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Request by U.S. Geological Survey for an  
Incidental Harassment Authorization to Allow the 

Incidental Take of Marine Mammals 
during a Low-Energy Marine Seismic Survey  

in the Gulf of Mexico, April–May 2013 

SUMMARY 

The U.S. Geological Survey (USGS) intends to conduct a low-energy seismic survey onboard the 
R/V Pelican (or similar vessel) in the northwest Gulf of Mexico (GOM) for ~8 days in April–May 2013.  
The purpose of the USGS seismic survey is to develop technology and to collect data to assist in the 
characterization of marine gas hydrates in order to better understand their impact on seafloor stability, 
their role in climate change, and their potential as an energy source.  The survey will use as the primary 
source a pair of GI airguns, each with a discharge volume of 105 in3, and also a single 35-in3 GI gun and a 
6-kJ sparker.  The USGS requests that it be issued an Incidental Harassment Authorization (IHA) 
allowing non-lethal takes of marine mammals incidental to the planned seismic survey.  This request is 
submitted pursuant to Section 101(a)(5)(D) of the Marine Mammal Protection Act (MMPA), 16 U.S.C. 
§ 1371(a)(5).  The seismic survey will be conducted in the U.S. Exclusive Economic Zone (EEZ). 

Numerous species of marine mammals inhabit the GOM.  Several of these species are listed as 
endangered under the U.S. Endangered Species Act (ESA): the sperm, North Atlantic right, humpback, 
sei, fin, and blue whales, and the West Indian manatee.  Other ESA-listed species that could occur in the 
area are the endangered leatherback, hawksbill, green, and Kemp’s ridley turtles, and the threatened 
loggerhead turtle.  USGS is proposing a marine mammal monitoring and mitigation program to minimize 
the potential impacts of the proposed activity on marine mammals present during conduct of the proposed 
research, and to document the nature and extent of any effects. 

The items required to be addressed pursuant to 50 C.F.R. § 216.104, “Submission of Requests” are 
set forth below.  They include descriptions of the specific operations to be conducted, the marine mam-
mals occurring in the study area, proposed measures to mitigate against any potential injurious effects on 
marine mammals, and a plan to monitor any behavioral effects of the operations on those marine 
mammals. 

I. OPERATIONS TO BE CONDUCTED 

A detailed description of the specific activity or class of activities that can be expected to result in inci-
dental taking of marine mammals. 

Overview of the Activity 

The Principal Investigators (PIs) plan to conduct a seismic survey at two sites that have been 
studied as part of the Gulf of Mexico Gas Hydrates Joint Industry Project (JIP), the GC955 and WR313 
study sites, in the northwestern GOM (Fig. 1).  The survey is scheduled to take place for ~8 days (out of 
15 total operational days) in April–May 2013. 
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Figure 1.  Location of the proposed seismic surveys and OBSs at the GC955 and WR313 study sites, northwest Gulf of Mexico. 
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The goal of the proposed research is to develop technology and to collect data to assist in the 
characterization of marine gas hydrates in order to better understand their impact on seafloor stability, 
their role in climate change, and their potential as an energy source.  These sites have been extensively 
studied, including detailed LWD logging, and are known to hold thick sequences of sand containing high 
saturations of gas hydrate.  The purpose of this new seismic acquisition is to expand outward from the 
boreholes the detailed characterization that has been accomplished there, and to develop and calibrate 
improved geophysical techniques for gas hydrate characterization. 

The survey will involve one source vessel, most likely the R/V Pelican or a similar vessel  The 
remainder of this IHA will include descriptions keyed to the use of the R/V Pelican even though a similar 
vessel may be used in its place.  The Pelican will deploy two 105-in3 GI guns as the primary energy 
source.  The receiving system will consist of one 450-m long, 72-channel hydrophone streamer and 25 
ocean bottom seismometers (OBSs).  As the GI airguns are towed along the survey lines, the hydrophone 
streamer will receive the returning acoustic signals and transfer the data to the on-board processing 
system.  The OBSs record the returning acoustic signals internally for later analysis.  A subset of the 
survey lines will be repeated using either a single 35-in3 GI gun or a 6-kJ sparker.  Regardless of which 
energy source is used, calculations in § VII assume that the two 105-in3 GI guns will be used. 

At each of the two study sites, 25 OBSs will be deployed and a total of ~700 km of survey lines 
will be collected in a grid pattern (Fig. 1).  Water depths are 1500–2000 m at each site.  All planned geo-
physical data acquisition activities will be conducted by technicians provided by USGS with on-board 
assistance by the scientists who have proposed the study.  The Principal Investigators are Dr. Seth Haines, 
USGS (Energy Program), Denver, CO, and Mr. Patrick Hart, USGS (Coastal and Marine Geology), Santa 
Cruz, CA.  The vessel will be self-contained, and the crew will live aboard the vessel for the entire cruise. 

Vessel Specifications 

This section details the specifications for the R/V Pelican, although a similar vessel might well be used 
for this program.  The R/V Pelican has a length of 35.5 m, a beam of 8 m, and a full load draft of 2.9 m.  It 
is equipped with two Caterpillar Model 3412 1648-in3 diesel engines and a 80-hp Schottel bow thruster.  
Electrical power is provided by two Caterpillar 3306, 99-kW diesel generators.  An operation speed of 
~8.1 km/h (4.5 kt) will be used during seismic acquisition.  When not towing seismic survey gear, the 
R/V Pelican cruises at 17 km/h (9.2 kt).  It has a normal operating range of ~5600 km. 

The R/V Pelican will also serve as the platform from which vessel-based protected species 
observers (PSOs) will watch for marine mammals and sea turtles before and during airgun operations.  
The characteristics of the vessel that make it suitable for visual monitoring are described in § XI. 

Other details of the R/V Pelican include the following: 

Owner:  Louisiana Universities Marine Consortium 
Operator:  Louisiana Universities Marine Consortium 
Flag:  United States of America 
Launch Date:  1985, refit in 2003 
Gross Tonnage:   261 T 
Accommodation Capacity:  22 including 15 scientists 
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OBS Description and Deployment 

For the study, 25 OBSs will be deployed by the R/V Pelican at each of the two study sites in 
sequence (Fig. 1).  Once the seismic surveys have been completed at the first site, the OBSs will be 
retrieved, then redeployed at the second site.  Once the seismic surveys have been completed at the 
second site, the OBSs will be retrieved. 

OBSs operated by the U.S. National OBS Instrument Pool (OBSIP) will be used during the cruise.  
This type of OBS has a height of ~1 m and a maximum diameter of 50 cm.  The anchor is a steel plate 
weighing approximately 40 kg with dimensions ~30×30×8 cm.   

Once an OBS is ready to be retrieved, an acoustic release transponder interrogates the instrument at 
a frequency of 9–11 kHz, and a response is received at a frequency of 9–13 kHz.  The burn-wire release 
assembly is then activated, and the instrument is released from the anchor to float to the surface.  

Airgun Description 

The R/V Pelican (or similar vessel) will tow a pair of 105-in3 Sercel GI airguns as the primary 
energy source and a streamer containing hydrophones along predetermined lines.  A subset of the survey 
lines will be repeated using either a single 35-in3 GI gun or a 6-kJ sparker.  Seismic pulses for the GI guns 
will be emitted at intervals of ~ 6–10 s.  At speeds of ~ 8.1 km/h, the shot intervals correspond to spacing 
of ~14–23 m. Intervals for the sparker will be ~3 s or 7 m. 

The generator chamber of each GI airgun in the primary source, the one responsible for introducing 
the sound pulse into the ocean, is 105 in3.  The injector chamber injects air into the previously-generated 
bubble to maintain its shape, and does not introduce more sound into the water.  The two GI airguns will 
be towed 8 m apart side by side, 21 m behind the R/V Pelican, at a depth of 3 m.  The total effective 
volume will be 210 in3. 

The single 35-in3 GI gun is the same type of dual chamber gun as the 105-in3 GI gun described 
above, with the generator and injector chambers each being 35 in3.  The manufacturer's literature indicates 
that a 35-in3 GI gun has an rms source level of ~208 dB re 1 μPa · m, a duration of about 10 ms, and 
dominant frequency components <500 Hz.  Field measurements by USGS personnel indicate that the GI 
gun outputs low sound amplitudes at frequencies >500 Hz.  The 35-in3 GI gun will be towed ~15 m 
behind the ship at ~2 m depth. 

 The 6-kJoule Delta Sparker source is manufactured by Applied Acoustics Engineering Ltd.  The 
sparker generates a steam bubble by discharging electrical energy through a point electrode surrounded by 
seawater.  The rapid expansion of the steam bubble generates a positive pressure impulse lasting 0.3–
5.0 ms and frequencies concentrated between 200 and 1000 Hz.  The manufacturer's literature indicates 
that this sparker system operated at 6 kJoules has a pk-pk source level of ~226 dB re 1 μPa · m.  The 
sparker array will be towed at a nominal depth of 2 m and a distance of 10–20 m behind the ship. 

As the GI airguns are towed along the survey line, the towed hydrophone array in the streamer 
receives the reflected signals and transfers the data to the on-board processing system.  The OBSs record 
the returning acoustic signals internally for later analysis.  Given the relatively short streamer length 
behind the vessel, the turning rate of the vessel while the gear is deployed is much higher than the limit of 
five degrees per minute for a seismic vessel towing a streamer of more typical length (>>l km).  Thus, the 
maneuverability of the vessel is not limited much during operations. 
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Primary Source GI Airgun Specifications  

Energy Source Two GI airguns of 105 in3 

Source output (downward) 0-pk is 5.5 bar-m (234.4 dB re 1 μPa · m); 
   pk-pk is 9.8 bar-m (239.8 dB re 1 μPa · m) 
Towing depth of energy source 3 m 
Air discharge volume ~210 in3 
Dominant frequency components 0–188 Hz 
Gun positions and volumes used Two side by side airguns 8 m apart, each 105 in3 

The nominal downward-directed source levels indicated above do not represent actual sound levels 
that can be measured at any location in the water.  Rather, they represent the level that would be found 
1 m from a hypothetical point source emitting the same total amount of sound as is emitted by the 
combined GI airguns.  The actual received level at any location in the water near the GI airguns will not 
exceed the source level of the strongest individual source.  In this case, that will be about 234.4 dB re 
1 μPa · m peak, or 239.8 dB re 1μPa · m peak-to-peak.  Actual levels experienced by any organism more 
than 1 m from either GI airgun will be significantly lower. 

A further consideration is that the rms1 (root mean square) received levels that are used as impact 
criteria for marine mammals are not directly comparable to the peak (p or 0–p) or peak to peak (p–p) values 
normally used to characterize source levels of airgun arrays.  The measurement units used to describe airgun 
sources, peak or peak-to-peak decibels, are always higher than the rms decibels referred to in biological 
literature.  A measured received level of 160 dB re 1 µParms in the far field would typically correspond to 
~170 dB re 1 Pap, and to ~176–178 dB re 1 μPap-p, as measured for the same pulse received at the same 
location (Greene 1997; McCauley et al. 1998, 2000).  The precise difference between rms and peak or peak-
to-peak values depends on the frequency content and duration of the pulse, among other factors.  However, 
the rms level is always lower than the peak or peak-to-peak level for an airgun-type source.  

