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Request by Lamont-Doherty Earth Observatory for an Incidental Harassment Authorization to Allow the Incidental Take of Marine Mammals During a Marine Seismic Survey in the Eastern Pacific Ocean off Central America, November-December 2004

Summary

Lamont-Doherty Earth Observatory (L‑DEO), a part of Columbia University, operates the ocean​o​graphic research vessel R/V Maurice Ewing (Ewing) under a cooperative agreement with the U.S. Nation​al Science Foundation (NSF), owner of that vessel.  L‑DEO plans to conduct a marine seismic survey in the Eastern Tropical Pacific (ETP) off the west coast of Central America for about a month, beginning in late November 2004.  L‑DEO requests that it be issued an Incidental Harass​ment Authorization (IHA) allowing non-lethal takes of marine mammals incidental to the planned seismic survey in the ETP.  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 Exclusive Economic Zones (EEZs) of El Salvador, Honduras, Nicaragua, and Costa Rica.  

Numerous species of cetaceans inhabit the proposed survey area.  Several of these species are listed as “Endangered” under the U.S. Endangered Species Act (ESA), including the humpback, sei, fin, blue, and sperm whales.  Vagrant pinnipeds could also occur in the survey area, although it is unlikely that any will be encoun​tered.  Other species of special concern that could occur in the area include olive ridley, hawksbill, logger​head, green, and leatherback turtles.  L‑DEO is proposing a marine mammal monitoring and mitigation pro​gram to minimize the 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 Req​uests” are set forth below.  This includes descrip​tions of the specific opera​tions to be con​duct​ed, the marine mam​mals occurring in the study area, proposed measures to mitigate against any poten​tial injur​ious effects on marine mammals, and a plan to mon​itor 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​den​tal taking of marine mammals.

Overview of the Activity


Lamont-Doherty Earth Observatory (L-DEO), on behalf of the National Science Foundation, plans to conduct a seismic survey off the coast of Central America in the Eastern Tropical Pacific (ETP) (Fig. 1) for about a month, beginning in late November 2004.


The purpose of the seismic survey is to investigate stratigraphic development in the presence of tectonic forcing in the Sandino forearc basinoff Nicaragua and Costa Rica.  Because of the marked along-strike variations in subsidence/uplift histories within the Sandino Basin, and the inability to provide whole-basin coverage during a cruise of reasonable length, data will be collected in two primary grids in the Sandino Basin and a third, smaller grid off Nicoya Peninsula.  Grid 1 will be the ideal environment to investigate both the eustatic and tectonic components of sequence formation.  The focus in Grid 2 will be on the timing of the uplift, the apparent recent subsidence, and also, using the connecting profiles to Grid 1, the regional, presumed eustatic, sequence boundaries.  Grid 3 was selected to bear on the controversy between interpretations of small-scale underplating accretion versus massive subduction erosion.  Survey lines extending into the Gulf of Fonseca are of interest because the Gulf of Fonseca may represent a primary sediment pathway for sediment supply to the Sandino Basin, and the seismic data will provide an opportunity to link source and sink.  Those profiles will also provide a link to onshore structural work, as they cross the tectonic boundary between the volcanic arc and the Nicaraguan depression.  The nature of that boundary is unconstrained at present.

The seismic survey will involve one vessel.  The source vessel, the R/V Maurice Ewing, will deploy three GI airguns as an energy source (discharge volume of up to 315 in3), plus a 1.5-km (0.8-n.mi.) towed hydrophone streamer.  As the airguns are towed along the survey lines, the receiving system will receive the returning acoustic signals.


The program will consist of a maximum of 6048 km (3266 n.mi.) of surveys (Fig. 1).  Water depths within the survey area are up to 5000 m (16,400 ft); most of the survey will be conducted in water depths <2000 m (6560 ft).  The area to be surveyed extends from ~4 to ~150 km (~2 to ~80 n.mi.) offshore.  The airguns may also be operated as much as 1 km closer to and farther from shore while the ship is maneuvering toward or between survey lines.

