal species in the Chukchi and Beaufort seas.  Past, present, and potential 
future actions that have the potential to impact marine mammals in the Chukchi and Beaufort seas 
include: 

• historic commercial whaling; 
• past, current, and future subsistence hunting; 
• previous, current, and near–term future oil– and gas–related activity; 
• previous, current, and near–term future non–oil and gas industrial development; 
• past, current, and near–term future research activities; 
• recent, current, and future marine vessel traffic and commercial fishing; 
• pollution and contaminants; and 
• Arctic climate change. 

Commercial Whaling 
Commercial whaling from 1848 to about 1915 resulted in depletion of the BCB bowhead whale 

population.  Woody and Botkin (1993) estimated that the historical population for the BCB bowhead 
population was likely between 10,400 and 23,000 animals prior to commercial whaling, and that about 
1000 to 3000 whales remained in 1914.  Commercial hunting was discontinued around 1915 and the 
current BCB bowhead population has recovered to above the lower limits of the historical population 
estimates.  The most recent population estimate indicated a 2001 BCB bowhead population of 10,545 
whales with a confidence interval ranging from 8200 to 13,500 (Zeh and Punt 2005).  From 1978 to 2001 
this population grew at ~3.4% per year (95% CI = 1.7 to 5%; George et al. 2004; Zeh and Punt 2005) and 
if it continued to grow at this rate, the 2008 population was over 13,000 whales.   

Subsistence Whaling 
The growth of the BCB bowhead whale population has continued in spite of annual Native 

subsistence hunts from coastal villages in Alaska and Russia.  Subsistence hunts have been conducted for 
several thousand years and far fewer whales were taken annually during subsistence hunts than during 
commercial hunting activities.  There is no evidence that past and current subsistence hunts have affected 
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bowhead whales at the population level, and in fact, data indicate that the population has grown at 3.4% 
per year.  Subsistence hunts for bowhead whales are managed cooperatively by the NMFS, the 
International Whaling Commission (IWC), and the Alaska Eskimo Whaling Commission (AEWC) under 
the Whaling Convention Act.  Under the preferred alternative of an EIS prepared by NMFS (2008), the 
AEWC would be granted an annual strike quota of 67 bowhead whales, not to exceed a total of 255 
landed whales over the five year period 2008 through 2012, with no more than 15 unused strikes from the 
previous year added to the annual strike quota.  This alternative would continue management of the 
bowhead subsistence hunt as in the recent past.  Because current technology has increased the efficiency 
of subsistence hunts and fewer whales have been struck and lost during recent years than during the early 
years of the hunt (Suydam 2004), the BCB bowhead population is expected to increase under the current 
quota system.  Subsistence hunting does not appear to have affected bowhead whales at the population 
level and NMFS (2008) rated the overall impact of the bowhead subsistence hunt under the preferred 
alternative as negligible.   

Subsistence hunts for beluga whales occur annually at Point Lay on the Chukchi Sea coast and 
opportunistically at other locations in Alaska.  The removal of beluga whales from the Eastern Chukchi 
Sea stock during subsistence activities averaged 65 whales annually from 1999–2003 including both 
harvested and struck and lost whales (Angliss and Outlaw 2008).  Most of these whales were probably 
harvested by villagers from Pt. Lay.  In 2007 ~70 beluga whales were harvested south of Pt. Hope by 
villagers at Kivalina in late Jul.  Beluga whales had not been seen in large numbers in this area since the 
mid–1990s.  There was speculation that seismic activities had helped drive the whales close to shore but 
the harvest occurred well before the beginning of seismic activities in the Chukchi Sea in late Aug.   

The most recent estimate of the size of the Chukchi Sea beluga population is 3710 whales (Angliss 
and Outlaw 2008) although some evidence (Suydam et al. 2001) suggests overlap in the range of this 
population with the larger Beaufort Sea population estimated at nearly 40,000 whales.  Subsistence 
harvest of beluga whales in the Chukchi Sea does not appear to affect this species on a population level, 
although subsistence hunting of other beluga whale stocks may have had population level impacts 
(Mahoney and Sheldon 2000).   

Angliss and Outlaw (2008) reported that the Beaufort Sea take of beluga whales by Alaska Natives 
averaged 53 whales (including harvested and struck and lost animals) from 1999 through 2003.  No 
information was available on the locations of the beluga whale subsistence hunts in the Alaskan Beaufort 
Sea or which villages participate in the hunts.  Angliss and Outlaw (2008) also reported that the annual 
subsistence take of belugas in the Canadian Beaufort Sea averaged 99 whales during the five–year period 
1999 through 2003.  The minimum population estimate for the Beaufort Sea beluga population is 32,453 
based on an aerial survey conducted in 1992 with a correction factor of 2 to account for availability bias 
(Angliss and Outlaw 2008).  Because the 1992 survey covered only a small part of the summer range of 
Beaufort Sea belugas (Richard et al. 1997, 2001), it is likely that the population is much larger than 
32,453. 

Native communities also conduct subsistence hunts for other marine mammal species including 
ringed, bearded, and spotted seals, and Pacific walrus.  Seals are much less high–profile species than 
bowhead whales and subsistence hunts for seals are less regulated.  No current annual estimates of the 
numbers of ice seals (ringed, bearded, and spotted seals) taken during subsistence hunts are available.  
The Alaska Department of Fish and Game collected subsistence data on annual seal harvests that were 
based on information collected prior to 2000 (Angliss and Outlaw 2008).  The estimates for annual 
subsistence harvests of ringed, bearded and spotted seals were 9567, 6788, and 5265, respectively.  The 
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current population estimates for each of these seal species is in the hundreds of thousands and current 
level of subsistence harvests are not expected to affect these species at population levels.   

The size of the Pacific walrus population is not known with certainty.  Pacific walruses have been 
hunted commercially in the past and it is likely that the population has fluctuated markedly (Angliss and 
Outlaw 2008).  The actual numbers of walruses currently harvested during subsistence hunts are 
unknown.  The USFWS bases their current estimate of the annual Pacific walrus harvest on the average 
number of walruses harvested during the 5–year period 1996–2000 resulting in an annual estimated 
harvest of 5789 animals.  Although there are no current estimates of the size of the Pacific walrus 
population (Angliss and Outlaw 2008), it likely numbers around 200,000 animals and the current level of 
harvest is not expected to impact Pacific walrus at the population level.  Recent declines in sea ice 
concentration in the Arctic have raised concerns for walruses due to their reliance on pack ice to haul out 
near feeding areas in summer.  It is thought that declines in the pack ice might result in poorer nutritional 
health of walrus and declines in the population (Cooper et al. 2006). 

Subsistence and sport hunting of the southern Beaufort Sea population of polar bears has occurred 
in Alaska and Canada.  The greatest harvest numbers were reported in the mid– to late 1960s when aerial 
hunting was permitted (Angliss and Outlaw 2008).  Aerial hunting was prohibited in 1972 and current 
harvest levels are much lower.  A management agreement between the Canadian Inuit and the Alaskan 
Inupiat regulating polar bear hunts has been in place since 1988.  The harvest in Canada is regulated by a 
quota system and in Alaska by voluntary actions of local hunters.  The combined annual harvest of 
southern Beaufort Sea polar bears in Alaska and Canada was 51.8 animals for the period 1995–2000 
(Angliss and Outlaw 2008).   

Oil Industry Activities 
Offshore Oil and Gas Exploration — Various types and levels of underwater sound are produced 

during activities associated with offshore oil and gas exploration and development.  Sounds from seismic 
vessels using airgun arrays produce sound pressure levels which may extend tens or hundreds of 
kilometers from the source before declining below ambient levels.  The extent of above–ambient sound 
levels depends on numerous variables including output of the airgun arrays, water depth, bathymetry, 
sediment composition, presence of permafrost and currents.  Above–ambient sounds are also produced by 
engine and propeller activity of seismic and support vessels involved in seismic exploration activities.  
Some types of vessels, such as icebreakers, which are often used as support vessels during exploration in 
the Arctic, may produce greater underwater sound levels than others, such as smaller monitoring vessels 
or other support and research vessels (Greene 1987b; Hall et al. 1994)   Increased sound levels during 
icebreaking activity results from propeller cavitation rather than ice breaking (Richardson et al. 1995).  
Underwater sound is also produced during exploratory drilling from drill ships or offshore islands 
(Greene 1987a).  Underwater sound from drilling activity occurs at lower levels than that produced from 
large airgun arrays; however unlike seismic sound which is pulsed, drilling sounds are continuous.   

Various other types of underwater sounds may be introduced into the environment during activities 
associated with oil and gas production.  These may include sounds produced by heavy equipment used 
during construction of ice roads, gravel islands and subsea pipelines, and during production and 
maintenance activities (Blackwell et al. 2004a; Blackwell and Greene 2006).   

Underwater sound has the potential to cause disturbance to marine mammals and there is concern 
that high levels of sound may cause temporary or permanent hearing impairment to some species or 
individual marine mammals.  However, the levels at which hearing impairment might occur are well 
above levels that are produced by all but the strongest sound sources (Southall et al. 2007).  There is also 
concern that lower levels of sound may cause changes in the behavior of some species.  Masking can 
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occur if ambient sound, including sound produced during industrial activities, interferes with a marine 
mammal’s ability to detect calls from conspecifics or predators, echolocation pulses, or other important 
natural sounds in the environment (Richardson et al. 1995). Some behavioral changes such as temporary 
changes in breathing or diving rates, or avoidance behavior, may not result in biologically significant 
impacts to individual marine mammals or to marine mammal populations.  However, disturbance that 
causes avoidance of preferred feeding or resting areas could affect energy budgets and result in reduced 
rates of adult or calf survival.  Also, of direct relevance to subsistence hunting, changes in distribution 
might result in fewer animals being available for harvesting during subsistence activities.   It is not known 
if multi–year exposure of marine mammals to seismic sounds from one or more seismic operations may 
eventually result in impaired hearing abilities though wide variation among species and individuals would 
be expected.   

Seismic programs have operated in the Beaufort and/or Chukchi seas since the late 1960’s with 
more than 16,000 km (10,000 line miles) being shot in some years (Fig. 11.9).  The relatively high 
amount of seismic activity in 2008 compared to 2007 resulted from inclusion of OBC seismic activity in 
the 2008 total.  Deep seismic production line in 2008 was <4000 km and was similar to the 2007 total.  
Shallow hazards survey activity was not included in the activity total.  This seismic activity has occurred 
coincident with an increase in the bowhead whale population which has continued to grow at a rate of 
~3.4% per year based on current estimates (George et al. 2004; Zeh and Punt 2005).   
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FIGURE 11.9.  Kilometers of seismic survey activity using towed array from 1969 through 1994, and 2006 
through 2008 in the Chukchi and Beaufort seas.  Ocean bottom cables (OBC) were used for seismic 
survey activity in 1996–2001 and in 2008 in the Beaufort Sea.  Total kilometers in 2008 includes both 
seismic and OBC survey activities.   

 
Many cetaceans are known to avoid seismic activities (Richardson 1995; Miller et al. 1999, 2005) 

while there may be less avoidance of such sounds by some pinniped species (Harris et al. 2001; Miller et 
al. 2005).  Individual marine mammals may respond differently to sound stimuli depending on their 
activities.  Richardson et al. (1986) reported that most bowhead whales began to orient away from seismic 
airguns in the Canadian Beaufort Sea at a distance of 7.5 km, but that some whales continued feeding 
until the vessel was 3 km away.  Richardson et al. (1999) reported that most bowhead whales during their 



Chapter 11:  Summary and Assessments     11–37 

autumn migration avoided areas within ~20 km of operating seismic airguns.  Miller et al. (2005) reported 
numerous sightings of bowhead whales during aerial surveys at distances from 5.3 to 19.9 km from an 
operating seismic vessel, and substantial numbers of bowheads were recorded at closer distances by 
observers onboard the vessel.  During the same study Miller et al. (2005) reported that beluga whales 
appeared to avoid the seismic operations by distances up to 20 km.  Cetacean avoidance of seismic 
vessels is related to received sound levels and may also be related to whale activity.  Some evidence 
suggests that migrating bowhead whales are less tolerant of underwater seismic and other sounds than are 
feeding whales (Richardson et al. 1986; Miller et al. 1999, 2005; Koski et al. 2008; Chapter 7).   

Recent seismic exploration activities were conducted in the Chukchi Sea in 2006 and in the 
Chukchi and Beaufort seas in 2007 and 2008.  Three seismic vessels operated by Shell (Gilavar), CPAI 
(Western Patriot), and GX Technology (Discoverer) were active in the Chukchi Sea in 2006.  No deep 
seismic exploration was conducted in the Beaufort Sea in 2006 although a small airgun array was used for 
about 12 hr during shallow hazards surveys.  Shell conducted seismic operations in the Chukchi and 
Beaufort seas as well as shallow hazards surveys in the Beaufort Sea which involved use of a small airgun 
array in 2007, and seismic and shallow hazards survey in both seas in 2008.  Shallow hazards surveys 
were also conducted by CPAI  in 2008 although no airguns were used (Brueggeman 2009).   

The total number of km of vessel trackline associated with seismic survey activities in the Chukchi 
Sea was greatest in 2006 when three source vessels operated along with associated support vessels (Table 
11.6).  Two source vessels operated airguns in the Chukchi Sea in 2008 (Gilavar and Cape Flattery) and 
more seismic–associated vessel traffic occurred in 2008 than in 2007 when only one source vessel 
operated.   

 Seismic exploration had been planned for the Beaufort Sea in 2006 but was cancelled due to ice 
conditions.  Vessel traffic in the Beaufort Sea in 2006 resulted primarily from shallow hazards and site 
clearance surveys by the Henry C.  The Discoverer and Kilabuk each transited the Beaufort Sea enroute to 
or from Canada.   

Vessel traffic associated with seismic exploration increased in 2007 when the Gilavar and Henry 
C. both conducted survey activities.  Over twice as much vessel activity occurred in the Beaufort Sea in 
2008 compared to 2007.  The increased vessel traffic in 2008 resulted from increased seismic survey 
activity by the Gilavar and Henry C. and associated monitoring vessels, and research–associated activities 
by the Norseman II.  In addition, OBC seismic survey activity, which had not occurred in 2006 or 2007, 
was conducted in Foggy Island Bay (Peregrine and Miss Diane) by BPXA and in eastern Harrison Bay 
(Peregrine, Shirley V and Wiley Gunner) by Eni.   

We determined the total number of days (including days on which sound source measurements 
occurred) during which airguns were fired for all or part of the day in the Chukchi and Beaufort seas 
during 2006–2008 (Table 11.7).  The total number of vessel–days during which airguns were fired during 
seismic surveys was greatest in 2006 when three source vessels (Gilavar, Western Patriot, and 
Discoverer) operated in the Chukchi Sea. In 2007 the number of vessel–days with seismic survey activity 
was greater in the Chukchi than in the Beaufort sea, and the reverse was true in 2008.   
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TABLE 11.6.  Numbers of kilometers transited by seismic vessels (bold) and various types of support 
vessels (non–bold) during seismic exploration activities in the Chukchi and Beaufort seas in 2006-2008.  
Non–bold numbers indicate total trackline for each vessel and year.  Bold–faced numbers are the 
estimated number of km of seismic production line. 

2006 2007 2008 2006 2007 2008
Alpha Helix - - 2623 - - 4016
     Seismic - - 0 - - 96a

American Islander - 2774 - 2352 -
Annika Marie - - - - - 269
Arctic Seal - - 2630 - - 1626
Cape Flattery - - 3180 - - -
     Seismic - - 671a - - -
Discoverer 6071 - - 581 - -
     Seismic 3128 - - - - -
Fennica - 624 - - 612 -
Gilavar 14,503 11,723 8937 - 5288 8238
     Seismic 5297 2916 1457 - 792 2441
Gulf Provider 18,609 13,367 11,610 72 5779 8116
Henry Christoffersen - - - 8213 4246 4599
     Seismic - - - 98a 147a 1362a

Kapitan Dranitsyn - 1905 - - 1102 -
Kilabuk 15,865 - - 665 1223 -
Kootook - - - - - -
Miss Diane - - - - - 2838
     Seismic - - - - - 1441b

Nanuq - 4320 - - - -
Norseman I - - 3452 - - -
     Seismic - - 1525a - - -
Norseman II - 11,687 11,671 - 8175 10,222
Octopus 6157 - - - - -
Patriot 19,168 - - - - -
     Seismic 9855 - - - - -
Peregrine 1075 1075 - - 4930
     Seismic - - - - - 3335c

Point Barrow - - 866 - - 250
Shirley V - - - - - 2434
     Seismic - - - - - 1297d

Theresa Marie - - 12,096 - - 9603
Torsvik 25,390 - 11,463 49 - 9729
Willey Gunner - - - - - 757
     Seismic - - - - - 359d

Tor Viking - 625 - - 613 -
Total Traffic 106,838 48,100 68,258 9580 29,390 67,627
Total Seismic Traffic 18,280 2916 3653 98 939 10,331
a km of shallow hazards effort
b estimated km of OBC effort based on hr of effort*average vessel speed
c estimated km of OBC effort for BP and Eni OBC surveys
d km of OBC survey effort

Chukchi Sea Beaufort Sea   

 
 
OBC survey activity occurred only in the Beaufort Sea in 2008.  Five source vessels operated on 

days that often overlapped during the survey period.   
Shallow hazards surveys did not occur in the Chukchi Sea until 2008 when the Cape Flattery 

operated airguns on all or part of 10 days for Shell (Table 11.7).  CPAI also conducted shallow hazards 
surveys in the Chukchi Sea in 2008 but used a sparker rather than an airgun array as an energy source, 
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and CPAI’s shallow hazards activities were not included on Table 11.7.  Most shallow hazards survey 
activity in the Beaufort Sea occurred in 2008. 

 
TABLE 11.7.  Number of vessel-days during which at least one airgun was firing during seismic, 
ocean bottom cable, and shallow hazards surveys in the Chukchi and Beaufort seas, 2006–2008.    

Year Chukchi Sea Beaufort Sea Period
    Seismic Vessel-days
2006 155 0 27 July–11 November
2007 30 14 28 August–4 November
2008 22 34 24 July–9 October
    Ocean Bottom Cable Vessel-days
2006 0 0 -
2007 0 0 -
2008 0 123 29 July–28 September
    Shallow Hazards Vessel-days
2006 0 2 8 August–25 September
2007 0 4 30 August–3 October
2008 10 17 22 July–20 August

 
 

Ongoing seismic exploration in the Canadian Beaufort Sea during recent years also has the 
potential to affect bowhead whales and other marine mammals.  Most recently, seismic activities were 
conducted in 2006–2008 in the eastern Canadian Beaufort Sea.  Bowhead whale was the most frequently 
sighted marine mammal species during vessel–based observations from the seismic vessel in 2006 (Harris 
et al. 2007).  Bowhead sighting rates were higher during periods when seismic guns were firing that 
during non–seismic periods, which was the opposite of what would be expected if the whales were 
avoiding seismic activities.  However, the comparison may be biased due to the relatively low amount of 
survey effort during non–seismic periods.  Few beluga whales were observed by vessel–based MMOs, 
but sighting rates during aerial surveys were greater for belugas than bowheads suggesting possible 
avoidance of the seismic vessel by belugas as was noted in earlier years by Miller et al. (2005).  Whether 
any biologically significant effects to bowhead or beluga whales resulted from the seismic activities in 
2006 is unknown.  Continued seismic exploration activities in the Canadian Beaufort Sea will add 
incrementally to the potential for exploratory activities to affect bowhead and beluga whales by increasing 
the amount of time that marine mammals that migrate from Canadian waters through Alaskan waters 
would be exposed to seismic airgun sounds each year.  The estimated numbers of exposures of cetaceans 
and pinnipeds in the Chukchi and Alaskan Beaufort seas to various received sound level ≥160 dB rms in 
2006–2008 are presented in Chapters 3 and 6. 

There has also been concern that underwater seismic energy may have the potential to impact 
benthic invertebrates and plankton that provide food for marine mammals.  Relatively few studies have 
been conducted on the impacts of seismic activity on marine invertebrates.  Christian et al. (2004) 
reported that snow crabs did not show any chronic or long–term effects after exposure to single airgun 
and seven–airgun array sources.  The crabs were positioned 2–4 m (6.5–13 ft) from the sound sources 
where received levels were 221 to 224 dB re 1 μPa 0 to peak (~218 to 221 dB rms).  Payne et al. (2007) 
reported no effects on mortality or mechanosensory systems of lobsters exposed to low level (~202 dB peak 
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to peak) or high level (~227 dB peak to peak) sound pulses.  However sublethal effects were observed with 
respect to feeding and serum biochemistry weeks to months after exposure.  These initial experiments 
were meant to be exploratory and the authors stressed the need for caution when interpreting the results.  
In particular, these animals were exposed repeatedly to high levels of seismic sound. Exposure during 
actual seismic surveys would be reduced because of the limited amount of exposure time (and shots) as 
the seismic vessel moved along the survey line.   Andriguetto–Filho et al. (2005) did not detect significant 
impacts to several shrimp species after exposure to seismic energy.  In a review of available information 
on the effects of seismic sound on invertebrates, DFO (2004) reported that lethal or sublethal effects from 
exposure to seismic energy have been reported for some invertebrates exposed close to airguns, but 
considered exposure to seismic sound unlikely to result in direct invertebrate mortality.   

Offshore Oil and Gas Production — Oil and gas are currently being produced from BP’s offshore 
development at Northstar Island, and Pioneer’s ODS in eastern Harrison Bay.  Eni constructed a gravel 
island (SID) near ODS in 2008 for future oil and gas development.  Northstar is located outside of the 
barrier islands ~10 km (6 mi) offshore of Pt. Storkerson in the Prudhoe Bay area.  ODS and SID are 
located inside the barrier islands near the Colville River delta.  No other offshore oil and gas production 
developments currently exist in the Alaskan Beaufort Sea, and no similar production developments exist 
in the Chukchi Sea.   

Northstar Island, ODS, and SID are man–made, gravel islands.  Much of the island construction 
activities occurred during winter months when heavy equipment was used for island construction and 
installation of subsea pipelines.   The only marine mammal species likely to occur in the general area of 
the developments during winter were ringed seal and polar bear.   Blackwell et al. (2004a) reported that 
underwater winter–production and drilling sounds at Northstar were likely audible to ringed seals to ~1.5 
km, and that underwater noise from pile–driving activities in Jun and Jul 2000 at Northstar Island were 
audible to <3 km.  Winter activities did not appear to affect ringed seal density or the use of breathing 
holes and lairs (Moulton et al. 2003, 2005; Williams et al. 2006), and pile–driving activities did not 
appear to affect ringed seal behavior near Northstar (Blackwell et al. 2004b).  Bowhead whales do not 
typically occur in the Beaufort Sea in winter and are not likely to occur in the shallow water in the 
immediate vicinity of ODS and SID during the summer or during fall migration (BWASP MMS 2007).  
Northstar is further offshore and in deeper water than ODS, and bowhead whale calls have consistently 
been recorded near Northstar during fall migration.  During aerial surveys in Jul 2008, bowheads were 
recorded well offshore near the shelf break and appeared to be traveling east toward the summering area 
in the Canadian Beaufort Sea (Chapter 7).  Bowhead whales are less likely to occur in the Northstar area 
during summer than fall, although bowheads were recorded well west of Northstar in Smith Bay in mid–
Aug 2007 (Green et al. 2007).  Whether these whales summered in the Beaufort Sea or were late migrants 
is unknown.   

Bowhead whales are most likely to occur in nearshore areas of the Beaufort Sea during their 
westward migration in fall.  Intensive multi–year acoustical studies during the fall bowhead whale 
migration at Northstar Island suggested a subtle offshore displacement of migrating bowhead whales 
associated with production–related noise (McDonald et al. 2008).  Bowhead whale calls and underwater 
industrial sounds associated with Northstar were recorded.  The apparent southern edge of the bowhead 
migration corridor was estimated to be 0.76 km (0.47 mi) further offshore than it would be normally when 
tones in the 10–450 Hz bands resulting from industrial activity were recorded 15 min prior to the 
bowhead call.  In 2004, the apparent southern edge was 2.24 km (1.39 mi) farther offshore when tones 
were present within 2 hr preceding the recorded calls (Richardson et al. 2007).  Industrial noise resulted 
from production activities and vessel support.  Vessel contributions to underwater sound levels were 
likely much greater than those resulting from on–island production activities (Blackwell and Greene 



Chapter 11:  Summary and Assessments     11–41 

2006), although sound contribution from a hovercraft was considerably reduced compared to similar sized 
conventional vessels (Balckwell and Greene 2005).  To date, an increased deflection of whales around the 
Northstar development during years when seismic exploration was occurring to the east has not been 
detected.  Such a deflection would be evidence of at least short-term cumulative impacts of in-water 
sounds on whale migration.  

Monthly vessel activity at Northstar Island, ODS, and SID for 2006–2008 is presented in Table 
11.8.  Vessel routes to these sites are relatively short and localized.  ODS is located inside the barrier 
islands ~15 km (9 mi) west of Oliktok Dock where water depth is slightly over 1 m (3 ft).  Water depth 
increases to ~5 m (16 ft) and 13 m (43 ft) about 6.5 km (4 mi) and 14.5 km (9 mi) north of ODS, 
respectively.  SID is located in the lagoon system south of Spy Island ~6 km (4 mi) north of Oliktok Dock 
in similarly shallow water.  The level of barge traffic to ODS was intermediate in 2008 compared to 2006 
and 2007 and was much greater than the level of barge traffic to SID (Table 11.8).   
 
TABLE 11.8.  Number of barges, hovercraft, and crew vessel round trips by month to BPXA’s Northstar 
Island, Pioneer’s ODS, and Eni’s SID, 2006–2008.  Monthly crew vessel totals for ODS in 2006 are not 
available.  Eni did not begin operations until 2008. 

Month 2006 2007 2008 2006 2007 2008 2006 2007 2008
    BP's Northstar Island
July 10 3 5 124 97 122.5 1 22 15
August 25 32 26 114 100 135 69 41 8
September 25 4 12 162 36 84 33 71 16
October 4 1 2 113 18 40 3 3 16
          Total 64 40 45 513 251 381.5 106 137 55
    Pioneer's ODS
July 9 32 6 – – – * 112 54
August 13 61 29 – – – * 183 55
September 13 36 30 – – – * 198 58
October 11 0 12 – – – * 22 6
          Total 46 129 77 – – – 327 515 173
    Eni's SID
July – – 0 – – – – – 34
August – – 1 – – – – – 73
September – – 4 – – – – – 7
October – – 0 – – – – – 0
          Total – – 5 – – – – – 114

Barges Hovercraft Crew Vessel

 
  Bowhead whales have not been reported in the immediate vicinity of ODS and SID.  JASCO 

(2009) reported that underwater sound propagation from barge traffic to ODS attenuated to 120 and 110 
dB re 1 μPa at 0.85 and 1.8 km, respectively, from the vessels and reached 100 dB at 3.7 km.  Ambient 
sound levels ranged from ~90–110 dB so it is unlikely that sounds from ODS barge traffic affected 
bowheads in the migration corridor located ~30 km offshore of ODS.  Underwater sound propagation 
from barge traffic to and from SID was likely reduced compared to ODS barge traffic due to the potential 
for Spy Island to block some of the sound.   

The level of Northstar–related barge traffic was similar in 2007 and 2008, and slightly reduced 
compared to 2006.  Most vessel traffic to Northstar since 2006 has resulted from BP’s hovercraft which 
produced less underwater sound than that of the vessels (Blackwell and Greene 2005).  Northstar Island is 
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located in deeper water beyond the barrier island and closer to the bowhead migration corridor than SID 
and ODS.   

At current levels noise disturbance associated with offshore oil and gas production are unlikely to 
have affected bowhead whales or other marine mammal species at the population level.  Deflections of 
migrating whales that have been measured appear to be too small to affect whales energetically by 
increasing their migration distance and do not appear to have prevented whales from accessing their usual 
feeding areas.  Additionally, deflections that have been measured have not affected the ability of Alaska 
Native hunters to successfully harvest bowhead whales; whale quotas in most years have been reached 
despite various industry operations. 

Current offshore oil and gas development in the Beaufort Sea is located relatively near shore.  
Future development further offshore may have the potential to affect migrating bowhead and beluga 
whales.  Sound resulting from vessel traffic associated with offshore exploration and development may 
have greater potential to impact migrating whales than sound resulting from production activities on 
islands or offshore platforms, but seismic operations in Camden Bay at the same time that production 
operations have occurred at Northstar and ODS have not so far resulted in increased affects on migrating 
whales and have not altered local communities abilities to harvest whales.  Each new development will 
add incrementally to the potential for these effects to become great enough to impact whales or the 
subsistence hunt for whales.  There are currently not enough data to quantify long term changes in the 
sound levels in the Beaufort and Chukchi seas, though in general, average levels of in–water sounds have 
probably increased with development and increases in vessel traffic supporting these developments. 

Non–Oil and Gas Related Vessel Traffic 
Various types of barge traffic unrelated to the seismic activities occurred in the Chukchi and 

Beaufort seas in 2006–2008.  These activities were conducted by barge companies such as Bowhead 
Transport, Island Tug and Barge, Seaspan International Ltd., SeaLink Marine Services, and Crowley 
Marine Services in support of villages along the Chukchi Sea coast, and village and industry activities 
along the Beaufort Sea coast.  Kilometers of barge activity were estimated for activities in the Beaufort 
and Chukchi seas based in some cases on actual schedules of barge trips supplied by barge operators and 
estimated length of barge routes (Tables 11.9 and 11.10).  In other cases the actual barge schedules were 
not available and vessel traffic was estimated after conversations with barge operators.   

Most of the Chukchi Sea barge traffic was associated with transport of fuel and equipment to 
villages or transit of barges through the Chukchi Sea to the Beaufort Sea.  Estimated barge traffic was 
greater in Aug than during other months during 2006–2008.  Based on our estimates, barge traffic was 
slightly greater in 2008 than 2007 and both years had more barge traffic than 2006.  Few bowhead and 
beluga whales are known to occupy the Chukchi Sea during mid–summer and barge traffic in the Chukchi 
Sea probably has little effect on these species.  Gray whales and several pinniped species are more 
common in nearshore areas of the Chukchi Sea during summer and some gray whales, seals, and walruses 
may be temporarily displaced from preferred feeding or resting habitats by disturbance from barge traffic.  
However, gray whales and pinnipeds may habituate to vessel traffic and disturbance effects from vessel 
traffic are likely short term.  Future development in offshore or coastal areas of the Chukchi Sea would 
have the potential to result in increased levels of barge traffic which could result in increased disturbance 
to marine mammals.  
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TABLE 11.9.  Estimated number of kilometers of nonseismic–related vessel traffic by 
month in the Chukchi Sea, 2006–2008. 

Year July August September October Total
2006 537 1611 1074 0 3222
2007 1074 4296 2685 537 8592
2008 537 5370 3759 1074 10,740

 
TABLE 11.10.  Estimated number of kilometers of non–seismic–related vessel traffic by 
month in the Beaufort Sea, 2006–2008. 

Year July August September October Total
2006 488 16,381 8461 0 25,330
2007 244 10,182 3424 0 13,850
2008 0 8282 3136 1328 11,693

 
Much more non–seismic–related barge traffic occurred in the Beaufort Sea than in the Chukchi Sea 

during 2006–2008 (Tables 11.9 and 11.10).  Sound levels of vessel traffic recorded in 2007 along the 
Chukchi Sea coast indicated that small vessel traffic associated with local fishing, hunting and pleasure 
vessels contributed to in–water noise and Table 11.9 excludes this local traffic.  There are no data to 
quantify whether the use of these vessels has increased or decreased in recent years.  Additional sound 
measurements may help to quantify the contribution of these vessels to in–water sounds. 

Based on our estimates, more barge traffic occurred in the Beaufort Sea in 2006 than in 2007 or 
2008 (Table 11.10).  Most of the barge activity in the Beaufort Sea was related to industry or government 
activities at, Lonely, West Dock, and Bullen Point and Point Thomson.  Some barges transited the 
Beaufort Sea when sailing to or from Canada, and barges also stopped at Barrow and Kaktovik.  The 
greater amount of barge traffic in 2006 was related to increased activity between West Dock and Cape 
Simpson in 2006 (30 round trips) compared to 2007 (10 round trips).  There was little barge activity to 
Cape Simpson in 2008.  As was the case for the Chukchi Sea, more barge traffic occurred in the Beaufort 
Sea during Aug than during other months.   

During the 2006–2008 open–water seasons, the major contribution to vessel traffic in the Chukchi 
and Beaufort seas generally resulted from seismic and various monitoring and support vessels during 
exploration activities, including research vessels during the deployment and retrieval of acoustic 
equipment (Fig. 11.10).  Deep seismic exploration was not conducted in the Beaufort Sea in 2006 and the 
reduced amount of seismic vessel traffic there in 2006 resulted only from shallow hazards and site 
clearance surveys by the Henry C.  More seismic–associated vessel traffic occurred in the Beaufort Sea in 
2007 and 2008 than in 2006.  Much of the increase in seismic–related vessel traffic in 2008 over 2007 
resulted from OBC seismic surveys in Foggy Island Bay and eastern Harrison Bay.   

The estimated amount of general barge/vessel traffic in the Chukchi and Beaufort seas was variable 
among years for which we have data.  However, unlike vessel traffic related to seismic operations for 
which accurate records were available, we do not have complete records for barges and other vessels that 
may have operated in both seas, particularly for local traffic associated with hunting and fishing activities.  
For example, smaller boats used for whaling activities during subsistence hunts are not included in the 
vessel traffic data in Tables 11.9 and 11.10, nor are fishing vessel activities in the Chukchi Sea.  Vessel 
traffic associated with support of offshore developments at Northstar Island, ODS, and SID which 
included barges as well as smaller crew vessels, was separated from other barge/vessel traffic due to its 
localized nature.    
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FIGURE 11.10.  Estimated number of km of vessel traffic in the Chukchi and Beaufort seas 
resulting from seismic activities, general barge/vessel traffic, and localized vessel activity 
associated with offshore developments near Prudhoe Bay, 2006–2008.   