Received sound levels have been modeled by Lamont-Doherty Earth Observatory of Columbia 
University (L-DEO) for a number of airgun configurations, including two 105-in3 GI guns, in relation to 
distance and direction from the airguns (Fig. 2).  The model does not allow for bottom interactions, and is 
most directly applicable to deep water.  Based on the modeling, estimates of the maximum distances from 
the GI airguns where sound levels of 190, 180, and 160 dB re 1 μParms are predicted to be received in 
deep (>1000-m) water are shown in Table 1.  Received sound levels have not been modeled for the single 
35-in3 GI gun or the 6-kJ sparker, but maximum distances for those sources would be much lower than 
those for the two 105-in3 GI guns.  We will use the results for the two 105-in3 GI guns for all seismic 
lines, resulting in conservative (precautionary) results when the smaller sources are used. 

Empirical data concerning the 190-, 180-, 170- and 160-dB distances were acquired for various 
airgun arrays based on measurements during the acoustic verification studies conducted by L DEO in the 
northern Gulf of Mexico in 2003 (6-, 10-, 12-, and 20-airgun arrays, and 2 GI airguns; Tolstoy et al. 2004) 
and 2007–2008 (36-airgun array; Tolstoy et al. 2009).  Results for the 36-airgun array are not relevant for 
the 2 GI airguns to be used in the proposed survey.  The empirical data for the 6-, 10-, 12-, and 20-airgun 
arrays indicate that, for deep water (>1000 m), the L-DEO model tends to overestimate the received 
sound levels at a given distance (Tolstoy et al. 2004).  Measurements were not made for the 2 GI

____________________________________ 
1 The rms (root mean square) pressure is an average over the pulse duration. 
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FIGURE 2.  Modeled received sound levels from two 105-in3 GI airguns that will be used during the USGS 
survey in the northwestern GOM during April–May 2013.  Model results provided by the Lamont-Doherty 
Earth Observatory of Columbia University (L-DEO). 
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airgun array in deep water, however, we propose to use the safety radii predicted by L-DEO’s model for 
the proposed GI airgun operations in deep water, although they are likely conservative given the empirical 
results for the other arrays.  Table 1 shows the distances at which three rms sound levels are expected to 
be received from the GI airguns.  The 180- and 190-dB re 1 μParms distances are the safety criteria as 
specified by NMFS (2000) and are applicable to cetaceans and pinnipeds, respectively.  The 180-dB 
distance will also be used as the exclusion zone for sea turtles, as required by NMFS in most other recent 
seismic projects (e.g., Smultea et al. 2004; Holst et al. 2005; Holst and Beland 2008; Holst and Smultea 
2008; Hauser et al. 2008).  If marine mammals or sea turtles are detected within or about to enter the 
appropriate exclusion zone, the airguns will be shut down immediately. 

Southall et al. (2007) made detailed recommendations for new science-based noise exposure 
criteria.  USGS will be prepared to revise its procedures for estimating numbers of mammals “taken”, 
exclusion zones, etc., as may be required by any new guidelines that result.  However, currently the 
procedures are based on best practices noted by Pierson et al. (1998) and Weir and Dolman (2007).  As 
yet, NMFS has not specified a new procedure for determining exclusion zones. 

 

TABLE 1.  Distances to which sound levels 190, 180, and 160 dB re 1 μParms could be received from two 
105-in3 GI airguns that will be used during the proposed seismic survey in the northwestern GOM during 
April–May 2013.  Distances are based on model results provided by L-DEO. 

Water depth 

Estimated Distances at Received Levels (m) 

190 dB 180 dB 160 dB 

>1000 m 20 70 670 

 

II. DATES, DURATION, AND REGION OF ACTIVITY 

The date(s) and duration of such activity and the specific geographical region where it will occur. 

The seismic survey will be conducted near the GC955 and WR313 study sites in the northwest 
Gulf of Mexico (Fig. 1).  Water depth at the sites is ~2000 m.  Total survey time would be ~96 h at each 
site.  The survey is scheduled during 16 April–5 May 2013.  

III. SPECIES AND NUMBERS OF MARINE MAMMALS IN AREA 

The species and numbers of marine mammals likely to be found within the activity area 

Twenty-eight cetacean species and one species of manatee are known to occur in the Gulf of 
Mexico.  Seven cetacean species (North Atlantic right, humpback, sei, fin, Sowerby’s beaked, minke, and 
blue whales) are rare and are not discussed in this document.  Two species are listed as endangered under 
the ESA (the sperm, and the West Indian manatee).  No species of pinnipeds are known to occur regularly 
in the Gulf of Mexico and any pinniped sighted in the study area would be extralimital. 
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IV. STATUS, DISTRIBUTION AND SEASONAL DISTRIBUTION OF AFFECTED SPECIES 

OR STOCKS OF MARINE MAMMALS 

A description of the status, distribution, and seasonal distribution (when applicable) of the affected 
species or stocks of marine mammals likely to be affected by such activities 

Sections III and IV are integrated here to minimize repetition. 

Twenty-eight cetacean species and one species of manatee are known to occur in the GOM 
(Jefferson and Schiro 1997; Würsig et al. 2000; Jefferson et al. 2008; Table 2).  Seven of these species are 
listed as endangered under the ESA (the sperm, North Atlantic right, humpback, sei, fin, and blue whales, 
and the West Indian manatee).  However, of those species, only sperm whales are likely to be encountered 
in the survey area.  In addition to the 28 species known to occur in the GOM, another three species of 
cetaceans could potentially occur there:  the long-finned pilot whale, the long-beaked common dolphin, 
and the short-beaked common dolphin.  There are no confirmed sightings of these species in the GOM, 
although they have been seen close to the GOM and could eventually be found there (Würsig et al. 2000).  
Those species are not considered further here.  Also, 7 of the 28 species—the North Atlantic right, hump-
back, minke, sei, fin, blue, and Sowerby’s beaked whales—are considered sufficiently rare that BOEMRE 
(2011) concluded that no potential effect from seismic surveys is expected.  Those species are also not 
considered further here.  Manatees are very unlikely to be encountered in or near the deep offshore waters 
of Keathley Canyon.  No species of pinnipeds are known to occur regularly in the Gulf of Mexico and any 
pinniped sighted in the study area would be extralimital.   

General information on the taxonomy, ecology, distribution and movements, and acoustic 
capabilities are given in § 3.6.1 and § 3.7.1 of the Final Programmatic Environmental Impact Statement 
(EIS)/Overseas Environmental Impact Statement (OEIS) (hereafter called PEIS) for Marine Seismic 
Research funded by the National Science Foundation or Conducted by the U.S. Geological Survey.  The 
rest of this section deals specifically with their distribution in the GOM. 

In general, cetaceans in the Gulf of Mexico appear to be partitioned by habitat preferences likely 
related to prey distribution (Baumgartner et al. 2001).  Most species in the northern Gulf are concentrated 
along the upper continental slope in or near areas of cyclonic circulation in waters 200–1000 m deep.  
Species sighted regularly in these waters include Risso's dolphin, the rough-toothed, spinner, striped, 
pantropical spotted, and Clymene dolphins, short-finned pilot whales, pygmy and dwarf sperm whales, 
sperm whales, beaked whales of the genus Mesoplodon, and unidentified beaked whales (Davis et al. 
1998).  In contrast, continental shelf waters (<200 m deep) are primarily inhabited by two species:  the 
bottlenose and Atlantic spotted dolphins (Davis et al. 2000, 2002; Mullin and Fulling 2004).  Bottlenose 
dolphins are also found in deeper waters (Baumgartner et al. 2001).  The narrow continental shelf south of 
the Mississippi River delta (20 km wide at its narrowest point) appears to be an important habitat for 
several cetacean species (Baumgartner et al. 2001; Davis et al. 2002).  There appears to be a resident 
population of sperm whales within 100 km of the Mississippi River delta (Davis et al. 2002).  

The following text contains descriptions of the marine mammal species in the Gulf of Mexico.  The 
known and likely occurrence of marine mammals in and near the study area is assessed based primarily 
from results of the “GulfCet” aerial and shipboard surveys (Davis and Fargion 1996), from shipboard 
surveys during spring and summer (Fulling et al. 2003; Mullin 2007), and from a comprehensive sighting 
compilation for U.S. Navy operating areas in the Gulf of Mexico (DoN 2007a). 



IV.  Status and Distribution of Species Affected 

 

USGS IHA Application for the Northwest Gulf of Mexico, 2013 Page 9 

TABLE 2.  The habitat, occurrence, estimated abundance, and conservation status of marine mammals 
that are known to occur in the Gulf of Mexico.   

Species 
Occurrence in 
Gulf of Mexico1 

Abundance in Gulf 
or North Atlantic2 

 
U.S. 
ESA3 

 
IUCN4 

 
CITES5 

Mysticetes 
Bryde’s whale 

Uncommon 156, 90,0007 NL DD I 

Odontocetes 
Sperm whale  

Common 16656, 13,1908 EN VU I 

Pygmy sperm whale  
Common 4536,9, 39510,9 NL DD II 

Dwarf sperm whale  
Cuvier’s beaked whale Rare 656, 351310,11 NL LC II 

Gervais' beaked whale Uncommon 
576, 351310,11 

NL DD II 
Blainville’s beaked whale  Rare NL DD II 
Rough-toothed dolphin  Common 15086, 265312 NL LC II 

Bottlenose dolphin Common 37086, 81,58810,13 NL§ LC II 
Pantropical spotted dolphin Common 34,0676, 443910 NL LC II 

Atlantic spotted dolphin Common 37,78612, 50,97810 NL DD II 
Spinner dolphin  Common 19896 NL DD II 

Clymene dolphin Common 65756 NL DD II 

Striped dolphin Common 33256, 94,46210 NL LC II 

Fraser’s dolphin  Rare 72614 NL LC II 

Risso’s dolphin  Common 15896, 20,47910 NL LC II 

Melon-headed whale  Common 22836 NL LC II 

Pygmy killer whale  Uncommon 3236 NL DD II 

False killer whale  Uncommon 7776 NL DD II 

Killer whale  Uncommon 496 NL DD II 

Short-finned pilot whale  Common 7166, 24,67410 NL* DD II 
Sirenian 
West Indian manatee 