All planned geo​physical data acquisition activities will be conducted by L-DEO with on-board assis​tance by the scientists who have proposed the study.  The scientists are headed by Drs. Craig S. Fulthorpe and Kirk McIntosh of the University of Texas, Austin, TX.  The vessel will be self-contained, and the crew will live aboard the vessel for the entire cruise.

The proposed program will use conventional seismic methodology with a small towed array of GI airguns as the energy source, and a towed hydrophone streamer as the receiver sys​tem.  The energy to the airguns is compressed air supplied by compressors on board the source vessel.

In addition to the operations of the airgun array, a multi-beam bathymetric sonar will be operated from the source vessel continuously throughout the entire cruise, and a lower-energy sub-bottom profiler will also be operat​ed during most of the survey.

Vessel Specifications

The survey will be conducted from the R/V Maurice Ewing.  The Ewing has a length of 70 m (230 ft), a beam of 14.1 m (46.3 ft), and a draft of 4.4 m (14.4 ft).  The Ewing has four 1000 kW diesel generators that supply power to the ship.  The ship is powered by four 800 hp electric motors that, in combination, drive a single 5-blade propeller in a Kort nozzle and a single-tunnel electric bow thruster rated at 500 hp.  At the typical operation speed of 7.4–9.3 km/h (4–5 knots) during seismic acquisition, the shaft rotation speed is about 90 rpm.  When not towing seismic survey gear, the Ewing cruises at 18.5–20.4 km/h (10–11 knots) and has a maximum speed of 25 km/h (13.5 knots).  It has a normal operating range of about 31,484 km (17,000 n.mi.).
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The Ewing will also serve as the platform from which vessel-based marine mammal observers will watch for marine mammals before and during airgun operations.  The characteristics of the Ewing that make it suitable for visual monitoring are described in § XIII, Monitoring and Reporting Plan.

Other details of the Maurice Ewing include the following:

Owner:
National Science Foundation

Operator:
Lamont-Doherty Earth Observatory of Columbia University

Flag:
United States of America

Date Built:
1983 (modified in 1990)

Gross Tonnage: 
1978 

Fathometers:
3.5 and 12 kHz hull mounted transducers; Furuno FGG80 Echosounder; Furuno FCU66 Echosounder Recorder

Bottom Mapping Equipment:
Atlas Hydrosweep DS-2, 15.5 kHz (details below)

Compressors for Air Guns:
LMF DC, capable of 1000 scfm at 2000 psi

Accommodation Capacity:
21 crew plus 3 technicians and 26 scientists

Airgun Description

The vessel R/V Maurice Ewing will be used as the source vessel.  It will tow three GI airguns and a streamer containing hydrophones along predetermined lines.  Seismic pulses will be emitted at intervals of 5 seconds.  The 5 s spacing corresponds to a shot interval of ~12.5 m (41 ft).

The generator chamber of each GI gun, the one responsible for introducing the sound pulse into the ocean, is 105 in3.  The injector chamber (also 105 in3) injects air into the previously-generated bubble to maintain its shape, and does not introduce appreciably more sound into the water.  The three 105/105 in3 GI guns will be towed behind the Ewing, at a depth of 2.5 m (8.2 ft).  Operating pressure will be 2000 psi.  The GI guns will be 7.8 m (25.6 ft) apart and will be towed 37 m (121.4 ft) behind the Ewing.  The GI gun specifications are shown below.

The sound pressure field of the GI gun configuration that will be used during the survey has been modeled by L‑DEO in relation to distance and direction from the airguns.  Pre​dicted received sound levels are depicted in Figure 2.  The model does not allow for bottom interactions, and is most directly applicable to deep water.  Based on the modeling, the distances from the three GI guns where sound levels of 190, 180, 170, and 160 dB re 1 μPa (rms) are predicted to be received are shown in the >1000 m line of Table 1A.  The rms (root-mean-square) pressure is an average over the pulse duration.  That is the measure commonly used in studies of marine mammal reactions to airgun sounds, and in NMFS guidelines concerning levels above which “taking” might occur.  The rms level of a seismic pulse is typically about 10 dB less than its peak level (Greene 1997; McCauley et al. 1998, 2000a).