 

Commercial Fishing 
Relatively little commercial fisheries activity occurs in the Chukchi and Beaufort seas compared to 

the large fisheries in the Bering Sea, and commercial fisheries in the Chukchi and Beaufort seas probably 
have little impact on marine mammals.  Commercial fisheries in the Bering Sea have the potential to 
impact marine mammals that spend the summer in the Chukchi and Beaufort but migrate to the Bering 
Sea for the winter.  Impacts to marine mammals could result from collisions with vessels (Jensen and 
Silbur 2004), incidental take, entanglement of fishing gear, and disturbance causing marine mammals to 
avoid preferred habitats.  Commercial fisheries may also compete for some prey species with marine 
mammals.  Commercial trawling has been shown to negatively impact benthic invertebrates 
(McConnaughey et al. 2000; Dieter et al. 2003) which could affect food availability for benthic–feeding 
marine mammal species such as gray whale, walrus, and bearded seal.  The extent of impacts from current 
and future commercial fishing activities on marine mammal mammals is unknown.   

There has been concern that potential changes in fish habitat in the Chukchi and Beaufort seas 
related to global climate change could result in changes in the distribution and abundance of some marine 
fish species that could lead to future commercial fishing activities in both seas.  Under the Magnuson–
Stevens Act, the North Pacific Fisheries Management Council is authorized to prepare and submit a 
Fisheries Management Plan (FMP) to the Secretary of Commerce for each fishery under its authority.  
The Council developed a Draft FMP for the Arctic (NPFMC 2008) with the stated policy of prohibiting 
commercial harvests of all marine resources until information improves so that fishing can be conducted 
sustainably and with due concern to other ecosystem components.  Management of commercial harvests 
of red king crab in the geographical area of the historic fishery in the Chukchi Sea is exempted from the 
FMP.    

Research 
Vessel–based research has the potential to cause temporary disturbance to marine mammals.  

Vessel–based research has been conducted to investigate the impacts of climate change on biological, 
physical, and geochemical processes in the Arctic in recent years (e.g., Cooper et al. 2006; Hardin 2006; 
Dunton et al. 2005).  The activities of these types of research vessels have the potential to cause 
temporary, localized disturbance to marine mammals.  Richardson et al. (1995) reported that noise from 
vessel activities may have the potential to cause temporary avoidance of specific areas by bowhead 
whales and other marine mammals.   
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In addition to seismic activities mentioned above during oil and gas exploration in the Chukchi and 
Beaufort seas, seismic exploration is also conducted by research groups to study the history of ridges and 
basins in the Arctic Ocean (e.g., Haley and Ireland 2006).  These non–industry seismic activities have the 
potential to impact marine mammals in ways similar to those discussed above for industry seismic 
exploration.  The level of the impacts would depend on the location of the surveys and the numbers of 
marine mammals in the survey areas.  Warming trends in the Arctic may increase the potential for 
geophysical research using seismic airguns in the future.   

Aircraft are often used to conduct aerial surveys for marine mammals.  Numerous industry 
sponsored aerial surveys for marine mammals have been conducted in support of offshore exploration and 
development in recent years (e.g., Moulton et al. 2002, 2003, 2005; Reiser et al. 2008a; Williams et al. 
2008).  Industry–supported aerial surveys for marine mammals were conducted in nearshore areas of the 
Chukchi and Beaufort seas during 2006–2008 as part of offshore exploration activities (Funk et al. 
2007,2008, Ireland et al. 2008).  The MMS has also funded or conducted annual aerial surveys of 
endangered whales in the Beaufort Sea since 1979 (e.g., Ljungblad et al. 1986; Monnett and Treacy 
2005), and the National Marine Mammal Laboratory has recently begun a multidisciplinary study 
involving an aerial survey component to study bowheads in a known feeding area northeast of Barrow 
(Rugh 2009).  Aircraft sounds can potentially cause disturbance to some marine mammals although aerial 
surveys are generally conducted at altitudes sufficiently high enough that in–water sound propagation 
from aircraft likely has little impact on marine mammals.  Patenaude et al. (2002) reported little reaction 
of beluga and bowhead whales to fixed–wing aircraft at relatively low altitudes ranging from 60 to 460 m.  
However, beluga and bowhead whales reactions to low–level helicopters was greater than for fixed–wing 
aircraft and consisted of various types of changes in behavior.   

Pollution/Contaminants 
The potential for pollution and contaminants to impact marine mammals and other vertebrate 

species has been of concern to wildlife managers for many years.  Pollution of marine environments may 
result in increased levels of mortality due to toxic effects or increased levels of disease (Gulland and Hall 
2007).  Tertiary consumers that are near the top of the food chain are at greater risk than consumers at 
lower levels due to concentration of contaminants as they progress through the food chain (Wilson et al. 
2005).  Bowhead whales are secondary consumers that feed primarily on euphausiids and copepods, and 
the levels of most metals and other contaminants in bowheads appears to be relatively low (MMS 2007; 
Rosa et al. 2007).  Beluga whales and other cetaceans in the Arctic appear to have lower levels of some 
contaminants than cetaceans from other locations (Norstrom and Muir 1994).  Levels of various types of 
contaminants in arctic seals and walruses have also been measured (Nakata et al. 1998; Fisk et al. 2002; 
Quakenbush and Sheffield 2007).  Some studies have indicated that marine mammals in the Russian 
Arctic may have higher levels of contaminants than those in the Canadian Arctic (Nakata et al. 1998; 
Wilson et al. 2005).  The effects of current and future exposure of marine mammal populations in the 
Chukchi and Beaufort seas to various types of contaminants are unknown.   

Future offshore oil exploration and development in the Chukchi and Beaufort seas will increase the 
potential for an offshore oil spill which could contaminate marine mammal food sources.  Ingestion of 
contaminated food sources could be lethal and seals and polar bears could suffer mortality from direct 
exposure to spilled oil.  The potential impacts of an oil spill would depend on the size and location of the 
spill, the time of year that the spill occurred, and the ability of industry to respond.  As is the case for 
current offshore oil exploration and development, for future offshore oil activities the oil industry would 
be required to have extensive oil spill response capabilities which would help to reduce impacts from any 
spill should one occur.  It is beyond the scope of this report to describe potential scenarios for oil spill 
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incidents and response, but discussion of these can be found in the EIS documents prepared by MMS for 
exploration in the leasing areas (MMS 2007). 

Climate Change 
There has been concern for several decades that the earth may be undergoing global climate 

changes that impact environmental patterns such as ocean temperatures, extent of the polar pack ice, and 
weather patterns.  Although there still remains some controversy over the causes of climate change, there 
is now little debate that climate change is occurring and that the effects of these changes are greater at 
higher latitudes.   The potential effects of climate change on marine mammals in the Chukchi and 
Beaufort seas vary among species.  The current warming trend has increased sea–water temperature, and 
reduced the size of the polar ice cap (Stroeve et al. 2008).  Climate change may potentially affect marine 
mammals in the Chukchi and Beaufort seas in numerous ways and at locations outside of the Chukchi and 
Beaufort seas.  The potential impacts of global climate change on marine mammals in the Arctic may be 
much greater than those that are likely to result from industrial activities or subsistence hunting.   

MMS (2007) described numerous activities or situations related to global climate change that have 
the potential to impact marine mammals in the Chukchi and Beaufort seas.  These include factors such as: 

• potential changes in the distribution, concentration and availability of marine mammal prey 
species such as fish, benthic invertebrates, and plankton; 

• changes in distributions of marine mammals in response to changes in distribution of prey 
species; 

• impacts to subsistence hunting of marine mammals resulting from changes in marine 
mammal distribution; 

• potential expansion of the ranges of some predators such as killer whales that prey on 
marine mammal species; 

• increased shipping and research vessel traffic through the Northwest passage and other 
areas of the Arctic which could result in increased disturbance to marine mammals, and the 
potential for collisions of marine mammals with vessels; 

• potential for commercial fishing activities to occur in the Chukchi and Beaufort seas 
accompanied by increased disturbance from vessel traffic, and potential for marine 
mammal collision with vessels, entanglement with fishing gear, and possible competition 
with marine mammals for prey species; 

• increased risk of contaminants such as oil or fuel spills from vessel traffic being released 
into marine environments; 

• increased potential for conflicts between humans and polar bears. 
Perhaps the most obvious impact to the environment resulting from climate change in the Arctic 

has been the retreat of the polar pack ice.  Stroeve et al. (2008) reported a declining trend in the extent of 
Arctic sea ice since 1953.  The extent of Arctic sea ice declined to an unprecedented low in 2007 which 
was a 23% reduction from the previous low in 2005.  The 23% loss equated to an area approximately the 
size of Texas and California combined.   

Polar bears and ringed seals are year–round residents of the Arctic that rely on the polar pack ice.  
Ringed seals excavate breathing holes and lairs in the ice which are used for resting, giving birth, and 
during pup weaning.  Ringed seals also use the pack ice for resting during their annual molt.  Polar bears 
feed primarily on ringed seals and female polar bears build winter dens on ice and land to give birth 
(Bentzen et al. 2007; Bergen 2007; Fischbach et al. 2007).  Earlier melting of sea ice in spring may result 
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in exposure of ringed seal lairs making seals more susceptible to polar bear predation, reduce the 
availability of molting habitat, and result in reduced growth rate and survival of pups.  A reduction in the 
ringed seal population could reduce availability of food for polar bears and affect polar bear survival.  
Early melting may also have the potential to cause polar bear dens to collapse reducing survival of cubs 
and adult females.   

It is likely that some effects of global warming on polar bears have already been observed.  Regehr 
et al. (2006) reported reduced survival of polar bear cubs in the southern Beaufort Sea region of the U.S. 
and Canada that appeared to be related to arctic warming conditions.  Regehr et al. (2006) also reported a 
reduction in the body weight and skull size of adult male polar bears captured from 1990 to 2006 
compared to bears captured prior to 1990.  The smaller stature of adult males was remarkable since it 
corresponded with higher mean age of the captured male bears.  Relatively high numbers of polar bears 
were seen along the Beaufort Sea coast in 2007 and 2008 and the Chukchi Sea coast in 2008.  Most of 
these bears were seen during periods when vessels were not actively working or during aerial surveys.  
Movement of polar bears to coastal areas has been suggested as an early result of climate warming and 
has been predicted to increase as the climate warms and the pack ice retreats.  The USFWS has recently 
listed the polar bear as threatened under the Endangered Species Act (USFWS 2008).  Newly–released 
USGS information from nine recent studies presenting the relationships of polar bears to present and 
future sea–ice environments is available online at http://www.usgs.gov/newsroom/special/polar_bears/.   

Changes in the extent of the pack ice will likely result in changes in the distribution and abundance 
of ringed seals, polar bears, and other marine mammals.  Pacific walruses and bearded seals move with 
the ice edge from the Bering Sea during the winter to the Chukchi Sea (and Beaufort Sea for bearded seal) 
in the spring and summer.  Walruses and bearded seals feed primarily on benthic invertebrates and the ice 
edge provides them with a platform for resting adjacent to feeding habitat.  Pacific walruses and bearded 
seals probably feed in relatively shallow water to ~80 m (87 yd) in depth although deeper dives have been 
recorded (Fay and Burns 1988).   

Pacific walruses (and possibly bearded seals) are probably more common in the Chukchi than the 
Beaufort Sea due to the greater concentrations of benthic biomass in the Chukchi Sea (Dunton et al. 
2005).  Most of the Chukchi Sea is relatively shallow with depths generally <50 m (55 yd) providing 
extensive feeding habitat for benthic–feeding marine mammals.  Pacific walruses normally haul out on 
ice to rest during the summer in the Chukchi Sea and generally do not haul out on land in large numbers 
along the Chukchi Sea coast.  However, as described earlier, in summer 2007 the pack ice retreated north 
of the Chukchi Sea into the Arctic Ocean where water depths were much greater and large numbers of 
Pacific walruses were observed hauled out along coastal locations from Barrow to Cape Lisburne.  We 
suspect that in 2007 the pack ice retreated to water too deep for walrus feeding and that the use of land–
based haulouts along the Chukchi Sea coast was an effect of increasing temperatures due to climate 
change.  How the use of land–based haulouts along the Chukchi Sea coast rather than haulout locations on 
the pack ice will impact walruses is unknown.  However, there may be potential for mortality of young 
walruses to result during stampedes of large walrus groups at land–based haulouts.   

The retreating pack ice may also increase the likelihood of walrus calf mortality due to cow/calf 
separation.  Cooper et al. (2006) reported the occurrence of walrus calves that had been separated from 
adult female walruses on ice floes in the Canadian Arctic.  Pack ice in the area had retreated and the ice 
floes were located in water depth of >3000 m, well over depths within which walruses are known to feed.   

How changes in environmental variables resulting from global climate change are likely to affect 
cetaceans in the Arctic is unknown; however, some preliminary analyses have found positive correlations 
between the extent of open water in bowhead whale summer feeding areas and bowhead calf production.  
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Thus, some types of environmental changes may be beneficial to some species while other changes may 
have negative impacts.   

Various types of anthropogenic activities, which are generally thought to negatively impact 
cetaceans and other marine mammals, are likely to increase in the Arctic if the pack ice continues to 
retreat.  Increased vessel traffic may result from various sources such as oil and gas exploration and 
development, scientific research, commercial fishing, and increased shipping activity.  Increased vessel 
traffic could increase disturbance to cetaceans resulting in displacement from preferred habitats as 
discussed above.  However, it is not clear that temporary displacement or changes in behavior produce 
impacts that are biologically significant.  Increased vessel traffic would increase the potential for whale 
collisions with vessels which could result in whale mortality.  Commercial fishing could also impact 
whales through potential entanglement in gear, and trawling activities have the potential to disturb benthic 
communities that serve as food sources for some marine mammals (McConnaughey et al. 2000).   

Increasing temperatures could also result in changes in the distribution and abundance of cetacean 
prey such as fish, benthic invertebrates, and plankton, which could be beneficial if food availability 
increased.  If prey availability increased further offshore as a result of the current warming trend, 
bowhead whales may move further offshore during migration and become less available to subsistence 
hunters.   This could produce an overall benefit to the whales but could seriously impact the cultural and 
social traditions and activities of Native communities.   

Alternatively, invasions of new species either through range expansion or as introduced species 
may impact the availability of various prey items via increased competition between organisms.  Very 
few introduced species are currently known from high latitudes probably due to environmental resistance 
due to cold water temperatures and seasonal fluctuations in resources and the relative lack of human 
disturbance (Ruiz and Hewitt 2009).  As temperatures change environmental resistance would be lowered 
for some species allowing range expansion.  Increased ship traffic and development of coastline and 
offshore structures will increase the numbers of introduced species reaching northern waters and the 
lower environmental resistance may increase the potential for introduced species to become established. 

Other cetaceans not normally found in the Arctic could also extend their ranges northward and 
compete with arctic cetaceans for food.  Sightings of humpback whales, fin whales and increased 
numbers of harbor porpoises and Minke whales in the Chukchi and Beaufort seas in 2007 and 2008 (Funk 
et al. 2007; Ireland et al. 2008; Reiser et al 2008b; Green et al. 2007) may be an early example of such a 
range extension.  Killer whales are known predators on beluga whales as well as on large baleen whales, 
and increased numbers of killer whales in the Arctic could result in higher predation pressure on beluga 
and bowhead whales.  MMS (2007) concluded that the potential effects of climate change on bowhead 
whale populations are uncertain, and there is no current evidence of negative effects from climate change 
on the whales.   

SUMMARY 
Impacts to marine mammal individuals and populations could potentially increase with expanded 

exploration and development of oil and gas in the Beaufort and Chukchi seas.  Based on the results of a 
recent sale (6 Feb 2008) of offshore leases, there is clearly interest in further exploration and possible 
development of oil and gas prospects in the Chukchi Sea.  At this time it is not possible to predict how 
many new developments might occur from future exploration activities.  It is likely that at least some 
current prospects would be developed or at least explored to a greater extent in the near future.  As 
additional exploration and development occurs the potential for impacts caused by industrial sounds in the 
marine environment will rise as will the potential for vessel strikes of marine mammals due to increased 
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ship traffic in the area.  Without proper mitigation such impacts could affect marine mammal individuals 
and result in a decrease in the availability of marine mammals for subsistence use by villages along the 
coast of Alaska.  It appears unlikely that populations of marine mammals would be affected at current 
levels of exploration although it remains unclear how other types of impacts like changes in temperature 
across the Arctic may ultimately affect these populations and their ability to adapt to additional human 
influence in their habitats.   

Cumulative impacts result from the accumulation of incremental effects resulting from various 
types of anthropogenic and naturally occurring events.  While it is sometimes possible to determine the 
effects of specific activities or events on individuals or groups of marine mammals, it is often difficult to 
determine what the effects (if any) may be at the population level or how they may accumulate in 
individuals over longer time frames ultimately having effects at the population level.  Even when data are 
available which suggest responses of marine mammals to particular stimuli, the responses may also result 
from numerous environmental variables or naturally occurring cycles in population abundance or 
distribution.  Responses to particular stimuli may be temporary and may not result in effects that are 
biologically significant.  The long term effects of anthropogenic sound that may have the potential to 
cause deflection of whales from their migratory path or general avoidance of the sound source by marine 
mammals are unknown.  Projections of the potential effects of future activities or naturally occurring 
events on marine mammal populations in the Chukchi and Beaufort seas are even more speculative than 
determining the effects of current activities making accurate determination of cumulative impacts 
difficult.   
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APPENDIX A:  CHUKCHI SEA VESSEL-BASED MONITORING 
RESULTS  

Part 1: Tables and Figures Referenced from Chapter 3 
TABLE A.1.  All marine mammal sightings (number of individuals) recorded by MMOs during 
2006–2008 Chukchi Sea seismic surveys.  This table presents all opportunistic sightings, 
including those made off-watch and in the dark. 

Species

Cetaceans

  Unidentified Whale 31 (35) 16 (26) 20 (40) 67 (101)

  Mysticetes

  Bowhead Whale 28 (51) 7 (10) 19 (61) 54 (122)
  Fin Whale 0 0 3 (6) 3 (6)
  Gray Whale 38 (93) 39 (75) 103 (226) 180 (394)
  Humpback Whale 0 4 (6) 2 (4) 6 (10)
  Minke Whale 8 (8) 5 (6) 26 (34) 39 (48)
  Unidentified Mysticete Whale 7 (7) 11 (17) 99 (150) 117 (174)

  Odontocetes

  Beluga Whale 6 (44) 0 1 (2) 7 (46)
  Dall's Porpoise 0 0 1 (5) 1 (5)
  Harbor Porpoise 22 (38) 11 (28) 18 (30) 51 (96)
  Killer Whale 2 (7) 1 (1) 2 (2) 5 (10)
  Unidentified Odontocete Whale 4 (5) 2 (2) 0 6 (7)

Total Cetaceans 146 (288) 96 (171) 294 (560) 536 (1019)

Seals and Sea Lions 

Bearded Seal 265 (306) 56 (73) 125 (143) 446 (522)
Ribbon Seal 2 (2) 1 (1) 1 (1) 4 (4)
Ringed Seal 718 (807) 117 (132) 228 (248) 1063 (1187)
Spotted Seal 189 (228) 28 (44) 53 (59) 270 (331)
Steller Sea Lion 0 1 (1) 0 1 (1)
Unidentified Seal 1158 (1267) 113 (185) 277 (309) 1548 (1761)
Unidentified Pinniped 30 (31) 19 (23) 24 (38) 73 (92)

Total Seals and Sea Lions 2362 (2641) 335 (459) 708 (798) 3405 (3898)

Pacific Walruses 195 (1283) 493 (3424) 121 (807) 809 (5514)

Polar Bears 5 (5) 0 5 (6) 10 (11)

         Total Marine Mammals 2708 (4217) 924 (4054) 1128 (2171) 4760 (10442)

2006 2007 2008 Total

 
.  
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TABLE A.2.  Cetacean effort by Beaufort wind force and received sound level 
exposure (dB re 1 µPa rms) during Chukchi Sea seismic operations (2006-2008) in 
kilometers and miles.  Effort includes shallow hazards and mitigation gun operations 
when sound levels fell into both the ≥160 dB bin and the 159–120 dB bins.   

Cetaceans 0 1 2 3 4 5 Total

Effort in km
≥160 dB rms 74 1226 2664 3103 4011 2646 13,725
159-120 dB rms 96 608 2023 1845 1110 810 6492
<120  dB rms 510 1789 3464 3420 2856 1647 13,686

Total 680 3623 8151 8368 7978 5103 33,903

Effort in mi
≥160 dB rms 46 762 1654 1927 2491 1643 8523
159-120 dB rms 60 378 1256 1146 690 503 4032
<120  dB rms 317 1111 2151 2124 1774 1023 8499

Total 422 2250 5062 5196 4954 3169 21,054

Effort in km
≥160 dB rms 0 13 342 495 258 210 1317
159-120 dB rms 0 77 310 545 270 218 1420
<120  dB rms 174 1590 3594 3587 1983 1545 12,472

Total 174 1680 4247 4627 2511 1972 15,210

Effort in mi
≥160 dB rms 0 8 212 307 160 130 818
159-120 dB rms 0 48 193 338 168 135 882
<120  dB rms 108 987 2232 2228 1231 959 7745

Total 108 1043 2637 2873 1559 1225 9445

Effort in km
≥160 dB rms 3 230 819 850 308 286 2497
159-120 dB rms 16 217 1078 1027 308 245 2892
<120  dB rms 596 4296 6505 7476 5635 2299 26,807

Total 616 4743 8403 9353 6251 2830 32,196

Effort in mi
≥160 dB rms 2 143 509 528 192 178 1551
159-120 dB rms 10 135 670 638 191 152 1796
<120  dB rms 370 2668 4040 4643 3499 1427 16,647

Total 382 2946 5218 5808 3882 1757 19,994

Total Effort in km 1470 10,046 20,800 22,348 16,740 9906 81,309

Total Effort in mi 913 6238 12,917 13,878 10,395 6151 50,493

Beaufort Wind Force

2006

2007

2008

 



Appendix A:  Chukchi Sea Vessel-Based Monitoring Results     A-3 

TABLE A.3.  Cetacean effort by vessel type and received sound levels in the Chukchi Sea, 
2006-2008.  Effort amounts are those that met the analysis criteria discussed in Chapter 3, 
Methods.  Effort includes shallow hazards and mitigation gun operations when sound levels 
fell into both the ≥160 dB bin and the 159–120 dB bins. 

Cetaceans Source Monitoring Support Total

Effort in km
≥160 dB rms 6118 7642 0 13,760
159-120 dB rms 1164 4769 561 6494
<120  dB rms 1754 4485 7468 13,707

Total 9036 16,896 8029 33,961

Effort in mi
≥160 dB rms 3799 4746 0 8545
159-120 dB rms 723 2961 349 4033
<120  dB rms 1089 2785 4638 8512

Total 5612 10,492 4986 21,090

Effort in km
≥160 dB rms 376 942 0 1317
159-120 dB rms 103 1317 0 1420
<120  dB rms 1371 2784 8318 12,472

Total 1850 5042 8318 15,210

Effort in mi
≥160 dB rms 233 585 0 818
159-120 dB rms 64 818 0 882
<120  dB rms 851 1729 5165 7745

Total 1149 3131 5165 9445

Effort in km
≥160 dB rms 661 1836 0 2497
159-120 dB rms 528 2136 228 2892
<120  dB rms 4466 9839 12,502 26,807

Total 5655 13,811 12,730 32,196

Effort in mi
≥160 dB rms 411 1140 0 1551
159-120 dB rms 328 1326 142 1796
<120  dB rms 2774 6110 7764 16,647

Total 3512 8576 7906 19,994

Total Effort in km 14,398 30,514 24,253 81,367

Total Effort in mi 10,272 22,200 18,057 50,529

Vessel Role

2006

2007

2008
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TABLE A.4.  Pinniped effort by Beaufort wind force and received sound level exposure 
(dB re 1 µPa rms) during Chukchi Sea seismic operations (2006-2008) in kilometers 
and miles.  Effort includes shallow hazards and mitigation gun operations when sound 
levels fell into both the ≥160 dB bin and the 159–120 dB bins.   

Pinnipeds 0 1 2 3 4 5 Total

Effort in km
≥160 dB rms 62 1219 2736 3724 4961 3698 16,400
159-120 dB rms 112 744 2240 2191 1360 1140 7786
<120  dB rms 527 1950 3555 3616 2977 1745 14,370

Total 701 3914 8531 9531 9298 6582 38,556

Effort in mi
≥160 dB rms 39 757 1699 2312 3081 2296 10,184
159-120 dB rms 69 462 1391 1360 844 708 4835
<120  dB rms 327 1211 2208 2246 1849 1083 8924

Total 435 2430 5298 5918 5774 4087 23,943

Effort in km
≥160 dB rms 0 18 409 765 503 336 2031
159-120 dB rms 0 74 358 738 470 259 1899
<120  dB rms 174 1628 3700 3775 2060 1661 12,998

Total 174 1720 4468 5277 3032 2256 16,927

Effort in mi
≥160 dB rms 0 11 254 475 312 209 1261
159-120 dB rms 0 46 222 458 292 161 1179
<120  dB rms 108 1011 2298 2344 1279 1032 8071

Total 108 1068 2774 3277 1883 1401 10,512

Effort in km
≥160 dB rms 4 268 1040 1503 687 418 3920
159-120 dB rms 27 338 1306 1389 570 299 3930
<120  dB rms 619 4502 7074 8646 6676 2598 30,115

Total 650 5108 9421 11538 7933 3314 37,965

Effort in mi
≥160 dB rms 2 166 646 933 427 259 2434
159-120 dB rms 17 210 811 863 354 185 2440
<120  dB rms 384 2796 4393 5369 4146 1613 18,701

Total 404 3172 5851 7165 4927 2058 23,576

Total Effort in km 1524 10,742 22,420 26,346 20,263 12,152 93,448

Total Effort in mi 947 6671 13,923 16,361 12,584 7546 58,031

Beaufort Wind Force

2006

2007

2008
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TABLE A.5.  Pinniped effort by vessel type and received sound levels in the Chukchi Sea, 
2006-2008.  Effort amounts are those that met the analysis criteria discussed in Chapter 3, 
Methods.  Effort includes shallow hazards and mitigation gun operations when sound levels 
fell into both the ≥160 dB bin and the 159–120 dB bins. 

Pinnipeds Source Monitoring Support Total

Effort in km
≥160 dB rms 9471 7009 0 16,479
159-120 dB rms 1805 5426 561 7793
<120  dB rms 2131 4789 7473 14,394

Total 13,407 17,224 8035 38,666

Effort in mi
≥160 dB rms 5881 4353 0 10,234
159-120 dB rms 1121 3370 349 4839
<120  dB rms 1324 2974 4641 8939

Total 8326 10,696 4990 24,012

Effort in km
≥160 dB rms 928 1103 0 2031
159-120 dB rms 263 1636 0 1899
<120  dB rms 1607 3055 8336 12,998

Total 2798 5793 8336 16,927

Effort in mi
≥160 dB rms 576 685 0 1261
159-120 dB rms 163 1016 0 1179
<120  dB rms 998 1897 5177 8071

Total 1737 3598 5177 10,512

Effort in km
≥160 dB rms 1923 1997 0 3920
159-120 dB rms 870 2805 255 3930
<120  dB rms 5898 11,338 12,879 30,115

Total 8691 16,140 13,134 37,965

Effort in mi
≥160 dB rms 1194 1240 0 2434
159-120 dB rms 540 1742 158 2440
<120  dB rms 3663 7041 7998 18,701

Total 5397 10,023 8156 23,576

Total Effort in km 24,896 39,157 29,505 93,557

Total Effort in mi 15,460 24,317 18,322 58,099

Vessel Role

2006

2007

2008
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TABLE A.6.  Number of sightings (number of individuals) of cetaceans by vessel role and 
received sound levels in the Chukchi Sea, 2006-2008.  Sightings shown are those that 
met the analysis criteria discussed in Chapter 3, Methods. 

Cetaceans

Source Vessels 4 (4) 0 9 (13) 13 (17)
Monitoring Vessels 7 (8) 1 (1) 2 (2) 10 (11)
Support Vessels 0 1 (1) 65 (113) 66 (114)

Total 2006 11 (12) 2 (2) 76 (128) 89 (142)

Source Vessels 1 (2) 0 10 (12) 11 (14)
Monitoring Vessels 2 (4) 4 (8) 1 (3) 7 (15)
Support Vessels 0 0 54 (97) 54 (97)

Total 2007 3 (6) 4 (8) 65 (112) 72 (126)

Source Vessels 0 0 25 (45) 25 (45)
Monitoring Vessels 4 (7) 2 (2) 45 (78) 51 (87)
Support Vessels 0 0 125 (244) 125 (244)

Total 2008 4 (7) 2 (2) 195 (367) 201 (376)

Total Cetaceans 18 (25) 8 (12) 336 (607) 362 (644)

2006

2007

2008

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total
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TABLE A.7.  Number of sightings (number of individuals) of seals by vessel role and 
received sound levels in the Chukchi Sea, 2006-2008.  Sightings shown are those that 
met the analysis criteria discussed in Chapter 3, Methods. 

Seals

Source Vessels 143 (149) 6 (6) 56 (64) 205 (219)
Monitoring Vessels 294 (306) 173 (192) 140 (146) 607 (644)
Support Vessels 0 14 (14) 938 (1097) 952 (1111)

Total 2006 437 (455) 193 (212) 1134 (1307) 1764 (1974)

Source Vessels 3 (3) 0 12 (13) 15 (16)
Monitoring Vessels 23 (23) 21 (23) 53 (57) 97 (103)
Support Vessels 0 0 135 (237) 135 (237)

Total 2007 26 (26) 21 (23) 200 (307) 247 (356)

Source Vessels 8 (8) 0 122 (139) 130 (147)
Monitoring Vessels 12 (12) 15 (16) 104 (126) 131 (154)
Support Vessels 0 6 (7) 311 (351) 317 (358)

Total 2008 20 (20) 21 (23) 537 (616) 578 (659)

Total Seals 483 (501) 235 (258) 1871 (2230) 2589 (2989)

2006

2007

2008

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total
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TABLE A.8.  Number of sightings (number of individuals) of Pacific walruses by vessel role and 
received sound levels in the Chukchi Sea, 2006-2008.  Sightings shown are those that met the 
analysis criteria discussed in Chapter 3, Methods. 

Pacific Walruses

Source Vessels 14 (20) 1 (1) 12 (24) 27 (45)
Monitoring Vessels 14 (28) 13 (21) 26 (57) 53 (106)
Support Vessels 0 0 52 (953) 52 (953)

Total 2006 28 (48) 14 (22) 90 (1034) 132 (1104)

Source Vessels 17 (27) 2 (3) 190 (1533) 209 (1563)
Monitoring Vessels 25 (40) 40 (84) 43 (889) 108 (1013)
Support Vessels 0 0 34 (378) 34 (378)

Total 2007 42 (67) 42 (87) 267 (2800) 351 (2954)

Source Vessels 0 0 11 (58) 11 (58)
Monitoring Vessels 0 1 (1) 0 1 (1)
Support Vessels 0 0 80 (704) 80 (704)

Total 2008 0 (0) 1 (1) 91 (762) 92 (763)

Total Pacific Walruses 70 (115) 57 (110) 448 (4596) 575 (4821)

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total

2006

2007

2008
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TABLE A.9.  Number of sightings (number of individuals) of polar bears by vessel role and 
received sound levels in the Chukchi Sea, 2006-2008.  Sightings shown are those that 
met the analysis criteria discussed in Chapter 3, Methods. 

Polar Bears

Source Vessels 0 0 0 0
Monitoring Vessels 0 1 (1) 1 (1) 2 (2)
Support Vessels 0 0 3 (3) 3 (3)

Total 2006 0 1 (1) 4 (4) 5 (5)

Source Vessels 0 0 0 0
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 0 0

Total 2007 0 0 0 0

Source Vessels 0 0 0 0
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 3 (3) 3 (3)

Total 2008 0 0 3 (3) 3 (3)

Total Polar Bears 0 (0) 1 (1) 7 (7) 8 (8)

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total

2006

2007

2008
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Part 2: English Units Tables and Figures from Chapter 3  

 

0

5500

11000

16500

22000

27500

33000

38500

44000

49500

55000

Ju
l 4

Ju
l 1

1

Ju
l 1

8

Ju
l 2

5

A
ug

 1

A
ug

 8

A
ug

 1
4

A
ug

 2
2

A
ug

 2
9

S
ep

 5

S
ep

 1
2

S
ep

 1
9

S
ep

 2
6

O
ct

 3

O
ct

 1
0

O
ct

 1
7

O
ct

 2
4

O
ct

 2
7

O
ct

 3
1

N
ov

 7

Ic
e 

co
ve

r (
m

i2 )

Week

2006
2007
2008

 
FIGURE A.3.2E.  Ice cover in the Chukchi Sea by week in 2006, 2007 and 2008.  Coverage includes 
~10% and >10% ice cover. 
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TABLE A.3.1E.  Comparison of measurements of the ≥190, 180, 170, 160 and 120 dB rms distances (in 
mi) for sound pulses from seismic survey airgun arrays deployed in the Chukchi Sea, Alaska, 2006–2008. 