Common (FL), 
rare elsewhere 

380215 EN EN I 

N.A. - Data not available or species status was not assessed. 
1 Occurrence from Würsig et al. (2000). 
2 Estimate for North Atlantic (and outside of Gulf) populations shown in italics.   
3 Endangered Species Act: EN = Endangered, T = Threatened, NL = Not listed. 
4 IUCN (International Union for Conservation of Nature and Natural Resources) Red List of Threatened Species (IUCN 2011).  EN = 
Endangered; VU = vulnerable; LC = Least Concern; DD = Data Deficient. 
5 Convention on International Trade in Endangered Species of Wild Fauna and Flora (UNEP-WCMC 2011).  Appendix I=Threatened 
with extinction; Appendix II = not necessarily now threatened with extinction but may become so unless trade is closely controlled. 
6 Abundance estimate for the oceanic northern U.S. Gulf of Mexico, 2003–2004 (Mullin 2007) 
7 World population estimate (ACS 2005). 
8 g(o) corrected total estimate for the Northeast Atlantic, Faeroes-Iceland, and the U.S. east coast (Whitehead 2002). 
9 Estimate for Kogia sp. 
10 Abundance estimate for U.S. Western North Atlantic stock (Waring et al. 2010). 
11 This estimate is for Mesoplodon and Ziphius spp. combined. 
12 Abundance estimate for the northern Gulf of Mexico stock, outer continental shelf and oceanic (Waring et al. 2010). 
13 Abundance estimate is for the Western North Atlantic offshore stock (Waring et al. 2010). 
14 Abundance estimate for the northern Gulf of Mexico oceanic waters from 1996 to 2001 (Mullin and Fulling 2004) 
15 Best available estimate for Florida stock (Waring et al. 2010). 
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Mysticetes 

Bryde’s Whale (Balaenoptera edeni/brydei) 

Bryde’s whale is considered uncommon in the Gulf of Mexico, although is the only baleen whale 
that occurs there on a regular basis throughout the year (Würsig et al. 2000).  It can be pelagic or coastal 
(Jefferson et al. 2008).  In the northern Gulf, all Bryde’s whale sightings reported by Davis et al. (1998, 
2002) were in relatively shallow water, although Mullin and Fulling (2004) reported four sightings in 
northeast slope waters, where depths were 200–2000 m.  Two Bryde’s whale sightings have also been 
reported in waters >200 m deep during spring–summer surveys in 2003–2004 (Mullin 2007).  Almost all 
sightings occur in or near the De Soto Canyon and the West Florida Terrace during spring (DoN 2007a).  
One sighting, in spring, was recorded near the proposed survey area (DoN 2007a). 

Odontocetes 

Sperm Whale (Physeter macrocephalus) 

The sperm whale is considered common in the Gulf of Mexico.  It the most abundant large whale there 
(Würsig et al. 2000) and is the cetacean species most likely to be encountered in the study area in all seasons.  
NMFS provisionally considers the sperm whale population in the northern Gulf of Mexico as a stock distinct 
from the U.S. Atlantic stock (Waring et al. 2010).  Recent analysis of movement patterns, genetic structure, 
photo-identification data, and vocalizations support the distinct stock concept (Jochens et al. 2008).  

Baumgartner et al. (2001) and Davis et al. (2002) noted that in the Gulf, sperm whales are most 
often seen along the lower continental slope in water depths >1000 m.  Mate and Ortega-Ortiz (2004) 
reported that most of the sperm whales that they satellite-tagged frequented waters 700–1000 m deep, 
although some were seen in waters >3000 m deep.  Mate and Ortega-Ortiz (2004) suggested that there 
could be an offshore deep-water stock as well as a nearshore-slope population. 

Sperm whales occur in the Gulf year-round (Mate and Ortega-Ortiz 2004; Mullin et al. 2004), and 
site fidelity has been suggested to be high (Weller et al. 2000; Jochens et al. 2008).  The most common 
months for sperm whale sightings are spring and summer; however, there is no definitive seasonal 
distribution pattern (Jefferson and Schiro 1997; Mullin et al. 2004).  The lower number of fall and winter 
sightings for sperm whales and several other species could be a result at least in part of reduced effort 
and/or poorer sighting conditions in those seasons.  The seasonal distribution of sperm whales in the Gulf 
of Mexico could be affected by individual variability or year-to-year variation in the environment, such as 
an El Niño event, as well as individual variability (Mate 2003). 

Concentrations of sperm whales occur south of the Mississippi River Delta, where upwelling is 
known to occur (Mullin et al. 1991; Mullin and Hoggard 2000; Würsig et al. 2000; Biggs et al. 2003), and 
~300 km east of the Texas–Mexico border (Würsig et al. 2000).  Satellite-tagged sperm whales were 
tracked from the DeSoto Canyon in the northeastern Gulf along the slope edge to the Texas/Mexico 
border (Mate and Ortega-Ortiz 2004).  Several tagged animals traversed deep waters and visited the Gulf 
of Campeche, Mexico, and the northwest coast of Cuba (Mate 2003; Mate and Ortega-Ortiz 2004).  
Identified sperm whales in the Gulf of Mexico have been resighted after periods of several years within a 
few miles of their original locations (e.g., Weller et al. 2000), although Jochens et al. (2008) reported that 
the median distance between resightings in the study area for the sperm whale seismic study was ~72 km.  

Sperm whales have been sighted near the proposed survey areas in all seasons (Davis and Fargion 
1996; DoN 2007a). 



IV.  Status and Distribution of Species Affected 

 

USGS IHA Application for the Northwest Gulf of Mexico, 2013 Page 11 

Pygmy Sperm Whale (Kogia breviceps) 

The pygmy sperm whale is considered common in the Gulf, and occurs there year-round (Würsig 
et al. 2000; Mullin et al. 2004).  It strands frequently along the coast of the Gulf, especially in autumn and 
winter; this may be associated with calving (Würsig et al. 2000).  In the northern Gulf, pygmy sperm 
whales are typically sighted in waters 100–2000 m deep (Würsig et al. 2000).  Würsig et al. (2000) noted 
that densities of pygmy sperm whales were highest in spring and summer and lower in fall and winter.  
Sightings are primarily along the continental shelf break and over the continental slope (Davis et al. 1998; 
Baumgartner et al. 2001).  The species has been sighted near the proposed survey areas during winter, 
spring, and summer (DoN 2007a).  There is an area of predicted high SPUE (sightings per unit effort) 
during summer near ~26.8ºN, 91.4ºW, which likely reflects a cluster of sightings at a concentrated food 
resource at one time rather than a recurring area of concentration for Kogia spp. (DoN 2007a).   

Dwarf Sperm Whale (Kogia sima) 

The dwarf sperm whale is thought to be common in the Gulf of Mexico (Würsig et al. 2000).  It 
strands frequently along the Gulf coast, but not as frequently as the pygmy sperm whale (Würsig et al. 
2000).  Mullin et al. (2004) reported year-round sightings of this species in the Gulf.  Sightings are 
primarily along the continental shelf edge and over deeper waters off the shelf (Hansen et al. 1994; Davis 
et al. 1998).  During GulfCet surveys in 1992–1994, dwarf sperm whales were sighted near the proposed 
survey areas during spring and summer (Davis and Fargion 1996).  DoN (2007a) reported the highest 
numbers of Kogia spp. sightings in spring and summer.  The lack of sightings in the area during fall and 
winter could reflect the low level of effort during those seasons. 

Cuvier’s Beaked Whale (Ziphius cavirostris) 

In the Gulf of Mexico, beaked whale sightings have occurred in water depths 420–3487 m (Ward et 
al. 2005 in DoN 2007a).  The northern Gulf continental shelf has been described as a ‘key area’ for 
beaked whales (MacLeod and Mitchell 2006).  

Cuvier’s beaked whale is considered rare in the Gulf of Mexico.  During GulfCet surveys, Cuvier’s 
beaked whales have been sighted on the lower continental slope, where depths are ~2000 m (Davis and 
Fargion 1996; Mullin and Hoggard 2000).  Cuvier’s beaked whale has been sighted in all seasons in the 
Gulf, including waters near the proposed survey areas during spring (Davis and Fargion 1996; DoN 
2007a).  Most Cuvier’s beaked whale strandings in the Gulf are in the eastern area, especially Florida 
(Würsig et al. 2000).  Causes of strandings in the Gulf are unknown, but they could include old age, 
illness, disease, pollution, exposure to certain strong noises, and perhaps geomagnetic disturbance.  

Gervais’ Beaked Whale (Mesoplodon europaeus) 

Gervais’ beaked whale is considered uncommon in the Gulf of Mexico.  It is mainly oceanic and 
occurs in tropical and warmer temperate waters of the Atlantic Ocean including the Gulf (Jefferson et al. 
2008).  Its distribution is primarily known from stranding records.  Strandings may be associated with 
calving, which takes place in shallow water (Würsig et al. 2000).  This species has only rarely been 
identified positively at sea, and then mostly in the eastern Atlantic; however, in the Gulf, many 
Mesoplodon sightings are believed to have been Gervais’ beaked whale (Jefferson et al. 2008).  Gervais’ 
beaked whale strandings were reported for western Florida, Texas, the northeastern Gulf, Cuba, and 
southern Mexico (Würsig et al. 2000).  However, most records for the Gervais’ beaked whale are from 
Florida (Debrot and Barros 1992).  The species has been sighted during spring off the southern end of the 
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West Florida Shelf (DoN 2007a).  It has not been documented near the proposed survey areas, although 
there have been a number of unidentified beaked whale sightings there in all seasons that could 
potentially have been this species (DoN 2007a). 

Blainville’s Beaked Whale (Mesoplodon densirostris) 

Blainville’s beaked whale is considered rare in the Gulf of Mexico.  Knowledge of Blainville’s 
beaked whale distribution in the Gulf is mainly derived from strandings, although there have been a 
number of visual sightings during spring (DoN 2007a).  Stranding records exist for Texas, Louisiana, 
Mississippi/Alabama, and Florida (Würsig et al. 2000) and the Yucatán (Ortega-Ortiz 2002).  It has been 
sighted in the northern Gulf (Würsig et al. 2000) and near the proposed survey areas during spring (Davis 
and Fargion 1996; DoN 2007a). 

Rough-toothed Dolphin (Steno bredanensis) 

The rough-toothed dolphin is considered common in the Gulf of Mexico.  It has been sighted 
throughout the northern Gulf in waters >200 m deep (DoN 2007a).  It has been sighted in the Gulf during 
all seasons, with more sightings in spring and summer (Mullin et al. 2004; DoN 2007a).  The number of 
sightings is high on the West Florida Shelf (DoN 2007a).  Rough-toothed dolphins usually inhabit deep 
waters, but at least in late summer/early autumn, they also occur in continental shelf waters in the 
northern Gulf (Fulling et al. 2003).  Rough-toothed dolphins have been sighted near the proposed survey 
areas during spring and summer (DoN 2007a). 

Common Bottlenose Dolphin (Tursiops truncatus) 

The bottlenose dolphin is considered common in the Gulf of Mexico.  Bottlenose dolphins in the 
northern Gulf of Mexico are thought to consist of 35 inshore or coastal stocks in waters <20 m, a continental 
shelf stock, and an oceanic stock (Waring et al. 2011).  In the Gulf, the oceanic population occurs in deep, 
offshore waters over the continental shelf (Würsig et al. 2000).  In oceanic waters (>200 m), Mullin (2007) 
reported an overall density of ~1/100 km2, with much higher density in the NE slope (5/100 km2) than the NW 
slope waters (0.35/100 km2) or deep water (0; Mullin 2007).  