GI Airgun Specifications 

Energy Source
Three GI airguns of 105/105 in3

Source output (downward)

0-pk is 10.8 bar-m (240.7 dB re 1 μPa·m);




pk-pk is 21 bar-m (246.4 dB)

Towing depth of energy source
2.5 m (6.7 ft)
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Figure 2.  Modeled received sound levels from the three 105 in3 GI guns that will be used during the survey off the west coast of Central America during November-December 2004.

Air discharge volume
Max. 315 in3
Dominant frequency components
30-140 Hz

Gun positions used
Three side-by-side guns 7.8 m apart

Gun volumes at each position (in3)

105/105, 105/105, 105/105

Some empirical data concerning the 180, 170, and 160 dB distances have been acquired for several airgun configurations, including two GI guns, based on measurements during the acoustic verification study conducted by L-DEO in the northern Gulf of Mexico from 27 May to 3 June 2003 (Tolstoy et al. 2004).  The results are limited, and do not include measurements for three GI guns.  However, the data for other airgun configurations showed that water depth affected the radii around the airguns where received level would be 180 dB re 1 μPa (rms), the safety criterion applicable to cetaceans (NMFS 2000).  Similar depth-related variation is likely in the 190 dB distances applicable to pinnipeds.  Water depths within the survey area are up to 5000 m (16,400 ft), but most of the survey will be conducted in water depths <2000 m (<6560 ft).  Table 1A also gives the percentage of the survey that will be conducted in three different depth ranges.

· The empirical data indicate that, for deep water (>1000 m or 3281 ft), the L-DEO model tends to overestimate the received sound levels at a given distance (Tolstoy et al. 2004).  However, to be precautionary pending acquisition of additional empirical data, it is proposed that safety radii during airgun operations in deep water will be the values predicted by L‑DEO’s model (Table 1A). 

· The 180- and 190-dB radii were not measured for three GI guns operating in shallow water (<100 m or 328 ft).  However, the measured 180 dB radius for the 6-airgun array operating in shallow water was 6.8x that predicted by L-DEO's model for operation of the six-airgun array in deep water.  The conservative correction factor is applied to the model estimates to predict the radii for the three GI guns in shallow water (Table 1A).

Table 1.  Estimated distances to which sound levels (190, 180, 170 and 160 dB re 1 μPa (rms) might be received from (A) three 105 in3 GI guns and (B) one of those guns, as planned for the seismic survey off the west coast of Central America during November–December 2004.  Distance estimates are given for operations in deep, intermediate, and shallow water.  The 180- and 190-dB distances are the safety radii to be used during the survey.  Three GI guns will be used for the survey and one GI gun will be used during power down.

	Airgun configuration
	Water depth
	% of seismic survey conducted
	Estimated distances at received levels (m)

	
	
	
	190 dB
	180 dB
	170 dB
	160 dB

	
	
	
	
	
	
	

	A.  3 GI guns
	>1000 m
	11.6
	26
	82
	265
	823

	
	100–1000 m
	57.9
	39
	123
	398
	1235

	
	<100 m
	30.6
	390
	574
	1325
	2469

	B.  1 GI gun
	>1000 m
	
	10
	27
	90
	275

	
	100–1000 m
	
	15
	41
	135
	413

	
	<100 m
	
	150
	189
	450
	825

	
	
	
	
	
	
	


· Empirical measurements were not conducted for intermediate depths (100–1000 m or 328–3281 ft).  On the expectation that results will be intermediate between those from shallow and deep water, a 1.5x correction factor is applied to the estimates provided by the model for deep water situations (Table 1A).  This is the same factor that was applied to the model estimates during L-DEO cruises in 2003. 