 

Vessel Name
Number of 

Guns
Total Airgun 

Volume ≥190 ≥180 ≥170 ≥160 ≥120

Patriot 16 airguns 3390 in3 0.321 1.012 2.914 7.103 46.851
Discover 36 airguns 3320 in3 0.298 1.100 3.175 6.816 103.744
Gilavar 24 airguns 3147 in3 0.286 0.870 2.933 4.965 51.505

Gilavar 24 airguns 3147 in3 0.342 1.535 2.796 5.033 41.010
Gilavar 1 airgun 30 in3 0.006 0.015 0.047 0.845 25.538

Gilavar 24 airguns 3147 in3 0.503 1.243 3.524 8.078 74.565
Gilavar 1 airgun 30 in3 0.006 0.006 0.510 1.181 29.204
Cape Flattery 4 airguns 40 in3 0.031 0.099 0.304 0.870 14.913

Distance (mi) to Received Levels (dB rms)

2006

2007

2008

 
 
 
 
 
 
 

0

100

200

300

400

500

600

700

800

900

1

M
ea

n 
si

gh
tin

g 
di

st
an

ce
 (

yd
)

Vessel Category

20.7

 
FIGURE A.3.4E Mean distance of initial marine mammal sightings 
recorded on vessels with observation platforms higher and lower than 12 
yd.  
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FIGURE 3.5.  Area in the Chukchi Sea where MMOs observed for cetaceans as defined in Data Analysis 
Criteria during the three open water seasons (2006-2008).     
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FIGURE A.3.6E  Cetacean effort (mi) in the Chukchi Sea during 2006–2008 
seismic surveys. 
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FIGURE A.3.7E.  Cetacean effort (mi) in the Chukchi Sea by season during 
2006–2008 seismic surveys. 
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FIGURE A.3.8E.  Cetacean effort (mi) in the Chukchi Sea by Beaufort wind 
force during 2006–2008 seismic surveys. 
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FIGURE A.3.9E.  Cetacean effort (mi) in the Chukchi Sea by received sound 
level during 2006–2008 seismic surveys. 
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FIGURE A.3.10E  Cetacean effort (mi) in the Chukchi Sea by received sound 
level and vessel role during 2006–2008 seismic operations. 
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FIGURE A.3.11E  Cetacean effort (mi) in the Chukchi Sea by percent ice cover or 
proximity to the ice edge during 2006–2008 seismic surveys. 
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FIGURE A.3.12E.  Cetacean effort (mi) in the Chukchi Sea by “nearshore” (within 23 mi 
of shore) or “offshore” (beyond 23 mi of shore) during 2006–2008 seismic surveys. 
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FIGURE A.3.13E.  Cetacean sighting rates by season in the Chukchi Sea during 2006–
2008. 
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FIGURE A.3.14E.  Cetacean sighting rates by Beaufort wind force in the Chukchi 
Sea during 2006-2008.  Rate not shown for 2007 Bf 0 because <155 mi of effort 
occurred in that bin. 
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FIGURE A.3.15E.  Cetacean sighting rates by received sound level in the 
Chukchi Sea during 2006–2008.  Rate not shown for support vessel received 
sound level of ≥160 dB rms because <155 mi of effort occurred in that bin. 
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FIGURE A.3.16E.  Cetacean sighting rates by percent ice and distance from ice in the 
Chukchi Sea during 2006–2008. Rates not shown for 2007 >10% and <10% due to <155 
mi of effort occurring in those bins. 
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FIGURE A.3.17E.  Sighting rates for cetaceans by distance from shore in the 
Chukchi Sea during 2006–2008 
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FIGURE A.3.18E.  Initial sightings distances of cetaceans exposed to ≥160 dB rms received sound levels observed from source and monitoring 
vessels in the Chukchi Sea during 2006–2008 seismic surveys. 

 
TABLE A.3.4.  CPAs of cetaceans relative to the observer by received sound level in the Chukchi Sea during 
2006–2008 seismic operations.   

Vessel Role

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (yd) s.d. Range (yd) n

Source ≥160 1533 1720 226-4523 5

Monitoring ≥160 583 929 22-2742 13

Source <120 1370 1268 109-4732 46

Monitoring <120 1328 1464 44-5468 48

a CPA = Closest Point of Approach .  This value is the marine mammal's closest point of approach to the observer.
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TABLE A.3.5E.  CPAs of cetaceans observed from the source vessels relative to the airgun 
array by received sound level in the Chukchi Sea during 2006–2008 seismic operations.   

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPA (m) s.d. Range (m) n

≥160 1638 1712 554-4675 5

<120 1467 1293 149-5048 46

a CPA = Closest Point of Approach. This value is the marine mammal's closest point of approach to the airgun
array.  
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FIGURE A.3.27E.  Effect of number of observers and Beaufort wind force on the detection probability of mysticete whales.  This analysis is 
based on distance from observer to marine mammal as opposed to perpendicular distance from vessel trackline.  Data considered here 
were collected on vessels with observation platforms 12.1 – 29.5 yd in height in areas where received sounds levels were <120 dB rms.  
The analysis included data collected outside of the Chukchi and Beaufort Sea study areas during 2006–2008. 
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FIGURE A.3.28E.  Effect of number of observers and Beaufort wind force on the detection probability of mysticete whales.  This analysis is based 
on distance from observer to marine mammal as opposed to perpendicular distance from vessel trackline.  Data considered here were collected 
on vessels with observation platforms 3.7 – 11.2 yd in height in areas where received sounds levels were <120 dB rms.  The analysis includes 
data collected outside of the Chukchi and Beaufort Sea study areas during 2006-2008. 

 



Appendix A:  Chukchi Sea Vessel-Based Monitoring Program    3-23 
 

TABLE. A.3.7 E. Cetacean density estimates and 95% confidence intervals (CIs) based on observations in locations where received sound 
levels were ≥160 and <120 dB rms in the Chukchi Sea during 2006–2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 

Species Density CIs Density CIs Density CIs Density CIs
2006
Bowhead whale 0.515 (0.052 - 5.076) 0.350 (0.034 - 3.649) 0.000 - 11.437 (1.207 - 108.448)
Gray whale 0.000 - 5.543 (1.979 - 15.530) 0.000 - 9.485 (1.254- 71.763)
Minke whale 0.000 - 0.355 (0.114 - 1.114) 0.000 - 0.223 (0.057 - 0.857)
Unidentified mysticete whale 0.000 - 0.723 (0.109 - 4.861) 0.580 (0.054 - 6.076) 0.000 -
Harbor porpoise 1.686 (0.471 - 6.022) 2.297 (0.632 - 8.335) 0.000 - 2.792 (1.039 - 7.516)
Killer whale 0.000 - 0.000 - 0.000 - 0.601 (0.057 - 6.472)
Unidentified odontocete whale 0.000 - 1.153 (0.306 - 4.372) 0.000 - 0.000 -
Unidentified whale 0.546 (0.057 - 5.366) 2.564 (0.355 - 18.469) 0.443 (0.044 - 4.421) 1.673 (0.557 - 5.025)

2006 Total 2.745 (0.865 - 8.710) 12.984 (6.162 - 27.363) 1.023 (0.150 - 6.913) 26.208 (5.934 - 115.785)
2007
Bowhead whale 0.000 - 1.722 (0.396 - 7.506) 0.000 - 0.692 (0.070 - 6.876)
Gray whale 0.000 - 17.749 (5.001 - 62.978) 0.000 - 6.628 (1.652 - 26.563)
Humpback whale 0.000 - 0.899 (0.124 - 6.478) 4.175 (0.422 - 41.227) 0.000 -
Minke whale 0.000 - 0.370 (0.106 - 1.287) 0.000 - 0.000 -
Unidentified mysticete whale 0.000 - 1.878 (0.593 - 5.947) 0.000 - 3.313 (0.233 - 46.980)
Harbor porpoise 0.000 - 3.895 (0.738 - 20.544) 0.000 - 2.269 (0.212 - 24.121)
Killer whale 0.000 - 0.225 (0.0207 - 2.580) 0.000 - 0.000 -
Unidentified odontocete whale 0.000 - 0.285 (0.028 - 2.740) 0.000 - 0.000 -
Unidentified whale 0.000 - 0.862 (1.230 - 5.991) 9.984 (1.484 - 67.195) 0.000 -

2007 Total 0.000 - 27.884 (11.248 - 69.124) 14.162 (2.712 - 73.975) 12.903 (3.287 - 50.655)
2008
Bowhead whale 0.000 - 1.844 (0.490 - 6.941) 0.000 - 9.824 (1.109 - 87.106)
Fin whale 0.000 - 0.567 (0.111 - 2.890) 0.000 - 0.000 -
Gray whale 1.406 (0.127 - 15.574) 20.844 (4.990 - 86.907) 0.000 - 10.868 (2.189 - 53.952)
Humpback whale 0.000 - 0.142 (0.013 - 1.577) 0.000 - 0.000 -
Minke whale 0.000 - 0.502 (0.205 - 1.235) 0.000 - 0.000 -
Unidentified mysticete whale 0.000 - 13.432 (2.284 - 79.018) 0.000 - 11.020 (3.934 - 30.867)
Beluga whale 0.000 - 0.210 (0.0518 - 0.837) 0.000 - 0.000 -
Harbor porpoise 7.159 (1.269 - 40.404) 2.168 (0.870 - 5.403) 0.000 - 0.585 (0.054 - 6.219)
Unidentified whale 0.000 - 1.562 (0.420 - 5.791) 0.000 - 1.378 (0.127 - 15.035)

2008 Total 8.565 (1.761 - 41.688) 41.271 (14.7888 - 115.172) 0.000 - 33.672 (11.525 - 98.373)
Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.000.

No. individuals / 1000 mi2
Jul – Aug Sep – Nov

≥160 <120 ≥160 <120
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TABLE.A.3.8E.  Estimated areas (mi2) ensonified to various sound levels within the 
Chukchi Sea during 2006–2008 seismic surveys.  Maximum area ensonified is shown 
with overlapping areas counted multiple times, total area ensonified shown with 
overlapping areas counted only once.  

Area (mi2) 120 160 170 180 190

2006 Jul-Aug
Including Overlap Area 2,023,187 132,701 52,439 15,836 5021

Excluding Overlap Area 57,796 8524 4875 2696 1771
2006 Sep-Oct

Including Overlap Area 1,624,508 127,282 48,757 15,386 4700
Excluding Overlap Area 84,497 29,028 16,079 7006 2728

2006 Totals
Including Overlap Area 3,647,695 259,982 101,196 31,222 9721

Excluding Overlap Area 142,293 37,552 20,954 9702 4499

2007 Jul-Aug
Including Overlap Area 82,172 4712 2273 1160 241

Excluding Overlap Area 9051 764 474 344 209
2007 Sep-Oct

Including Overlap Area 498,334 28,163 13,378 6758 1390
Excluding Overlap Area 10,185 1195 844 655 409

2007 Totals
Including Overlap Area 580,506 32,874 15,651 7918 1631

Excluding Overlap Area 19,236 1959 1318 999 618

2008 Jul-Aug
Including Overlap Area 1,242,947 34,220 11,625 3355 961

Excluding Overlap Area 53,007 3528 1684 835 402
2008 Sep-Oct

Including Overlap Area 22,989 486 152 47 14
Excluding Overlap Area 3419 207 111 41 13

2008 Totals
Including Overlap Area 1,265,935 34,706 11,777 3402 975

Excluding Overlap Area 56,426 3735 1794 877 416

Level of ensonification in dB re1μPa (rms)    

Yearly "Totals Exluding Overlap Areas" are less than the sum of seasonal period non-overlap areas in some
years because many of the same areas w ere ensonif ied during both periods.   
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FIGURE A.3.29E.  Pinniped effort (mi) in the Chukchi Sea during 2006–2008 seismic 
operations. 
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FIGURE A.3.30E.  Pinniped effort (mi) in the Chukchi Sea by season during 
2006–2008 seismic operations. 
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FIGURE A.3.31E.  Pinniped effort (mi) in the Chukchi Sea by Beaufort wind 
force during 2006–2008 seismic operations. 
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FIGURE A.3.32E.  Pinniped effort (mi) in the Chukchi Sea by received sound 
level during 2006–2008 seismic operations. 
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FIGURE A.3.33E.  Pinniped effort (mi) in the Chukchi Sea by received sound level 
during 2006–2008 seismic operations. 
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FIGURE A.3.34E.  Pinniped effort (mi) in the Chukchi Sea by ice percent or 
proximity during 2006-2008 seismic operations. 
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FIGURE A.3.35E.  Pinniped effort (mi) in the Chukchi Sea by ice percent or 
proximity during 2006-2008 seismic operations. 
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FIGURE A.3.36E.  Seal sighting rates by season in the Chukchi Sea during 2006–2008 
seismic operations. 
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FIGURE A.3.37E.  Seal sighting rates by Beaufort wind force in the Chukchi Sea during 
2006–2008 seismic operations.  Rate not shown for 2007 Bf 0 because <155 mi of effort 
occurred in that bin. 
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FIGURE A.3.38E.  Seal sighting rates by received sound level in the Chukchi Sea during 
2006–2008.  Rate not shown for support vessel received sound level of ≥160 dB rms 
because <155 mi of effort occurred in that bin. 
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FIGURE A.3.39E.  Seal sighting rates by percent ice and distance from ice in the 
Chukchi Sea during 2006-2008 seismic operations. Rates not shown for 2007 
>10% and <10% due to <155 mi of effort occurring in those bins. 
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FIGURE A.3.40E.  Sighting rates for seals by distance from shore in the 
Chukchi Sea during 2006-2008 seismic operations. 
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FIGURE A.3.41E.  Percent of seal sightings as a function of initial distance from the vessel for seals observed in areas where received 
sound levels were <120 dB rms in the Chukchi Sea during 2006–2008 seismic operations from source and monitoring vessels.  All 
sightings were of seals in water.  Note that the final distance bin is 1803 yd wide, much greater than all other ~55 yd distance–from–vessel 
bins. 
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FIGURE A.3.42E.   Percent of seal sightings as a function of initial distance from the vessel for seals observed in areas where received 
sound levels were ≥160 dB rms in the Chukchi Sea during 2006–2008 seismic operations from source and monitoring vessels.  All 
sightings were of seals in water.  Note that the final distance bin is 1530 yd wide, much greater than all other ~55 yd distance–from–
vessel bins. 
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TABLE A.3.11E.  CPAs of seals relative to the observer by received sound level in the Chukchi Sea during 
2006–2008 seismic operations.  All sightings were of seals in water. 

Vessel Role

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (yd) s.d. Range (yd) n

Source ≥160 392 343 1-2507 154

Monitoring ≥160 158 190 5-1640 329

Source <120 438 440 2-2625 191

Monitoring <120 174 224 2-2018 294

a CPA = Closest Point of Approach .  This value is the marine mammal's closest point of approach to the observer.  
 
 
 
 
 
 

TABLE A.3.12E.  CPAs of seals observed from the source vessels relative to the airgun array by 
received sound level in the Chukchi Sea during 2006–2008 seismic operations.  All sightings 
were of seals in water. 

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPA (yd) s.d. Range (yd) n

≥160 617 322 164-2835 154

<120 560 480 58-2662 191

a CPA = Closest Point of Approach. This value is the marine mammal's closest point of approach to the airgun
array.
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FIGURE A.3.47E.  Effect of number of observers and Beaufort wind force on the detection probability of seals.  This 
analysis is based on distance from observer to marine mammal as opposed to perpendicular distance from vessel 
trackline.  Data considered here were collected on vessels with observation platforms 12.1 – 29.5 yd in height in areas 
where received sounds levels were <120 dB rms.  The analysis included data collected outside of the Chukchi and 
Beaufort Sea study areas during 2006–2008. 
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FIGURE A.3.48E.  Effect of number of observers and Beaufort wind force on the detection probability of seals.  This analysis is based on 
distance from observer to marine mammal as opposed to perpendicular distance from vessel trackline.  Data considered here were 
collected on vessels with observation platforms 3.7 – 11.2 yd in height in areas where received sounds levels were <120 dB rms.  The 
analysis includes data collected outside of the Chukchi and Beaufort Sea study areas during 2006–2008.  
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TABLE. A.3.14E. Seal density estimates and 95% confidence intervals (CIs) based on observations in locations where received sound levels were 
≥160 and <120 dB rms in the Chukchi Sea during 2006–2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006
Bearded seal 15.669 (2.033 - 120.769) 49.466 (22.613 - 108.207) 10.085 (1.010 - 100.748) 222.462 (36.218 - 1366.405)
Ringed seal 177.950 (80.753 - 392.135) 60.399 (21.645 - 168.543) 97.075 (45.695 - 206.225) 644.249 (254.358 - 1631.788)
Spotted seal 7.625 (2.831 - 20.541) 104.011 (26.9286 - 401.736) 22.126 (1.961 - 249.838) 200.939 (43.861 - 920.544)
Unidentified pinniped 0.930 (0.078 - 10.940) 9.275 (1.432 - 60.018) 3.284 (0.287- 37.449) 4.760 (0.404 - 55.988)
Unidentified seal 150.121 (98.603 - 228.551) 311.117 (158.673 - 610.028) 115.894 (14.354 - 935.713) 831.422 (363.943 - 1899.381)

2006 Total 352.293 (221.540 - 560.214) 534.268 (319.203 - 894.245) 248.468 (70.023 - 881.658) 1903.835 (1058.870 - 3423.058)
2007
Bearded seal 0.000 - 25.190 (2.258 - 281.053) 53.488 (6.620 - 432.160) 98.466 (31.891 - 304.021)
Ringed seal 0.000 - 40.919 (19.026 - 88.003) 149.460 (13.305 - 1679.125) 312.850 (110.732 - 883.890)
Spotted seal 0.000 - 19.671 (5.048 - 76.646) 49.821 (4.235 - 585.980) 20.808 (5.089 - 85.068)
Steller sea lion 0.000 - 0.000 - 0.000 - 0.502 (0.041 - 6.042)
Unidentified pinniped 0.000 - 13.854 (1.469 - 130.774) 0.000 - 15.286 (2.230 - 104.843)
Unidentified seal 0.000 - 77.894 (31.802 - 190.784 56.418 (7.164 - 444.336) 164.977 (19.534 - 1393.424)

2007 Total 0.000 - 177.528 (85.511 - 368.581) 309.185 (58.119 - 1644.850) 612.387 (238.152 - 1574.687)
2008
Bearded seal 4.258 (0.321 - 56.366) 61.274 (17.868 - 210.105) 0.000 - 42.955 (13.890 - 132.825)
Ribbon seal 0.000 - 0.000 - 0.000 - 1.383 (0.106 - 18.024)
Ringed seal 35.757 (3.859 - 331.275) 119.611 (65.475 - 218.510) 0.000 - 38.984 (4.473 - 339.736)
Spotted seal 1.821 (0.153 - 21.652) 23.219 (9.679 - 55.705) 0.000 - 26.845 (2.305 - 312.467)
Unidentified pinniped 0.000 - 11.792 (1.075 - 129.341) 0.000 - 1.942 (0.163 - 23.331)
Unidentified seal 32.530 (3.789 - 279.276) 139.984 (29.876 - 655.904) 0.000 - 106.630 (30.303 - 375.222)

2008 Total 74.366 (13.955 - 396.320) 355.877 (165.992 - 762.985) 0.000 - 218.740 (83.918 - 570.160)
Note: densities in italics w ere based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.000.

No. individuals / 1000 mi2
Jul – Aug Sep – Nov

≥160 <120 ≥160 <120
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FIGURE A.3.49E.  Pacific walrus sighting rates by season in the Chukchi Sea during 2006–
2008. 
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FIGURE A.3.50E.  Pacific walrus sighting rates by Beaufort wind force in the Chukchi Sea 
during 2006–2008 seismic operations.  Rate not shown for 2007 Bf 0 because <155 mi of 
effort occurred in that bin. 
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FIGURE A.3.51E.  Pacific walrus sighting rates by received sound level in the Chukchi Sea 
during 2006–2008 seismic operations.  Rate not shown for support vessel received 
sound level of ≥160 dB rms because <155 mi of effort occurred in that bin. 
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FIGURE A.3.52E.  Pacific walrus sighting rates by percent ice and distance 
from ice in the Chukchi Sea during 2006–2008.  Rates not shown for 2007 
>10% and <10% due to <155 mi of effort occurring in those bins. 
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FIGURE A.3.53E.  Sighting rates of Pacific walrus by distance from shore in the 
Chukchi Sea during 2006–2008. 
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FIGURE A.3.54E  Percent of Pacific walrus sightings as a function of initial distance from the vessel for walruses observed in areas where 
received sound levels were <120 dB rms in the Chukchi Sea during 2006–2008 seismic operations from source and monitoring vessels.  
All sightings were of Pacific walruses in water.  Note that the final distance bins include multiple distance bins (1095-3281 yd). 
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FIGURE A.3.55E  Percent of Pacific walrus sightings as a function of initial distance from the vessel for walruses observed in areas where 
received sound levels were ≥160 dB rms in the Chukchi Sea during 2006–2008 seismic operations from source and monitoring vessels.  
All sightings were of Pacific walruses in water.  Note that the final distance bins include multiple distance bins (1095-2078 yd).  No Pacific 
walruses exposed to received sound levels ≥160 dB rms were initially observed >1479 yd from the vessels. 
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TABLE A.3.17E.  CPAs of Pacific walruses relative to observers during the 2008–2006 seismic operations 
in the Chukchi Sea.  

Vessel Role

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (yd) s.d. Range (yd) n

Source ≥160 549 393 16-1479 31

Monitoring ≥160 278 206 4-761 39

Source <120 898 679 5-3248 207

Monitoring <120 290 303 1-1528 63

a CPA = Closest Point of Approach .  This value is the marine mammal's closest point of approach to the observer.  
 

 
TABLE A.3.18E.  CPAs of Pacific walruses observed from the source vessels relative to the 
airgun array during the 2008–2006 seismic operations in the Chukchi Sea.  

 

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPA (m) s.d. Range (m) n

≥160 652 359 90-1517 31

<120 955 679 49-3321 207

a CPA = Closest Point of Approach. This value is the marine mammal's closest point of approach to the airgun
array.  

 
 
TABLE.A.3.20E. Pacific walrus density estimates and 95% confidence intervals (CIs) based on 
observations in locations where received sound levels were ≥160 and <120 dB rms in the Chukchi Sea 
during 2006–2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006 21.370 (7.135 - 64.012) 48.611 (17.671 - 133.718) 27.542 (8.158 - 92.887) 122.729 (19.718 - 763.935)
2007 148.015 (74.296 - 294.878) 504.219 (187.753 - 1354.108) 404.978 (174.876 - 937.850) 220.170 (67.366 - 719.576)
2008 0.000 - 39.446 (7.527 - 206.746) 0.000 - 91.341 (21.233 - 392.953)
Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.000.

No. individuals / 1000 km2

Jul – Aug Sep – Nov
≥160 <120 ≥160 <120
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FIGURE A.3.60E.  Polar bear sightings rates by percent ice and distance from ice in 
the Chukchi Sea during 2006–2008 seismic operations.  Rates not shown for 2007 
>10% and <10% due to <155 mi of effort occurring in those bins. 
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APPENDIX B:  DEFINITIONS OF BEAUFORT WIND FORCES  
 

WIND SPEED 

KNOTS M/S 

BEAUFORT 
WIND 

FORCE 

WORLD 
METEOROLOGICAL 

ORGANIZATION TERMS

WAVE 
HEIGHT 

(M) 
DESCRIPTION 

<1 <0.5 0 Calm 0 Glassy like a mirror 
1-3 0.5-1.5 1 Light air <0.1 Ripples with the appearance of scales but 

no whitecaps or foam crests 
4-6 2.1-3.1 2 Light breeze 0-0.1 Small wavelets, crests have a glassy 

appearance but do not break (no 
whitecaps) 

7-10 3.6-5.1 3 Gentle breeze 0.1-0.5 Smooth large wavelets, crests begin to 
break, occasional/scattered whitecaps 

11-16 5.7-8.2 4 Moderate breeze 0.5-1.2 Slight; small fairly frequent whitecaps 
17-21 8.7-10.8 5 Fresh breeze 1.2-2.4 Moderate waves becoming longer, some 

spray, frequent moderate whitecaps 
22-27 11.3-13.9 6 Strong breeze 2.4-4 Rough, larger waves, longer-formed 

waves, many large whitecaps 
28-33 14.4-17.0 7 Near gale 4-6 Very rough, large waves forming, white 

foam crests everywhere, spray is present 
34-40 17.5-20.6 8 Gale   
41-47 21.1-24.2 9 Strong gale   
48-55 24.7-28.3 10 Storm 6-9 High 
56-63 28.8-32.4 11 Violent storm 9-14 Very high 
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APPENDIX C:  ESTIMATION OF CORRECTION FACTORS FOR 
DENSITY CALCULATIONS 

Calculation of f(0) 

Parameter f(0) accounts for the reduced probability of detecting an animal as its distance from the 
trackline increases.  f(0) values were estimated for each subset of the data, with subsets defined based on 
species group (cetaceans, seals, and Pacific walruses), study area (Chukchi and Beaufort Seas), and 
season (Jul–Aug and Sep–Nov).  f(0) values were estimated separately using data collected from vessels 
were relatively tall (>11 m) and short (<11 m) because detection probability increases with increasing 
height of the observation platform (Buckland 2001).  The cut-point between vessel groups was identified 
using ANOVA (see Chapter 3, Methods).  Only sightings exposed to ≤120 dB re 1 µPa (rms) that also 
met the analysis criteria described in Chapter 3, Methods, were used to calculate f(0) values.   

For seasons or areas where sample sizes did not allow calculation of a f(0), we used the f(0) for the 
most similar conditions where f(0) values were obtained.  Because environmental conditions, such as ice 
cover, can affect detection probability, and because these environmental conditions change between 
years, generally samples from different years were not pooled.  However, to calculate a f(0) for cetaceans 
observed from vessels with high observation platforms, it was necessary to pool data from 2006–2008 in 
order to obtain a reasonable sample size.   

For each subset of data, the f(0)s associated with the observed distribution of lateral distances were 
calculated with the program Distance (Thomas et al. 2010, version 5.0, release 2).  The best fitting model 
was selected based on minimizing Akaike's Information Criterion (AIC; Akaike 1973).  f(0) was 
calculated with right truncation at the distance where the detection probability was <0.1.  An example 
output is shown below (Fig. C.1). 
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                Estimate      %CV     df     95% Confidence Interval 
                        ------------------------------------------------------ 

Hazard/Cosine           
                 m       2.0000     
                 LnL    -884.17     
                 AIC     1772.3     
                 AICc    1772.4     
                 BIC     1778.3     
                 Chi-p  0.64753E-02 
                 f(0)   0.64921E-02   19.66   147.00 0.44182E-02  0.95394E-02 
                 p      0.30807       19.66   147.00 0.20966      0.45267     
            ESW     154.03       19.66   147.00  104.83       226.33   

 
FIGURE C.1.  Example output from the Distance program.   

 



Tables C.1–C.6 show the f(0) values that were estimated using the program Distance.  These values 
were applied to the data collected during the specific periods and in the specific areas identified to 
compute densities from the survey data.  For sightings with group size ≥16, a f(0) value of 1.0 was used 
because probability of detection increases with increasing group size, and there were not enough samples 
with large group sizes to allow for calculation of a separate f(0). 

 
TABLE C.1.  f(0) values used to correct survey data collected in the Chukchi Sea in 2006.  Also 
shown is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals 
(CI) of the f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.)   

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  41d 1.707 1.163 2.506  45d 1.815 1.275 2.584
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -

Ringed, Spotted and 
Unidentified Seals 39d 2.349 1.727 3.196 185 7.337 6.405 8.404

Bearded Seals 39d 2.349 1.727 3.196 41 3.729 2.812 4.945
Unidentified pinniped  190d 1.717 1.542 1.912  52d 5.062 3.653 7.014
Pacific walrus  190d 1.717 1.542 1.912  52d 5.062 3.653 7.014

Cetaceans  41d 1.707 1.163 2.506 37 1.304 1.092 1.557
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -
Ringed, Spotted and 
Unidentified Seals 39d 2.349 1.727 3.196 691 6.608 6.135 7.117

Bearded Seals 39d 2.349 1.727 3.196 117 4.684 3.953 5.551
Unidentified pinniped  190d 1.717 1.542 1.912  52d 5.062 3.653 7.014
Pacific walrus  190d 1.717 1.542 1.912  52d 5.062 3.653 7.014

e Harbor porpoise f (0) value comes from Forney and Barlow  (1998).

Summer

Fall

95% CI
Tall vesselsa Short vesselsb

95% CI

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include minke and beluga w hales.  f (0) value comes from Barlow  and Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.
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TABLE C.2.  f(0) values used to correct survey data collected in the Chukchi Sea in 2007.  Also 
shown is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals 
(CI) of the f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.)   

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  41d 1.707 1.163 2.506 31 1.946 1.467 2.580
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -
Ringed, Spotted and 
Unidentified Seals  28d 8.410 6.424 11.011 58 6.740 4.751 9.562

Bearded seals  28d 8.410 6.424 11.011 58d 6.740 4.751 9.562
Unidentified pinniped  190d 1.717 1.542 1.912 43 8.455 6.063 11.793
Pacific walrus  190d 1.717 1.542 1.912 43 8.455 6.063 11.793

Cetaceans  41d 1.707 1.163 2.506  52d 2.042 1.680 2.481
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -
Ringed, Spotted and 
Unidentified Seals  28d 8.410 6.424 11.011 61 10.996 8.950 13.508

Bearded seals  28d 8.410 6.424 11.011 61d 10.996 8.950 13.508
Unidentified pinniped  190d 1.717 1.542 1.912 62d 8.155 6.186 10.751
Pacific walrus  190d 1.717 1.542 1.912 62d 8.155 6.186 10.751

e Harbor porpoise f (0) value comes from Forney and Barlow  (1998).

c Cryptic cetaceans include minke and beluga w hales.  f (0) value comes from Barlow  and Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.

b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).

95% CI

Summer

Fall

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).

Tall vesselsa Short vesselsb

95% CI

 

 



TABLE C.3.  f(0) values used to correct survey data collected in the Chukchi Sea in 2008.  Also shown is 
the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals (CI) of the 
f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.)   

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  41d 1.707 1.163 2.506 129 2.197 1.838 2.627
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -
Ringed, Spotted and 
Unidentified Seals 39d 3.095 2.547 3.762 369 8.576 7.838 9.384

Bearded seal 39d 3.095 2.547 3.762 94d 7.231 5.820 8.985
Unidentified pinniped  190d 1.717 1.542 1.912 52d 4.346 3.708 5.094
Pacific walrus  190d 1.717 1.542 1.912 52d 4.346 3.708 5.094

e Harbor porpoise f (0) value comes from Forney and Barlow  (1998).

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include minke and beluga w hales.  f (0) value comes from Barlow  and Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.

Tall vesselsa Short vesselsb

95% CI 95% CI

Summer and Fall
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TABLE C.4.  f(0) values used to correct survey data collected in the Beaufort Sea in 2006.  Also shown is 
the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals (CI) of the 
f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.)   

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  41d 1.707 1.163 2.506  47d 1.811 1.290 2.543
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted and 
Unidentified Seals 72d 5.548 4.530 6.794 185d 7.337 6.405 8.404

Bearded seal 72d 5.548 4.530 6.794 185d 7.337 6.405 8.404

Cetaceans  41d 1.707 1.163 2.506 - - - -
Cryptic cetaceansc - 0.369 - - - - - -
Ringed, Spotted and 
Unidentified Seals 195d 7.845 6.612 9.309 - - - -

Bearded seal 195d 7.845 6.612 9.309 - - - -

Fall

c Cryptic cetaceans include harbor porpoise, minke w hales, and beluga w hales. f (0) value comes from Barlow and
Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.

b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).

Tall vesselsa Short vesselsb

95% CI 95% CI

Summer

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).

 

 



TABLE C.5.  f(0) values used to correct survey data collected in the Beaufort Sea in 2007.  Also 
shown is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals 
(CI) of the f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.)  

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  41d 1.707 1.163 2.506  41d 1.937 1.475 2.542
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted and 
Unidentified Seals 98d 12.603 10.671 14.886 93d 9.602 7.971 11.566

Bearded seal 98d 12.603 10.671 14.886 93d 9.602 7.971 11.566
Unidentified pinnipeds  190d 1.717 1.542 1.912 43d 8.455 6.063 11.793

Cetaceans  41d 1.707 1.163 2.506  52d 2.042 1.680 2.481
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted and 
Unidentified Seals 98d 12.603 10.671 14.886 60d 9.888 7.936 12.319

Bearded seal 98d 12.603 10.671 14.886 60d 9.888 7.936 12.319

Unidentified pinnipeds  190d 1.717 1.542 1.912 62d 8.155 6.186 10.751
a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).

d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.

95% CI

Summer

Tall vesselsa Short vesselsb

95% CI

Fall

c Cryptic cetaceans include harbor porpoise, minke w hales, and beluga w hales. f (0) value comes from Barlow and
Gerrodette (1996).
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TABLE C.6.  f(0) values used to correct survey data collected in the Beaufort Sea in 2008.  Also 
shown is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals 
(CI) of the f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.) 

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  41d 1.707 1.163 2.506 26 2.093 1.480 2.959
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted, and 
Unidentified seals 116d 9.700 8.246 11.409 177 8.737 7.931 9.625

Bearded seal 116d 9.700 8.246 11.409 38 5.399 4.205 6.931
Unidentified pinniped  190d 1.717 1.542 1.912 52d 4.346 3.708 5.094

Cetaceans  41d 1.707 1.163 2.506 27 1.607 1.158 2.231
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted, and 
Unidentified seals  35d 2.470 1.805 3.380 325d 11.659 10.591 12.833

Bearded seal  35d 2.470 1.805 3.380 325d 11.659 10.591 12.833
Unidentified pinniped  190d 1.717 1.542 1.912 52d 4.346 3.708 5.094

95% CI

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include harbor porpoise, minke w hales, and beluga w hales. f (0) value comes from Barlow and
Gerrodette (1996).

Fall

Short vesselsb

d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.

Summer

Tall vesselsa

95% CI

 

 



 
Estimation of g(0) 

There are two components of g(0) that are estimated separately.  One component, referred to as 
ga(0), corrects for availability bias, i.e., for mammals not at the surface due to their diving behavior.  The 
other component, referred to as gd(0), corrects for detectability bias, i.e., for animals at the surface that 
are missed by the primary observer.  The product of ga(0) and gd(0) is g(0).  In this analysis, estimates of 
ga(0) were included when estimating numbers of all species.  However, these estimates of ga(0) are in 
many cases very preliminary and approximate, as specific studies to estimate ga(0) have not yet been 
done for many of the species encountered, or when they have, they have not been done for the time of 
year when our surveys were conducted.  In cases where an estimate of gd(0) was not available, it was 
assumed to be 1.0.  For sightings with group size ≥16, g(0) was assumed to be 1.0.   

For cetaceans, we used g(0) estimates from Barlow and Gerrodette (1996) and Forney and Barlow 
(1998) that were derived for vessel–based surveys (Table C.7).  The g(0) value for the large mysticete 
whales comes from Forney and Barlow’s estimates for humpback, fin, and blue whales that were 
calculated using data collected off the coast of California.  In the absence of better data, these estimates 
were applied to bowhead, gray, and unidentified whales in this study.  The estimates for minke whales 
and harbor porpoise come from Table 4 in Barlow and Gerrodette (1996). 

For pinnipeds, the best available data come from a study by Bengtson et al. (2005) that involved the 
use of satellite-linked time-depth recorders to study the haulout patterns of ringed seals.  In the absence 
of better data specific to each species, this correction factor was applied to all pinniped species (Table 
C.7). 