Although bottlenose dolphins occur in the Gulf year-round, seasonal variation in abundance has 
been reported.  Hubard et al. (2004) reported this for the Mississippi Sound area, with lower densities in 
the fall compared to summer.  Similarly, Shane (2004) noted that sighting rates were highest during 
spring in southwestern Florida.  Site fidelity has also been noted for this species (Hubard et al. 2004; 
Irwin and Würsig 2004).  It has been sighted near the proposed survey areas during spring, summer, and 
fall (Davis and Fargion 1996; DoN 2007a). 

Pantropical Spotted Dolphin (Stenella attenuata) 

The pantropical spotted dolphin is considered common in the Gulf of Mexico.  It is the most 
common species of cetacean in deep waters of the Gulf of Mexico (Davis and Fargion 1996; Würsig et al. 
2000), and is rare over the continental shelf or continental shelf edge (Davis et al. 1998).  It was the most 
abundant species during spring and summer surveys in oceanic waters (>200 m deep) in the Gulf of 
Mexico, with a density of 24/100 km2 in 1996–2001 (Mullin and Fulling 2004) and 9/100 km2 in 2003–
2004 (Mullin 2007).  Fairfield-Walsh et al. (2005) also reported this as the most frequently sighted 
cetacean in the eastern Gulf in waters >200 m deep.  During 1989–1997, it was mainly seen in the north-
central Gulf from south of the Mississippi Delta to west of Florida (Würsig et al. 2000).  There is a 
predicted area of high SPUE during spring at ~26ºN, 89ºW (DoN 2007a), southeast of the proposed 
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survey areas.  This species has been sighted in the Gulf year-round with fewest sightings in fall (Mullin et 
al. 2004).  It has been sighted during all seasons in or near the proposed survey area (DoN 2007a). 

Atlantic Spotted Dolphin (Stenella frontalis) 

The Atlantic spotted dolphin is considered common in the Gulf of Mexico (Würsig et al. 2000).  It 
usually inhabits shallow waters on the continental shelf inshore of the 250-m isobath (Davis et al. 1998, 
2002; Fulling et al. 2003).  Although spotted dolphins occur in the Gulf year-round, Griffin and Griffin 
(2004) reported significant seasonal variations in densities along the continental shelf.  Griffin and Griffin 
(2004) and Griffin et al. (2005) reported that abundance was lower in nearshore waters during summer, 
and densities were higher during winter.  Highest densities occur during summer on the West Florida 
Shelf (DoN 2007a).  Fulling et al. (2003) reported that the Atlantic spotted dolphin was the most abundant 
species sighted during a survey in waters 20–200 m deep, with higher densities in the northeast Gulf 
(20/100 km2) than in the northwest Gulf (3/100 km2).  None were sighted in waters >200 m deep during 
shipboard surveys in spring and summer 2003–2004 (Mullin 2007).  However, other authors report that 
the species has been sighted near the proposed survey areas during spring (Davis and Fargion 1996). 

Spinner Dolphin (Stenella longirostris) 

The spinner dolphin is considered common in the Gulf of Mexico.  It typically inhabits deep water in 
the Gulf (Davis et al. 1998).  Almost all sightings occurred east and southeast of the Mississippi Delta, in 
waters deeper than 100 m (Würsig et al. 2000).  Mullin and Fulling (2004) reported a density of 
~3/100 km2 in oceanic waters (>200 m deep).  No spinner dolphins were sighted over the NW Slope 
during spring/summer shipboard surveys in 2003–2004 (Mullin 2007).  Spinner dolphins have not been 
sighted near the proposed survey areas (Davis and Fargion 1996; DoN 2007a).  The highest predicted 
SPUE occurs in the De Soto Canyon and on the West Florida Shelf (DoN 2007a). 

Clymene Dolphin (Stenella clymene) 

The Clymene dolphin is considered common in the Gulf of Mexico.  It is widely distributed in the 
western oceanic Gulf of Mexico during spring, and in the northeastern Gulf during summer and winter 
(Würsig et al. 2000).  Mullin and Fulling (2004) also reported that it was sighted primarily in the western 
Gulf in the spring, with an estimated density of ~5/100 km2.  All sightings during spring and summer 
shipboard surveys in 2003–2004 were over the NW slope and in abyssal waters (Mullin 2007).  Clymene 
dolphins inhabit areas where water depths range from 704 to 4500 m or deeper (Mullin et al. 1994a; 
Davis et al. 1998; Culik 2002; Fertl et al. 2003).  Clymene dolphins have been sighted near the proposed 
survey areas during winter, spring, and summer (DoN 2007a). 

Striped Dolphin (Stenella coeruleoalba) 

The striped dolphin is considered common in the Gulf of Mexico.  It is pelagic and seems to prefer 
deep water along and seaward of the edge of the continental shelf (Davis et al. 1998).  Mullin (2007) 
reported a mean density of ~1/100 km2 for oceanic Gulf waters (>200 m deep).  The density was higher 
over the NE Slope (~2/100 km2) than over the NW Slope (0.2/100 km2).  The species has been sighted in 
winter and spring near the proposed survey areas (Davis and Fargion 1996; DoN 2007a).  The area of 
highest SPUE is predicted for the De Soto Canyon.  A second area of high density was predicted over the 
abyssal plain at ~26.5ºN, 89ºW during spring (DoN 2007a). 
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Fraser’s Dolphin (Lagenodelphis hosei) 

Fraser’s dolphin is considered rare in the Gulf of Mexico.  The distribution of Fraser’s dolphin in 
the Atlantic and its adjacent seas is poorly known, but it is believed to be most abundant in the deep water 
of the Gulf of Mexico (Dolar 2009).  Fraser’s dolphins have been sighted in the northwestern Gulf and 
have been found stranded in Florida and Texas (Würsig et al. 2000).  A density of 0.2/100 km2 was 
estimated for oceanic waters of the Gulf (Mullin and Fulling 2004).  Sightings occurred in winter and 
spring (Mullin et al. 2004).  Of the few sightings recorded in the Gulf, some have been near the proposed 
survey areas in spring and summer (Davis and Fargion 1996; DoN 2007a). 

Risso’s Dolphin (Grampus griseus) 

Risso’s dolphin is considered common in the Gulf of Mexico.  It has been sighted off Florida and 
in the western Gulf off the coast of Texas, and stranding records also exist for Texas and Florida (Würsig 
et al. 2000).  Mullin et al. (2004) reported sightings in the Gulf during all seasons, with the highest 
number of sightings in winter and spring. 

In the Gulf, Risso’s dolphins usually occur on the upper continental slope, in waters 200–1530 m 
deep (Baumgartner 1997; Davis et al. 1998; Würsig et al. 2000).  In recent years, most sightings in the 
northern Gulf were in water ~200 m deep south of the Mississippi Delta (Würsig et al. 2000).  Mullin 
(2007) reported a density of 1.3/100 km2 in the NE Slope waters >200 m deep, and 0.30/100 km2 in the 
NW Slope waters.  The species has been sighted in waters up to 2088 m depth (Mullin et al. 2004).  A 
small area of high density is predicted off the southeast edge of the West Florida Terrace (~26ºN, 84ºW) 
during summer and fall (DoN 2007a).  Risso’s dolphins have been sighted near the proposed survey areas 
in winter, spring, and summer (DoN 2007a). 

Melon-headed Whale (Peponocephala electra) 

The melon-headed whale is considered common in the Gulf, mainly in the northwest from Texas to 
Mississippi (Würsig et al. 2000).  Mullin and Fulling (2004) reported three sightings west of Mobile Bay, 
Alabama, during spring surveys.  In the Gulf, they usually occur in water >200 m deep and away from the 
continental shelf (Mullin et al. 1994b; Würsig et al. 2000).  The melon-headed whale has been sighted 
near the proposed survey areas in all seasons (Davis and Fargion 1996; DoN 2007a). 

Pygmy Killer Whale (Feresa attenuata) 

The pygmy killer whale is considered uncommon in the Gulf.  Strandings have been reported from 
Florida to Texas, mostly in the winter (Würsig et al. 2000).  Sightings occur year-round in the Gulf (DoN 
2007a), including off Texas and in the west-central portion of the northern Gulf in water 500–1000 m 
deep (Würsig et al. 2000).  The pygmy killer whale has been sighted near the proposed survey areas 
during spring (DoN 2007a). 

False Killer Whale (Pseudorca crassidens) 

The false killer whale is considered uncommon in the Gulf, where it has been sighted in the north-
ern Gulf, especially in the eastern regions, during spring (Mullin and Hoggard 2000; DoN 2007a; Mullin 
2007) and in the deep waters of the western Gulf during late winter/early spring (Vázquez Castán et al. 
2009).  Würsig et al. (2000) noted that they typically occur in waters 200–2000 m deep in the Gulf.  
Mullin and Fulling (2004) reported that they were only seen east of Mobile Bay, Alabama (~88ºW).  
Sightings have been reported near the proposed survey areas during spring and summer (Davis and 
Fargion 1996). 
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Killer Whale (Orcinus orca) 

The killer whale is considered uncommon in the Gulf of Mexico.  It appears to prefer coastal areas, 
but is also known to occur in deep water (Dahlheim and Heyning 1999; Mullin 2007).  In the Gulf, most 
sightings have been in 200–2000 m depths southwest of the Mississippi Delta (Würsig et al. 2000).  
Mullin and Fulling (2004) reported five sightings in the northwestern Gulf during the spring and one 
sighting during summer.  No sightings have been reported for fall or winter (DoN 2007a).  One sighting 
has been reported near the proposed survey areas during spring (DoN 2007a). 

Short-finned Pilot Whale (Globicephala macrorhynchus) 

The short-finned pilot whale is considered common in the Gulf of Mexico.  It occurs year-round in 
the Gulf where it is known to strand frequently (Mullin et al. 2004).  The species is generally found in 
deep water at the edge of the continental shelf and over deep submarine canyons (Davis et al. 1998; 
Jefferson et al. 2008).  In the northern Gulf, it is most commonly seen in the central and western areas in 
waters 200–1000 m deep, i.e., along the continental slope (Würsig et al. 2000), although it has also been 
sighted in waters 1876 m deep (Mullin et al. 2004).  Mullin and Fulling (2004) noted that, during a spring 
survey, short-finned pilot whales were primarily seen west of Mobile Bay, Alabama (~88ºW).  There is a 
predicted area of high SPUE during winter at ~27ºN, 96ºW (DoN 2007a).  This species has been sighted 
near the proposed survey areas during all seasons (Davis and Fargion 1996; DoN 2007a).   

Other Marine Mammals 

West Indian Manatee (Trichechus manatus) 

The West Indian manatee is common in Florida and rare elsewhere in the Gulf of Mexico.  It has a 
patchy coastal distribution that is dependent on suitable habitat.  The West Indian manatee is subdivided 
into two subspecies, the Florida manatee (Trichechus manatus latirostris) and the Antillean manatee (T. 
m. manatus).  The Florida manatee occurs in the northern Gulf of Mexico, and the Antillean manatee is 
found in the southern Gulf.  Except along the Florida coast, manatees are considered rare in the Gulf of 
Mexico (Würsig et al. 2000).  Nonetheless, there has been a recent increase in manatee sightings for 
waters off Alabama, Louisiana, Mississippi, and Texas (Fertl et al. 2005).  Fertl et al. (2005) considered 
all historical and recent records (up to August 2004) and found that all sightings were shoreward of the 
20-m isobath.  Manatees are very unlikely to occur in the deep waters of the proposed survey areas. 

V. TYPE OF AUTHORIZATION REQUESTED 

The type of incidental taking authorization that is being requested (i.e., takes by harassment only, takes by 
harassment, injury and/or death), and the method of incidental taking. 

USGS requests an IHA pursuant to Section 101(a)(5)(D) of the MMPA for incidental take by 
harassment during its planned seismic survey in the northwest GOM during April–May 2013.

The operations outlined in § I have the potential to take marine mammals by harassment.  Sounds 
will be generated by the GI airguns used during the surveys, the sparker, and general vessel operations.  
“Takes” by harassment potentially will result when marine mammals near the activities are exposed to the 
pulsed sounds generated by the seismic sources or echosounders.  The effects will depend on the species 
of cetacean, the behavior of the animal at the time of reception of the stimulus, and received level of the 
sound (see § VI/VII).  Disturbance reactions are likely by some of the marine mammals in the general 
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vicinity of the tracklines of the source vessel.  No take by serious injury is anticipated, given the nature of 
the planned operations and the mitigation measures that are planned (see § XI, MITIGATION MEASURES).  
No lethal takes are expected. 

VI. NUMBERS OF MARINE MAMMALS THAT COULD BE TAKEN 

By age, sex, and reproductive condition (if possible), the number of marine mammals (by species) that 
may be taken by each type of taking identified in [section V], and the number of times such takings by 
each type of taking are likely to occur. 

The material for Sections VI and VII has been combined and presented in reverse order to min-
imize duplication between sections. 

VII. POTENTIAL IMPACT ON SPECIES OR STOCKS 

The anticipated impact of the activity upon the species or stock of marine mammal. 

The material for Sections VI and VII has been combined and presented in reverse order to min-
imize duplication between sections. 

 First we summarize very briefly the potential impacts on marine mammals of airgun operations, 
as called for in Section VII.  A more comprehensive review of the relevant background 
information appears in § 3.6.4.3, § 3.7.4.3, and Appendix E of the PEIS.  

 Then we estimate the numbers of marine mammals that could be affected by the proposed activity 
in the northwestern GOM during April–May 2013.  This section includes a description of the 
rationale for USGS’s estimates of the potential numbers of harassment “takes” during the planned 
survey, as called for in Section VI. 

Summary of Potential Effects of Airgun Sounds 

The effects of sounds from airguns could include one or more of the following: tolerance, masking 
of natural sounds, behavioral disturbance, and at least in theory, temporary or permanent hearing impair-
ment, or non-auditory physical or physiological effects (Richardson et al. 1995; Gordon et al. 2004; 
Nowacek et al. 2007; Southall et al. 2007).  Permanent hearing impairment, in the unlikely event that it 
occurred, would constitute injury, but temporary threshold shift (TTS) is not an injury (Southall et al. 
2007).  Although the possibility cannot be entirely excluded, it is unlikely that the project would result in 
any cases of temporary or permanent hearing impairment, or any significant non-auditory physical or 
physiological effects.  If marine mammals encounter the survey while it is underway, some behavioral 
disturbance could result, but this would be localized and short-term.  As a result of the monitoring and 
mitigation measures, no marine mammals are expected to be exposed to sounds from the survey at levels 
causing behavioral disturbance. 

Tolerance 

Numerous studies have shown that pulsed sounds from airguns are often readily detectable in the 
water at distances of many kilometers.  Several studies have shown that marine mammals at distances 
more than a few kilometers from operating seismic vessels often show no apparent response.  That is 
often true even in cases when the pulsed sounds must be readily audible to the animals based on measured 
received levels and the hearing sensitivity of that mammal group.  Although various baleen whales and 
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toothed whales, and (less frequently) pinnipeds have been shown to react behaviorally to airgun pulses 
under some conditions, at other times mammals of all three types have shown no overt reactions.  The 
relative responsiveness of baleen and toothed whales are quite variable.   

Masking 

Masking effects of pulsed sounds (even from large arrays of airguns) on marine mammal calls and 
other natural sounds are expected to be limited, although there are very few specific data on this.  Because 
of the intermittent nature and low duty cycle of seismic pulses, animals can emit and receive sounds in the 
relatively quiet intervals between pulses.  However, in exceptional situations, reverberation occurs for much 
or all of the interval between pulses (e.g., Simard et al. 2005; Clark and Gagnon 2006), which could mask 
calls.  Some baleen and toothed whales are known to continue calling in the presence of seismic pulses, and 
their calls usually can be heard between the seismic pulses.  The sounds important to small odontocetes are 
predominantly at much higher frequencies than are the dominant components of airgun sounds, thus limiting 
the potential for masking.  In general, masking effects of seismic pulses are expected to be minor, given the 
normally intermittent nature of seismic pulses. 

Disturbance Reactions 

Disturbance includes a variety of effects, including subtle to conspicuous changes in behavior, 
movement, and displacement.  Based on NMFS (2001, p. 9293), NRC (2005), and Southall et al. (2007), we 
believe that simple exposure to sound, or brief reactions that do not disrupt behavioral patterns in a potentially 
significant manner, do not constitute harassment or “taking”.  By potentially significant, we mean, ‘in a 
manner that might have deleterious effects to the well-being of individual marine mammals or their 
populations’.   

Reactions to sound, if any, depend on species, state of maturity, experience, current activity, repro-
ductive state, time of day, and many other factors (Richardson et al. 1995; Wartzok et al. 2004; Southall 
et al. 2007; Weilgart 2007).  If a marine mammal does react briefly to an underwater sound by changing 
its behavior or moving a small distance, the impacts of the change are unlikely to be significant to the 
individual, let alone the stock or population.  However, if a sound source displaces marine mammals from 
an important feeding or breeding area for a prolonged period, impacts on individuals and populations 
could be significant (e.g., Lusseau and Bejder 2007; Weilgart 2007).  Given the many uncertainties in 
predicting the quantity and types of impacts of noise on marine mammals, it is common practice to 
estimate how many marine mammals would be present within a particular distance of industrial activities 
and/or exposed to a particular level of industrial sound.  In most cases, this approach likely overestimates 
the numbers of marine mammals that would be affected in some biologically important manner.  

The sound criteria used to estimate how many marine mammals might be disturbed to some 
biologically important degree by a seismic program are based primarily on behavioral observations of a 
few species.  Detailed studies have been done on humpback, gray, bowhead, and sperm whales.  Less 
detailed data are available for some other species of baleen whales and small toothed whales, but for 
many species there are no data on responses to marine seismic surveys.    

Baleen Whales.—Baleen whales generally tend to avoid operating airguns, but avoidance radii are 
quite variable.  Whales are often reported to show no overt reactions to pulses from large arrays of airguns at 
distances beyond a few kilometers, even though the airgun pulses remain well above ambient noise levels 
out to much longer distances.  However, baleen whales exposed to strong noise pulses from airguns often 
react by deviating from their normal migration route and/or interrupting their feeding and moving away.  In 
the cases of migrating gray and bowhead whales, the observed changes in behavior appeared to be of little 
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or no biological consequence to the animals.  They simply avoided the sound source by displacing their 
migration route to varying degrees, but within the natural boundaries of the migration corridors. 

Responses of humpback whales to seismic surveys have been studied during migration, on summer 
feeding grounds, and on Angolan winter breeding grounds; there has also been discussion of effects on 
the Brazilian wintering grounds.  Off Western Australia, avoidance reactions began at 5–8 km from the 
array, and that those reactions kept most pods ~3–4 km from the operating seismic boat; there was 
localized displacement during migration of 4–5 km by traveling pods and 7–12 km by more sensitive 
resting pods of cow-calf pairs.  However, some individual humpback whales, especially males, 
approached within distances of 100–400 m. 

In the Northwest Atlantic, sighting rates were significantly greater during non-seismic periods 
compared with periods when a full array was operating, and humpback whales were more likely to swim 
away and less likely to swim towards a vessel during seismic vs. non-seismic periods.  On their summer 
feeding grounds in southeast Alaska, there was no clear evidence of avoidance, despite the possibility of 
subtle effects, at received levels up to 172 re 1 Pa on an approximate rms basis.  It has been suggested 
that South Atlantic humpback whales wintering off Brazil may be displaced or even strand upon exposure 
to seismic surveys, but data from subsequent years, indicated that there was no observable direct 
correlation between strandings and seismic surveys.   

There are no data on reactions of right whales to seismic surveys, but results from the closely 
related bowhead whale show that their responsiveness can be quite variable depending on their activity 
(migrating vs. feeding).  Bowhead whales migrating west across the Alaskan Beaufort Sea in autumn, in 
particular, are unusually responsive, with substantial avoidance occurring out to distances of 20–30 km 
from a medium-sized airgun source.  However, more recent research on bowhead whales corroborates 
earlier evidence that, during the summer feeding season, bowheads are not as sensitive to seismic sources.  

Reactions of migrating and feeding (but not wintering) gray whales to seismic surveys have been 
studied.  Off St. Lawrence Island in the northern Bering Sea, it was estimated, based on small sample 
sizes, that 50% of feeding gray whales stopped feeding at an average received pressure level of 173 dB re 
1 Pa on an (approximate) rms basis, and that 10% of feeding whales interrupted feeding at received 
levels of 163 dB re 1 Parms.  Those findings were generally consistent with the results of experiments 
conducted on larger numbers of gray whales that were migrating along the California coast, and western 
Pacific gray whales feeding off Sakhalin Island, Russia. 

Various species of Balaenoptera (blue, sei, fin, and minke whales) have occasionally been seen in 
areas ensonified by airgun pulses; sightings by observers on seismic vessels off the United Kingdom from 
1997 to 2000 suggest that, during times of good sightability, sighting rates for mysticetes (mainly fin and 
sei whales) were similar when large arrays of airguns were shooting vs. silent, although there was 
localized avoidance.  Singing fin whales in the Mediterranean moved away from an operating airgun 
array. 

Data on short-term reactions by cetaceans to impulsive noises are not necessarily indicative of 
long-term or biologically significant effects.  It is not known whether impulsive sounds affect repro-
ductive rate or distribution and habitat use in subsequent days or years.  However, gray whales have 
continued to migrate annually along the west coast of North America with substantial increases in the 
population over recent years, despite intermittent seismic exploration (and much ship traffic) in that area 
for decades.  The western Pacific gray whale population did not seem affected by a seismic survey in its 
feeding ground during a previous year, and bowhead whales have continued to travel to the eastern 
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Beaufort Sea each summer, and their numbers have increased notably, despite seismic exploration in their 
summer and autumn range for many years.   