 
TABLE C.7.  Estimates of g(0) used in the calculation of density estimates by 
species. 

g(0) Source

Bowhead whale 0.902 Forney and Barlow (1998)
Gray whale 0.902 Forney and Barlow (1998)
Fin whale 0.902 Forney and Barlow (1998)
Humpback whale 0.902 Forney and Barlow (1998)
Minke whale 0.902 Forney and Barlow (1998)
Unidentified mysticete whale 0.902 Forney and Barlow (1998)
Beluga whale 0.084 Barlow and Gerrodette (1996)
Unidentified whale 0.902 Forney and Barlow (1998)
Harbor porpoise 0.787 Barlow and Gerrodette (1996)

Ringed seal 0.6 Bengtson et al. 2005
Spotted seal 0.6 Bengtson et al. 2005
Ribbon seal 0.6 Bengtson et al. 2005
Bearded seal 0.6 Bengtson et al. 2005
Unidentified seal 0.6 Bengtson et al. 2005
Pacific walrus 0.6 Bengtson et al. 2005

Cetaceans

Pinnipeds

Species
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APPENDIX D:  CHUKCHI SEA AERIAL SURVEY RESULTS  
Part 1: Tables and Figures Referenced from Chapter 4 

Appendix D consists of 
1.   Figures D.1 – D.13, maps of survey coverage (survey periods were between one and three days in 

length) and whale and pinniped sightings for 2008 in the eastern Chukchi Sea, 

2.   Figures D.14 – D.15, Kolmogorov-Smirnov cumulative fraction plots for cetacean sightings 
vs. distance from shore of the sawtooth transects in the Alaskan Chukchi Sea, Jul to Nov 
2006–2008, 

3.   Table D.1 – D.12, summarizing 2006-2008 effort and number of sightings of whales and pinnipeds 
in the eastern Chukchi Sea for the coastline and sawtooth surveys, and 

4.   Table D.13, lists the estimated numbers of walrus on beach haul outs in 2007. 
 
Figures D.1 – D.13 show for each survey, 

1.   Aerial survey coverage (survey lines).  Sightability along survey lines is depicted as shown in the 
legend below. 

Poor Sightability
Good Sightability

 
2.   Whale and Pinniped sightings.  The symbols used on the maps are color coded to identify the 

species as explained in the legends.  Each sighting symbol on these maps represents a sighting 
of one or more individual whales.  Sightings along formal transects (on-transect) are shown 
as filled circle symbols.  Off-transect sightings are shown as open triangle symbols and are 
not considered during analyses.   
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D.1A  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D.1B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.1A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 1 (15-16 July; D.1A) and 2 (18-19 July; D.1B).  Solid circle symbols denote “on-
transect” sightings and open triangle symbols denote “off-transect” sightings. 
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D.2B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
FIGURE D.2A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 3 (21-23 July; D.2A) and 4 (24 July; D.2B).  See Figure D.1 for notes on 
symbols. 
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D.3A  
D.3A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D.3B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.3A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 5 (26-27 July; D.3A) and 6 (28 July; D.3B).  See Figure D.1 for notes on 
symbols. 
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D.4A  
D.4A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D.4B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.4A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 7 (7-8 August; D.4A) and 8 (15-16 August; D.4B).  See Figure D.1 for notes on 
symbols. 
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D.5A  

D.5A 

 

 

 

 

 

 

 

 

 

 

D.5B  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.5A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 9 (19-21 Aug.; D.5A) and 10 (22-23 Aug.; D.5B).  See Figure D.1 for notes on 
symbols. 
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D.6A  
D.6A 

 

 

 

 

 

 

 

 

 

 

D.6B   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.6A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 11 (24-25 Aug.; D.6A) and 12 (26-28 Aug.; D.6B).  See Figure D.1 for notes on 
symbols. 
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D.7A 

 

 

 

 

 

 

 

 

 

 

D.7B  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.7A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 13 (29-31 Aug.; D.7A) and 14 (8 Sept.; D.7B).  See Figure D.1 for notes on 
symbols. 
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D.8A  

D.8A 

 

 

 

 

 

 

 

 

 

 

 

D.8B  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.8A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 15 (11-13 Sept.; D.8A) and 16 (14-16 Sept.; D.8B).  See Figure D.1 for notes on 
symbols. 
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D.9A 

 

 

 

 

 

 

 

 

 

 

D.9B  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.9A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 17 (18 Sept.; D.9A) and 18 (22-24 Sept.; D.9B).  See Figure D.1 for notes on 
symbols. 
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D.10B  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.10A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea 
during aerial surveys 19 (25-27 Sept.; D.10A) and 20 (28-30 Sept.; D.10B).  See Figure D.1 
for notes on symbols. 
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D.11B  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.11A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea 
during aerial surveys 21 (1 Oct.; D.11A) and 22 (5-6 Oct.; D.11B).  See Figure D.1 for notes 
on symbols. 
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D.12B  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.12A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea 
during aerial surveys 23 (7-8 Oct.; D.12A) and 24 (9 Oct.; D.12B).  See Figure D.1 for notes 
on symbols. 
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D.13 

 

 

 

 

 

 

 

 

 

 

 
FIGURE D.13.  Locations of marine mammal sightings in the eastern Chukchi Sea during aerial 
survey 25 (12-13 Oct.; D.13A).  See Figure D.1 for notes on symbols. 

 

 
 
 
          A. Beluga                               B. Bowhead   
 

 

FIGURE D.14A and B.  Kolmogorov-Smirnov cumulative fraction plots for cetacean 
sightings vs. distance from shore of the sawtooth transects in the Alaskan Chukchi Sea, 
Jul to Nov 2006–2007.  (A) beluga whales and (B) bowhead whales. 
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            A. Gray 2006-2007    B. Gray 2006-2008   C. Gray 2007-2008 
 

 

FIGURE D.15A, B and C.  Kolmogorov-Smirnov cumulative fraction plots for gray whale sightings vs. 
distance from shore of the sawtooth transects in the Alaskan Chukchi Sea, Jul to Nov 2006–2008.  (A) 
2006 vs. 2007 (B) 2006 vs. 2008, and (C) 2007 vs. 2008. 
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TABLE D.1. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2008.  “All sightings” include incidental 
sightings. 

Date in 2008
Survey 

No.
Total 
km

Transect 
km

15-16 Jul 1 356 4 (12) 0 1 (2) 356 4 (12) 0 0
18-19 Jul 2 408 0 2 (4) 0 408 0 1 (2) 0
21-23 Jul 3 390 0 0 0 320 0 0 0

24-Jul 4 364 0 0 1 (2) 357 0 0 1 (
26-27 Jul 5 297 0 0 2 (2) 281 0 0 2 (2)

28-Jul 6 265 0 0 0 265 0 0 0
7-8 Aug 7 662 1 (1) 1 (1) 1 (1) 599 0 1 (1) 1 (1)

15-16 Aug 8 365 0 0 0 284 0 0 0
19-21 Aug 9 455 0 0 1 (1) 413 0 0 0
22-23 Aug 10 388 0 0 1 (1) 388 0 0 1 (1)
24-25 Aug 11 215 0 0 2 (2) 179 0 0 2 (2)
26-28 Aug 12 583 0 0 1 (1) 568 0 0 1 (1)
29-31 Aug 13 537 0 0 1 (1) 467 0 0 1 (1)

8-Sep 14 239 0 0 0 180 0 0 0
11-13 Sept 15 183 0 0 1 (1) 146 0 0 1 (1)
14-16 Sept 16 449 0 0 0 419 0 0 0

18-Sep 17 5 0 0 0 5 0 0 0
22-24 Sept 18 252 0 0 0 212 0 0 0
26-27 Sept 19 317 0 0 0 295 0 0 0
28-30 Sept 20 422 0 0 0 401 0 0 0

1-Oct 21 328 0 0 0 262 0 0 0
5-6 Oct 22 252 0 0 0 220 0 0 0
7-8 Oct 23 306 0 0 0 277 0 0 0

9-Oct 24 N/A - - - N/A - - -
12-13 Oct 25 275 0 0 0 248 0 0 0

Total 8312 5 (13) 3 (5) 12 (14) 7552 4 (12) 2 (3) 10 (11)

All Sightings Useable Sighting Conditions
Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

2)

 

N/A denotes no survey flown on this date. 
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TABLE D.2. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2007.  “All sightings” include incidental 
sightings. 

Date in 2007
Survey 

No. Total km
Transect 

km
10-11 Jul 1 243 0 0 1 (1) 175 0 0 0
17-18 Jul 2 290 4 (32) 0 3 (3) 283 4 (32) 0 2 (2)
22-24 Jul 3 529 1 0 3 (3) 513 0 0 2 (2)
25-28 Jul 4 462 1 0 15 (25) 329 0 0 2 (3)
29-30 Jul 5 521 0 0 7 (7) 459 0 0 1 (1)

31 Jul-2 Aug 6 672 2 (2) 0 4 (5) 633 0 0 2 (2)
6-8 Aug 7 554 1 (2) 0 2 (2) 542 1 (2) 0 2 (2)

9-11 Aug 8 576 0 0 12 (15) 564 0 0 11 (14)
12-Aug 9 292 0 1 (1) 5 (5) 281 0 1 (1) 5 (5)
17-Aug 10 193 6 (11) 0 0 193 4 (5) 0 0

21-23 Aug 11 333 10 (36) 0 3 (9) 272 7 (33) 0 3 (9)
24-Aug 12 N/A - - - N/A - - -

28-30 Aug 13 338 0 0 3 (3) 292 0 0 1 (1)
2-3 Sept 14 250 0 0 2 (2) 217 0 0 1 (1)
6-7 Sept 15 182 2 (3) 0 0 109 2 (3) 0 0
11-Sep 16 397 0 0 0 354 0 0 0
14-Sep 17 51 0 0 0 51 0 0 0

18-19 Sept 18 544 0 0 0 529 0 0 0
21-Sep 19 158 0 0 0 13 0 0 0
26-Sep 20 N/A - - - N/A - - -

30 Sept-2 Oct 21 489 0 6 (6) 0 405 0 1 (1) 0
3-5 Oct 22 600 0 3 (3) 0 372 0 1 (1) 0
6-7 Oct 23 382 0 0 0 350 0 0 0
8-9 Oct 24 397 0 1 (1) 0 300 0 0 0
11-Oct 25 474 0 1 (1) 0 393 0 0 0

17-18 Oct 26 146 0 0 0 112 0 0 0
20-21 Oct 27 247 11 (43) 13 (15) 0 184 11 (43) 6 (6) 0
23-25 Oct 28 465 0 7 (7) 0 267 0 5 (5) 0
27-28 Oct 29 393 0 11 (11) 0 280 0 9 (9) 0

3-4 Nov 30 370 0 0 0 190 0 0 0
Total 10548 38 (129) 43 (45) 60 (80) 8662 29 (118) 23 (23) 32 (42)

Useable Sighting ConditionsAll Sightings
Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

 

N/A denotes no survey flown on this date. 
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TABLE D.3. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2006.  “All sightings” include incidental 
sightings. 

Date in 2006
Survey 

No.
Total 
km

Transect 
km

9-10 Jul 1 419 8 (320) 0 0 378 8 (320) 0 0
15-Jul 2 442 0 0 0 346 0 0 0
18-Jul 3 363 0 0 0 275 0 0 0
20-Jul 4 172 0 4 (4) 0 172 0 4 (4) 0

23-24 Jul 5 761 3 (8) 0 3 (3) 674 3 (8) 0 3 (3)
25-Jul 6 526 0 0 1 (1) 522 0 0 1 (1)

23-Aug 7 293 0 0 1 (1) 251 0 0 0
28-30 Aug 8 287 0 0 2 (2) 140 0 0 2 (2)

31 Aug-1 Sept 9 588 0 0 1 (1) 534 0 0 1 (1)
3-Sep 10 398 0 1 (1) 1 (1) 282 0 1 (1) 0

5-6 Sept 11 397 0 0 1 (1) 390 0 0 0
11-12 Sept 12 396 0 0 1 (1) 350 0 0 1 (1)
14-15 Sept 13 592 0 0 0 570 0 0 0
21-23 Sept 14 346 0 0 0 252 0 0 0

25-Sep 15 559 0 0 3 (3) 436 0 0 3 (3)
30 Sept-2 Oct 16 393 1 (1) 0 1 (1) 339 0 0 1 (1)

6-Oct 17 300 1 (1) 0 0 277 1 (1) 0 0
11-Oct 18 251 0 0 0 230 0 0 0

14-15 Oct 19 533 1 (3) 0 1 (2) 287 1 (3) 0 1 (2)
18-20 Oct 20 545 0 1 (1) 3 (3) 476 0 1 (1) 1 (1)
21-23 Oct 21 399 0 0 1 (1) 349 0 0 1 (1)
25-26 Oct 22 620 0 1 (26) 0 351 0 0 0
29-31 Oct 23 475 0 0 0 287 0 0 0

7-9 Nov 24 471 2 (3) 0 0 338 1 (1) 0 0
11-12 Nov 25 359 1 (2) 3 (4) 0 194 1 (2) 1 (1) 0

Total 10887 17 (338) 10 (36) 20 (21) 8698 15 (335) 7 (7) 15 (16)

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

All Sightings Useable Sightings
Beluga 
Whale

Bowhead 
Whale

Gray 
Whale



Appendix D:  Chukchi Sea Aerial Survey Results     D-19 

TABLE D.4. Summary of coastline aerial survey effort and number of sightings (number of individuals) 
of pinnipeds in the Alaskan Chukchi Sea, 2008.  “All sightings” include incidental sightings. 

Date in 2008
Survey 

No.
Total 
km

Transect 
km

15-16 Jul 1 356 1 (5) 2 (2) 0 230 0 2 (2) 0
18-19 Jul 2 408 1 (2) 0 0 240 1 (2) 0 0
21-23 Jul 3 390 2 (3) 0 0 213 1 (2) 0 0

24-Jul 4 364 0 10 (12) 0 270 0 10 (12) 0
26-27 Jul 5 297 0 2 (3) 0 261 0 2 (3) 0

28-Jul 6 265 0 1 (1) 0 196 0 1 (1) 0
7-8 Aug 7 662 4 (18) 11 (14) 1 (1) 305 2 (16) 7 (7) 1 (1)

15-16 Aug 8 365 0 4 (11) 0 53 0 1 (1) 0
19-21 Aug 9 455 2 (23) 2 (2) 0 147 2 (23) 2 (2) 0
22-23 Aug 10 388 0 32 (40) 18 (20) 210 0 24 (29) 15 (16)
24-25 Aug 11 215 0 17 (19) 11 (12) 117 0 15 (17) 9 (10)
26-28 Aug 12 583 2 (2) 30 (37) 4 (4) 433 1 (1) 28 (33) 4 (4)
29-31 Aug 13 537 0 1 (1) 1 (1) 250 0 0 1 (1)

8-Sep 14 239 0 0 0 7 0 0 0
11-13 Sept 15 183 0 0 0 0 0 0 0
14-16 Sept 16 449 0 3 (4) 2 (3) 176 0 3 (4) 2 (3)

18-Sep 17 5 0 0 5 0 0 0
22-24 Sept 18 252 0 3 (3) 1 (1) 81 0 0 1 (1)
26-27 Sept 19 317 9 (12) 6 (15) 0 195 0 6 (15) 0
28-30 Sept 20 422 13 (170) 5 (5) 0 288 3 (82) 1 (1) 0

1-Oct 21 328 0 0 2 (2) 113 0 0 1 (1)
5-6 Oct 22 252 0 0 0 105 0 0 0
7-8 Oct 23 306 0 3 (4) 0 67 0 0 0

9-Oct 24 N/A - - - N/A - - -
12-13 Oct 25 275 0 8 (9) 0 150 0 6 (7) 0

Total 8312 34 (235) 140 (182) 40 (44) 4114 7 (126) 108 (134) 34 (37)

Useable Sightings

Walrus
Other 
Seala

Bearded 
Seal

All Sightings
Bearded 

Seal
Other 
SealaWalrus

 
a includes all records of ringed, spotted, and unidentified seals. 
N/A denotes no survey flown on this date. 
 



D-20     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

TABLE D.5. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2007.  “All sightings” include incidental 
sightings. 

Date in 2007
Survey 

No.
Total 
km

Transect 
km

10-11 Jul 1 243 0 0 0 0 - - -
17-18 Jul 2 290 0 4 (6) 1 (1) 201 0 4 (6) 0
22-24 Jul 3 529 0 3 (3) 0 211 0 3 (3) 0
25-28 Jul 4 462 1 (1) 1 (1) 0 288 0 0 0
29-30 Jul 5 521 1 (1) 0 0 (194) 1 (1) 0 0

31 Jul-2 Aug 6 672 0 1 (1) 0 490 0 1 (1) 0
6-8 Aug 7 554 0 0 0 228 0 0 0

9-11 Aug 8 576 0 5 (5) 0 486 0 5 (5) 0
12-Aug 9 292 30 (73) 3 (4) 0 245 30 (73) 3 (4) 0
17-Aug 10 193 8 (10) 1 (1) 1 (1) (183) 6 (8) 0 1 (1)

21-23 Aug 11 333 56 (133) 85 (154) 0 272 46 (101) 76 (141) 0
24-Aug 12 N/A - - - N/A - - -

28-30 Aug 13 338 11 (25) 2 (3) 0 217 7 (20) 1 (2) 0
2-3 Sept 14 250 12 (17) 9 (11) 0 217 5 (6) 6 (8) 0
6-7 Sept 15 182 14 (28) 1 (1) 0 (109) 8 (18) 1 (1) 0
11-Sep 16 397 73 (140) 1 (2) 0 329 58 (118) 1 (2) 0
14-Sep 17 51 0 0 0 (51) 0 0 0

18-19 Sept 18 544 15 (31) 1 (1) 0 256 9 (24) 1 (1) 0
21-Sep 19 158 1 (1) 0 0 0 - - -
26-Sep 20 N/A - - - N/A - - -

30 Sept-2 Oct 21 489 0 1 (1) 0 (10) 0 0 0
3-5 Oct 22 600 11 (64) 3 (3) 0 (105) 1 (1) 2 (2) 0
6-7 Oct 23 382 6 (7) 0 0 (135) 2 (2) 0 0
8-9 Oct 24 397 3 (4) 2 (3) 0 (50) 0 0 0
11-Oct 25 474 0 2 (9) 0 (102) 0 1 (3) 0

17-18 Oct 26 146 2 (2) 6 (55) 0 (71) 0 2 (2) 0
20-21 Oct 27 247 2 (3) 4 (57) 0 (128) 0 0 0
23-25 Oct 28 465 2 (3) 9 (16) 10 (14) 267 1 (1) 3 (3) 3 (3)
27-28 Oct 29 393 1 (1) 5 (5) 3 (3) 234 0 3 (3) 3 (3)

3-4 Nov 30 370 5 (6) 13 (16) 23 (35) (130) 3 (3) 2 (2) 8 (15)
Total 10548 254 (550) 162 (358) 38 (54) 5208 177 (376) 115 (189) 15 (22)

Walrus
Other 
Seala

Bearded 
Seal

All Sightings

Walrus
Other 
Seala

Bearded 
Seal

Useable Sightings

 
a includes all records of ringed, spotted, and unidentified seals. 
N/A denotes no survey flown on this date. 

 



Appendix D:  Chukchi Sea Aerial Survey Results     D-21 

TABLE D.6. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2006.  “All sightings” include incidental 
sightings. 

Date in 2006
Survey 

No.
Total 
km

Transect 
km

9-10 Jul 1 419 1 (9) 2 (2) 3 (5) 350 1 (9) 1 (1) 2 (4)
15-Jul 2 442 0 0 0 340 0 0 0
18-Jul 3 363 0 2 (2) 5 (5) 194 0 2 (2) 3 (3)
20-Jul 4 172 1 (4) 3 (28) 1 (2) 172 0 1 (25) 1 (2)

23-24 Jul 5 761 4 (7) 8 (20) 7 (7) 551 4 (7) 8 (20) 7 (7)
25-Jul 6 526 1 (1) 14 (44) 1 (1) 470 1 (1) 14 (44) 1 (1)

23-Aug 7 293 0 0 0 247 0 0 0
28-30 Aug 8 287 0 5 (7) 0 59 0 5 (7) 0

31 Aug-1 Sept 9 588 0 0 0 195 0 0 0
3-Sep 10 398 0 0 0 161 0 0 0

5-6 Sept 11 397 0 4 (20) 0 342 0 4 (20) 0
11-12 Sept 12 396 0 0 0 251 0 0 0
14-15 Sept 13 592 0 3 (3) 1 (1) 559 0 3 (3) 1 (1)
21-23 Sept 14 346 0 1 (1) 0 120 0 0 0
24-25 Sept 15 559 0 2 (2) 2 (2) 118 0 1 (1) 0

30 Sept-2 Oct 16 393 0 2 (2) 0 283 0 1 (1) 0
6-Oct 17 300 0 0 0 217 0 0 0

11-Oct 18 251 0 0 0 42 0 0 0
14-15 Oct 19 533 0 1 (1) 0 104 0 1 (1) 0
18-20 Oct 20 545 2 (2) 37 (43) 0 349 2 (2) 29 (31) 0
21-23 Oct 21 399 0 7 (8) 0 232 0 2 (2) 0
25-26 Oct 22 620 0 3 (3) 0 202 0 2 (2) 0
29-31 Oct 23 475 0 1 (1) 0 140 0 0 0

7-9 Nov 24 471 0 2 (3) 0 229 0 0 0
11-12 Nov 25 359 0 0 0 99 0 0 0

Total 10887 9 (23) 97 (190) 20 (23) 6023 8 (19) 74 (160) 15 (18)

Walrus
Other 
Seala

Bearded 
SealWalrus

Other 
Seala

Bearded 
Seal

Useable SightingsAll Sightings

 
a includes all records of ringed, spotted, and unidentified seals. 

 
 

 



D-22     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

TABLE D.7. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2008.  “All sightings” include incidental 
sightings. 

Date in 2008
Survey 

No.
Total 
km

Transect 
km

15-16 Jul 1 736 5 (10) 0 4 (5) 644 5 (10) 0 1 (1)
18-19 Jul 2 745 0 0 11 (13) 624 0 0 10 (12)
21-23 Jul 3 657 0 0 24 (29) 546 0 0 4 (4)

24-Jul 4 581 1 (50) 0 8 (8) 507 0 0 4 (4)
26-27 Jul 5 452 0 0 12 (14) 390 0 0 9 (10)

28-Jul 6 341 0 0 10 (20) 307 0 0 9 (19)
7-8 Aug 7 1004 0 1 (4) 8 (14) 705 0 0 6 (11)

15-16 Aug 8 546 0 0 5 (6) 261 0 0 2 (2)
19-21 Aug 9 1048 3 (8) 0 24 (30) 681 0 0 2 (2)
22-23 Aug 10 1017 0 0 18 (21) 835 0 0 5 (6)
24-25 Aug 11 601 0 0 15 (15) 472 0 0 6 (6)
26-28 Aug 12 1022 0 0 1 (1) 912 0 0 1 (1)
29-31 Aug 13 930 0 0 11 (13) 803 0 0 5 (6)

8-Sep 14 214 0 0 0 53 0 0 0
11-13 Sept 15 832 0 1 (1) 0 609 0 0 0
14-16 Sept 16 696 0 2 (2) 4 (4) 519 0 2 (2) 2 (2)

18-Sep 17 276 0 0 0 257 0 0 0
22-24 Sept 18 743 0 0 6 (7) 531 0 0 1 (1)
26-27 Sept 19 695 0 0 6 (6) 460 0 0 5 (5)
28-30 Sept 20 1181 0 0 10 (12) 1026 0 0 6 (7)

1-Oct 21 532 0 0 5 (5) 415 0 0 2 (2)
5-6 Oct 22 1010 0 4 (5) 0 736 0 3 (4) 0
7-8 Oct 23 1022 0 0 1 (1) 882 0 0 1 (1)

9-Oct 24 470 0 0 1 (1) 429 0 0 0
12-13 Oct 25 720 0 1 (1) 0 536 0 0 0

Total 18071 9 (68) 9 (13) 184 (225) 14139 5 (10) 5 (6) 81 (102)

All Sightings Useable Sightings
Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

 
 



Appendix D:  Chukchi Sea Aerial Survey Results     D-23 

TABLE D.8. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2007.  “All sightings” include incidental 
sightings. 

Date in 2007
Survey 

No.
Total 
km

Transect 
km

10-11 Jul 1 327 0 0 0 56 0 0 0
17-18 Jul 2 889 16 (102) 0 25 (34) 705 15 (101) 0 7 (7)
22-24 Jul 3 824 0 0 7 (7) 681 0 0 5 (5)
25-28 Jul 4 461 0 0 0 386 0 0 0
29-30 Jul 5 910 6 (228) 0 17 (24) 686 6 (228) 0 16 (22)

31 Jul-2 Aug 6 941 0 0 11 (12) 699 0 0 7 (7)
6-8 Aug 7 1047 2 (2) 0 16 (21) 802 2 (2) 0 11 (16)

9-11 Aug 8 961 4 (6) 0 31 (37) 941 4 (6) 0 30 (36)
12-Aug 9 459 3 (98) 0 16 (17) 430 3 (98) 0 14 (15)
17-Aug 10 388 0 0 0 362 0 0 0

21-23 Aug 11 1045 11 (17) 0 3 (5) 917 10 (16) 0 3 (5)
24-Aug 12 605 0 0 11 (15) 557 0 0 9 (13)

28-30 Aug 13 674 4 (5) 0 3 (3) 541 2 (2) 0 2 (2)
2-3 Sept 14 666 1 (3) 0 0 625 1 (3) 0 0
6-7 Sept 15 1006 0 0 5 (5) 898 0 0 4 (4)
11-Sep 16 647 1 (1) 0 7 (9) 584 1 (1) 0 6 (8)
14-Sep 17 616 0 0 1 (3) 527 0 0 0

18-19 Sept 18 961 0 0 2 (2) 654 0 0 2 (2)
21-Sep 19 431 0 0 6 (6) 191 0 0 1 (1)
26-Sep 20 182 0 0 0 90 0 0 0

30 Sept-2 Oct 21 254 0 1 (1) 0 112 0 1 (1) 0
3-5 Oct 22 663 0 1 (1) 0 332 0 1 (1) 0
6-7 Oct 23 643 0 4 (4) 0 504 0 3 (3) 0
8-9 Oct 24 337 0 0 0 60 0 0 0
11-Oct 25 N/A - - - N/A - - -

17-18 Oct 26 304 0 4 (4) 0 49 0 1 (1) 0
20-21 Oct 27 483 0 0 0 284 0 0 0
23-25 Oct 28 845 4 (4) 6 (7) 0 590 4 (4) 6 (7) 0
27-28 Oct 29 235 0 0 0 79 0 0 0

3-4 Nov 30 864 1 (1) 2 (2) 0 360 0 1 (1) 0
Total 18666 53 (467) 18 (19) 161 (200) 13703 48 (461) 13 (14) 117 (143)

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Useable SightingsAll Sightings

 

N/A denotes no survey flown on this date. 



D-24     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

TABLE D.9. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2006.  “All sightings” include incidental 
sightings. 

Date in 2006
Survey 

No.
Total 
km

Transect 
km

9-10 Jul 1 649 5 (13) 1 (1) 5 (7) 552 4 (10) 0 4 (6)
15-Jul 2 687 3 (8) 1 (1) 2 (2) 611 3 (8) 1 (1) 1 (1)
18-Jul 3 517 0 0 5 (8) 230 0 0 1 (2)
20-Jul 4 578 0 1 (1) 1 (1) 476 0 1 (1) 1 (1)

23-24 Jul 5 849 0 0 2 (4) 786 0 0 2 (4)
25-Jul 6 823 0 0 3 (4) 760 0 0 3 (4)

23-Aug 7 551 0 0 1 (3) 429 0 0 1 (3)
28-30 Aug 8 861 1 (1) 0 0 505 1 (1) 0 0

31 Aug-1 Sept 9 1019 0 0 0 598 0 0 0
3-Sep 10 362 0 0 0 264 0 0 0

5-6 Sept 11 648 0 0 0 467 0 0 0
11-12 Sept 12 657 1 (2) 0 0 405 0 0 0
14-15 Sept 13 1018 0 0 0 850 0 0 0
21-23 Sept 14 951 1 (1) 3 (3) 1 (2) 647 1 (1) 1 (1) 1 (2)
24-25 Sept 15 1038 4 (4) 0 2 (2) 881 4 (4) 0 2 (2)

30 Sept-2 Oct 16 912 0 1 (1) 0 840 0 0 0
6-Oct 17 643 0 0 1 (1) 596 0 0 1 (1)

11-Oct 18 288 1 (1) 1 (1) 0 217 0 1 (1) 0
14-15 Oct 19 779 0 0 1 (1) 587 0 0 0
18-20 Oct 20 837 1 (5) 0 0 549 0 0 0
21-23 Oct 21 998 0 1 (1) 1 (1) 751 0 1 (1) 1 (1)
25-26 Oct 22 1010 5 (5) 0 0 529 5 (5) 0 0
29-31 Oct 23 1015 1 (1) 0 0 621 1 (1) 0 0

7-9 Nov 24 600 0 3 (6) 0 268 0 2 (2) 0
11-12 Nov 25 942 1 (5) 11 (17) 0 700 1 (5) 10 (16) 0

Total 19232 24 (46) 23 (32) 25 (36) 14119 20 (35) 17 (23) 18 (27)

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Useable SightingsAll Sightings

 
 

 



Appendix D:  Chukchi Sea Aerial Survey Results     D-25 

 

TABLE D.10. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2008.  “All sightings” include incidental 
sightings. 

Date in 2008
Survey 

No.
Total 
km

Transect 
km

15-16 Jul 1 736 10 (84) 4 (4) 1 (1) 316 8 (64) 1 (1) 1 (1)
18-19 Jul 2 745 20 (102) 3 (3) 1 (1) 289 14 (90) 2 (2) 1 (1)
21-23 Jul 3 657 26 (173) 0 0 317 19 (165) 0 0

24-Jul 4 581 39 (80) 15 (16) 2 (2) 440 35 (73) 11 (12) 1 (1)
26-27 Jul 5 452 59 (223) 40 (46) 7 (7) 312 45 (196) 34 (39) 5 (5)

28-Jul 6 341 2 (7) 14 (15) 2 (2) 204 2 (7) 12 (13) 1 (1)
7-8 Aug 7 1004 30 (77) 38 (49) 6 (7) 429 24 (71) 31 (36) 5 (6)

15-16 Aug 8 546 12 (38) 5 (5) 0 18 0 0 0
19-21 Aug 9 1048 2 (2) 112 (126) 5 (5) 429 0 51 (55) 5 (5)
22-23 Aug 10 1017 3 (3) 205 (295) 43 (50) 489 3 (3) 116 (170) 22 (22)
24-25 Aug 11 601 7 (14) 50 (63) 11 (11) 109 1 (2) 26 (34) 7 (7)
26-28 Aug 12 1022 5 (6) 86 (108) 40 (43) 714 2 (2) 75 (97) 29 (32)
29-31 Aug 13 930 4 (5) 22 (26) 8 (8) 397 2 (3) 13 (14) 4 (4)

8-Sep 14 214 0 0 0 0 - - -
11-13 Sept 15 832 7 (24) 72 (82) 6 (6) 238 7 (24) 27 (29) 2 (2)
14-16 Sept 16 696 2 (2) 56 (67) 5 (5) 248 1 (1) 40 (50) 5 (5)

18-Sep 17 276 1 (1) 2 (4) 3 (4) 90 1 (1) 1 (1) 0
22-24 Sept 18 743 0 93 (107) 23 (25) 193 0 25 (32) 9 (10)
26-27 Sept 19 695 2 (2) 61 (101) 70 (110) 182 0 30 (58) 62 (100)
28-30 Sept 20 1181 43 (499) 85 (106) 42 (44) 618 14 (437) 55 (69) 32 (34)

1-Oct 21 532 3 (6) 1 (1) 3 (3) 113 2 (4) 1 (1) 1 (1)
5-6 Oct 22 1010 4 (4) 3 (12) 0 86 0 1 (1) 0
7-8 Oct 23 1022 7 (9) 7 (7) 4 (4) 469 7 (9) 4 (4) 4 (4)

9-Oct 24 470 0 2 (2) 2 (2) 40 0 1 (1) 0
12-13 Oct 25 720 0 3 (3) 1 (1) 117 0 () 0

Total 18071 288 (1361) 979 (1248) 285 (341) 6858 187 (1152) 557 (719) 196 (241)

Bearded 
Seal

Other 
Seala

All Sightings Useable Sightings

WalrusWalrus Other Seala
Bearded 

Seal

 
a includes all records of ringed, spotted, and unidentified seals. 

 



D-26     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

TABLE D.11. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2007.  “All sightings” include incidental 
sightings. 

Date in 2007
Survey 

No.
Total 
km

Transect 
km

10-11 Jul 1 327 0 0 1 (1) 0 - - -
17-18 Jul 2 889 0 33 (36) 1 (1) 486 0 31 (34) 1 (1)
22-24 Jul 3 824 0 3 (3) 0 230 0 1 (1) 0
25-28 Jul 4 461 0 2 (2) 1 (1) 353 0 2 (2) 1 (1)
29-30 Jul 5 910 0 3 (26) 0 361 0 2 (2) 0

31 Jul-2 Aug 6 941 1 (3) 7 (7) 0 566 0 7 (7) 0
6-8 Aug 7 1047 0 13 (21) 0 443 0 12 (20) 0

9-11 Aug 8 961 1 (1) 20 (26) 0 791 1 (1) 19 (25) 0
12-Aug 9 459 13 (31) 21 (21) 0 357 13 (31) 21 (21) 0
17-Aug 10 388 1 (3) 3 (3) 0 239 0 1 (1) 0

21-23 Aug 11 1045 35 (60) 75 (86) 0 878 31 (55) 69 (79) 0
24-Aug 12 605 56 (301) 1 (1) 3 (3) 557 46 (276) 1 (1) 3 (3)

28-30 Aug 13 674 13 (22) 8 (9) 0 474 8 (11) 4 (5) 0
2-3 Sept 14 666 19 (46) 4 (4) 0 400 9 (19) 1 (1) 0
6-7 Sept 15 1006 33 (66) 4 (4) 0 789 21 (44) 1 (1) 0
11-Sep 16 647 23 (40) 0 0 435 15 (29) 0 0
14-Sep 17 616 12 (26) 0 0 413 6 (15) 0 0

18-19 Sept 18 961 19 (40) 0 1 (1) 265 9 (23) 0 0
21-Sep 19 431 4 (5) 0 0 0 - - -
26-Sep 20 182 1 (2) 0 0 18 0 0 0

30 Sept-2 Oct 21 254 3 (202) 0 0 8 0 0 0
3-5 Oct 22 663 5 (9) 6 (7) 1 (1) 117 4 (4) 4 (5) 1 (1)
6-7 Oct 23 643 6 (9) 75 (146) 0 349 5 (8) 65 (125) 0
8-9 Oct 24 337 0 3 (8) 0 4 0 0 0
11-Oct 25 N/A - - - N/A - - -

17-18 Oct 26 304 3 (7) 3 (3) 1 (2) 23 1 (5) 0 0
20-21 Oct 27 483 2 (3) 13 (110) 6 (15) 148 2 (3) 7 (103) 2 (3)
23-25 Oct 28 845 40 (73) 35 (74) 18 (22) 444 29 (52) 20 (36) 9 (10)
27-28 Oct 29 235 0 7 (7) 2 (2) 64 0 4 (4) 0

3-4 Nov 30 864 13 (18) 11 (27) 22 (41) 326 4 (5) 2 (16) 8 (10)
Total 18666 303 (967) 350 (631) 57 (90) 9536 204 (581) 274 (489) 25 (29)

Walrus
Other 
Seala

Bearded 
Seal Walrus

Other 
Seala

Bearded 
Seal

Useable SightingsAll Sightings

 
a includes all records of ringed, spotted, and unidentified seals. 
N/A denotes no survey flown on this date. 

 



Appendix D:  Chukchi Sea Aerial Survey Results     D-27 

TABLE D.12. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2006.  “All sightings” include incidental 
sightings. 

Date in 2006
Survey 

No.
Total 
km

Transect 
km

9-10 Jul 1 649 20 (337) 7 (7) 11 (12) 538 15 (303) 7 (7) 11 (12)
15-Jul 2 687 24 (354) 3 (25) 5 (6) 492 18 (320) 3 (25) 4 (5)
18-Jul 3 517 3 (6) 1 (3) 4 (4) 138 2 (4) 1 (3) 3 (3)
20-Jul 4 578 12 (955) 1 (45) 0 419 8 (938) 1 (45) 0

23-24 Jul 5 849 47 (130) 13 (45) 3 (3) 644 44 (110) 12 (44) 2 (2)
25-Jul 6 823 15 (24) 19 (102) 7 (8) 745 14 (21) 19 (101) 7 (8)

23-Aug 7 551 0 0 0 372 0 0 0
28-30 Aug 8 861 2 (2) 29 (48) 2 (2) 438 2 (2) 29 (48) 2 (2)

31 Aug-1 Sept 9 1019 0 1 (1) 0 227 0 1 (1) 0
3-Sep 10 362 0 2 (2) 2 (3) 179 0 1 (1) 2 (3)

5-6 Sept 11 648 2 (22) 38 (50) 5 (5) 385 2 (22) 31 (41) 4 (4)
11-12 Sept 12 657 0 16 (23) 4 (4) 200 0 15 (22) 3 (3)
14-15 Sept 13 1018 0 51 (93) 4 (5) 762 0 42 (82) 4 (5)
21-23 Sept 14 951 2 (2) 52 (65) 12 (17) 268 1 (1) 32 (36) 5 (6)
24-25 Sept 15 1038 2 (13) 86 (128) 34 (37) 493 2 (13) 54 (57) 19 (22)

30 Sept-2 Oct 16 912 2 (12) 35 (39) 8 (8) 806 1 (6) 24 (27) 6 (6)
6-Oct 17 643 0 2 (2) 0 329 0 2 (2) 0

11-Oct 18 288 0 1 (1) 0 14 0 0 0
14-15 Oct 19 779 0 28 (33) 1 (1) 200 0 9 (11) 0
18-20 Oct 20 837 4 (11) 93 (118) 3 (3) 289 1 (2) 48 (58) 2 (2)
21-23 Oct 21 998 1 (2) 13 (14) 3 (3) 267 0 6 (7) 2 (2)
25-26 Oct 22 1010 0 11 (13) 1 (1) 180 0 2 (2) 0
29-31 Oct 23 1015 0 2 (2) 0 87 0 0 0

7-9 Nov 24 600 0 3 (3) 1 (1) 227 0 1 (1) 1 (1)
11-12 Nov 25 942 0 0 0 445 0 0 0

19232 136 (1870) 507 (862) 110 (123) 9144 110 (1742) 340 (621) 77 (86)

Walrus
Other 
Seala

Bearded 
Seal Walrus

Other 
Seala

Bearded 
Seal

All Sightings Useable Sightings

 
a includes all records of ringed, spotted, and unidentified seals. 
 

 

 



D-28     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

TABLE D.13. Location and numbers of walruses at beach 
haulouts on the northwestern Alaskan coast observed and 
during aerial surveys in 2007. 

Date Time Latitude Longitude Number
28-Aug-07 14:58:14 68 52.824 165 03.207 300+
2-Sep-07 14:51:28 68 53.114 166 12.138 300+

11-Sep-07 12:28:24 70 19.763 161 07.538 750+
11-Sep-07 12:44:02 70 18.844 161 37.875 1500+
11-Sep-07 12:47:54 70 20.312 161 55.697 200+
11-Sep-07 12:53:42 70 12.695 162 19.816 1500+
11-Sep-07 13:12:38 69 51.564 162 55.852 1500+
18-Sep-07 17:53:56 70 12.833 162 15.405 1500+
18-Sep-07 18:18:10 70 19.451 161 06.948 1000+
18-Sep-07 19:15:47 70 54.318 157 41.451 200+
19-Sep-07 16:20:50 68 52.996 165 06.278 200+
21-Sep-07 13:48:55 70 19.583 161 07.041 100+
2-Oct-07 15:42:07 70 54.055 157 42.460 500+
3-Oct-07 15:21:13 70 55.231 157 39.402 500+
8-Oct-07 14:15:00 70 54.055 157 42.460 800+
9-Oct-07 16:56:11 70 54.055 157 42.460 200+  
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Part 2: English Units Tables and Figures from Chapter 4 and this Appendix 
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FIGURE D.4.2E.  Cetacean aerial survey effort for the coastline surveys in the eastern Chukchi 
Sea, 2006–2008. (A) Survey effort (on-transect) in each year 2006–2008, (B) Survey effort in 
each Beaufort wind force category in each year 2006–2008. 
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FIGURE D.4.3E.  Pinniped survey effort (on-transect) 
for coastline surveys of the Chukchi Sea, 2006–
2008. 
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FIGURE D.4.4E.  Cetacean aerial survey effort for the sawtooth surveys in the Chukchi Sea, 
2006–2008. (A) Survey effort (on-transect) for 2006–2008, (B) Survey effort in each Beaufort 
wind force category in 2006–2008. 
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FIGURE D.4.5E.  Pinniped aerial survey effort (on-
transect) for the sawtooth surveys of the Chukchi 
Sea nearshore areas, 2006, 2007 and 2008. 
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A. Coastline and Sawtooth
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FIGURE D.4.9E.  Cetacean aerial survey effort at various distances–from–shore bins during 
(A) coastline and sawtooth surveys in 2006, 2007 and 2008, and (B) combined 2006–2008 
coastline and sawtooth surveys.  Based on aerial surveys in the Chukchi Sea, Jul–Nov 
2006–2008. 

 

 

 

A

0

2

4

6

8

10

12

0-3 3-6 6-9 9-12 12-16 16-19 19-22 22-25

Distance From Shore (mi)

Si
gh

tin
gs

/1
00

0 
m

i

2006
2007
2008

B

0

50

100

150

200

250

0-3 3-6 6-9 9-12 12-16 16-19 19-22 22-25

Distance From Shore (mi)

In
di

vi
du

al
s/

10
00

 m
i

2006
2007
2008

 

FIGURE D.4.10E.  Distribution of beluga whale sighting rates vs. distance from shore (3.1–mi 
bands).  Figures are based on aerial surveys of the combined coastline and sawtooth 
transects in the Alaskan Chukchi Sea, Jul to Nov 2006–2008.  (A) Sightings and (B) 
individuals per 1000 mi of survey effort.  See Fig. 4.9A for survey effort vs. distance from 
shore. 
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FIGURE D.4.11E.  Distribution of bowhead whales vs. distance from shore (3.1–mi bands).  Figures 
are based on aerial surveys of the combined coastline and sawtooth transects in the Alaskan 
Chukchi Sea, Jul to Nov 2006–2008.  (A) Sightings and (B) individuals per 1000 mi of survey effort.  
See Fig. 4.9A for survey effort vs. distance from shore. 
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FIGURE D.4.12E.  Distribution of gray whales vs. distance from shore (3.1–mi bands).  Figures 
are based on aerial surveys of the combined coastline and sawtooth transects in the Alaskan 
Chukchi Sea, Jul to Nov 2006–2008.  (A) sightings and (B) individuals per 1000 mi of survey 
effort.  See Fig. 4.9A for survey effort vs. distance from shore. 
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FIGURE D.4.13E.  Cetacean aerial survey effort by month:  (A) combined coastline and sawtooth 
surveys in 2006, 2007 and 2008, and (B) combined 2006–2008 coastline and sawtooth surveys.  
Based on aerial surveys in the Chukchi Sea, Jul–Nov 2006–2008. 
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FIGURE D.4.14E.  Seasonal pattern of beluga whale observations in 2006, 2007 and 2008 from 
aerial surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) 
individuals per 1000 mi of survey effort. 
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FIGURE D.4.15E.  Seasonal pattern of beluga (WW), bowhead (BW) and gray (GW) whale 
observations in the combined 2006–2008 field seasons.   Figures are based on aerial surveys 
of the combined coastline and sawtooth transects in the Alaskan Chukchi Sea, Jul–Nov 2006–
2008.  (A) sightings and (B) individuals per 1000 mi of survey effort.  See Fig. 4.13B for survey 
effort vs. month. 
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FIGURE D.4.16E.  Seasonal pattern of bowhead whales in 2006, 2007 and 2008, based on aerial 
surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals 
per 1000 mi of survey effort. 
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FIGURE D.4.17E.  Seasonal pattern of gray whales in 2006, 2007 and 2008, based on aerial 
surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals 
per 1000 mi of survey effort. 
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A. Coastline and Sawtooth
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FIGURE D.4.25E.  Pinniped aerial survey effort at various distances from shore of (A) combined 
coastline and sawtooth surveys in 2006, 2007 and 2008, (B) combined 2006–2008 coastline and 
sawtooth surveys.  Based on aerial surveys in the Chukchi Sea, Jul–Nov 2006–2008. 
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FIGURE D.4.26E.  Distribution of walrus vs. distance from shore (3.1–mi bands).  Figures are 
based on aerial surveys of the combined coastline and sawtooth transects in the Alaskan 
Chukchi Sea, Jul through Nov 2006–2008.  (A) Sightings and (B) individuals per 1000 mi of 
survey effort.  See Fig. 4.25A for survey effort vs. distance from shore. 
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FIGURE D.4.27E.  Distribution of bearded seals vs. distance from shore (3.1–mi bands).  
Figures are based on aerial surveys of both the combined coastline and sawtooth transects in 
the Alaskan Chukchi Sea, Jul to Nov 2006–2008.  (A) Sightings and (B) individuals per 1000 
mi of survey effort.  See Fig. 4.25A for survey effort vs. distance from shore. 
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FIGURE D.4.28E.  Distribution of bearded (BS) and ringed and spotted (OS) seals vs. distance 
from shore (3.1–mi bands) in the combined 2006–2008 field season.   Figures are based on 
aerial surveys of both the coastline and sawtooth transects in the Alaskan Chukchi Sea, Jul–Nov 
2006–2008.  (A) Sightings and (B) individuals per 1000 mi of survey effort.  See Fig. 4.25B for 
survey effort vs. distance from shore. 

 

 

 

A

0

50

100

150

200

250

0-3 3-6 6-9 9-12 12-16 16-19 19-22 22-25

Distance From Shore (mi)

Si
gh

tin
gs

/1
00

0 
m

i

2006
2007
2008

B

0

50

100

150

200

250

300

0-3 3-6 6-9 9-12 12-16 16-19 19-22 22-25

Distance From Shore (mi)

In
di

vi
du

al
s/

10
00

 m
i

2006
2007
2008

 

FIGURE D.4.29E.  Distribution of ringed and spotted seals vs. distance from shore (3.1–mi 
bands).  Figures are based on aerial surveys of both the coastline and sawtooth transects in 
the Alaskan Chukchi Sea, Jul to Nov 2006–2008.  (A) Sightings and (B) individuals per 1000 
mi of survey effort.  See Fig. 4.25A for survey effort vs. distance from shore. 
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FIGURE D.4.30E.  Pinniped aerial survey effort at monthly intervals of (A) combined coastline and 
sawtooth surveys in 2006, 2007 and 2008, (B) combined 2006–2008 coastline and sawtooth 
surveys.  Based on aerial surveys in the Chukchi Sea, Jul–Nov 2006–2008. 
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FIGURE D.4.31E.  Seasonal pattern of walrus in 2006, 2007 and 2008, based on aerial surveys 
in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals per 
1000 mi of survey effort. 
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FIGURE D.4.32E.  Seasonal pattern of bearded seals in 2006, 2007 and 2008 from aerial 
surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals 
per 1000 mi of survey effort. 
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FIGURE D.4.33E.  Seasonal pattern of ringed and spotted seals in 2006, 2007 and 2008, based 
on aerial surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) 
individuals per 1000 mi of survey effort. 
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TABLE D.4.2E.  Estimated numbers of whales near the coastline in the eastern Chukchi Sea 
survey area by month in 2008, 2007 and 2006 including allowance for f(0), and ga(0) correction 
factors. 

Species
Month

Beluga
July 38.0 30 26.0 13 210.2 88
August 0.0 0 48.5 36 0.0 0
September 0.0 0 16.4 14 0.0 0
Oct-Nov 0.0 0 27.6 13 10.1 9

Bowhead 0.0 0.0 0.0
July 4.8 4 0.0 0 18.0 16
August 1.3 1 1.6 1 0.0 0
September 0.0 0 0.0 0 11.1 10
Oct-Nov 0.0 0 56.8 50 15.0 13

Gray 0.0 0.0 0.0
July 12.2 11 20.4 18 8.0 7
August 11.8 10 48.1 41 15.4 13
September 0.0 0 4.8 4 3.0 3
Oct-Nov 0.0 0 0.0 0 8.6 8

2007 20062008
Est. No. 
Whalesa

Density 
(No./1000mi2)a

Est. No. 
Whalesa

Density 
(No./1000mi2)a

Est. No. 
Whalesa

Density 
(No./1000mi2)a

 

 

TABLE D.4.5E.  Estimated numbers of whales in the sawtooth survey area of the eastern Chukchi 
Sea by month in 2008, 2007 and 2006 including allowance for f(0), and ga(0) correction factors. 

Species
Month

Beluga
July 9.5 69 329.6 1645 24.9 183
August 0.0 0 49.0 185 3.9 29
September 0.0 0 6.2 45 10.1 75
Oct-Nov 0.0 0 6.3 47 11.9 88

Bowhead 0.0 0.0 0.0
July 0.0 0 0.0 0 3.3 24
August 0.0 0 0.0 0 0.0 0
September 3.7 27 0.0 0 7.1 53
Oct-Nov 15.9 115 86.1 634 79.6 594

Gray 0.0 0.0 0.0
July 99.7 729 41.0 301 17.6 130
August 31.2 230 59.9 438 12.8 95
September 23.7 174 18.7 137 5.2 38
Oct-Nov 3.8 28 0.0 0 0.6 4

2007 20062008
Density 

(No./1000mi2)a
Est. No. 
Whalesa

Density 
(No./1000mi2)a

Est. No. 
Whalesa

Density 
(No./1000mi2)a

Est. No. 
Whalesa
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TABLE D.4.8E.  Comparison of cetacean sighting rates (sightings/1000 mi) in the 
Chukchi Sea during the combined coastline and sawtooth surveys 2006–2008 
to sighting rates reported by Moore et al. (2000).  Compares the combined 
2006–2008 data to an earlier study by season. 

Beluga Bowhead Gray Data Sourcea

Summerb

1982-1986 - - 12.62 Moore et al. (2000)
2006-2008 4.33 0.45 11.43 Current study

Fallb

1982-1991 2.25 1.61 4.72 Moore et al. (2000)
2006-2008 1.56 2.16 2.25 Current study  
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APPENDIX E:  ACOUSTIC MONITORING SIGNAL PROCESSING 
METHODS  

Part 1: Tables and Figures Referenced from Chapter 5 
 

This appendix contains spectrogram images of all call types used to develop the automatic classifier.  
Noise spectrograms were not included as this sound category is highly diverse and cannot be 
characterized with a single or a few images. 

 

TABLE E.1.  Description of the library of sounds used for developing the automatic classifier. 

Species Vocalization type # training 
vocalizations

# test 
vocalizations  Total 

      

Bowhead Up sweep 82 83  165 

 Down sweep 109 109  218 

 Tonal 62 62  124 

 Complex 42 43  85 

 Concave (u-shape) 34 34  68 

 Convex(n-shape) 36 36  72 

 Ou sound 320 320  640 

     1372 

      

Beluga Pulsed buzz 40 41  81 

 Whistle 202 202  404 

 Overlapped vocalizations 80 80  160 

     645 

      

Walrus Grunt 321 321  642 

 Knock 56 57  113 

 Bell 45 45  90 

     845 
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Gray whale Moan 35 36  71 

 Growl 76 77  153 

 Click 76 77  153 

     377 

      

Bearded 
seal 

Trill up sweeping 31 31  62 

 Short trill down sweeping 37 38  75 

 Complex trill 36 37  73 

 Long trill down sweeping 30 31  61 

 Overlapped vocalizations 87 87  174 

     445 

      

Killer whale Pulses 115 115  230 

      

Fin whale 20 Hz down sweep 71 71  142 

      

Ice Squeaking 492 492  984 

      

Seismic Airguns from shallow hazard 
survey 

192 193  385 

 Airguns from prospection 107 107  214 

     599 

      

Noise Noise from the mooring, 
shipping, saturation 

632 632  1264 
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FIGURE E.1.  Bowhead upsweeps. Tick marks equal 1s along the x-axis and 200Hz along the y-axis. 

 

 

FIGURE E.2.  Bowhead downsweeps. Tick marks equal 1s along the x-axis and 200Hz along the y-axis. 
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FIGURE E.3.  Bowhead tonal call. Tick marks equal 1s along the x-axis and 200Hz along the y-axis. 

 

 

FIGURE E.4.  Bowhead complex call. Tick marks equal 1s along the x-axis and 200Hz along the y-
axis. 
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FIGURE E.5.  Bowhead concave call.  Tick marks equal 1s along the x-axis and 200Hz along the y-
axis. 

 

 

FIGURE E.6.  Bowhead convex calls. Tick marks equal 1s along the x-axis and 200Hz along the y-
axis. 
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FIGURE E.7.  Bowhead ou sounds.  Tick marks equal 1s along the x-axis and 200Hz along the y-axis. 

 

 

FIGURE E.8.  Beluga pulsed buzzes. Tick marks equal 1s along the x-axis and 200Hz along the y-axis. 
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FIGURE E.9.  Beluga whistles.  Tick marks equal 1s along the x-axis and 200Hz along the y-axis. 

 

 

FIGURE E.10.  Beluga overlapped vocalizations.  Tick marks equal 1s along the x-axis and 200Hz 
along the y-axis. 
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FIGURE E.11.  Walrus grunts.  Tick marks equal 1s along the x-axis and 200Hz along the y-axis. 

 

 

FIGURE E.12.  Walrus knocks and bells.  Tick marks equal 1s along the x-axis and 200Hz along the y-
axis. 
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FIGURE E.13.  Gray whale moans.  Tick marks equal 1s along the x-axis and 200Hz along the y-axis.  

 

 

FIGURE E.14.  Gray whale growls.  Tick marks equal 1s along the x-axis and 200Hz along the y-axis. 
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FIGURE E.15.  Gray whale clicks.  Tick marks equal 1s along the x-axis and 200Hz along the y-axis. 

 

 

FIGURE E.16.  Bearded seal upsweeping trill.  Tick marks equal 10s along the x-axis and 200Hz along 
the y-axis. 
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FIGURE E.17.  Bearded seal short downsweeping trills.  Tick marks equal 10s along the x-axis and 
200Hz along the y-axis. 

 

 

FIGURE E.18.  Bearded seal complex trill.  Tick marks equal 10s along the x-axis and 200Hz along the 
y-axis. 
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FIGURE E.19.  Bearded seal long downsweeping trill.  Tick marks equal 5s along the x-axis and 200Hz 
along the y-axis. 

 

 

FIGURE E.20.  Bearded seal overlapping trills.  Tick marks equal 10s along the x-axis and 200Hz 
along the y-axis. 
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FIGURE E.21.  Killer whale pulsed calls.  Tick marks equal 1s along the x-axis and 200Hz along the y-
axis. 

 

 

FIGURE E.22.  Fin whale 20-Hz downsweeps. 
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FIGURE E.23.  Ice sounds.  Tick marks equal 10s along the x-axis and 200Hz along the y-axis. 

 

 

FIGURE E.24.  Airgun pulses from shallow-hazard survey. 
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FIGURE E.25.  Airgun pulse from prospection. 
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APPENDIX F:  BEAUFORT SEA VESSEL-BASED MONITORING 
RESULTS 

 

Part 1: Tables and Figures Referenced from Chapter 6 

 
Table F.1.  Number of sightings (number of individuals) of marine mammals recorded from project 
vessels in the Beaufort Sea, 2006–2008.  All sightings are shown regardless of whether they met 
the analysis criteria discussed in Chapter 3, Methods. 

Species

Cetaceans

  Unidentified Whale 3 (6) 10 (13) 15 (24) 28 (43)

  Mysticetes

  Bowhead Whale 1 (1) 46 (97) 77 (137) 124 (235)
  Gray Whale 7 (13) 1 (1) 4 (6) 12 (20)
  Minke Whale 0 1 (1) 1 (2) 2 (3)
  Unidentified Mysticete Whale 0 20 (34) 49 (71) 69 (105)

  Odontocetes

  Beluga Whale 0 0 2 (3) 2 (3)
  Harbor Porpoise 1 (1) 0 0 1 (1)

Total Cetaceans 12 (21) 78 (146) 148 (243) 238 (410)

Seals and Sea Lions 

Bearded Seal 16 (17) 59 (77) 123 (134) 198 (228)
Ribbon Seal 0 0 3 (3) 3 (3)
Ringed Seal 80 (90) 156 (178) 704 (828) 940 (1096)
Spotted Seal 66 (76) 70 (103) 115 (155) 251 (334)
Unidentified Seal 252 (265) 213 (250) 880 (1078) 1345 (1593)
Unidentified Pinniped 0 3 (3) 22 (22) 25 (25)

Total Seals 414 (448) 501 (611) 1847 (2220) 2762 (3279)

Pacific Walruses 0 6 (11) 3 (3) 9 (14)

Polar Bears 4 (9) 36 (111) 14 (34) 54 (154)

         Total Marine Mammals 430 (478) 621 (879) 2012 (2500) 3063 (3857)

2006 2007 2008 Total
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TABLE F.2.  Cetacean effort by Beaufort wind force and received sound level 
exposure (dB re 1 µPa rms) during Beaufort Sea seismic operations (2006-2008) in 
kilometers and miles.  Effort includes shallow hazards and mitigation gun operations 
when sound levels fell into both the ≥160 dB bin and the 159–120 dB bins.   

Cetaceans 0 1 2 3 4 5 Total

Effort in km
≥160 dB rms 2 4 5 11 0 0 22
159-120 dB rms 2 4 5 11 0 0 22
<120  dB rms 245 1419 793 536 293 122 3408

Total 250 1426 803 558 293 122 3452

Effort in mi
≥160 dB rms 2 2 3 7 0 0 14
159-120 dB rms 2 2 3 7 0 0 14
<120  dB rms 152 881 492 333 182 76 2116

Total 155 886 499 347 182 76 2144

Effort in km
≥160 dB rms 0 49 80 305 340 110 884
159-120 dB rms 0 156 80 220 381 100 937
<120  dB rms 421 1350 1562 1405 855 394 5986

Total 421 1555 1722 1930 1575 604 7808

Effort in mi
≥160 dB rms 0 31 50 189 211 68 549
159-120 dB rms 0 97 50 137 236 62 582
<120  dB rms 261 839 970 872 531 244 3718

Total 261 966 1069 1199 978 375 4849

Effort in km
≥160 dB rms 59 388 1173 947 523 165 3255
159-120 dB rms 146 667 1541 1244 755 252 4605
<120  dB rms 333 1958 4147 3962 2638 1275 14,313

Total 537 3013 6861 6152 3917 1692 22,173

Effort in mi
≥160 dB rms 36 241 729 588 325 102 2022
159-120 dB rms 91 414 957 772 469 156 2860
<120  dB rms 207 1216 2575 2460 1638 792 8888

Total 334 1871 4261 3821 2432 1051 13,769

Total Effort in km 1208 5995 9387 8641 5785 2418 33,433

Total Effort in mi 750 3723 5829 5366 3592 1501 20,762

Beaufort Wind Force

2006

2007

2008
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TABLE F.3.  Cetacean effort by vessel type and received sound levels in the Beaufort Sea, 
2006-2008.  Effort amounts are those that met the analysis criteria discussed in Chapter 3, 
Methods.  Effort includes shallow hazards and mitigation gun operations when sound levels 
fell into both the ≥160 dB bin and the 159–120 dB bins. 

Cetaceans Source Monitoring Support Total

Effort in km
≥160 dB rms 22 0 0 22
159-120 dB rms 22 0 0 22
<120  dB rms 3315 0 93 3408

Total 3360 0 93 3452

Effort in mi
≥160 dB rms 14 0 0 14
159-120 dB rms 14 0 0 14
<120  dB rms 2059 0 58 2116

Total 2086 0 58 2144

Effort in km
≥160 dB rms 180 704 0 884
159-120 dB rms 213 724 0 937
<120  dB rms 1388 1429 3169 5986

Total 1781 2857 3170 7808

Effort in mi
≥160 dB rms 112 437 0 549
159-120 dB rms 133 449 0 582
<120  dB rms 862 888 1968 3718

Total 1106 1774 1968 4849

Effort in km
≥160 dB rms 1293 1962 0 3255
159-120 dB rms 1191 3320 94 4605
<120  dB rms 4694 3712 5906 14,313

Total 7179 8994 6000 22,173

Effort in mi
≥160 dB rms 803 1218 0 2022
159-120 dB rms 739 2062 58 2860
<120  dB rms 2915 2305 3668 8888

Total 4458 5585 3726 13,769

Total Effort in km 12,319 11,851 9263 33,433

Total Effort in mi 7650 7359 5752 20,762

Vessel Role

2006

2007

2008
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TABLE F.4.  Number of sightings (number of individuals) of cetaceans by received sound 
level and vessel role in the Beaufort Sea, 2006–2008.  Sightings shown are those that met 
the analysis criteria described in Chapter 3, Methods.   

Cetaceans

Source Vessels 0 0 0 0
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 3 (4) 3 (4)

Total 2006 0 0 3 (4) 3 (4)

Source Vessels 0 0 8 (18) 8 (18)
Monitoring Vessels 6 (10) 5 (8) 8 (22) 19 (40)
Support Vessels 0 0 20 (34) 20 (34)

Total 2007 6 (10) 5 (8) 36 (74) 47 (92)

Source Vessels 0 0 19 (25) 19 (25)
Monitoring Vessels 6 (8) 13 (19) 17 (35) 36 (62)
Support Vessels 0 0 37 (58) 37 (58)

Total 2008 6 (8) 13 (19) 73 (118) 92 (145)

Total Cetaceans 12 (18) 18 (27) 112 (196) 142 (241)

2006

2007

2008

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total
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Table F.5.  Pinniped effort by Beaufort wind force and received sound level exposure 
(dB re 1 µPa rms) during Beaufort Sea seismic operations (2006-2008) in kilometers 
and miles.  Effort includes shallow hazards and mitigation gun operations when 
sound levels fell into both the ≥160 dB bin and the 159–120 dB bins.   

Pinnipeds 0 1 2 3 4 5 Total

Effort in km
≥160 dB rms 2 4 5 11 0 0 22
159-120 dB rms 2 4 5 11 0 0 22
<120  dB rms 245 1424 793 543 293 122 3420

Total 250 1432 803 565 293 122 3464

Effort in mi
≥160 dB rms 2 2 3 7 0 0 14
159-120 dB rms 2 2 3 7 0 0 14
<120  dB rms 152 884 492 337 182 76 2124

Total 155 889 499 351 182 76 2151

Effort in km
≥160 dB rms 3 51 108 322 397 255 1135
159-120 dB rms 3 190 110 256 460 195 1215
<120  dB rms 423 1395 1619 1536 888 429 6290

Total 428 1636 1838 2114 1745 879 8640

Effort in mi
≥160 dB rms 2 32 67 200 247 158 705
159-120 dB rms 2 118 69 159 286 121 754
<120  dB rms 263 866 1005 954 552 266 3906

Total 266 1016 1141 1313 1084 546 5365

Effort in km
≥160 dB rms 78 689 1645 1782 988 479 5661
159-120 dB rms 195 985 2050 1766 1061 533 6591
<120  dB rms 362 2231 4645 4348 3100 1528 16,214

Total 635 3905 8340 7896 5149 2541 28,466

Effort in mi
≥160 dB rms 48 428 1021 1107 614 298 3515
159-120 dB rms 121 612 1273 1097 659 331 4093
<120  dB rms 225 1385 2884 2700 1925 949 10,069

Total 395 2425 5179 4903 3198 1578 17,678

Total Effort in km 1313 6973 10,981 10,575 7188 3541 40,571

Total Effort in mi 816 4330 6819 6567 4464 2199 25,194

Beaufort Wind Force

2006

2007

2008
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Table F.6.  Pinniped effort by vessel type and received sound levels in the Beaufort Sea, 
2006-2008.  Effort amounts are those that met the analysis criteria discussed in Chapter 3, 
Methods.  Effort includes shallow hazards and mitigation gun operations when sound levels 
fell into both the ≥160 dB bin and the 159–120 dB bins. 

Pinnipeds Source Monitoring Support Total

Effort in km
≥160 dB rms 22 0 0 22
159-120 dB rms 22 0 0 22
<120  dB rms 3327 0 93 3420

Total 3372 0 93 3464

Effort in mi
≥160 dB rms 14 0 0 14
159-120 dB rms 14 0 0 14
<120  dB rms 2066 0 58 2124

Total 2094 0 58 2151

Effort in km
≥160 dB rms 360 776 0 1135
159-120 dB rms 320 894 0 1215
<120  dB rms 1462 1605 3223 6290

Total 2142 3275 3223 8640

Effort in mi
≥160 dB rms 223 482 0 705
159-120 dB rms 199 555 0 754
<120  dB rms 908 997 2001 3906

Total 1330 2034 2002 5365

Effort in km
≥160 dB rms 3320 2341 0 5661
159-120 dB rms 2068 4410 114 6591
<120  dB rms 5515 4618 6082 16,214

Total 10,902 11,369 6195 28,466

Effort in mi
≥160 dB rms 2062 1454 0 3515
159-120 dB rms 1284 2738 71 4093
<120  dB rms 3425 2868 3777 10,069

Total 6770 7060 3847 17,678

Total Effort in km 16,416 14,643 9511 40,571

Total Effort in mi 10,194 9094 5907 25,194

Vessel Role

2006

2007

2008
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Table F.7.  Number of sightings (number of individuals) of seals by vessel role and received 
sound level during vessel operations in the Beaufort Sea, 2006–2008.  Sightings shown are 
those that met the analysis criteria discussed in Chapter 3, Methods. 

Seals

Source Vessels 0 0 302 (330) 302
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 5 (5) 5 (5)

Total 2006 0 0 307 (335) 307 (5)

Source Vessels 3 (3) 1 (1) 101 (107) 105 (111)
Monitoring Vessels 11 (11) 19 (19) 24 (32) 54 (62)
Support Vessels 0 0 152 (212) 152 (212)

Total 2007 14 (14) 20 (20) 277 (351) 311 (385)

Source Vessels 161 (171) 17 (20) 311 (405) 489 (596)
Monitoring Vessels 166 (230) 297 (348) 288 (343) 751 (921)
Support Vessels 0 5 (6) 133 (140) 138 (146)

Total 2008 327 (401) 319 (374) 732 (888) 1378 (1663)

Total Seals 341 (415) 339 (394) 1316 (1574) 1996 (2383)

2006

2007

2008

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total
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Table F.8.  Number of sightings (number of individuals) of Pacific walruses by vessel role and 
received sound level during vessel operations in the Beaufort Sea, 2006–2008.  Sightings 
shown are those that met the analysis criteria discussed in Chapter 3, Methods. 

Pacific Walruses

Source Vessels 0 0 0 0
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 0 0

Total 2006 0 0 0 0

Source Vessels 0 0 0 0
Monitoring Vessels 1 (2) 1 (1) 0 2 (3)
Support Vessels 0 0 3 (6) 3 (6)

Total 2007 1 (2) 1 (1) 3 (6) 5 (9)

Source Vessels 0 0 0 0
Monitoring Vessels 1 (1) 0 0 1 (1)
Support Vessels 0 0 0 0

Total 2008 1 (1) 0 0 1 (1)

Total Pacific Walruses 2 (3) 1 (1) 3 (6) 6 (10)

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total

2006

2007

2008
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Table F.9.  Number of sightings (number of individuals) of polar bears by vessel role and 
received sound level during vessel operations in the Beaufort Sea, 2006–2008.  Sightings 
shown are those that met the analysis criteria discussed in Chapter 3, Methods. 

Polar Bears

Source Vessels 0 0 3 (4) 3 (4)
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 0 0

Total 2006 0 0 3 (4) 3 (4)

Source Vessels 0 1 (4) 8 (14) 9 (18)
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 1 (3) 1 (3)

Total 2007 0 1 (4) 9 (17) 10 (21)

Source Vessels 1 (1) 0 5 (22) 6 (23)
Monitoring Vessels 0 0 0 0 (0)
Support Vessels 0 0 3 (3) 3 (3)

Total 2008 1 (1) 0 (0) 8 (25) 9 (26)

Total Polar Bears 1 (1) 1 (4) 20 (46) 22 (51)

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total

2006

2007

2008
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Part 2: English Units Tables and Figures from Chapter 6 and this Appendix 
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FIGURE F.6.2E.  Number of square mi of ice cover in the Beaufort Sea by week, 2006–2008. 
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TABLE F.6.1E.  Comparison of measurements of the ≥190, 180, 170, 160, and 120 dB rms distances (in 
mi) for sound pulses from seismic and shallow hazards survey airgun arrays deployed in the Beaufort 
Sea, Alaska, 2006–2008.   