Toothed Whales.—Little systematic information is available about reactions of toothed whales to 
sound pulses.  However, there are recent systematic studies on sperm whales, and there is an increasing 
amount of information about responses of various odontocetes to seismic surveys based on monitoring 
studies.  Seismic operators and marine mammal observers on seismic vessels regularly see dolphins and 
other small toothed whales near operating airgun arrays, but in general there is a tendency for most 
delphinids to show some avoidance of operating seismic vessels.  In most cases, the avoidance radii for 
delphinids appear to be small, on the order of 1 km or less, and some individuals show no apparent 
avoidance.  The beluga, however, is a species that (at least at times) shows long-distance (10s of km) 
avoidance of seismic vessels.  Captive bottlenose dolphins and beluga whales exhibited changes in 
behavior when exposed to strong pulsed sounds similar in duration to those typically used in seismic 
surveys, but the animals tolerated high received levels of sound before exhibiting aversive behaviors. 

Most studies of sperm whales exposed to airgun sounds indicate that the sperm whale shows 
considerable tolerance of airgun pulses; in most cases the whales do not show strong avoidance, and they 
continue to call, but foraging behavior can be altered upon exposure to airgun sound.  There are almost no 
specific data on the behavioral reactions of beaked whales to seismic surveys.  However, some northern 
bottlenose whales remained in the general area and continued to produce high-frequency clicks when 
exposed to sound pulses from distant seismic surveys.  Most beaked whales tend to avoid approaching 
vessels of other types, and may also dive for an extended period when approached by a vessel.  In any 
event, it is likely that most beaked whales would also show strong avoidance of an approaching seismic 
vessel, although this has not been documented explicitly. 

Odontocete reactions to large arrays of airguns are variable and, at least for delphinids, seem to be 
confined to a smaller radius than has been observed for the more responsive of the mysticetes and some 
other odontocetes.  A 170 dB disturbance criterion (rather than 160 dB) is considered appropriate for 
delphinids, which tend to be less responsive than the more responsive cetaceans.   

Hearing Impairment and Other Physical Effects 

Temporary or permanent hearing impairment is a possibility when marine mammals are exposed to 
very strong sounds.  Temporary threshold shift (TTS) has been demonstrated and studied in certain captive 
odontocetes and pinnipeds exposed to strong sounds.  However, there has been no specific documentation of 
TTS let alone permanent hearing damage, i.e., permanent threshold shift (PTS), in free-ranging marine 
mammals exposed to sequences of airgun pulses during realistic field conditions.  Current NMFS policy 
regarding exposure of marine mammals to high-level sounds is that cetaceans and pinnipeds should not be 
exposed to impulsive sounds with received levels 180 dB and 190 dB re 1 µParms, respectively (NMFS 
2000).  These criteria have been used in establishing the exclusion (=shut-down) zones planned for the 
proposed seismic survey.  However, those criteria were established before there was any information about 
minimum received levels of sounds necessary to cause auditory impairment in marine mammals.   

Recommendations for science-based noise exposure criteria for marine mammals, frequency-
weighting procedures, and related matters were published by Southall et al. (2007).  Those recom-
mendations have not, as of autumn 2012, been formally adopted by NMFS for use in regulatory processes 
and during mitigation programs associated with seismic surveys.  However, some aspects of the recom-
mendations have been taken into account in certain environmental impact statements and small-take 
authorizations.  NMFS has indicated that it may issue new noise exposure criteria for marine mammals 
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that account for the now-available scientific data on TTS, the expected offset between the TTS and PTS 
thresholds, differences in the acoustic frequencies to which different marine mammal groups are sensitive 
(e.g., M-weighting or generalized frequency weightings for various groups of marine mammals, allowing 
for their functional bandwidths), and other relevant factors.  

Several aspects of the planned monitoring and mitigation measures for this project are designed to 
detect marine mammals occurring near the airgun array, and to avoid exposing them to sound pulses that 
might, at least in theory, cause hearing impairment (see § XI and § XIII).  In addition, many marine 
mammals and (to a limited degree) sea turtles show some avoidance of the area where received levels of 
airgun sound are high enough such that hearing impairment could potentially occur.  In those cases, the 
avoidance responses of the animals themselves will reduce or (most likely) avoid any possibility of 
hearing impairment. 

Non-auditory physical effects may also occur in marine mammals exposed to strong underwater 
pulsed sound.  Possible types of non-auditory physiological effects or injuries that might (in theory) occur 
in mammals close to a strong sound source include stress, neurological effects, bubble formation, and 
other types of organ or tissue damage.  It is possible that some marine mammal species (i.e., beaked 
whales) may be especially susceptible to injury and/or stranding when exposed to strong transient sounds.  
However, there is no definitive evidence that any of these effects occur even for marine mammals in close 
proximity to large arrays of airguns.  Such effects, if they occur at all, would presumably be limited to 
short distances and to activities that extend over a prolonged period.  Marine mammals that show 
behavioral avoidance of seismic vessels, including most baleen whales, some odontocetes, and some 
pinnipeds, are especially unlikely to incur non-auditory physical effects.  The brief duration of exposure 
of any given mammal, the deep water in the study area, and the planned monitoring and mitigation 
measures will further reduce the probability of exposure of marine mammals to sounds strong enough to 
induce non-auditory physical effects.   

Numbers of Marine Mammals that could be Exposed to 160 dB re 1 µParms 

All anticipated takes would be “takes by harassment” as described in § I, involving temporary 
changes in behavior.  The mitigation measures to be applied will minimize the possibility of injurious 
takes.  (However, as noted earlier and in the PEIS, there is no specific information demonstrating that 
injurious “takes” would occur even in the absence of the planned mitigation measures.)  In the sections 
below, we describe methods to estimate the number of potential exposures to sound levels >160 dB re 
1 µParms, and present estimates of the numbers of marine mammals that could be affected during the 
proposed seismic program.  The estimates are based on consideration of the number of marine mammals 
that could be disturbed appreciably by ~1480 km of seismic surveys in the northwestern GOM.  The main 
sources of distributional and numerical data used in deriving the estimates are described in the next 
subsection.   

Basis for Estimating Exposure 

The estimates are based on a consideration of the number of marine mammals that could be within 
the area around the operating airgun array where the RLs of sound >160 dB re 1 µParms are predicted to 
occur (see Table 1).  The estimated numbers are based on the densities (numbers per unit area) of marine 
mammals expected to occur in the area in the absence of a seismic survey.  To the extent that marine 
mammals tend to move away from seismic sources before the sound level reaches the criterion level and 
tend not to approach an operating airgun array, these estimates are likely to overestimate the numbers 
actually exposed to the specified level of sounds.  The overestimation is expected to be particularly large 
when dealing with the higher sound-level criteria, e.g., 180 dB re 1 μParms, as animals are more likely to 
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move away before RL reaches 180 dB than they are to move away before it reaches (for example) 160 dB 
re 1 μParms.  Likewise, they are less likely to approach within the ≥180 dB re 1 μParms radius than they are 
to approach within the considerably larger ≥160 dB radius.  

We used spring densities reported in Table A-9 of Appendix A of BOEMRE’s Request for 
Incidental Take regulations governing seismic surveys on the Outer Continental Shelf (OCS) of the Gulf 
of Mexico (BOEMRE 2011).  Those densities were calculated from the U.S. Navy’s “OPAREA Density 
Estimates” (NODE) database (DoN 2007b).  The density estimates are based on the NMFS-SEFSC 
shipboard surveys conducted from 1994 to 2006, and were derived using a model-based approach and 
statistical analysis of the existing survey data.  The outputs from the NODE database are four seasonal 
surface density plots of the Gulf of Mexico for each of the marine mammal species occurring there.  Each 
of the density plots was overlaid with the boundaries of the 9 acoustic model regions used in Appendix A 
of BOEMRE (2011).  We used the densities for Acoustic Model Region 8, which corresponds roughly 
with the deep waters (>1000 m) of the BOEMRE GOM Central Planning Area, and includes the GC955 
and WR313 study sites. 

The estimated numbers of individuals potentially exposed presented below are based on the 160-dB 
re 1 μParms criterion for all cetaceans.  It is assumed that marine mammals exposed to airgun sounds that 
strong could change their behavior sufficiently to be considered “taken by harassment”. 

It should be noted that the following estimates of exposures to various sound levels assume that the 
proposed survey will be completed; in fact, the ensonified areas calculated using the planned number of 
line-kilometers have been increased by 25% to accommodate turns, lines that may need to be repeated, 
equipment testing, etc.  As is typical during offshore ship surveys, inclement weather and equipment 
malfunctions are likely to cause delays and may limit the number of useful line-kilometers of seismic 
operations that can be undertaken.  Also, any marine mammal sightings within or near the designated 
exclusion zones will result in the shut down of seismic operations as a mitigation measure.  Thus, the 
following estimates of the numbers of marine mammals potentially exposed to 160-dB re 1 μParms sounds 
are precautionary and probably overestimate the actual numbers of marine mammals that could be 
involved.  These estimates assume that there will be no weather, equipment, or mitigation delays, which is 
highly unlikely. 

Furthermore, as summarized in “Summary of Potential Airgun Effects”, above, and the PEIS, 
delphinids seem to be less responsive to airgun sounds than are some mysticetes.  The 160-dB (rms) 
criterion currently applied by NMFS, on which the following estimates are based, was developed based 
primarily on data from gray and bowhead whales.  A 170 dB re 1 μPa disturbance criterion (rather than 
160 dB) is considered appropriate for delphinids (and pinnipeds), which tend to be less responsive than 
the more responsive cetaceans.  The estimates of “takes by harassment” of delphinids given below are 
thus considered precautionary. 

Potential Number of Marine Mammals Exposed 

The number of different individuals that could be exposed to GI-airgun sounds with received levels 
160 dB re 1 µParms on one or more occasions can be estimated by considering the total marine area that 
would be within the 160-dB radius around the operating seismic source on at least one occasion, along 
with the expected density of animals in the area.  The number of possible exposures (including repeated 
exposures of the same individuals) can be estimated by considering the total marine area that would be 
within the 160-dB radius around the operating airguns, including areas of overlap.  During the proposed 
survey, the transect lines in the square grid are closely spaced (100 m apart at the GC955 site and 
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250 m apart at the WR313 site) relative to the 160-dB distance (670 m).  Thus, the area including 
overlap is 6.5 x the area excluding overlap at GC955 and 5.3 x the area excluding overlap at WR313, so 
a marine mammal that stayed in the survey areas during the entire survey could be exposed ~6 or 
7 times, on average.  However, it is unlikely that a particular animal would stay in the area during the 
entire survey.   

The numbers of different individuals potentially exposed to 160 dB re 1 µParms were calculated by 
multiplying the expected species density times the anticipated area to be ensonified to that level during 
GI-airgun operations excluding overlap.  The area expected to be ensonified was determined by entering 
the planned survey lines into a MapInfo GIS, using the GIS to identify the relevant areas by “drawing” 
the applicable 160-dB buffer (see Table 1) around each seismic line, and then calculating the total area 
within the buffers. 