Region ≥190 ≥180 ≥170 ≥160 ≥120

Henry C. 4 Airguns 20 in3 Camden Bay 0.056 0.155 0.423 1.087 13.794

Gilavar 24 Airguns 3147 in3 Camden Bay 0.534 1.398 3.722 8.333 46.603
Gilavar 1 Airgun 30 in3 Camden Bay 0.006 0.015 0.289 0.889 15.286
Henry C. 2 Airguns 20 in3 Harrison Bay 0.007 0.032 0.114 0.624 15.676
Henry C. 1 Airgun 10 in3 Harrison Bay 0.003 0.012 0.053 0.207 5.052
Henry C. 2 Airguns 20 in3 Camden Bay 0.007 0.317 0.114 0.371 6.664

Gilavar 24 Airguns 3147 in3 Harrison Bay 0.572 1.802 3.666 5.965 36.040
Gilavar 1 Airgun 30 in3 Harrison Bay 0.008 0.037 0.168 0.684 14.913
Gilavar 24 Airguns 3147 in3 Camden Bay 0.534 1.429 3.728 8.326 46.603
Gilavar 1 Airgun 30 in3 Camden Bay 0.006 0.015 0.292 0.870 15.286
Henry C. 2 Airguns 20 in3 Camden Bay 0.006 0.023 0.087 0.304 10.128
Henry C. 1 Airgun 10 in3 Camden Bay 0.002 0.011 0.045 0.174 9.818
Alpha Helix 2 Airguns 20 in3 Camden Bay 0.028 0.075 0.199 0.516 11.185
Alpha Helix 1 Airgun 10 in3 Camden Bay 0.033 0.075 0.162 0.367 8.699

Total 
Airgun 
Volume

Distance (mi) to Received Levels (dB rms)

Vessel Name
2006

2007

2008

Number 
of Guns
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Figure F.6.3E.  Location and amount of vessel-based effort (mi) that occurred in the Beaufort Sea, 
2006 – 2008.  Grid cells are 9.7 mi2.    
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FIGURE F.6.4E.  Marine mammal observer effort (mi) for cetaceans by year in the 
Beaufort Sea during vessel operations, 2006–2008.  
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FIGURE F.6.5E.  Marine mammal observer effort (mi) for cetaceans by season in the 
Beaufort Sea during vessel operations, 2006–2008. 
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FIGURE F.6.6E.  Marine mammal observer effort (mi) for cetaceans by Beaufort wind 
force in the Beaufort Sea during vessel operations, 2006–2008. 
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FIGURE F.6.7E.  Marine mammal observer effort (mi) for cetaceans by year and received 
sound level in the Beaufort Sea during vessel operations, 2006–2008. 
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FIGURE F.6.8E.  Marine mammal observer effort (mi) for cetaceans by vessel role and 
received sound level in the Beaufort Sea during vessel operations, 2006–2008. 
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FIGURE F.6.9E.  Marine mammal observer effort (mi) for cetaceans by percent ice and 
distance from ice in the Beaufort Sea during vessel operations, 2006–2008. 
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FIGURE F.6.10E.  Marine mammal observer effort (mi) for cetaceans by water depth in 
the Beaufort Sea during vessel operations, 2006–2008. 
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FIGURE F.6.11E.  Cetacean sighting rates by season and year in the Beaufort Sea 
during vessel operations, 2006–2008. 
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FIGURE F.6.12E.  Cetacean sighting rates by Beaufort wind force in the Beaufort 
Sea during vessel operations, 2006–2008.  Rates not shown for 2006 Bf 0 and 
5 because <155 mi of effort occurred in those bin. 
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FIGURE F.6.13E.  Cetacean sighting rates by received sound level in the Beaufort Sea 
during vessel operations, 2006–2008.  Rates not shown for support vessel received 
sound levels of ≥160 and 159-120 dB rms because <155 mi of effort occurred in those 
bins. 
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FIGURE F.6.14E.  Cetacean sighting rates by water depth in the Beaufort Sea during vessel 
operations, 2006–2008. Rates not shown for 2006 water depths of 55-219 and >219 yd 
because <155 mi of effort occurred in those bins.  
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FIGURE F.6.15E.  Initial sighting distances (mi) of cetaceans exposed to received sound levels ≥160 dB rms for seismic source vessels and 
monitoring vessels in the Beaufort Sea during vessel operations, 2006–2008. 
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FIGURE F.6.16E.  Initial sighting distance (mi) of cetaceans exposed to received sound levels <120 dB rms for seismic source vessels and 
monitoring vessels in the Beaufort Sea during vessel operations, 2006–2008. 
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TABLE F.6.4E.  Closest point of approach of cetaceans to observer stations of vessels 
operating in the Beaufort Sea by received sound level, 2006–2008. 

Vessel 
Category

Received Sound Level 
(dB re 1 µPa rms )

Mean CPAa 

(yd) s.d. Range (yd) n

   Source  ≥160 - - - 0

   Monitoring ≥160 1601 1289 276-3844 12

   Source <120 1329 1160 55-4027 27

   Monitoring <120 1363 1087 88-4923 25

a CPA = Closest Point of Approach. This value is the marine mammal's closest point of approach to the
observer station.  
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TABLE F.6.6E.  Cetacean density estimates and 95% confidence intervals (CIs) based on observations in locations where received sound levels 
were ≥160 and <120 dB rms in the Beaufort Sea during 2006–2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 

Species Density CIs Density CIs Density CIs Density CIs
2006
    Bowhead whale 0.0 - 0.0 - 0.0 - 0.0 -
    Unidentified mysticete whale 0.0 - 0.0 - 0.0 - 0.0 -
    Gray whale 0.0 - 4.219 (0.637 - 27.987) 0.0 - 0.0 -
    Unidentified whale 0.0 - 1.492 (0.176 - 12.725) 0.0 - 0.0 -
    Minke whale 0.0 - 0.000 - 0.0 - 0.0 -

2006 Total Cetacean Density 0.0 - 5.710 (1.119 - 29.158) 0.0 - 0.0 -
2007
    Bowhead whale 0.0 - 29.673 (4.475 - 196.738) 10.026 (2.007 - 50.090) 20.821 (5.760 - 75.278)
    Unidentified mysticete whale 0.0 - 5.317 (0.971 - 29.104) 0.0 - 9.246 (1.515 - 56.340)
    Gray whale 0.0 - 1.414 (0.186 - 10.684) 0.0 - 0.0 -
    Unidentified whale 0.0 - 1.246 (0.174 - 8.967) 23.393 (4.80 - 113.939) 1.339 (0.251 - 7.135)
    Minke whale 0.0 - 0.0 - 0.0 - 0.334 (0.039 - 2.808)

2007 Total Cetacean Density 0.0 - 37.651 (7.441 - 190.514) 33.419 (9.241 - 120.854) 31.740 (10.886 - 92.540)
2008
    Bowhead whale 0.0 - 15.260 (5.833 - 39.932) 4.013 (0.912 - 17.669) 11.396 (2.344 - 55.410)
    Unidentified mysticete whale 0.0 - 0.736 (0.093 - 5.763) 4.013 (1.261 - 12.766) 8.671 (3.354 - 22.424)
    Gray whale 0.0 - 0.736 (0.093 - 5.763) 0.0 - 1.505 (0.303 - 7.485)
    Unidentified whale 0.0 - 0.601 (0.073 - 4.978) 0.0 - 4.512 (1.233 - 16.511)
    Minke whale 0.0 - 0.0 - 0.0 - 0.0 -

2008 Total Cetacean Density 0.0 - 17.330 (7.223 - 41.582) 8.026 (2.953 - 21.815) 26.086 (10.805 - 62.968)
Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.0. 

No. individuals / 1000 mi2
Jul – Aug Sep – Nov

≥160 <120 ≥160 <120
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TABLE F.6.7E.  Estimated areas (mi2) ensonified to various sound levels during Beaufort 
Sea seismic surveys, 2006-2008.  Maximum area ensonified is shown with overlapping 
areas counted multiple times, total area ensonified shown with overlapping areas counted 
only once. 

Area (mi2) 120 160 170 180 190

2006 Jul-Aug
Including Overlap Area 1103 41 15 5 2

Excluding Overlap Area 1031 41 15 5 2
2006 Sep-Oct

Including Overlap Area 2199 154 57 20 7
Excluding Overlap Area 1617 119 53 20 7

2006 Totals
Including Overlap Area 3302 195 72 26 9

Excluding Overlap Area 2590 160 67 25 9

2007 Jul-Aug
Including Overlap Area 513 19 5 1 1

Excluding Overlap Area 348 12 4 1 1
2007 Sep-Oct

Including Overlap Area 301,469 26,257 8729 2639 933
Excluding Overlap Area 9534 1446 768 398 250

2007 Totals
Including Overlap Area 301,982 26,276 8734 2641 933

Excluding Overlap Area 9881 1458 771 399 250

2008 Jul-Aug
Including Overlap Area 23,607 542 157 45 13

Excluding Overlap Area 2103 270 119 37 11
2008 Sep-Oct

Including Overlap Area 853,431 63,357 25,022 8966 2741
Excluding Overlap Area 15,402 2325 1337 798 506

2008 Totals
Including Overlap Area 877,038 63,899 25,180 9010 2754

Excluding Overlap Area 17,505 2595 1456 835 517

Yearly "Totals Exluding Overlap Areas" are less than the sum of seasonal period non-overlap areas in some 
years because many of the same areas w ere ensonif ied during both periods.  

Level of ensonification in dB re1μPa (rms)    
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FIGURE F.6.21E.  Pinniped effort (mi) by year in the Beaufort Sea during vessel 
operations, 2006–2008. 
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FIGURE F.6.22E.  Pinniped effort (mi) by season in the Beaufort Sea during vessel 
operations, 2006–2008. 
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FIGURE 6.23E.  Pinniped effort (mi) by Beaufort wind force category in the Beaufort Sea 
during vessel operations, 2006–2008. 
 
 

0

2500

5000

7500

10000

12500

≥160 dB 159-120 dB <120 dB

M
M

O
 E

ffo
rt 

(m
i)

Received Sound Level

2006

2007

2008

 
FIGURE F.6.24E.  Pinniped effort (mi) by received sound level in the Beaufort Sea during 
vessel operations, 2006–2008. 
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FIGURE F.6.25E.  Pinniped effort (mi) by received sound level and vessel role in the 
Beaufort Sea during vessel operations, 2006–2008. 
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FIGURE F.6.26E.  Pinniped effort (mi) by percent ice and distance from ice in the 
Beaufort Sea during vessel operations, 2006–2008.  
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FIGURE F.6.27E.  Pinniped effort (mi) by water depth in the Beaufort Sea during vessel 
operations, 2006–2008. 
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FIGURE F.6.28E.  Seal sighting rates by season in the Beaufort Sea during vessel 
operations, 2006–2008. 
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FIGURE F.6.29E.  Seal sighting rates by Beaufort wind force in the Beaufort Sea during 
vessel operations, 2006–2008.  Rates not shown for 2006 Bf 0 and 5 because <155 mi of 
effort occurred in those bins. 
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FIGURE F.6.30E.  Seal sighting rates by received sound level and vessel role in the 
Beaufort Sea during vessel operations, 2006–2008.  Rates not shown for support vessel 
received sound levels of ≥160 and 159-120 dB rms because <155 mi of effort occurred in 
those bins. 
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FIGURE F.6.31E.  Seal sighting rates by percent ice and distance from ice in the Beaufort 
Sea during vessel operations, 2006–2008.  Rates not shown for 2006, 2007 and 2008 are 
due to <155 mi of effort occurring in those bins. 
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FIGURE F.6.32E.  Seal sighting rates by water depth in the Beaufort Sea during vessel 
operations, 2006–2008.  Rates not shown for 2006 water depths of 55-219 and >219 yd 
because <155 mi of effort occurred in those bins. 
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FIGURE F.6.33E.  Initial sighting distance (yd) of seals exposed to ≥160 dB rms for seismic source vessels and monitoring vessels in the 
Beaufort Sea during vessel operations, 2006–2008.  Only seals recorded in water were considered (n = 164 for source vessels, n = 177 for 
monitoring vessels). 
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FIGURE F.6.34E.  Initial sighting distance (yd) of seals exposed to <120 dB rms for seismic source vessels and monitoring vessels in the 
Beaufort Sea during vessel operations, 2006–2008.  Only seals recorded in water were considered (n = 712 for source vessels, n = 312 for 
monitoring vessels). 
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TABLE F.6.10E.  Comparison of seal CPA-to-observer-station distances by vessel role and 
received sound level in the Beaufort Sea during vessel operations, 2006–2008.  Only seals 
recorded in water were considered. 

Vessel 
Category

Received Sound 
Level (dB re 1 µPa 

rms )
Mean CPAa 

(yd) s.d. Range (yd) n

   Source  ≥160 460 348 22-2011 164

   Monitoring ≥160 179 210 5-1284 177

   Source <120 218 206 1-1491 712

   Monitoring <120 197 236 5-1859 312

a CPA = Closest Point of Approach.  This value is the marine mammal's closest point of approach to the observer 
station.  

 
 

TABLE F.6.11E.  Comparison of seal CPA-to-airgun distances for source vessels by 
received sound level in the Beaufort Sea during vessel operations, 2006–2008.  
Only seals recorded in water were considered. 

Received Sound Level 
(dB re 1 µPa rms )

Mean CPAa 

(yd) s.d. Range (yd) n

 ≥160 694 385 83-2300 164

<120 259 213 1-1569 712

a CPA = Closest Point of Approach. This value is the marine mammal's closest point of approach to
the airgun array.  
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TABLE F.6.13E.  Seal density estimates and 95% confidence intervals (CIs) based on observations in locations where received sound levels were 
≥160 and <120 dB rms in the Beaufort Sea during 2006–2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006
    Bearded seal 0.0 - 84.343 (34.929 - 203.677) 0.0 - 20.274 (2.852 - 144.159)
    Ringed seal 0.0 - 130.048 (15.154- 1116.104) 0.0 - 456.162 (159.543 - 1304.240)
    Spotted seal 0.0 - 56.964 (10.080 - 321.884) 0.0 - 516.982 (142.973 - 1869.376)
    Unidentified pinniped 0.0 - 0.0 - 0.0 - 0.0 -
    Unidentified seal 0.0 - 348.856 (196.236 - 620.173) 0.0 - 1490.124 (714.772 - 3106.535)
        2006 Total 0.0 - 620.214 (301.498 - 1275.854) 0.0 - 2483.542 (1401.580 - 4400.726)
2007
    Bearded seal 0.0 - 148.186 (44.771 - 490.466) 0.0 - 143.558 (33.908 - 607.792)
    Ringed seal 0.0 - 143.011 (38.808 - 527.011) 75.622 (11.507 - 496.941) 376.804 (213.772 - 664.177)
    Spotted seal 0.0 - 482.735 (166.394 - 1400.484) 56.716 (8.643 - 372.129) 98.821 (19.516 - 500.412)
    Unidentified pinniped 0.0 - 0.0 - 0.0 - 9.453 (3.686 - 24.242)
    Unidentified seal 0.0 - 836.053 (226.220 - 3089.830) 147.912 (32.328 - 676.764) 293.459 (78.047 - 1103.438)
       2007 Total 0.0 - 1609.986 (710.649 - 3647.454) 280.252 (89.652 - 876.063) 922.095 (500.673 - 1698.229)
2008
    Bearded seal 64.693 (9.391 - 445.607) 48.775 (16.770 - 141.880) 63.066 (12.771 - 311.420) 77.130 (36.913 - 161.175)
    Ringed seal 301.905 (47.366 - 1924.309) 398.343 (75.659 - 2097.269) 610.385 (166.057 - 2243.603) 386.126 (197.217 - 755.992)
    Spotted seal 0.0 - 229.372 (45.024 - 1168.551) 10.730 (1.580 - 72.908) 23.261 (3.585 - 150.945)
    Unidentified pinniped 0.0 - 11.940 (1.849 - 77.104) 0.790 (0.104 - 6.061) 1.238 (0.163 - 9.350)
    Unidentified seal 64.693 (7.892- 530.326) 259.167 (119.155 - 563.711) 567.699 (169.730 - 1898.798) 921.839 (233.247 - 3643.284)
       2008 Total 431.293 (96.500 - 1927.599) 947.599 (370.645 - 2422.649) 1252.674 (514.470 - 3050.099) 1412.914 (533.183 - 3744.190)
Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.0. 

No. individuals / 1000 mi2

Jul – Aug Sep – Nov
≥160 <120 ≥160 <120
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TABLE F.6.17E.  Pacific walrus density estimates and 95% confidence intervals (CIs) based on observations in locations where received sound 
levels were ≥160 and <120 dB rms in the Beaufort Sea during 2006–2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006 0.0 - 0.0 - 0.0 - 0.0 -
2007 0.0 - 0.0 - 31.183 (3.867 - 251.467) 16.418 (2.147 - 125.521)
2008 0.0 - 0.0 - 1.999 (0.275 - 14.618) 0.0 -
Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.0. 

No. individuals / 1000 mi2

Jul – Aug Sep – Nov
≥160 <120 ≥160 <120

 
 
 

TABLE F.6.21E.  Polar Bear density estimates and 95% confidence intervals (CIs) based on observations in locations where received sound 
levels were ≥160 and <120 dB rms in the Beaufort Sea during 2006–2008 seismic surveys. Densities are corrected for f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006 0.0 - 1.480 (0.163-13.406) 0.0 - 0.775 (0.098-6.156)
2007 0.0 - 1.941 (0.293-12.841) 0.0 - 0.0 -
2008 1.334 (0.153-11.704) 0.599 (0.088-4.134) 0.0 - 0.0 -

No. individuals / 1000 mi2

Jul – Aug Sep – Nov
≥160 <120

Note: densities in italics were based on <311 mi of effort; CIs could not be calculated for density values of 0.0. 

≥160 <120

 
 

 



 

 

 



Appendix G:  Beaufort Sea Aerial Survey Results     G–1 

APPENDIX G:  BEAUFORT SEA AERIAL SURVEY RESULTS 
 

Part 1: Tables and Figures Referenced from Chapter 7 
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FIGURE G.1. Kilometers of useable survey effort compared to maximum predicted wind speed 
(km/hr), by date, 26 Aug through 24 Sep 2006. 
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FIGURE G.2. Kilometers of useable survey effort compared to maximum predicted wind speed 
(km/hr), by date, 22 Aug through 8 Oct 2007. 
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(B) 25 Aug- 11 Oct
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FIGURE G.3. Kilometers of useable survey effort compared to maximum predicted wind speed 
(km/hr), by date, (A) 6 Jul through 24 Aug and (B) 25 Aug through 11Oct 2008. 
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TABLE G.1. Days with useable survey effort (km) on aerial surveys of the central Beaufort 
Sea, 2006–2008.  Number of sightings of beluga whales made on–transect and during 
useable sighting conditions, and number of individual belugas observed, by day, are also 
listed.  

Year Date Effort 
(km)

Beluga 
Sightings

Beluga 
Individuals Year Date Effort 

(km)
Beluga 

Sightings
Beluga 

Individuals
2006 2008, cont'd

26 Aug 504 1 1 1 Aug 190 0 0
03 Sep 495 0 0 2 Aug 471 7 7
04 Sep 435 0 0 4 Aug 646 1 1
06 Sep 445 10 34 5 Aug 542 0 0
12 Sep 94 0 0 6 Aug 398 0 0
13 Sep 404 2 3 8 Aug 205 0 0
14 Sep 282 0 0 11 Aug 607 2 2
23 Sep 17 0 0 16 Aug 189 0 0
24 Sep 135 0 0 18 Aug 565 0 0

2007 19 Aug 104 0 0
22 Aug 869 0 0 23 Aug 701 1 1
24 Aug 281 0 0 25 Aug 717 0 0
3 Sep 339 0 0 28 Aug 17 0 0

10 Sep 882 0 0 29 Aug 795 0 0
11 Sep 1074 25 43 30 Aug 3 0 0
14 Sep 457 0 0 31 Aug 75 0 0
18 Sep 708 0 0 5 Sep 466 0 0
19 Sep 7 0 0 6 Sep 629 0 0
20 Sep 485 0 0 9 Sep 328 0 0
21 Sep 1178 0 0 10 Sep 383 0 0
26 Sep 47 0 0 12 Sep 908 1 1
30 Sep 241 0 0 13 Sep 734 0 0
2 Oct 92 0 0 14 Sep 38 0 0
3 Oct 551 0 0 18 Sep 516 0 0
7 Oct 134 0 0 19 Sep 1090 0 0
8 Oct 18 0 0 22 Sep 175 0 0

2008 23 Sep 193 0 0
6 Jul 636 2 5 24 Sep 113 1 1
7 Jul 665 4 7 25 Sep 680 0 0
8 Jul 501 0 0 26 Sep 671 0 0
9 Jul 732 62 167 27 Sep 937 5 13
10 Jul 617 11 17 28 Sep 582 0 0
11 Jul 527 1 3 29 Sep 591 0 0
12 Jul 704 7 18 1 Oct 187 0 0
13 Jul 18 0 0 2 Oct 455 0 0
14 Jul 599 10 18 6 Oct 421 0 0
22 Jul 220 0 0 8 Oct 144 0 0
25 Jul 31 0 0 9 Oct 389 0 0
27 Jul 405 1 1 10 Oct 325 0 0
28 Jul 328 2 2 11 Oct 323 0 0  

November, 2009 
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FIGURE G.4. Ringed (RS), Spotted (SS) seal sightings made on aerial surveys 
conducted in the central Beaufort Sea, flown from 26 Aug through 24 Sep 2006.  
“Not exposed” refers to periods when guns were not firing or when seismic sound 
did not exceed background levels. 
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FIGURE G.5. Ringed (RS) and Spotted (SS) seal sightings made on aerial 
surveys conducted in the central Beaufort Sea, flown from 22 Aug through 8 
Oct 2007.  Received seismic sound level at the time of sighting is indicated by 
shading.  “Not exposed” refers to periods when guns were not firing or when 
seismic sound did not exceed background levels. “Post-seismic” denotes 
sightings recorded 3-min to 24-hours after seismic activity had stopped. 
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FIGURE G.6. Ringed (RS) and Spotted (SS) seal sightings made on aerial surveys 
conducted in the central Beaufort Sea, flown from 6 Jul through 11 Oct 2008.  
Received seismic sound level at the time of sighting is indicated by shading.  
“Not exposed” refers to periods when guns were not firing or when seismic sound 
did not exceed background levels. “Post-seismic” denotes sightings recorded 3-
min to 24-hours after seismic activity had stopped. 
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FIGURE G.7. Bearded seal (BS) sightings made on aerial surveys conducted in 
the central Beaufort Sea, flown from 26 Aug through 24 Sep 2006.   “Not 
exposed” refers to periods when guns were not firing or when seismic sound did 
not exceed background levels. 
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FIGURE G.8. Bearded seal (BS) sightings made on aerial surveys conducted in the 
central Beaufort Sea, flown from 22 Aug through 8 Oct 2007.  Received seismic 
sound level at the time of sighting is indicated by shading.  “Not exposed” refers to 
periods when guns were not firing or when seismic sound did not exceed 
background levels. “Post-seismic” denotes sightings recorded 3-min to 24-hours 
after seismic activity had stopped. 
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FIGURE G.9. Bearded seal (BS) and unidentified pinniped (UP) sightings made on aerial 
surveys conducted in the central Beaufort Sea, flown from 6 Jul through 11 Oct 2008.  
Received seismic sound level at the time of sighting is indicated by shading.  “Not 
exposed” refers to periods when guns were not firing or when seismic sound did not 
exceed background levels. “Post-seismic” denotes sightings recorded 3-min to 24-hours 
after seismic activity had stopped. 
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G–10     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2008 

 
FIGURE G.10.  Residuals from highest-ranked regression model plotted 
against sightability (on a scale of 0 to 4, 0 = excellent, 4 = very poor). 

 
FIGURE G.11.  Residuals from highest-ranked regression model plotted 
against day within season (Day 1 = 19 Aug, Day 51 = 8 Oct).  
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FIGURE G.12.  Residuals from highest-ranked regression model plotted 
against water depth (m). 

 
FIGURE G.13.  Residuals from highest-ranked regression model plotted 
against longitude. 
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G–12     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2008 

 
FIGURE G.14.  Residuals from highest-ranked regression model plotted against year. 

 
FIGURE G.15.  Residuals from highest-ranked regression model plotted against 
seismic sound (dB).  Seismic sound of “0 dB” refers to periods when guns were off 
or when seismic sound did not exceed background sound levels.  
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FIGURE G.16.  Standardized residuals from highest-ranked regression model plotted 
against seismic (on/off). Seismic “on” refers to periods when guns were on and 
received sound exceeded background levels. Seismic “off” refers to periods when 
guns were off or when seismic sound did not exceed background levels.  
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FIGURE G.7.1. Total aerial survey effort (mi) by year in the central Beaufort Sea, 2006–
2008. 
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G–14     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2008 

 

TABLE G.7.1. Aerial survey effort (mi) and number of bowhead sightings and individuals, by 
date and month in the central Beaufort Sea from 2006 through 2008. 

Year Date Effort 
(mi)

Bowhead 
Sightings

Bowhead 
Individuals Year Date Effort 

(mi)
Bowhead 
Sightings

Bowhead 
Individuals

2006 2008, cont'd
26 Aug 313 3 3 1 Aug 118 0 0
03 Sep 307 3 3 2 Aug 292 0 0
04 Sep 270 7 11 4 Aug 401 0 0
06 Sep 276 14 20 5 Aug 337 0 0
12 Sep 58 0 0 6 Aug 247 0 0
13 Sep 251 4 6 8 Aug 127 0 0
14 Sep 175 3 5 11 Aug 377 0 0
23 Sep 11 1 1 16 Aug 117 0 0
24 Sep 84 0 0 18 Aug 351 0 0

2007 19 Aug 65 1 1
22 Aug 540 4 5 23 Aug 435 3 6
24 Aug 174 4 4 25 Aug 446 1 1
3 Sep 211 5 5 28 Aug 10 0 0

10 Sep 548 16 19 29 Aug 494 13 19
11 Sep 667 18 23 30 Aug 2 0 0
14 Sep 284 8 15 31 Aug 47 0 0
18 Sep 439 14 17 5 Sep 289 0 0
19 Sep 4 0 0 6 Sep 391 7 11
20 Sep 301 4 4 9 Sep 204 0 0
21 Sep 731 5 17 10 Sep 238 0 0
26 Sep 29 0 0 12 Sep 564 6 7
30 Sep 150 2 4 13 Sep 456 12 17
2 Oct 57 0 0 14 Sep 23 0 0
3 Oct 342 1 1 18 Sep 321 7 11
7 Oct 83 0 0 19 Sep 677 17 25
8 Oct 11 0 0 22 Sep 109 2 2

2008 23 Sep 120 1 2
6 Jul 395 0 0 24 Sep 70 2 3
7 Jul 413 1 1 25 Sep 422 3 3
8 Jul 311 0 0 26 Sep 417 1 1
9 Jul 454 5 8 27 Sep 582 2 2
10 Jul 383 0 0 28 Sep 362 1 2
11 Jul 327 0 0 29 Sep 367 2 3
12 Jul 437 2 2 1 Oct 116 0 0
13 Jul 11 0 0 2 Oct 282 1 1
14 Jul 372 0 0 6 Oct 262 0 0
22 Jul 136 0 0 8 Oct 90 0 0
25 Jul 20 0 0 9 Oct 242 2 3
27 Jul 252 0 0 10 Oct 202 0 0
28 Jul 204 0 0 11 Oct 200 0 0
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FIGURE G.7.2. Average bowhead whale sighting rates (sightings/1000 mi) by year, based on data 
collected from aerial surveys of the central Beaufort Sea, 2006–2008.   

 

2 One-tailed p

.3 <0.001

TABLE G.7.2. Chi–square Goodness–of–Fit test comparing bowhead whale 
sighting rates as observed on aerial surveys of the central Beaufort Sea from 
2006–2008, among years. 
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FIGURE G.7.3. Bowhead whale sighting rates (sightings/1000 mi) in the central Beaufort Sea by date, 2006–2008. Year indicated by shading. 
Survey period for each year is indicated by line (thick dotted line for 2006, solid line for 2007, and thin dashed line for 2008).  No rates are 
calculated for days with less than 155 mi survey effort.   
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FIGURE G.7.4. Bowhead whale densities (No./1000 mi2) in the central Beaufort Sea by date, 2006–2008. Year indicated by shading.  Survey period 
for each year is indicated by line (thick dotted line for 2006, solid line for 2007, and thin dashed line for 2008).  No rates are calculated for days 
with less than 155 mi survey effort.   
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No

 

     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2008 

vember, 2009 

2006 2007 2008 χ2 One-tailed p

Sightings (obs.) 13 25 118 3.2 0.201
Sightings (exp.) 13 34 109
Effort (mi) 1746 4572 14585

TABLE G.7.3. Chi–square Goodness–of–Fit comparison of beluga whale sighting 
rates among years from aerial surveys of the central Beaufort Sea (2006–2008). 

 



Appendix G:  Beaufort Sea Aerial Survey Results     G–19 

(A) Jul-Aug

(B) Sep-Oct

0
20
40
60
80

100
120
140
160

1 
Ju

l

3 
Ju

l

5 
Ju

l

7 
Ju

l

9 
Ju

l

11
 J

ul

13
 J

ul

15
 J

ul

17
 J

ul

19
 J

ul

21
 J

ul

23
 J

ul

25
 J

ul

27
 J

ul

29
 J

ul

31
 J

ul

2 
Au

g

4 
Au

g

6 
Au

g

8 
Au

g

10
 A

ug

12
 A

ug

14
 A

ug

16
 A

ug

18
 A

ug

20
 A

ug

22
 A

ug

24
 A

ug

26
 A

ug

28
 A

ug

30
 A

ug

Si
gh

tin
gs

/1
00

0 
m

i

0
20
40
60
80

100
120
140
160

1 
S

ep

3 
S

ep

5 
S

ep

7 
S

ep

9 
S

ep

11
 S

ep

13
 S

ep

15
 S

ep

17
 S

ep

19
 S

ep

21
 S

ep

23
 S

ep

25
 S

ep

27
 S

ep

29
 S

ep

1 
O

ct

3 
O

ct

5 
O

ct

7 
O

ct

9 
O

ct

11
 O

ct

13
 O

ct

15
 O

ct

17
 O

ct

19
 O

ct

21
 O

ct

23
 O

ct

25
 O

ct

27
 O

ct

29
 O

ct

31
 O

ct

Date

Si
gh

tin
gs

/1
00

0 
m

i

2006
2007
2008

 
FIGURE G.7.5. Beluga whale sighting rates (sightings/1000 mi) in the central Beaufort Sea, by date. Year indicated by shading.  Survey period for 
each year is indicated by line (thick dotted line for 2006, solid line for 2007, and thin dashed line for 2008).  No rates are calculated for days with 
less than 155 mi survey effort.   
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G–20

No

     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2008 

vember, 2009 

FIGURE G.7.6. Bowhead whale daily sighting rates (sightings/1000 mi) from aerial survey data collected in the central Beaufort Sea and presented 
by date, 2006–2008. Year indicated by shading. Percent of the Bering–Chukchi–Beaufort population of bowheads observed by day, as calculated 
by Miller et al. (2002) using data from 1979–2000 is represented by the solid line.  No rates are calculated for days with less than 155 mi survey 
effort.  Survey period for each year is indicated by horizontal lines at the top of the figure (thick dotted line for 2006, solid line for 2007, and thin 
dashed line for 2008). 
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TABLE G.7.4. Peak bowhead sighting rates over time, from Aug to Oct, in the Alaskan Beaufort Sea, with 
respect to year and location of studies.  

Year Location
Period With Peak 

Sighting Rates 
(Aug - Oct)

Sighting rate 
(sightings/1000 mi) Author

1979-2000 Flaxman Is - Herschel Is 16-30 Sep 16.6 Miller et al. 2002
1996-1997 Harrison Bay - Flaxman Is 1-10 Sep 18.2 Miller et al. 1999

1998 Oliktok Pt - Flaxman Is 11-20 Sep 16.5 Miller et al. 1999
2006 Camden Bay 4 Sep 26.3 Current study
2007 Harrison Bay - Kaktovik 18 Sep 31.9 Current study
2008 Harrison Bay 29 Aug 26.5 Current study
2008 Camden Bay 16 Sep 33.5 Current study  

 

TABLE G.7.5.  Relationships between location, ice cover, and peak sighting rates of bowhead whales by 
depth categories in the Alaskan Beaufort Sea. 

Year Location Ice Cover
Depth Bin (ft) with 
Peak Sighting Rate 

(Aug - Oct)
Author

1979-2000 Flaxman Is - Herschel Is Variable 66-656 Miller et al. 2002
1982-1991 Bering Strait - Canadian Border Heavy >656 Moore et al. 2000
1982-1991 Bering Strait - Canadian Border Light/Moderate <164 Moore et al. 2000

2006 Camden Bay Light/Moderate 66-656 Current study
2007 Harrison Bay - Kaktovik Light <164 Current study
2008 Harrison Bay - Kaktovik Light <164 Current study  
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FIGURE G.7.7.  Mean depth (ft) of bowhead whale sightings during annual fall aerial surveys 
conducted by Minerals Management Service in the Alaskan Beaufort Sea from 1982 through 2000 
(Treacy 2002).   Striped columns represent data collected during this study. Numbers over bars 
indicate values that extend beyond the range of the y–axis.  
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FIGURE G.7.8. Aerial survey effort (mi) in the central Beaufort Sea, 2007–2008, by received sound 
level (dB re 1µPa rms).  Year indicated by shading.  The “no detectable seismic” category includes 
time periods when there was no seismic activity or when seismic sound was below background 
levels. 
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FIGURE G.7.9. Average bowhead whale sighting rates in the Beaufort Sea at three different 
exposure levels to seismic sound. The “no detectable seismic” category includes time periods 
when there was no seismic activity or when seismic sound was below background levels. 
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TABLE G.7.5.  Results of chi-squared tests of bowhead whale sighting rates in 
different seismic exposure categories. The “no detectable seismic” category includes 
time periods when there was no seismic activity or when seismic sound was below 
background levels. 

Observed Sightings 102 63 102 31
Expected Sightings 98 67 102 31
Effort (mi) 12505.64 8548.83 12505.64 3811.87
Chi-square
df
p

0.40
1

0.53

0.00
1

0.99

Comparison A Comparison B
No detectable 

seismic Seismic No detectable 
seismic ≥120 dB
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FIGURE G.7.10. Survey effort (mi) by 33 ft water depth bins from aerial surveys of the 
central Beaufort Sea in 2007 and 2008.  Estimated received sound levels of seismic 
sounds in dB re 1 ųPa (rms) are indicated by shading. The “no detectable seismic” 
category includes time periods when there was no seismic activity or when seismic sound 
was below background levels. 
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FIGURE G.7.11.  Bowhead whale sighting rates by 33 ft water–depth bins recorded during aerial 
surveys of the central Beaufort Sea in 2007–2008.  Estimated received sound levels of seismic 
sounds in dB re 1 ųPa (rms) are indicated by shading. The “no detectable seismic” category 
includes time periods when there was no seismic activity or when seismic sound was below 
background levels. 
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FIGURE G.7.12.  Mean depth and standard error for feeding bowhead whales at different 
seismic sound categories.  Data were collected on aerial surveys of the central Beaufort 
Sea, 2007–2008.  The “no detectable seismic” category includes time periods when there 
was no seismic activity or when seismic sound was below background levels. 

 

November, 2009 



G–26     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2008 

0
20
40
60
80

100
120
140

No detectable seismic <120 dB ≥120 dB

Seismic category

M
ea

n 
D

ep
th

 (f
t)

 
FIGURE G.7.13.  Mean depth and standard error for traveling bowhead whales at different 
seismic sound categories.  Data were collected on aerial surveys of the central Beaufort 
Sea, 2007–2008.  The “no detectable seismic” category includes time periods when there 
was no seismic activity or when seismic sound was below background levels. 
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FIGURE G.7.14.  Mean distance from SOI seismic operations for feeding and traveling 
bowhead whales during seismic and non-seismic periods in the Beaufort Sea.  Standard 
errors are shown. 
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TABLE G.7.6.  Estimated densities of bowhead whales in the central Beaufort Sea by year, location, and 
seismic state, and number of bowhead whales estimated to have been exposed to received sound levels 
of ≥180 dB re 1µPa (rms) and ≥160 dB re 1µPa (rms) due to seismic activities conducted by SOI, PNR, 
and Eni in the central Beaufort Sea. 

≥180 dB ≥160 dB ≥180 dB ≥160 dB

2007
Camden 58.4 32(4.9) 137(11.2) 119.6 65(4.9) 281(11.2)
Harrison -- -- -- 82.7 0 1(1.5)

2008
Camden (6 Jul-18 Aug) -- -- -- 23.4 1 (1.2) 7 (1.9)

Camden (late) 80.0 43(7.3) 174(18.0) 80.1 43(7.3) 175(18.0)
Harrison 36.7 26(7.3) 70(12.7) 75.5 53(7.3) 144(12.7)

Estimates from Seismic Period Estimates from Non-seismic Period

Year Bay
 Density 

(No./1000 mi2)
Individuals exposed      Density 

(No./1000 mi2)
Individuals exposed     
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FIGURE G.7.15.  Predicted relationship between bowhead sighting rates and longitude in the 
Alaskan Beaufort Sea at times when seismic sound was not detectable.  Solid lines represent 
predictions and broken lines represent 95% confidence intervals.  The following variables were 
kept constant for predictions: Year (2007), day (17 Sep), sightability (excellent), water depth 
(82 ft), segment length (4 mi), seismic (no detectable seismic). 
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FIGURE G.7.16.  Predicted relationship between bowhead sighting rates and water depth in 2007 
(left) and 2008 (right) in the Alaskan Beaufort Sea.  Solid lines represent predictions and broken 
lines represent 95% confidence intervals.  The following variables were kept constant for 
predictions: day (17 Sep), longitude (-148.0634), sightability (excellent), seismic (not detectable), 
segment length (4 mi).  Water depth was measured in 33 ft increments. 
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FIGURE G.7.17.  Predicted relationship between bowhead sighting rates and water depth early (23 
Aug) and late (2 Oct) in the season in the Alaskan Beaufort Sea.  Solid lines represent predictions 
and broken lines represent 95% confidence intervals.  The following variables were kept constant 
for predictions: year (2007), longitude (-148.0634), sightability (excellent), seismic sound (not 
detectable), segment length (4 mi).  Water depth was measured in 33 ft increments. 
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FIGURE G.7.18.  Predicted bowhead whale sighting rate at varying seismic sound levels when 
seismic exposure occurred within 3 minutes of the seismic survey.  Solid lines represent 
predictions and broken lines represent 95% confidence intervals.The following variables were 
kept constant for predictions: day (17 Sep), longitude (-148.0634), sightability (excellent), water 
depth (82 ft), segment length (4 mi). 
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FIGURE G.1E. Miles of useable survey effort compared to maximum predicted wind speed (kts), by date, 
26 Aug through 24 Sep 2006. 
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FIGURE G.2E. Miles of useable survey effort compared to maximum predicted wind speed (kts), by date, 
22 Aug through 8 Oct 2007. 
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FIGURE G.3E. Miles of useable survey effort compared to maximum predicted wind speed (kts), by date, 
(A) 6 Jul through 24 Aug and (B) 25 Aug through 11Oct 2008. 

 

November, 2009 



G–32     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2008 

TABLE G.1E. Days with useable survey effort (mi) on aerial surveys of the central Beaufort Sea, 2006–
2008.  Number of sightings of beluga whales made on–transect and during useable sighting conditions, 
and number of individual belugas observed, by day, are also listed.  

Year Date Effort 
(mi)

Beluga 
Sightings

Beluga 
Individuals Year Date Effort 

(mi)
Beluga 

Sightings
Beluga 

Individuals
2006 2008, cont'd

26 Aug 313 1 1 1 Aug 118 0 0
03 Sep 307 0 0 2 Aug 292 7 7
04 Sep 270 0 0 4 Aug 401 1 1
06 Sep 276 10 34 5 Aug 337 0 0
12 Sep 58 0 0 6 Aug 247 0 0
13 Sep 251 2 3 8 Aug 127 0 0
14 Sep 175 0 0 11 Aug 377 2 2
23 Sep 11 0 0 16 Aug 117 0 0
24 Sep 84 0 0 18 Aug 351 0 0

2007 19 Aug 65 0 0
22 Aug 540 0 0 23 Aug 435 1 1
24 Aug 174 0 0 25 Aug 446 0 0
3 Sep 211 0 0 28 Aug 10 0 0

10 Sep 548 0 0 29 Aug 494 0 0
11 Sep 667 25 43 30 Aug 2 0 0
14 Sep 284 0 0 31 Aug 47 0 0
18 Sep 439 0 0 5 Sep 289 0 0
19 Sep 4 0 0 6 Sep 391 0 0
20 Sep 301 0 0 9 Sep 204 0 0
21 Sep 731 0 0 10 Sep 238 0 0
26 Sep 29 0 0 12 Sep 564 1 1
30 Sep 150 0 0 13 Sep 456 0 0
2 Oct 57 0 0 14 Sep 23 0 0
3 Oct 342 0 0 18 Sep 321 0 0
7 Oct 83 0 0 19 Sep 677 0 0
8 Oct 11 0 0 22 Sep 109 0 0

2008 23 Sep 120 0 0
6 Jul 395 2 5 24 Sep 70 1 1
7 Jul 413 4 7 25 Sep 422 0 0
8 Jul 311 0 0 26 Sep 417 0 0
9 Jul 454 62 167 27 Sep 582 5 13
10 Jul 383 11 17 28 Sep 362 0 0
11 Jul 327 1 3 29 Sep 367 0 0
12 Jul 437 7 18 1 Oct 116 0 0
13 Jul 11 0 0 2 Oct 282 0 0
14 Jul 372 10 18 6 Oct 262 0 0
22 Jul 136 0 0 8 Oct 90 0 0
25 Jul 20 0 0 9 Oct 242 0 0
27 Jul 252 1 1 10 Oct 202 0 0
28 Jul 204 2 2 11 Oct 200 0 0  

November, 2009 
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APPENDIX H:  UNMANNED AERIAL SURVEY RESULTS 
 

Part 1: Tables and Figures Referenced from Chapter 8 
TABLE H.1. Date, time (AKDT), and location of UAV launches and recoveries in the Beaufort and 
Chukchi seas from 28 Aug through 13 Sep 2008. 

Time Latitude Longitude Time Latitude Longitude

1 28 Aug 11:40 N 71.174 W -150.924 12:20 N 71.182 W -150.931 0:40
2 28 Aug 16:25 N 71.183 W -150.794 17:25 N 71.184 W -150.858 1:00
3 29 Aug 20:13 N 71.181 W -150.999 22:08 N 71.154 W -150.787 1:55
4 30 Aug 12:17 N 70.897 W -150.720 16:05 N 70.993 W -150.719 3:48
5 31 Aug 17:18 N 71.168 W -151.152 19:36 N 71.168 W -151.152 2:18
6 1 Sep 10:27 N 71.222 W -150.919 13:57 N 71.071 W -150.837 3:30
7 5 Sep 14:24 N 71.107 W -151.527 16:04 N 71.024 W -151.614 1:40
8 6 Sep 13:07 N 71.171 W -151.335 18:55 N 70.843 W -151.240 5:48
9 7 Sep 12:12 N 70.861 W -151.260 12:50 N 70.831 W -151.285 0:38
10 11 Sep 12:32 N 71.990 W -159.737 19:37 N 71.743 W -161.546 7:05
11 13 Sep 17:07 N 70.764 W -150.610 21:07 N 70.828 W -150.374 4:00

Flight 
Length 

(hrs)

Launch Recovery
Flight 

Number Date
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FIGURE H.1A. Still images from video recordings of sightings made during UAV surveys of the Beaufort 
and Chukchi seas, 24 Aug through 24 Sep 2008. (A) Initial sighting of a group of hauled out walruses, (B) 
close up image of the walrus sighting, (C) initial sighting of a gray whale feeding, (D) close up image of 
the gray whale. 

A B 

D C 
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FIGURE H.1 (cont.). Still images from video recordings of sightings made during UAV surveys of the 
Beaufort and Chukchi seas, 24 Aug through 24 Sep 2008.  (E) Initial sighting of a second group of hauled 
out walruses, (F) close up image of this walrus sighting, (G) initial sighting of a gray whale surfacing 
(blow), (H) close up image of this gray whale.  
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APPENDIX I:  ACOUSTIC MONITORING VESSEL DETECTIONS 

Part 1: Tables and Figures Referenced from Chapter 3 

The purpose of the shipping analysis was to provide information on the intensity of the noise 
emitted by the vessels associated with seismic activities as well as any other shipping that was detected 
for both the Over-winter 2007 and the Fall 2008 deployments. This section provides a detailed analysis of 
shipping detections for the Point Lay and Wainwright series of OBHs, as well as some of the more 
interesting contacts detected that may not be related to Shell exploration and seismic programs. 

The following is a key to understanding low frequency analysis terms as they relate to man-made 
acoustic signatures emitted from shipping sources. The magnitude of terms have been reduced to reflect 
only relevant analysis depicted within for shipping.  

1. Harmonics are in order of predominance. 

2. Artifacts are considered non-seismic, marine mammal or surface-ship related. 

Classifications are based on known radiated frequencies, slip rates and harmonics; unknown 
tonal(s) are annotated as such.  

3. ALL “Shipping Resultant and Shipping Summary” files have been analyzed for this analysis 
sheet.  

4. UTC times were converted to AKST timings for navigation data sets provided by Shell. 

     FFT smoothing via Gaussian kernel was used on many of the shipping radiated noise 
spectrograms due to expected weak and diffuse signals in the lower spectrum from shaft and blade 
components, (< 100Hz)  which were comprised of relatively large band-widths. This in turn made the 
resultant signals visible on the spectrogram. This FFT smoothing can help to detect weak, but relatively 
"broad" signals. This smoothing parameter is the number of "neighbour" bins in the FFT which are 
averaged to form the smoothed spectrum. Internally, a Gaussian kernel is used. Unlike FFT averaging 
(which operates on consecutive FFTs), the smoothing option affects the shape of a signal (for example, it 
turns a 'sharp peak' from a coherent signal into a wider (Gaussian) 'hump'. But if the signal is already a 
hump with a certain bandwidth anyway, this option can help to squeeze the last fraction of a decibel out, 
so a signal becomes visible in the spectrum display. 
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Nomenclature Terms 

TPK Turns per knot (assumed if no documentation) 1 

CSR Crank shaft rate~ 2 
CFR Cylinder firing rate 3 
EFR Engine firing rate 4 

ERPM Engine rotations per minute 5 
SRPM Shaft rotations per minute 6 
SSTG Ship's service turbo generator 7 
SSMG Ship's service motor generator 8 

BR Blade rate 9 
SR Shaft rate 10 

CSR:SR Denotes ratio either known or unknown 11 
EFR Engine firing rate 12 
Trans Transient source/tonal 13 
Swath Measurement of distance of the movement of an 

object in water transmitting a shear wave 
14 

DGFR Diesel Generator firing rate 15 
2,4,6,12 
Pole/Pac 
motors 

Denotes known rotating AC pole motor, common 
frequencies are 60,50,30,25,16,12.5hz. These 

would also indicate the number of poles and slip-
rate variances over marked time observations. 

16 

D/R/E Diesel reduction/electric 17 
CPP Controlled pitch propeller 18 
VPP Variable pitch propeller 19 

Artifact Denotes equipment internal recording noise 20 
Prop Propeller 21 
SRC Speed related component (speed dependant) 22 
GMR Gearing mesh rates 23 
HYDP Hydraulic pump 24 
FRE Frequency- rate Eklund, may also indicate 

SLE/DLE and denotes post Target Motion 
Analysis 

25 

2/4 ~ Relationship between crank-shaft and cylinders. 2 
stroke CSR=CFR, 4 stroke CFRx2=CSR 

26 
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Sample Shipping Spectrograms 
The following are some of the more interesting spectrograms of shipping relating to the Shell seismic program as well as some of the non-

related shipping activities captured and annotated in the prospect areas during Shell's seismic program.  
Nanuk seen here at 900 yds approaching CPA. Her slow speed coupled with close range to the OBH lends to an increase in the blade and 

shaft component signature as opposed to the engine driven and AC source components normally seen and dominating this unit at higher speeds. 
 

 

DG EFR 1,2Blade 

Lloyd's Mirror/Pre-CPA 

Weak 60hz AC, 1,2 

FIGURE I.5.1.  FFT smoothing via Gaussian kernel was used on many of the shipping radiated noise spectrograms due to expected weak and 
diffuse signals in the lower spectrum  from shaft and blade components, ( <100hz)  which were comprised of relatively large band-widths. This 
in turn made the resultant signals visible on the spectrogram.  Smoothing was used for display purposes only.  Nanuk @ 900 yards, Pre CPA 
and closing. Blade, shaft, engine, and AC sources present.   In depth analysis on PL50A26 file 00EA0000.   File time stamp 10/21/2007 
1810Hrs.  (FFT Size 32768 overall and 65556 for < 100hz processing and analysis, overlap 50% automatic and un-normalized). 

 
Gilavar seen here in transiting close to PLN40 at 13.2 km. Surface pattern and a multitude of swaths, non-class identifiers in surface 

vessels, dominate the spectra graph as expected in deeper draft vessels at higher speeds. This resultant high spectral level pressure pattern also 
masks expected traditional signature previously witnessed on Gilavar, allowing for only low frequency components such as blade and shaft to 
remain unmasked by the dominating swaths. 
 

 



I-4     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

 

 

FIGURE I.5.2.  Gilavar transiting @13.2 Km. Swaths and blade components dominate the spectra graph. Gilavar was not shooting during this 
timeframe.  In depth analysis on PLN40A27 file 9B610074.  File time stamp 11/03/07 0712hrs. (FFT Size 32768 overall and 65556 for < 100hz 
processing and analysis, overlap 50% automatic and normalized). 

 

This unidentified, suspected CPAI unit, is a perfect example of strident engine and propulsion components, clearly un-rafted and  
dominating the spectra graph, masking all other signatures from both marine mammals and distant shipping in the immediate area with a measured 
BB signature exceeding 112 db in the 10-1000hz region at approximately 19Km/11.8Mi by F.R.E. Considering the distance, these levels are 
significant, however, no doppler data was collected on discrete AC sources resulting in an estimated FØ (frequency observed) on the 60Hz 
component thus lending the process to inherent errors and further investigation.  
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Shaft 2 60Hz sources 

CFRs 6-40+

Engine Auxiliaries

Blade 1,3,4 

FIGURE I.5.3.  Unknown surface vessel. Presence of strong blade, shaft, cylinder firing rates, engine driven auxiliaries and numerous AC 
sources dominate the spectrogram. These sources do not correspond to Shell's shipping activity in previously analyzed ships. This is a possible 
Conoco Phillips seismic unit or other transiting ship. In depth analysis on PLN40A27 file 9B611634. File time stamp 07/20/08 0720hrs.  (FFT 
Size 32768 overall and 65556 for < 100hz processing and analysis, overlap 50% automatic and normalized). 

 
This spectra graph is an example of the smaller vessels encountered around OBH WN20A20. This particular out-board motor unit displays 

high variability blade rate due to rapid speed and course changes expected of such small craft. 
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MM calls

Blade 1, High Speed 

Blade Rate Slow Speed  

Figure I.5.4.  Small outboard motor with varying speed changes throughout the spectrum.  Blade is the predominant source as seen at the bottom 
of the spectrogram. Bearded Seal calls are also present and clearly audible with in-depth analysis on WN20A20 file 2A1B1347. File time stamp 
06/06/08 0905hrs.  (FFT Size 131072 for entire spectrogram processing and analysis due to high variability of fast moving contact coupled with 
broad and diffuse blade signature, overlap 50% automatic and un-normalized). 

 
Gilavar seen here at 27Km from OBH W50. Although many electrical sources and engine firing rates are present, the dominate feature of 

the spectra graph is clearly seismic activity. Note the 440hz power and 6th harmonic of a 2 pole motor clearly indicating increased hotel power 
load consumption by Gilavar during seismic activities. 
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60 x CSR Class IDs 

Air gun pulses 

440hz power 

AC power 6th 

FIGURE I.5.5.  Expanded spectrogram view of Gilavar @ 27Km from W50A23, conducting seismic operations. Seismic pulses continue in the 
spectra graph to 3.017Khz with various engine driven auxiliaries, engine spacing's, harmonics of 60 Hz hotel power and harmonics of 440hz 
power also present. In depth analysis was conducted on W50A23 file 35570017. File time stamp 10/28/07 1400hrs. (FFT Size 32768 overall and 
65536 for < 100hz processing and analysis, overlap 50% automatic and un-normalized). 
 

A suspected CPAI unit in transit. All spectra graphs of these units show dominating engine components and heavier than expected hotel 
loads on generators and ancillary equipment normally only witnessed when de-coking diesel generators or when machinery shock mounting would 
be employed to decrease BB and measured SPL discrete signature. 
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Engine CSRs 

60hz AC sources

Blade 

FIGURE I.5.6.  Conoco Phillips ship in transit. Presence of 2 pole motors, blade, and multiple engine spacing's dominate this spectrogram. In depth 
analysis was conducted on Aural PLN40 file 35570412. File time stamp 10/07/08 2049hrs. (FFT Size 32768 overall and 65536 for < 100hz 
processing and analysis, overlap 50% automatic and un-normalized). 
 

Below we see the same unit as above conducting seismic activities one hour earlier. No navigational data was available to determine range 
between vessel and OBH. Of note engine components and AC pole motors are present but not as predominant as expected in the presence of air-
gun activities. SPL (RMS-90%) for air-gun pulses on this unit recorded at PLN40. were between 108 and 124 dB re 1 µPa.  
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Same unit, presence of Air gun 

3 6 sec intervals

FIGURE I.5.7.  Same unit conducting seismic 1 hour earlier. Air-guns now dominate the spectrogram. Of note the seismic activity is irregular and 
highly invariable.  3.6sec transmission intervals are most common continuing to 3749hz. There remains a strong presence of 2 pole motors and 
engine components.  File time stamp 10/07/08 1942hrs. (FFT Size 32768 overall and 65536 for < 100hz processing and analysis, overlap 50% 
automatic and un-normalized). 

 
Norseman II seen here at very close range. Although 8Hz spacing induced by equipment internal artifact dominates the spectra graph, a 

clear presence of EFRs, DG-EFRs, pumps and even gearing at this close proximity to the OBH is clearly present. 
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Diesel Gen CFRs 
Hydraulic pump 

EFR 1,3 

Gear- tooth meshing  

60hz AC 

FIGURE I.5.8.  Norseman II CPA @ 1300yds from Aural W20. Although equipment artifact is present at 8hz intervals, there is strong presence of 
engine spacing, 440hz power, and various pumps operating on duty cycle. In depth analysis was conducted on Aural W20 file 9b610740.  File 
time stamp 10/14/08 0532hrs.  (FFT Size 32768 overall and 65536 for < 100hz processing and analysis, overlap 50% automatic and normalized). 

 
Norseman II seen here transiting at 9Kts by assumed TPK. Although blade and shaft components are visible even at this range, engine 

driven components are clearly dominant in the spectra graph as expected at range with underlying AC sources also present in the lower frequency 
spectrum. Of note and as expected at this range, the harmonics of discrete sources in the higher frequency spectrum did not propagate.  

 



Appendix I:  Acoustic Monitoring Vessel Detections     I-11 

 

 

 

FIGURE I.5.9. Norseman past CPA @ 43Km and 9Kts by assumed TPK.  Down-doppler audible and opening. Blade, shaft, gearing and engine are 
visible and audible with blade and shaft being predominant throughout the lower frequency spectrum.  In depth analysis was conducted on Aural 
WN20 file 2a1b0795. File time stamp 10/15/08 1443hrs. (FFT Size 32768 overall and 65536 for < 100hz processing and analysis, overlap 50% 
automatic and un-normalized). 

60hz 2nd E1,2

CSRs 

60hz AC

Shaft 5 

B1-7 
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Detailed Analysis Sheets 
This section contains the detailed analysis sheets for the shipping analysis conducted in 2008. 

 
Table I‐1:  Shipping In‐Depth Analysis 

Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

PL50A26       

00EA0000 

 

 

 

 

10/21/2007 

1800HRS 

Total period 

 

10/21/2007- 

07/20/2008 

  TPK 25 (est) 

D/R 

ERPM 996  

SR 4.12 

SRPM 247 

SPD 9.8 kts 

CSR:SR =4:1 

Past CPA and opening approx Rng  

1xSpd/ 

Doppler Shift 

(Predicted ahead 2.3 mins) 

Nanuk 

Classed on 60hz Bld/Shft/Eng/4bld prop  

800yds via Freq-Rate-Eklund (FRE) 

900yds by Nav Track 

R/R is estimated 

Seismic on file @12 mins into at 10.5 sec intervals 

 

  Blade (semi-stable & striated) 16.5 1,2,3,4,5,6,7 Striation on 3&4 Diesel audible/Doppler present/Shaft count good. 

Pre- CPA  

  Shaft 4 4.19 4-9 Striation  

  EFR1 est(8cly) 66.4 1,2 (2 pred @66.5hz) Pred  

  EFR2 66.5 1,2 Pred  

  EFR3 66.45 2,3 Pred  

  CFR 8.32 11-24   

  CFR 8.3  Not seen  

  CFR 8.36  Not seen  

  CSR's 16.6 120-1568hz Pred w surf pattern  

  60hz Power     

  SSTG 60.06 2,5   

  SSTG 59.97 2,5   

  2POLE (pole) 59.61 2   

00EA0013 10/23/2007 

2200hrs 

Bld/EFR Non-measurable  Air Gun Present on second vessel with no 
measurable acoustic signature  

Poss Nanuk 

No Class IDs 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

  

00EA0016 

 

 

 

10/24/07 

1700hrs 

Total Period 

 

10/22/2007- 

07/30/2008 

Bld/EFR@66.7/  

8 cyl engine with CFRs at 
8.29/8.2 

ERPM= 1000.5 and 998.   

CFR1=8.29hz 

 

 

SRPM=250.05/25(est)=10Kts 

 

 

SSTG 

E1,2 

B2,3 

 

EFR1@ 

66.32hz 

6th, 5th  

360.92hz 

Air Gun Present/Distant 

 

 

 

CSR:SR= 4:1 

R/R (est) 

 

Poss Nanuk 

 

Suspect TPK for Nanuk is higher than initially anticipated. 

 

Distant MM calls audible only. 

 

00EA0030 10/26/07 

1800hrs 

 

   Limited, Swaths   Gilavar 

00EA0050 10/29/07 

1400hrs 

Bld/EFR   No tonals measurable  

00EA0071 11/02/07 

1400hrs 

Eng/Bld/Steering Gear/Swath CFR=8.02 

CSR=16.04 

40-360hz 

Not seen 

CPP, faint and stable blade Norseman=103Km from PL50/engine 

Gilavar =100Km from PL50/steering gear 

Faint and stable signature on both  

  Steering Gear 657.78hz 1 Suspect Electric Reduction Gearing  

  Swath 1245hz   Unknown MM detected audible 

00EA0210 11/25/07 

1800hrs 

Eng CFR 

Eng CSR 

4.9hz 

9.81hz 

11-170 Mains Unk Vessel 

  EFR 1 39.25hz               ERPM=588.6 1,2,4,3 65 & 78.5xCSR present, poss class ID Based on V-16 mains not in-line 16cyl. 

  440hz pwr 444.7hz 1,2  Bearded seal present 3 x calls 

00EA1498 06/27/08 

1000hrs 

DGFR 104.01hz 1,2,3 Non Prop Unk Vessel 

00EA0642 02/05/08 artifact 8.0hz banding/wash-out 0-640hz  Artifact 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

1800hrs 

  artifact 8.06hz 0-640hz   

  artifact 8.09hz 

banding 

0-640hz   

  artifact 568hz 1 71 x 8hz Artifact 

 

 

00EA0040 10/28/07 

1000hrs 

Blade 14.77hz 

4 Bladed 

2,3 Stb/broad Nanuk @ 32 Km 

00EA1552 07/06/08 

1000hrs 

No discrete sources 0-8192hz     

00EA1575 07/10/08 

0600hrs 

unk 481hz 1,2 unk Unk Vessel 

  CFR/CSR/SR   Throughout spectrum to 680hz (no bld detected)  

00EA1631 7/19/08 

1400hrs 

CFR/CSR 5.97-6.6 CFR 

11.94-13.2 CSR 

Below 640hz, prob 8 cyl Shallow draft Unk Vessel 

  SSTGs 60.2/60.5hz 1-3 Swaths throughout spectrum  

  2 Pole motor 59.82hz 

59.56hz 

1,2 

3,1 

  

00EA0210 11/25/07 

1800hrs 

CFR/CSR  spacing 4.9-5.2hz Up to 839hz Long rng ctc, 

4 stroke 8 cyl 

Unk Vessel//no class IDs 

  

00EA0863 3/13/08 

1400hrs 

 7.87&7.85hz spacing  Up to 642hz  Artifact 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

   1 568hz Relates to 8hz Artifact 

PLN40A27       

9B610423 12/31/07 

1100hrs 

Total Period 

10/21/2007-
07/20/2008 

Artifact, 

Surface pattern  

8.01/8.09hz 840hz and below Swaths throughout spectrum, no AC sources Distant shipping long range contact 

 

 

    568hz  Artifact 

9B611067 04/16/08 

1900hrs 

  568hz present 

artifact 

8x71=568hz 8hz artifact throughout spectrum (670hz & below) 

9B610074 11/03/07 

0700hrs 

2 pole motor 

 

2 pole motor 

AC pwr 

AC pwr 

660.5hz(60.04hz) 

 

360.5&360.2hz(60.08hz)(60.03hz) 

622&622.5hz 

1129.24 

11th 

 

6th 

1,2 

1st only 

2 pole motors & AC sources, discrete and stable Gilavar  

Transiting @13Km 

Not shooting 

  Blade 15.26/4 

SR=3.815 

SRPM=228.9/25(TPK)=9.1kts 

1,3,2   

9B610860 3/13/08 

0700hrs 

    Art/MM calls 

9B611634 7/20/08 

0700hrs 

Blade 

 

17.17hz 

 

B1,4,2,3 

 

Strong 

 

Unk Vessel 

Assess non seismic related vessel 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

Shaft 8.58hz S2 Strong  

  SR 4.29hz    

  SRPM 257.5/TPK25   10.3 kts (est) 

  CFR/CSR 5hz/10hz C6-40 Unstable/ 

med 

Mixed with surface pattern 

  CSR:SR=2:1 4 stroke6/8 cyl (est)    

  Eng Driven Aux 235.75hz 1 23.5 x CSR coupled 

   393.8 1 39.3 x CSR coupled 

  AC Sources     

  SSTG 59.85 1,2   

  SSTG 59.5 2   

  2 Pole 58.98 1,2   

  2 Pole 59.15 1,2   

  6 Pole 14.5 8   

PLN60A28       

367F0002 10/22/07 

0900hrs 

Total Period 

10/22/2007- 

07/30/2008 

Blade 8.4hz B 4,8,9, 

6,5 

CPP Gilavar @29Km 

Norseman @37Km 

 

Assess mixed signature, 

Gilavar predominant and measured 

  Shaft Rate 2.1 S-19,13,10,11 CPP, striations  

  SRPM 126  TPK used 25 5.04 Kts 

  SSTG 59.73 1 Distant Ctc  

   58.89 1   

  CFR Broad /diffuse various Un-measurable Air gun present 

367F1003 04/06/08 

0500hrs 

Artifact 8hz 

571.4hz 

 Bearded seal calls throughout No shipping 

 

367F0816 03/06/08 Artifact   Bearded seal calls throughout No Shipping 

 



Appendix I:  Acoustic Monitoring Vessel Detections     I-17 

 

Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

0100hrs 

367F0073 11/03/07 

1300hrs 

Blade 15.9/4 blded 1,3 Broad/Diffuse Gilavar @ 27.5Km transiting 

9.53Kts/ not shooting 

  Shaft Rate 

SRPM 

3.97 

238 

2,5,8,9,10,11,14,19   

WN20A20       

2A1B0187 11/26/07 

0100hrs 

Total period 

10/25/07- 

08/03/2008 

    Artifact 

2A1B1347 06/06/08 

0900hrs 

Blade/3/ 13.57-26.32hz up to 220hz  Knee in/out various patterns 

Speed shifts 

Small Boat 

Outboard motor// 

+20-30kts (est) 3+mins only 

  Shaft Rate 4.5-8.77  Bearded seal calls throughout  

  SRPM 270-526.4   Unstable Gear Mesh Rate 

2A1B0332 12/20/07 

0500hrs 

Artifact    Artifact//MM calls -various 

2A1B0000 10/25/07 

2100hrs 

Blade/4 15.19hz 2,1,4 stable Nanuk @ 25Km 

 



I-18     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

 

Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

  CFR/CSR 

 

 

 

6/8cyl 

CFR 

8.86hz 

8.81hz 

CSR 

17.72hz 

17.62hz 

ERPM 

1063 

EFR 

70.88 

 Engine spacing to 4650hz 

Unable to prove 8cyl 

Nanuk displays doublet power trains geared to 1 shaft R/R unk, displays no 
blade/shaft components 

  AC sources     

  2 pole 

SSTG 

60.02hz 12th @ 

720.34 

60hz AC sources Possible Class ID 

  22x CSR 387.8hz/389.84hz (2nd pwr plant) 1 Diesel Driven Aux/shifts with CFRs Class ID 

  13x CSR 230.36hz (1st pwr plant) 1 Diesel Driven Aux/shifts with CFRs Class ID 

2A1B0915 03/26/08 

0900hrs 

Artifact 8hz/571hz   Artifact 

2A1B0974 04/05/08 

0500hrs 

 

Artifact 8hz/571hz   Artifact 

  Bearded seals Continuous calls & 

Artifact  

   Bearded Seals 

 

2A1B0692 02/18/08 

0500hrs 

Artifact 8hz/571hz(580hz)   Artifact 

  Bearded seals Continuous calls   Bearded Seals 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

W50A23       

35570672 02/14/08 

1800hrs 

Total Period 

10/25/2007- 

08/02/2008 

Artifact 8hz/571hz harms of 8hz  Bearded seals  0 Shipping 

35571431 06/20/08 

0600hrs 

Artifact 8hz/571hz harms of 8hz  Bearded seals 0 Shipping 

35571614 07/20/08 

1800hrs 

New Artifact 67.2hz/563.37hz  No MM calls 0 Shipping 

35571663 7/28/08 

2200hrs 

    Clean/High ambient background noise 

       

35571111 04/27/08 

2200hrs 

Artifact/ 

Bearded seals 

8hz/571hz & associated  Bearded seals 

2.903Khz-234hz max low 203hz 

No Shipping/multiple bearded seals 

35570000 10/25/07     Sensor on deck 

35570017 10/28/07 

1400hrs 

Seismic> 

 

 

 

Discrete sources 

360.11hz 

 

438.97hz 

622.32hz 

 

658.46hz 

736.66hz 

1.115Khz 

7.88hz-3.0176Khz  9.5sec interval 

 

 

 

 

60.02hz 

 

HYDP 

HYDP 

 

Eng  

Eng 

Eng Aux@60xCSR 

 

 

 

 

 

6th 

 

1 

1 

 

various 

1 

various 

Seismic 

 

 

 

 

 

 

 

 

 

 

 

Class ID 

Gilavar @ 27Km 

 

No propulsion sources have been detected. Multiple hydraulic pumps, 
diesel generator and 400hz power are present. 