Applying the approach described above, ~356 km2 (~445 km2 including the 25% contingency) 
would be within the 160-dB isopleth on one or more occasions during the proposed survey.  Because this 
approach does not allow for turnover in the mammal populations in the area during the course of the 
survey, the actual number of individuals exposed may be underestimated, although the conservative (i.e., 
probably overestimated) line-kilometer distances used to calculate the area may offset this.  Also, the 
approach assumes that no cetaceans will move away or toward the trackline as the R/V Pelican 
approaches in response to increasing sound levels before the levels reach 160 dB.  Another way of 
interpreting the estimates that follow is that they represent the number of individuals that are expected (in 
the absence of a seismic program) to occur in the waters that will be exposed to 160 dB re 1 µParms. 

Table 3 shows the density estimates from BOEMRE (2011) and the estimates of the number of 
different individual marine mammals that potentially could be exposed to ≥160 dB re 1 μParms during the 
seismic survey if no animals moved away from the survey vessel.  The Requested Take Authorization is 
given in the far right column of Table 4.  The Requested Take Authorization has been increased to the 
average mean group sizes in the GOM in 1996–2001 (Mullin and Fulling 2004) and 2003 and 2004 (Mullin 
2007) in cases where the calculated number of individuals exposed was between 1 and the mean group size. 

The estimate of the number of individual cetaceans that could be exposed to seismic sounds with 
received levels ≥160 dB re 1 µParms during the proposed survey is 358 (Table 3).  That total includes 2 
Endangered sperm whales, representing 0.13% of the regional population.  Most (98.6%) of the 
cetaceans potentially exposed are delphinids; pantropical spotted, spinner, striped, and Clymene dolphins 
are estimated to be the most common species in the area, with estimates of 259 (0.76% of the regional 
population), 32 (1.63%), 128 (0.69%), and 20 (0.31%) exposed to ≥160 dB re 1 μParms, respectively.  It 
should be noted that the “regional” population sizes are only for the U.S. waters of the northern GOM, so 
percentages of actual population sizes (including non-U.S. waters of the GOM) exposed are over-
estimated. 

Conclusions 

The proposed seismic project will involve towing a pair of GI airguns, a single GI gun, and a 
sparker that introduce pulsed sounds into the ocean.  Routine vessel operations, other than the proposed 
seismic operations, are conventionally assumed not to affect marine mammals sufficiently to constitute 
“taking”. 
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TABLE 3.  Densities and estimates of the possible numbers of individuals that might be exposed to 
>160 dB during USGS’ proposed seismic survey in northwest Gulf of Mexico in April–May 2013.  The 
proposed sound source consists of a pair of 105-in3 GI airguns.  Received levels of seismic sounds are 
expressed in dB re 1 µPa (rms, averaged over pulse duration), consistent with NMFS’ practice.  Not all 
marine mammals will change their behavior when exposed to these sound levels, but some may alter 
their behavior when levels are lower (see text).  Species in italics are listed under the ESA as endan-
gered.  The column of numbers in boldface shows the numbers of "takes" for which authorization is 
requested. 

Species 
Density 

(#/1000 km2) 
Ensonified 
area (km2) 

Calculated 
Take1 

% of GOM 
Pop'n2 

Requested Take 
Authorization 

Mysticetes 
Bryde's whale 0.10 445.4 0 0 0 

Odontocetes 
Sperm whale  4.90 445.4 2 0.13 33 
Pygmy/dwarf sperm whale 2.10 445.4 1 0.21 23 
Beaked whales 3.70 445.4 2 0.49 2 
Rough-toothed dolphin 6.70 445.4 3 0.20 163 
Bottlenose dolphin  4.80 445.4 2 0.06 183 
Pantropical spotted dolphin 582.60 445.4 259 0.76 259 
Atlantic spotted dolphin 2.20 445.4 1 <0.01 153 
Spinner dolphin 72.60 445.4 32 1.63 993 
Clymene dolphin 45.60 445.4 20 0.31 753 
Striped dolphin 51.50 445.4 23 0.69 453 
Fraser's dolphin 1.90 445.4 1 0.12 1173 
Risso’s dolphin  10.00 445.4 4 0.28 93 
Melon-headed whale 9.10 445.4 4 0.18 1183 
Pygmy killer whale 1.10 445.4 0 0 0 
False killer whale  2.70 445.4 1 0.15 363 
Killer whale  0.40 445.4 0 0 0 
Short-finned pilot whale 6.30 445.4 3 0.39 193  

1 Calculated take is density times the area ensonified to >160 dB around the planned seismic lines, increased by 25% 
2 Regional populations are from the northern U.S. GOM (Table 2), except beaked whales (Ziphiidae), from Waring et 
al. 2010 
3 Requested Take Authorization increased to mean group size (see text) 

Several species of mysticetes show strong avoidance reactions to seismic vessels at ranges up to 6–
8 km and occasionally as far as 20–30 km from the source vessel when medium-large airgun arrays have 
been used.  However, reactions at the longer distances appear to be atypical of most species and 
situations.  If mysticetes are encountered, the numbers estimated to occur within the 160-dB isopleth in 
the proposed survey area are expected to be low.   

Odontocete reactions to seismic pulses, or at least the reactions of delphinids, are expected to 
extend to lesser distances than are those of mysticetes.  Odontocete low-frequency hearing is less 
sensitive than that of mysticetes, and delphinids are often seen from seismic vessels.  In fact, there are 
documented instances of dolphins approaching active seismic vessels.  However, delphinids as well as 
some other types of odontocetes sometimes show avoidance responses and/or other changes in behavior 
near operating seismic vessels. 

Taking into account the mitigation measures that are planned (see § II), effects on cetaceans are 
generally expected to be limited to avoidance of the area around the seismic operation and short-term 
changes in behavior, falling within the MMPA definition of “Level B harassment”.  Furthermore, the esti-
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mated numbers of animals potentially exposed to sound levels sufficient to cause appreciable disturbance 
are very low percentages of the regional population sizes (Table 3). 

Estimates of the numbers of marine mammals that could be exposed to strong airgun sounds during 
the proposed program have been presented, together with the requested “take authorization”.  That figure 
likely overestimates the actual number of animals that will be exposed to and will react to the seismic 
sounds.  The reasons for that conclusion are outlined above.  The relatively short-term exposures are 
unlikely to result in any long-term negative consequences for the individuals or their populations. 

The many cases of apparent tolerance by cetaceans of seismic exploration, vessel traffic, and some 
other human activities show that co-existence is possible.  Mitigation measures such as controlled speed, 
course alternation, look outs, non-pursuit, and shut downs when marine mammals are seen within defined 
ranges should further reduce short-term reactions, and avoid or minimize any auditory effects.  In all 
cases, the effects are expected to be short-term, with no lasting biological consequence. 

VIII. ANTICIPATED IMPACT ON SUBSISTENCE 

The anticipated impact of the activity on the availability of the species or stocks of marine mammals for 
subsistence uses. 

There is no legal subsistence hunting for marine mammals in the GOM, so the proposed activities 
will not have any impact on the availability of the species or stocks for subsistence users. 

IX. ANTICIPATED IMPACT ON HABITAT 

The anticipated impact of the activity upon the habitat of the marine mammal populations, and the 
likelihood of restoration of the affected habitat. 

The proposed seismic survey will not result in any permanent impact on habitats used by marine 
mammals or to the food sources they use.  The main impact issue associated with the proposed activity 
will be temporarily elevated noise levels and the associated direct effects on marine mammals, as 
discussed in § VII, above.  Effects of airguns on fish and invertebrates are reviewed in § 3.2.4.3, § 3.3.4.3, 
and Appendix D of the PEIS.   

X. ANTICIPATED IMPACT OF LOSS OR MODIFICATION OF HABITAT ON MARINE 

MAMMALS 

The anticipated impact of the loss or modification of the habitat on the marine mammal populations 
involved. 

The effects of the planned activity on marine mammal habitats and food resources are expected to 
be negligible, as described above.  A small minority of the marine mammals that are present near the 
proposed activity may be temporarily displaced as much as a few kilometers by the planned activity. 

During the proposed survey, marine mammals will be distributed according to their habitat 
preferences, in pelagic waters with depths >1000 m.  Concentrations of marine mammals and/or marine 
mammal prey species are not expected in or near the proposed survey area, and there are no critical feeding, 
breeding, or migrating areas for any of the species that are found there at the time of the proposed survey.   
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The proposed activity is not expected to have any habitat-related effects that could cause signif-
icant or long-term consequences for individual marine mammals or their populations, because operations 
will be limited in duration. 

XI. MITIGATION MEASURES 

The availability and feasibility (economic and technological) of equipment, methods, and manner of con-
ducting such activity or other means of effecting the least practicable adverse impact upon the affected 
species or stocks, their habitat, and on their availability for subsistence uses, paying particular attention to 
rookeries, mating grounds, and areas of similar significance. 

Marine mammals and sea turtles are known to occur in the proposed study area.  To minimize the 
likelihood that impacts will occur to the species and stocks, seismic operations will be conducted in ac-
cordance with regulations by the National Marine Fisheries Service (NMFS) under the Marine Mammal 
Protection Act (MMPA) and the Endangered Species Act (ESA), including obtaining permission for 
incidental harassment or incidental ‘take’ of marine mammals and other endangered species.  The 
proposed seismic activities will take place in the U.S. EEZ.  

The following subsections provide more detailed information about the monitoring and mitigation 
measures that are an integral part of the planned activities.  The procedures described here are based on 
protocols used during previous USGS seismic research cruises as approved by NMFS, and on best practices 
recommended in Richardson et al (1995), Pierson et al. (1998), and Weir and Dolman (2007). 

Vessel-based observers will watch for marine mammals near the seismic sources when they are in 
use.  Mitigation and monitoring measures proposed to be implemented for the proposed seismic survey 
have been developed and refined in cooperation with NMFS during previous USGS and NSF-funded 
seismic studies and associated EAs, IHA applications, and IHAs.  The mitigation and monitoring 
measures described herein represent a combination of the procedures required by past IHAs for other 
USGS and NSF-funded projects.  The measures are described in detail below. 

The number of individual animals expected to be approached closely during the proposed activity 
will be small in relation to regional population sizes.  With the proposed monitoring and shut-down pro-
visions (see below), any effects on individuals are expected to be limited to behavioral disturbance.  That 
is expected to have negligible impacts on the species and stocks. 

Proposed Exclusion Zones 

Received sound levels have been modeled by Lamont-Doherty Earth Observatory of Columbia 
University (L-DEO) for a number of airgun configurations, including two 105-in3 GI airguns, in relation 
to distance and direction from the airguns (Fig. 2).  The model does not allow for bottom interactions, and 
is most directly applicable to deep water.  Based on the modeling, estimates of the maximum distances 
from the GI airguns where sound levels of 190, 180, and 160 dB re 1 μParms are predicted to be received 
in deep (>1000-m) water are shown in Table 1.   

Empirical data concerning the 190-, 180-, 170- and 160-dB distances were acquired for various 
airgun arrays based on measurements during the acoustic verification studies conducted by L DEO in the 
northern Gulf of Mexico in 2003 (6-, 10-, 12-, and 20-airgun arrays, and 2 GI airguns; Tolstoy et al. 2004) 
and 2007–2008 (36-airgun array; Tolstoy et al. 2009).  Results for the 36-airgun array are not relevant for 
the 2 GI airguns to be used in the proposed survey.  The empirical data for the 6-, 10-, 12-, and 20-airgun 
arrays indicate that, for deep water (>1000 m), the L-DEO model tends to overestimate the received 
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sound levels at a given distance (Tolstoy et al. 2004).  Measurements were not made for the 2 GI airgun 
array in deep water, however, we propose to use the safety radii predicted by L-DEO’s model for the 
proposed GI airgun operations in deep water, although they are likely conservative given the empirical 
results for the other arrays.  Therefore, the assumed 180- and 190-dB radii are 70 m and 20 m, 
respectively. 

The seismic source will be shut down immediately when cetaceans or sea turtles are detected with-
in or about to enter the 180-dB re 1 µParms radius.  The 180-dB shut-down criterion is consistent with 
guidelines listed for cetaceans by NMFS (2000) and other guidance by NMFS. 

Southall et al. (2007) made detailed recommendations for new science-based noise exposure 
criteria.  USGS will be prepared to revise its procedures for estimating numbers of mammals “taken”, 
exclusion zones, etc., as may be required by any new guidelines that result.  As yet, NMFS has not 
specified a new procedure for determining exclusion zones. 

Mitigation During Operations 

Mitigation measures that will be adopted will include (1) vessel speed or course alteration, provid-
ed that doing so will not compromise operational safety requirements, (2) GI-gun shut down within 
calculated exclusion zones, (3) ramp-up procedures.  Although power-down procedures are often standard 
operating practice for seismic surveys, they will not be used here because powering down from two airguns to 
one airgun would make only a small difference in the 180- or 190-dB radius—probably not enough to allow 
continued one-airgun operations if a mammal or turtle came within the safety radius for two airguns. 

Speed or Course Alteration 

If a marine mammal or sea turtle is detected outside the exclusion zone and, based on its position 
and the relative motion, is likely to enter the exclusion zone, the vessel’s speed and/or direct course could 
be changed.  This would be done if operationally practicable while minimizing the effect on the planned 
science objectives.  The activities and movements of the marine mammal or sea turtle (relative to the 
seismic vessel) will then be closely monitored to determine whether the animal is approaching the applic-
able exclusion zone.  If the animal appears likely to enter the exclusion zone, further mitigative actions 
will be taken, i.e., either further course alterations or a shut down of the seismic source.  Typically, during 
seismic operations, the source vessel is unable to change speed or course and one or more alternative 
mitigation measures (see below) will need to be implemented. 

Shut-down Procedures 

If a marine mammal or turtle is detected outside the exclusion zone but is likely to enter the ex-
clusion zone, and if the vessel’s speed and/or course cannot be changed to avoid having the animal enter 
the exclusion zone, the seismic source will be shut down before the animal is within the exclusion zone.  
Likewise, if a mammal or turtle is already within the safety zone when first detected, the seismic source 
will be shut down immediately.   

Following a shut down, seismic activity will not resume until the marine mammal or turtle has 
cleared the exclusion zone.  The animal will be considered to have cleared the exclusion zone if it 

 is visually observed to have left the exclusion zone, or 
 has not been seen within the zone for 15 min in the case of small odontocetes and sea turtles; or 
 has not been seen within the zone for 30 min in the case of mysticetes and large odontocetes, in-

cluding sperm, pygmy sperm, dwarf sperm, and beaked whales. 
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Ramp-up Procedures 

A ramp-up procedure will be followed when the GI airguns begin operating after a specified period 
without GI airgun operations.  It is proposed that, for the present cruise, this period would be 15 min.  
Ramp up will begin with a single GI airgun (105 in3).  The second GI airgun (105 in3) will be added after 
5 min.  During ramp up, the PSOs will monitor the exclusion zone, and if marine mammals or turtles are 
sighted, a shut down will be implemented as though both GI airguns were operational.   

If the complete exclusion zone has not been visible for at least 30 min prior to the start of oper-
ations in either daylight or nighttime, ramp up will not commence.  If one GI airgun has operated, ramp 
up to full power will be permissible at night or in poor visibility, on the assumption that marine mammals 
and turtles will be alerted to the approaching seismic vessel by the sounds from the single GI airgun and 
could move away if they choose.  A ramp up from a shut down may occur at night, but only where the 
safety radius is small enough to be visible.  Ramp up of the GI airguns will not be initiated if a sea turtle 
or marine mammal is sighted within or near the applicable exclusion zones during day or night. 

XII. PLAN OF COOPERATION 

Where the proposed activity would take place in or near a traditional Arctic subsistence hunting area 
and/or may affect the availability of a species or stock of marine mammal for Arctic subsistence uses, the 
applicant must submit either a plan of cooperation or information that identifies what measures have been 
taken and/or will be taken to minimize any adverse effects on the availability of marine mammals for 
subsistence uses.  A plan must include the following: 

(i) A statement that the applicant has notified and provided the affected subsistence community 
with a draft plan of cooperation; 

(ii) A schedule for meeting with the affected subsistence communities to discuss proposed activities 
and to resolve potential conflicts regarding any aspects of either the operation or the plan of cooperation; 

(iii) A description of what measures the applicant has taken and/or will take to ensure that proposed 
activities will not interfere with subsistence whaling or sealing; and 

(iv) What plans the applicant has to continue to meet with the affected communities, both prior to 
and while conducting activity, to resolve conflicts and to notify the communities of any changes in the 
operation. 

Not applicable.  The proposed activity will take place in the GOM, and no activities will take place 
in or near a traditional Arctic subsistence hunting area. 

XIII. MONITORING AND REPORTING PLAN 

The suggested means of accomplishing the necessary monitoring and reporting that will result in 
increased knowledge of the species, the level of taking or impacts on populations of marine mammals that 
are expected to be present while conducting activities and suggested means of minimizing burdens by 
coordinating such reporting requirements with other schemes already applicable to persons conducting 
such activity.  Monitoring plans should include a description of the survey techniques that would be used 
to determine the movement and activity of marine mammals near the activity site(s) including migration 
and other habitat uses, such as feeding... 
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USGS proposes to sponsor marine mammal monitoring during the present project, in order to 
implement the proposed mitigation measures that require real-time monitoring, and to satisfy the anticip-
ated monitoring requirements of the Incidental Harassment Authorization.  

USGS’s proposed Monitoring Plan is described below.  USGS understands that this Monitoring 
Plan will be subject to review by NMFS, and that refinements may be required.  

The monitoring work described here has been planned as a self-contained project independent of 
any other related monitoring projects that may be occurring simultaneously in the same regions.  USGS is 
prepared to discuss coordination of its monitoring program with any related work that might be done by 
other groups insofar as this is practical and desirable. 

Vessel-based Visual Monitoring 

Vessel-based PSO observations will take place during daytime airgun operations and nighttime start 
ups of the airguns.  Airgun operations will be suspended when marine mammals or turtles are observed 
within, or about to enter, designated exclusion zones [see subsection (e) below] where there is concern 
about potential effects on hearing or other physical effects.  PSOs will also watch for marine mammals and 
turtles around the seismic vessel for at least 30 minutes prior to the start of seismic operations after an 
extended shutdown.  When feasible, PSOs will also make observations during daytime periods when the 
seismic system is not operating for comparison of animal abundance and behavior.  

Three PSOs will be appointed by USGS, with NMFS Office of Protected Resources concurrence.  
At least one PSO will monitor the EZ during seismic operations.  PSOs will normally work in shifts of 
4-hour duration or less.  The vessel crew will also be instructed to assist in detecting marine mammals 
and turtles. 

The R/V Pelican (or similar vessel) will serve as the platform from which PSOs will watch for 
mammals and sea turtles before and during GI airgun operations.  Two locations are likely as observation 
stations onboard the Pelican.  At the aft control station on the upper deck (01 level), the eye level will be 
~12 m above sea level and the location will offer a ~210° view aft of the vessel centered on the air gun 
source location for one observer.  At the bridge station, the eye level will be ~13 m above sea level and the 
location will offer a full 360° view. 

Standard equipment for marine mammal observers will be 7 x 50 reticule binoculars and optical 
range finders.  At night, night-vision equipment will be available.  The observers will be in wireless 
communication with ship’s officers on the bridge and scientists in the vessel’s operations laboratory, so 
they can advise promptly of the need for avoidance maneuvers or seismic source shut down. 

MMVO Data and Documentation 

PSOs will record data to estimate the numbers of marine mammals and turtles exposed to various 
received sound levels and to document apparent disturbance reactions or lack thereof.  Data will be used 
to estimate numbers of animals potentially ‘taken’ by harassment (as defined in the MMPA).  They will 
also provide information needed to order a shutdown of the seismic source when a marine mammal or sea 
turtles is within or near the EZ. 

When a sighting is made, the following information about the sighting will be recorded:   

1. Species, group size, age/size/sex categories (if determinable), behavior when first sighted and 
after initial sighting, heading (if consistent), bearing and distance from seismic vessel, sighting 
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cue, apparent reaction to the seismic source or vessel (e.g., none, avoidance, approach, paral-
leling, etc.), and behavioral pace. 

2. Time, location, heading, speed, activity of the vessel, sea state, visibility, and sun glare. 

The data listed under (2) will also be recorded at the start and end of each observation watch, and 
during a watch whenever there is a change in one or more of the variables.  

All observations, as well as information regarding seismic source shutdown, will be recorded in a 
standardized format.  Data accuracy will be verified by the PSOs at sea, and preliminary reports will be 
prepared during the field program and summaries forwarded to the operating institution’s shore facility 
weekly or more frequently.  PSO observations will provide the following information: 

1. The basis for decisions about shutting down the seismic source. 

2. Information needed to estimate the number of marine mammals potentially ‘taken by harass-
ment’.  These data will be reported to NMFS and/or USFWS per terms of MMPA authoriza-
tions or regulations. 

3. Data on the occurrence, distribution, and activities of marine mammals and turtles in the area 
where the seismic study is conducted. 

4. Data on the behavior and movement patterns of marine mammals and turtles seen at times with 
and without seismic activity. 

A report will be submitted to NMFS within 90 days after the end of the cruise.  The report will des-
cribe the operations that were conducted and sightings of marine mammals and turtles near the operations.  
The report will be submitted to NMFS, providing full documentation of methods, results, and interpre-
tation pertaining to all monitoring.  The 90-day report will summarize the dates and locations of seismic 
operations, and all marine mammal and turtle sightings (dates, times, locations, activities, associated seis-
mic survey activities).  The report will also include estimates of the amount and nature of potential “take” 
of marine mammals by harassment or in other ways. 

XIV. COORDINATING RESEARCH TO REDUCE AND EVALUATE INCIDENTAL TAKE 

Suggested means of learning of, encouraging, and coordinating research opportunities, plans, and activities 
relating to reducing such incidental taking and evaluating its effects. 

USGS will coordinate the planned marine mammal monitoring program associated with the seis-
mic survey (as summarized in § XI and XIII) with any parties that express interest in this survey activity.   
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