 

Non-propulsion Diesel Generator predominant 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

1.128Khz 

4.096Khz 

 

1.533Khz 

1.228Khz 

1.245Khz 

Eng Aux@60xCSR 

400hz  Power 

 pump@46xCSR 

Unk source 

Eng 

Eng 

 

1 

10th 

 

1 

1 

1 

Class ID 

 

 

 

DG 

DG 

35570002 10/26/07 

0200hrs 

Engine 33.37hz E1,2  Nanuk @ 53Km 

  Unk SRC 50.36hz 1,2 Poss Class ID Speed related component 

  Unk shaft 44.83hz unk   

35570018 10/28/07 

1800hrs 

Seismic 

Unk SRC 

Up to 695hz 

50.33hz 

 

1 

 Gilavar @ 58Km 

Nanuk @ 65Km 

Assessed as Nanuk via SRC @ (6-6.8Kts) 

35570056 11/04/07 

1000hrs 

    Norseman @ 20Km 

Gilavar @ 30Km 

Contact assessed as Norseman with Gilavar seismic present 

  Seismic 6.8-1259hz    

  440pwr 440.78hz 1,2   

  Eng Aux 662.02hz @ 60xCSR 

 

1,2 Poss Class ID  

  SSTG 360.98hz   

2 pole 

1,2   

  Unk pump 923.91hz  unstable  

  Unk 49.76hz 1,2,6   

  E1 33.17hz/CFR 5.52/CSR 11.04 1,2 Norseman DG Non-propulsion related 

35570187 11/25/07 Poss BLD 15.59hz 1,3 stable Unk Vessel/Poss Gilavar  
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

2200hrs Uncommon for Blade, poss artifact 

  CFR/CSRs 

multiple 

9-127    

35570435 01/06/08 

0600hrs 

8hz artifact 

 

Walrus 

 

Throughout/ 

Harmonics 

 

  Artifact 

MM vocalizations 

35570626 02/07/08 

0200hrs 

8hz artifact 

 

Walrus 

Throughout/ 

Harmonics 

 

multiples 

83-363hz/11-596hz 

  Artifact 

MM vocalizations 

35570795 03/06/08 

0600hrs 

Bearded seals Various   MM vocalizations 

35570897 03/23/08 

0600hrs 

8hz artifact 

Bearded Seals  

Multiple 

Various 

  Artifact 

MM vocalizations 

 

AURAL PLN 40 

 

Aural Fall 2008 Shipping Data Analysis 

 

35570777 

10/16/08 

1052hrs 

Total Period 

09/28/2008- 

10/17/2008 

8hz artifact 

 

Multiple   Artifact 

35570792 10/16/08 

1920hrs 

8hz artifact 

 

2 pole motor 

 

Multiple 

 

59.82hz 

60.39hz 

  Norseman @62Km 

 

35570800 10/16/08 

2351hrs 

8hz artifact 

 

Multiple 2-10,16-18  Artifact 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

35570673 10/14/08 

0009hrs 

8hz artifact Multiple 2-10,16-18   

35570078 09/30/08 

0018hrs 

8hz artifact 

 

Multiple 

 

2-10,16-18   

35570410 10/07/08 

1942hrs 

8hz artifact 

 

SSTG/2 pole 

 

Seismic 

 

Multiple 

 

59.29hz/59.54hz 

 

Continious@3.6sec to 3749hz 

 

2-10,16-18 

1,2 

Presence of 2 pole motors + seismic activity Conoco-Phillips Seismic Vessel 

35570412 10/07/08 

2049hrs 

SSTG/2 pole 

 

Poss  

Blade 

 

 Eng spacing's 

 

 

 

 

 

 

 

 

 

 

 

 

59.55hz 

59.25hz 

59.4hz 

19.25hz 

 

51.13hz 

74.89hz  

85.72hz 

89.63hz 

93.54hz 

130.24hz 

172.05hz 

208.15hz 

223.19hz 

237.67hz 

267.41hz 

282.45hz 

296.1hz 

1,2,3 

2,3 

3 

1 

 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Stable/un-common 

 

Poss engine components,  

No apparent ratio or spacing 

Conoco-Phillips Seismic Vessel 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

 

8hz artifact 

 

310.1hz 

Multiple 

1 

N/a 

35570747-57 10/15/08 

1756hrs 

Artifact 8hz Multiple N/a   

  Unk (SRCs) 30.20hz 

76.73hz 

90.96hz transient 

  Unk Vessel 

Tonals are transient in nature 

35570756 10/15/08 

2301hrs 

Artifact 8hz 

Seismic present 

Poss Eng E1,2 

 

 

37.82hz 

 

 

1,2 

 Conoco-Phillips Seismic Vessel 

Range Unknown by acoustic or Nav track 

35570102 09/30/08 

1351hrs 

Artifact 8hz 

 

Gearing 

Gearing 

SSTG 

2 Pole 

Unk 

Poss bld 

 

Unk 

CFRs/Eng 

 

 

Gen 

CFRs/ 

 

 

 

2 pole 

2 pole 

570hz present & 8hz throughout spectrum 

 

500.68hz 

517.1hz 

59.98hz 

59.6hz 

63.79hz 

18.73hz 

 

102.41hz 

14.98hz 

 

 

 

9.1hz 

 

 

 

59.8hz 

59.74hz 

 

 

1,2,3 

1,2,3 

1,2,4,6 

1,2,3,6 

1 

B1  

 

1,3 

9,15, 

19-24 

 

 

79-84 

 

 

 

6th 

6th 

 

 

 

 

 

 

 

Stable/un-common 

 

 

Small rpm over-shift 

 

 

 

Generator 

 

 

 

A/C 

A/C 

 

Conoco-Phillips Seismic Vessel 

 

 

 

Believe main propulsion due to predominance/no EFR/ 

Shifts with primary contact therefore related 

 

 

 

Primary ctc/related 

Primary ctc/related 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

Unk  51.5hz 1 Poss hydraulic pump 

Aural PLN80       

00ea0791 10/16/08 

1307hrs 

Total Period 

09/27/2008- 

10/16/2008 

 

Blade 

 

Mix shaft 

 

8.65hz 

 

No count possible 

 

4,5-9,11, 

13-15 

 

Blade and shaft components 

 

Norseman @8Km 

00ea0017 09/28/08 

0815hrs 

artifact Erroneous/no MM   No tonals above 280hz No Shipping 

00ea0473 10/09/08 

0137hrs 

Artifact 

Distant bearded seals/Walrus 
audible only/faint 

8hz/571hz   No Shipping 

MM Bearded seals, Poss Walrus distant-audible only 

00ea0456 

 

10/08/08 

1601hrs 

artifact 91.20hz (banding) 

8hz  

1 

3-8 

 No Shipping 

Artifact 

Aural W20       

9b610408 

9b610407-17 

10/06/08 

1101hrs 

Total period 

09/26/2008- 

10/14/2008 

MM calls up to 341hz 

8hz art  

 

2Pole 

Present throughout 

 

 

59.8hz 

 

 

 

1,3,2 

91hz artifact present throughout aurals Unk Vessel 

No class IDs 

9b610002 

9b610001-0003 

09/26/08 

2258hrs 

Eng spacing 

 

440hz pwr 

E1@43.6hz 

CFR 

Unk 

Unk 

artifact 

 

14.53hz (CSRs)x60= 

ERPM@872rpm 

443.35hz 

4 stroke/6 cyl/7.26hz 

 

51.79hz 

68.91hz 

77.36hz 

6-10 

 

1 

 

 

1,2 

1 

1 

 

 

 

 

 

stable 

Small rpm over-shift 

 

Non pole/poss pump 

 

Strong/stable/w-out shift  

Norseman @13Km 

Based on DG Eng spacing of 14.9hz 

 

 

 

 

 

If pole running extremely high/noise short 

Possible secondary pump 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

9b610738 

 

10/14/08 

0425hrs 

Artifact 

Unk 

unk 

 

8hz art to 296.58hz 

165.3hz(doublets) 

90.6hz 

2-37 

1 

1 

 

Prob artifact x 2 

No Shipping // distant MM calls 

9b610740 10/14/08 

0532hrs 

E1(EFR) 

CSRs 

 

 

 

Hydraulic pump 

 

Gearing 

 

 

Eng/Sec 

 

Unk 

 

 

TG 

 

Unk Transient 

 

8hz artifact 

 

43.92hz 

 

 

 

 

90.85hz(cycle timer) 

 

423.42 & 419.21hz 

 

 

9.7hz CSR/CFR 

 

22hz spacing 

 

 

60.7 

 

381.97hz 

 

Various throughout 

1,3 

C45,46,48,49,51,25,23,52 

 

 

 

1,2 

 

C91, 93-99 

7-11 

 

1 

 

68sec 

 

 

Mixed with CSR/ 

CFR 

Neg seismic 

 

 

 

 

Cycle on 15.1 sec/off 0.4sec 

Gen related 

Broad/un-stable 

Gen related 

 

Eng related,  Hotel load diesel 

 

Only AC source 

Unk 

 

 

 

Norseman @1300 Yds 

9b610434 

0432-0440 

 

10/07/08 

0138hrs 

 Eng more pred with audible whine and 
gearing present 

No Doppler to confirm. 

RPM over-shift Ctc closer range to sensor 

No MM visible/audible 

 

Conoco-Phillips Seismic Vessel 

Identical analysis as per 9b610740.wav 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

 

 

 

 

 

 

 

No seismic   

 

Aural WN 20       

2a1b0001 09/27/2008 

0038HRS 

Total period 

09/27/2008- 

10/15/2008 

Shaft 

Blade 

HYD pump 

Artifact 

SRPM 

SR=3.31hz 

BR=13.24 

77.46hz 

8.06hz 

198.6rpm/25 

S9,3,5 

B2,1,3,4 

1 

Various 

8kts 

Shaft pred 

Weak stable 

Norseman@12 Km 

Contact is opening @ steady speed/course @ 8kts/assume TPK 25 

No AC or Engine dynamics seen 

 

 

2a1b0165 

 

 

09/30/08 

2046hrs 

Artifact 

 

 

MM calls 

8hz 

90.62hz 

579.2hz 

Poss B Seals 

1-91 

1 

1 

Various/weak 

 

 

 

up to 1560hz 

No Shipping 

2a1b0508 10/08/08 

2128hrs 

    No Shipping 

Same as 2a1b0165 

2a1b0517 10/09/08 

0231hrs 

Blade 

Shaft 

Artifact 

SRPM 

BR=14.71hz 

SR=3.67 

91.15hz(banding) 

220.2rpm 

B1,2 

 

1,2,3 

 Conoco-Phillips Seismic Vessel 

Blade appears narrow/stable and is suspect 

Assumed speed 8.8kts by TPK 

Long range contact 

 

2a1b0523 10/09/08 

0554hrs 

Engine 

CSR 

 

CFR 

Gearing 

HYD pump 

Blade 

Shaft 

E1=46.59hz 

22.7hz 

 

11.35hz 

516.40hz 

77.4hz 

BR 14.3hz 

SR=3.58 

E1,2,3,5 

various to 640hz 

C9-14 

1,2 

1 

4,1,2,3 

Strong, speed shift 

 

 

stable/strong 

Poss Class ID 

Strong cavitations  

Conoco-Phillips Seismic Vessel 

8.6kts, close contact, rpm speed shift =6.5-8.6kts 

Blade is CPP 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

SRPM=215 

ERPM=1362 

 

 

2a1b0642 10/12/08 

0045hrs 

Blade 

Shaft 

SRPM 

SSTG 

unk 

 

B1=15.85hz/4 

3.96hz 

237.75rpm 

60.01hz 

342.82 

B2,3,1,4 

various 

 

6th 

Weak signature 

TPK=25 

Speed=13kts 

Torsvik@48Km 

Gilavar@49Km 

Theresa Marie@43Km    

2a1b0654 10/12/08 

0730hrs 

 

Blade BR=15.1hz B2  Torsvik@10Km 

Gilavar@8Km 

Theresa Marie@5Km    

2a1b0661 10/12/08 

1126hrs 

Blade BR=15.2hz B2  Theresa Marie /Torsvik/Gilavar/   }   ~35Km 

 

2a1b0684 10/13/08 

0021hrs 

Engine 

unk  

Pole motor 

E2=76.1hz 

91.32hz 

61hz 

No CSR/CFR 

1,2 poss artifact 

1,2,3 Pred source 

 

 

Unk Vessel 

Poss CFR/CSR however do not match EFR 

8hz Artifact throughout (suspect ≤ 91.32hz)  

2a1b0704 10/13/08 

1350hrs 

Artifact    No Shipping 

2a1b0728 10/14/08 

0104hrs 

Artifact    No Shipping 

91.32hz& 579.4hz now identified as artifact 

2a1b0737 10/14/08 

0608hrs 

Artifact    No Shipping 

2a1b0794 10/15/08 

1409hrs 

Blade 

Shaft 

SRPM 

Engine 

BR=12.85hz 

SR=3.21 

SRPM=193rpm 

E1=59.09Hz 

ERPM=886rpm 

B1,2 

 

 

E1 

 Norseman @ 40Km 

 

7.7kts (TPK dependant) 

 

2a1b0795 10/15/08 Blade BR=14.9hz B1-7 Predominant Norseman @ 43Km 
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Sensor Name 
File ID 

Date Tonal 
Sources 

Base Frequencies Harmonic 
Predominance 

Comments 

 

Class 
Name of Unit 

Additional comments 

1443hrs Shaft 

Gearing 

Engine 

SR=3.72 

396-424hz 

E1=59hz 

ERPM=885rpm 

S5,7,9,13-17 

G1,2 

E2,1 

 

 

Strong/Stable 

9Kts 

Contact is aurally down-Doppler and opening on steady bearing 

No audible shaft count possible/Engine audible and slow 

Blade rate is predominant in analysis/Suspect CPP max angle 

SRPM≠ERPM via ratio 
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Navigational Tracks 

The following figures (I.1-I.10) depict Shell vessel locations via navigational tracks provided in relationship to JASCO's Point 
Lay and Wainwright line of sensors for the timeframe specified herein. Applicable analysis of individual vessels is contained in the In-
Depth Shipping Tables, attached with a brief description of FFT processing, radiated acoustic information, converted Date Time 
Group of event and the actual file number analyzed. 
 

 

FIGURE I.1.  Nanuk in red at 32Km from PL50, Gilavar in yellow at 146Km from PL50. Broad and diffuse blade was the only indication of shipping in 
the area, which was assessed as Nanuk during this timeframe. Two hours later there is indication of engine CFRs also from Nanuk.  As expected 
there is no recorded acoustic signature of Gilavar at this range.  Of note, most of the acoustic signature from Nanuk does not exceed the 640hz 
spectrum range. DTG of PL50 recording 10/28/07 1000hrs AKST. 
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FIGURE I.2.  Nanuk 25Km from WN20. Analysis matches navigation track provided. Presence of 22&13 x CSR (engine) confirms Nanuk. In depth 
analysis of WN20 file 2A1B0000 in report. DTG 10/25/07 2100AKST.  
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FIGURE I.3.  Nanuk pictured here at 900m from PL50 by Nav track. DTG 10/21/2007-1800hrs AKST.  Analysis on PL50 file 00EA0000 in report. Ship's 
provided navigation track matches analysis. 
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FIGURE I.4.  Gilavar seen here at 34Km from W50. Various AC sources as well as diesel generator engine driven constants have been identified in 
attached analysis of W50 file 35570017. DTG 10/28/07 1400 AKST. Analysis matches navigation data in report. 
 

 

 



Appendix I:  Acoustic Monitoring Vessel Detections     I-33 

 

 

FIGURE I.5.  Norseman in purple @ 20Km from W50, Gilavar in yellow @ 30Km from W50. Surprisingly Gilavar is clearly the major contributor to 
acoustic energy being emitted even though at greater distance than Norseman.  A mixed signature of discrete tonals is clearly present from both 
units including on-going seismic operations. Detailed analysis is included in the report for W50 DTG 11/04/07 1000hrs AKST, file(s) 35570056 and 
35570187.   
 

 

 



I-34     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2008 

 

 

FIGURE I.6.  Gilavar pictured here in green at 27.5 Km from PLN60. Analysis matches navigation track provided for DTG 11/03/07 file 367F0073 at 
1300hrs AKST. 
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FIGURE I.7.  Gilavar pictured here in green at 29Km from PLN60, Norseman in purple at 37Km from PLN60. Analysis on both ships matches 
navigation tracks provided. DTG 10/22/07 file 367F0002. 
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FIGURE I.8.  Gilavar pictured here in green in transit at 13Km from PLN40. DTG 11/03/07 file 9B610074. Analysis matches navigation track 
provided in report. 
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FIGURE I.9.  Norseman navigational track and actual position depicted in blue shown at 13Km from WN20. Classification based on engine spacing, 
440hz power seen once again as well as engine firing rates. Detailed analysis provided in report for Aural W20. DTG 10/06/08 1100hrs. 
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FIGURE I.10.  Theresa Marie @ 43Km, Torsvik @ 48Km, Gilavar @ 49Km from WN20 respectively and represented here in blue with associated 
navigational tracks overlaid. Although blade, AC sources and shafts are all present in the analysis sheet, there is no definitive classification due to 
lack of Class ID's. Shipping signature structure does not alter as all 3 ships close the sensor at 0730hrs AKST. Detailed analysis of WN20 file(s) 
2a1b0642 at 10/12/08- 0045hrs AKST and 10/12/08 file 2a1b0654-0730hrs AKST in report. 
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Table I.2.  Quantity of Shipping Detection compared with maximum ambient levels and Broadband SPLs from 10hz to 1000hz. 

OBH 
ID 

Percentage of 
Files with definite 

shipping 
detections 

Minimum BBSPL Median 
BBSPL 

Maximum BBSPL Broadband SPL 
Levels averaged 

per sensor 
10-1000hz 
Comments 

 

Level 

PL50A26 0.63 85.83 101.73 133.76 Nanuk 
Norseman 2 

Gilavar 

127.75 

PLN60A28 0.24 85.301 96.24 139.194 Gilavar 
Norseman 2 

129.2 
 

WN20A20 0.12        86.39 96.86 139.26 Nanuk 
Small pleasure craft 

136.84 

W50A23 0.35 85.46 100.95 143.07 Gilavar 
Nanuk 

Norseman 2 

138 
 

Aural PLN40 13.05 86.41 103.32 117.40 CPAI 111.87 

Aural PLN80 1.51 83.86 103.54 129.16  (Norseman Only) 122.75  
 

Aural W20 1.51 89.13 103.96 132.64 (Norseman Only) 
Conoco Phillips 

Unit  
Torsvik  
Gilavar       

Theresa Marie  

131.4 
107 

 
132 
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Aural WN20 5.71 87.53 102.49 137.75 (Norseman Only) 
Conoco Phillips 

Unit  
Torsvik 
Gilavar       

Theresa Marie  
 
 

127.2 
111.3 

 
127.2 

Aural W50 0.0 86.33 101.91 141.69 No detections N/A 
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APPENDIX J:  OTHER INDUSTRY AND AGENCY STUDIES 
Part 1: English Units Tables and Figures from Chapter 10 

 

TABLE J.10.2E.  Cetacean (180 dB) and pinniped (190 dB) safety 
radii (yd) used by MMOs on the Peregrine and Miss Diane during 
BP’s OBC seismic surveys in Foggy Island Bay, 2008. 

Miss Diane
Safety Radius 
dB re 1 μPs 880 in3 440 in3 70 in3 440 in3

190 328 273 109 164
180 875 601 219 328

Peregrine
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TABLE J.10.4E.  Measured radii (yd) of the 880– and 440-in3 arrays of the Wiley Gunner and Shirley V 
in deep and shallow water, and of the 880- and 440-in3 arrays of the Peregrine and each vessel’s 
mitigation gun at received sound levels of 190, 180, 170, 160, and 120 dB re 1 μPa. 

Vessel 190 dB 180 dB 170 dB 160 dB 120 dB 
Wiley Gunner (880-in3 array)

Deep
Forward-endfire 109 284 722 1750 17,498
Broadside 197 481 1203 2625 22,966
Mitigation gun 95 230 525 1203 13,123

Shirley V (880-in3 array)
Deep

Forward-endfire 197 700 1422 2406 15,311
Broadside 175 601 1750 4156 24,059
Mitigation gun 80 175 372 787 102,800

Wiley Gunner (880-in3 array)
Shallow

Forward-endfire 241 372 569 875 4812
Broadside 295 470 744 1203 7765
Mitigation gun 45 131 394 951 2625

Shirley V (880-in3 array)
Shallow

Forward-endfire 295 459 700 1061 5796
Broadside 219 470 951 1750 8640
Mitigation gun 7 73 317 700 2515

Peregrine
880-in3 array

Bow aspect 223 414 764 1393 11,294
Stern aspect 304 822 1765 1820 4479

440-in3 array
Bow aspect 247 583 1155 1540 3535
Stern aspect 149 332 713 1437 9400

70-in3 mitigation gun
Bow aspect 98 205 420 854 9808
Stern aspect 24 156 631 1503 3182

Measured Radii (yd) 

 

 
 


	2006-2008_Final_JMP_Comprehensive_Report.pdf
	2008_JMP_Final_Frontmatter
	Joint Monitoring Program In The Chukchi And Beaufort Seas, Open Water Seasons, 2006–2008
	Joint Monitoring Program In The Chukchi And Beaufort Seas, Open Water Seasons, 2006–2008
	TABLE OF CONTENTS
	LIST OF ACRONYMS AND ABBREVIATIONS
	EXECUTIVE SUMMARY
	Chapter 1:  Introduction and Report Objectives
	Chapter 2:  Industry and Other Human Activities
	Chukchi Sea
	Beaufort Sea

	Chapter 3:  Chukchi Sea Vessel-Based Monitoring Program
	Chapter 4:  Chukchi Sea Nearshore Aerial Surveys
	Chapter 5:  Chukchi Sea Acoustic Study Program
	Chapter 6:  Beaufort Sea Vessel-based Monitoring Program
	Chapter 7:  Beaufort Sea Aerial Monitoring Program
	Chapter 8:  Unmanned Aerial Surveys
	Chapter 9: Beaufort Sea Acoustics Study Program (2008)
	Chapter 10: Other Industry and Agency Studies
	Chapter 11: Summary and Assessment of Potential Effects on Marine Mammals

	ACKNOWLEDGEMENTS

	Chapter1_Final
	1.  INTRODUCTION AND REPORT OBJECTIVES
	Objectives and Assumptions
	Report Organization
	Literature Cited


	Chapter2_Final
	2.  INDUSTRY AND OTHER HUMAN ACTIVITIES
	Seismic Vessel Component
	Chukchi Sea
	Shell Seismic Operations
	Shell Site Clearance and Shallow Hazards Surveys
	CPAI  Shallow Hazards Surveys
	Barging and Other Vessels
	Whaling Activities
	Shell Seismic Operations
	Shell Site Clearance and Shallow Hazards Surveys
	BP Exploration OBC Seismic Surveys at Liberty
	Eni Seismic Surveys 
	Beaufort Sea Construction (Eni)
	Oil Production Operations (Pioneer)
	Oil Production Operations (BP Northstar)
	Barging and Other Vessels 
	Whaling Activities
	Area–wide Monitoring

	Regional Timeline of Activities


	Chapter3_final_DD
	3.  CHUKCHI SEA VESSEL-BASED MONITORING PROGRAM
	Introduction
	Methods
	Monitoring Tasks 
	Safety and Potential Disturbance Radii 
	Chukchi Sea 2006–2008

	Vessel-Based Monitoring Methods—Chukchi and Beaufort Seas
	Analyses 
	Categorization of Data
	Data Analysis Criteria
	Distribution and Behavior
	Line Transect Estimation of Densities
	Estimating Number of Marine Mammals Potentially Affected


	Monitoring Effort and Marine Mammal Encounter Results
	Cetaceans
	Cetacean Effort
	Cetacean Sightings
	Cetacean Sighting Rates by Season
	Cetacean Sighting Rates by Beaufort Wind Force
	Cetacean Sighting Rates by Received Sound Level
	Cetacean Sighting Rates by Distance from Ice
	Cetacean Sighting Rates by Distance from Shore
	Cetacean Distribution and Behavior
	Probability of Cetacean Detection
	Estimated Number of Cetaceans Potentially Ensonified

	Seals
	Pinniped Effort
	Seal Sightings
	Seal Sighting Rates by Season
	Seal Sighting Rates by Beaufort Wind Force
	Seal Sighting Rates by Received Sound Level
	Seal Sighting Rates by Distance from Ice
	Seal Sighting Rates by Distance from Shore
	Seal Distribution and Behavior
	Probability of Seal Detection 
	Estimated Number of Seals Potentially Ensonified at Various Sound Levels
	Estimated Number of Seals Potentially Ensonified

	Pacific Walrus
	Pacific Walrus Sightings
	Pacific Walrus Sighting Rates by Season
	Pacific Walrus Sighting Rates by Beaufort Wind Force
	Pacific Walrus Sighting Rates by Received Sound Level
	Pacific Walrus Sighting Rates by Distance from Ice
	Pacific Walrus Sighting Rates by Distance from Shore
	Pacific Walrus Distribution and Behavior
	Estimated Number of Pacific Walruses Potentially Ensonified at Various Sound Levels

	Polar Bears
	Estimated Number of Polar Bears Potentially Ensonified at Various Sound Levels


	Discussion
	Literature Cited


	Chapter4_Final
	4.  CHUKCHI SEA NEARSHORE AERIAL SURVEYS
	Introduction
	Objectives
	Methods
	Survey Area
	Sawtooth Survey
	Coastline Survey

	Survey Procedures
	Data Recording Procedures
	Analyses of Aerial Survey Data
	Data Categorization
	Mapping
	Comparison of sightings
	Detection Rates and Relative Abundance
	Estimated Number of Whales Present
	Distances from Shore and Seasonal Occurrence
	Behavior


	Results
	Coastline Surveys
	Ice Cover
	Cetaceans
	Survey Effort
	Sightings
	Abundance

	Pinnipeds
	Survey Effort
	Sightings


	Sawtooth Surveys
	Cetaceans
	Survey Effort
	Sightings
	Abundance

	Pinnipeds
	Survey Effort
	Sightings


	Coastline and Sawtooth Surveys
	Cetaceans
	Distribution
	Distances from Shore
	Seasonal Patterns
	Sighting rate comparisons with earlier studies
	Behavior, Swimming Speeds, and Headings

	Pinnipeds
	Terrestrial Pinniped Haulouts
	Distribution
	Distances from Shore
	Seasonal Patterns

	Polar Bears

	Discussion
	Literature Cited


	Chapter5_Final
	Chapter6_final
	6.  BEAUFORT SEA VESSEL-BASED MONITORING PROGRAM
	Introduction
	Methods
	Monitoring Tasks 
	Safety and Potential Disturbance Radii 
	Beaufort Sea 2006–2008

	Visual Monitoring and Data Analysis Methods

	Monitoring Effort and Marine Mammal Encounter Results
	Cetaceans
	Cetacean Effort
	Cetacean Sightings
	Cetacean Sighting Rates by Season
	Cetacean Sighting Rates by Beaufort Wind Force
	Cetacean Sighting Rates by Received Sound Level
	Cetacean Sighting Rates by Distance from Ice and Ice Conditions
	Cetacean Sighting Rates by Water Depth
	Cetacean Distribution and Behavior
	Probability of Cetacean Detection 
	Estimated Number of Cetaceans Potentially Ensonified at Various Sound Levels

	Seals
	Pinniped Effort
	Seal Sightings
	Seal Sighting Rates by Season
	Seal Sighting Rates by Beaufort Wind Force
	Seal Sighting Rates by Received Sound Level
	Seal Sighting Rates by Water Depth
	Seal Distribution and Behavior
	Probability of Seal Detection 
	Estimated Number of Seals Potentially Ensonified at Various Sound Levels

	Pacific Walruses
	Pacific Walrus Sightings
	Pacific Walrus Distribution and Behavior
	Probability of Pacific Walrus Detection 
	Estimated Number of Pacific Walruses Potentially Ensonified at Various Sound Levels

	Polar Bears
	Polar Bear Sightings
	Polar Bear Distribution and Behavior
	Probability of Polar Bear Detection 
	Estimated Number of Polar Bears Potentially Ensonified at Various Sound Levels


	Discussion
	Literature Cited


	Chapter7_final
	7.  BEAUFORT SEA AERIAL MONITORING PROGRAM
	Introduction
	Objectives
	Methods
	Survey Locations
	Survey Procedures
	Data Recording
	Univariate Analyses of Aerial Survey Data
	On–Transect Sightings and Effort
	Behavioral Responses   
	Estimated Exposures

	Multivariate Analyses of Aerial Survey Data

	Results and Discussion
	Natural Factors Affecting Marine Mammals
	Study Areas and Environmental Conditions
	Survey Effort
	Bowhead Whales
	Beluga Whales
	Polar Bears and Walruses
	Other Pinniped Species
	Comparisons with Other Studies
	Univariate analysis of the effect of seismic sound on bowhead whales
	Effort
	Sighting Rates
	Behavioral Responses

	Multivariate Analysis of Aerial Survey Data
	Year and Day
	Ice
	Longitude
	Sightability 
	Altitude
	Water depth
	Seismic sound


	Summary and Conclusions
	Literature Cited


	Chapter8_Final
	8.  UNMANNED AERIAL SURVEYS
	Introduction 
	Objectives 
	Methods
	Survey Area 
	Flight Planning and Coordination 
	Equipment
	Determining Launches
	Data Recording 
	Known–target Surveys 
	Opportunistic Marine Mammal Surveys 
	Vessel-based Marine Mammal Surveys

	Results 
	Effort 
	Sighting Conditions
	Sightings
	Known–target Sightings
	Marine Mammal Sightings
	Manned Overflight Surveys
	Vessel-based Marine Mammal Sightings


	Discussion
	UAV Specifications
	Coordination and Pre-deployment Planning
	Permitting Concerns
	Location and Timing of Future Tests

	Literature Cited


	FINAL_Shell_08_Ch.9_4Printing3Nov10
	Objectives
	Methods
	Equipment
	DASAR Hydrophone Calibration

	Field Procedures
	Deployments (and Retrieval of Overwintering 2007 DASARs)
	Clock and Bearing Calibrations in the Field
	Health Checks
	Retrievals
	Deployment of Overwintering DASARs

	Data Analysis
	Time Calibration
	Bearing Calibration
	Whale Call Analysis and Automated Call Detection
	Whale Call Localization
	BWASP Trend Lines
	Airgun Activities during the 2008 Field Season
	Spatial and Temporal Grid for Modeling

	Modeling of Received Levels
	SPL and SEL Calculations.—Airgun pulses were recorded by DASARs throughout the study period and were analyzed using a pulse detection routine developed by Aaron Thode (see “Third stage” in section Whale Call Analysis and Automated Call Detection above).  Datasets were generated in which each record consisted of the DASAR on which a pulse was detected, time of the pulse event, signal duration, signal sound pressure level (SPL), and signal sound exposure level (SEL).

	Background Sounds
	Analysis Dataset for Modeling of Call Detection Rate
	Study Areas
	Spatial and Temporal Sample of Cells

	Model fitting
	Estimation

	Results and Discussion
	DASAR Performance and Call Counts
	Location Estimates
	Received Levels
	Fitted models
	Predictions

	Background Sounds
	Logistic Regression Modeling of Call Probability 

	Acknowledgements
	Literature Cited

	Chapter10_Final
	10.  OTHER INDUSTRY AND AGENCY STUDIES 
	ConocoPhillips Shallow Hazards Surveys
	Introduction
	Methods
	Results

	BP (Northstar)—Acoustic Studies 2008 
	Marine Mammal Monitoring during Liberty Seismic Surveys 
	Introduction 
	Acoustic Component
	Vessel–based Monitoring Component

	Pioneer/Eni Acoustic Study 
	Introduction
	Methods
	Results

	Eni OBC/TZ Seismic Monitoring
	Introduction
	Methods
	Results

	Bowhead Whale Feeding Ecology Study (BOWFEST)
	Aerial Surveys in the Vicinity of Barrow, Alaska, Aug–Sep 2008
	Photographic Analysis of Feeding Whales
	Passive Acoustic Monitoring
	Mooring and Broad–scale Oceanography
	Tagging and Fine–scale Oceanography
	Examination of Bowhead Stomach Contents

	Bowhead Whale Aerial Survey Project (BWASP)
	Chukchi Offshore Monitoring in Drilling Area (COMIDA)
	Literature Cited


	Chapter11_Final
	11.  SUMMARY AND ASSESSMENT OF POTENTIAL EFFECTS ON MARINE MAMMALS
	Introduction
	Marine Mammal Monitoring in the Chukchi Sea
	Cetaceans
	Gray Whales
	Bowhead Whales
	Beluga Whales

	Seals 
	Walrus
	Polar Bears

	Marine Mammal Monitoring in the Beaufort Sea
	Cetaceans
	Gray whales
	Bowhead whales
	Beluga whales 

	Seals, Walruses, and Polar Bears

	Potential Interactions of Industry and Other Human Activityin the Chukchi and Beaufort Seas
	Chukchi Sea
	Seismic Operations
	Vessel Traffic

	Beaufort Sea
	Seismic Activities
	Oil and Gas Construction and Production Activities
	Non–Seismic Vessel Traffic

	Subsistence Whaling


	Potential Effects of Industry Activities on Marine Mammalsin the Chukchi and Beaufort Seas
	Chukchi Sea
	Beaufort Sea

	Potential Cumulative Impacts
	Commercial Whaling
	Subsistence Whaling
	Oil Industry Activities
	Non–Oil and Gas Related Vessel Traffic
	Commercial Fishing
	Research
	Pollution/Contaminants
	Climate Change

	Summary
	Literature Cited


	2006-2008_JMP_Final_Appendices.pdf
	Front
	Appendices to
	Joint Monitoring Program In The Chukchi And Beaufort Seas, Open Water Seasons, 2006–2008
	TABLE OF CONTENTS

	APPENDIX A_Final
	APPENDIX A:  CHUKCHI SEA VESSEL-BASED MONITORING RESULTS 
	Part 1: Tables and Figures Referenced from Chapter 3
	Part 2: English Units Tables and Figures from Chapter 3 


	APPENDIX B_Final
	APPENDIX B:  DEFINITIONS OF BEAUFORT WIND FORCES 

	APPENDIX C_Final
	APPENDIX C:  ESTIMATION OF CORRECTION FACTORS FOR DENSITY CALCULATIONS
	Calculation of f(0)
	Estimation of g(0)
	Literature Cited


	APPENDIX D_Final
	APPENDIX D:  CHUKCHI SEA AERIAL SURVEY RESULTS 
	Part 1: Tables and Figures Referenced from Chapter 4
	Part 2: English Units Tables and Figures from Chapter 4 and this Appendix


	APPENDIX E_Final
	APPENDIX E:  ACOUSTIC MONITORING SIGNAL PROCESSING METHODS 
	Part 1: Tables and Figures Referenced from Chapter 5


	APPENDIX F_Final
	APPENDIX F:  BEAUFORT SEA VESSEL-BASED MONITORING RESULTS
	Part 1: Tables and Figures Referenced from Chapter 6
	Part 2: English Units Tables and Figures from Chapter 6 and this Appendix


	APPENDIX G_Final
	APPENDIX G:  BEAUFORT SEA AERIAL SURVEY RESULTS
	Part 1: Tables and Figures Referenced from Chapter 7
	Part 2: English Units Tables and Figures from Chapter 7 and this Appendix


	APPENDIX H_Final
	APPENDIX H:  UNMANNED AERIAL SURVEY RESULTS
	Part 1: Tables and Figures Referenced from Chapter 8


	Appendix I_Final
	APPENDIX J_Final
	APPENDIX J:  OTHER INDUSTRY AND AGENCY STUDIES
	Part 1: English Units Tables and Figures from Chapter 10