Description of Operations

During the cruise off the west coast of Central America, the Ewing will deploy three GI airguns and a 1.5-km (0.8-n.mi.) towed hydrophone streamer.  The program will consist of a maximum of 6048 km (3266 n.mi.) of surveys.  The survey design includes three grids and several lines in along-shore and onshore/offshore directions off the coasts of Nicaragua and Costa Rica, and two lines that extend into the Gulf of Fonseca, which is shared by Nicaragua, Honduras, and El Salvador.  Water depths within the survey area are up to 5000 m (16,400 ft); most of the survey will be conducted in water depths <2000 m (<6560 ft).

Bathymetric Sonar and Sub-bottom Profiler

Along with the airgun operations, two additional acoustical data acquisition systems will be oper​at​ed during much or all of the cruise.  The ocean floor will be mapped with an Atlas Hydrosweep DS-2 multi-beam 15.5-kHz bathymetric sonar, and a 3.5-kHz sub-bottom profiler will also be operated along with the multi-beam sonar.  Those sound sources are commonly operated from the Ewing simultaneously with airguns.
Atlas Hydrosweep Bathymetric Sonar


This 15.5 kHz sonar is mounted in the hull of the Ewing, and it operates in three modes, depending on the water depth.  There is one shallow water mode and there are two deep-water modes:  an Omni mode and a Rotational Directional Transmission mode (RDT mode).  (1) When water depth is <400 m, the source output is 210 dB re 1 μPa · m rms and a single 1-millisecond pulse or “ping” per second is transmitted, with a beam width of 2.67 degrees fore-aft and 90 degrees athwartship.  The beam width is mea​sured to the –3 dB point, as is usually quoted for sonars.  (2) The Omni mode is identical to the shallow-water mode except that the source output is 220 dB rms.  The Omni mode is normally used only during start up.  (3) The RDT mode is normally used during deep-water operation and has a 237 dB rms source output.  In the RDT mode, each “ping” consists of five succes​sive transmissions, each ensonifying a beam that extends 2.67 degrees fore-aft and ~30 degrees in the cross-track direction.  The five successive transmissions (segments) sweep from port to starboard with minor overlap, spanning an overall cross-track angular extent of about 140 degrees, with tiny (<<1 millisec) gaps between the pulses for successive 30-degree segments.  The total duration of the “ping”, including all five successive segments, varies with water depth, but is 1 millisec in water depths <500 m and 10  millisec in the deepest water.  For each segment, ping duration is 1/5th of these values or 2/5th for a receiver in the overlap area ensonified by two beam segments.  The “ping” interval during RDT operations depends on water depth and varies from once per second in <500 m (1640.5 ft) water depth to once per 15 seconds in the deepest water.  During the proposed project, the Atlas Hydrosweep will generally be used in waters >800 m deep.

Sub-bottom Profiler

The sub-bottom profiler is normally operated to provide information about the sedimentary features and the bottom topography of the area that is simultaneously being mapped by the Hydrosweep.  The energy from the sub-bottom profiler is directed downward by a 3.5 kHz transducer mounted in the hull of the Ewing.  The output varies with water depth from 50 watts in shallow water to 800 watts in deep water.  Pulse interval is 1 s, but a common mode of operation is to broadcast five pulses at 1-s intervals followed by a 5-s pause.

Sub-bottom Profiler Specifications

Maximum source output (downward)
204 dB re 1 μPa; 800 watts

Normal source output (downward)
200 dB re 1 μPa; 500 watts

Dominant frequency components
3.5 kHz

Bandwidth
1.0 kHz with pulse duration 4 ms




0.5 kHz with pulse duration 2 ms




0.25 kHz with pulse duration 1 ms

Nominal beam width
30 degrees

Pulse duration
1, 2, or 4 ms

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 Ewing is scheduled to depart from Puerto Caldero, Costa Rica, on 24 November 2004 and will transit directly to the main survey area off the coasts of Nicaragua and Costa Rica.  The actual seismic survey will last for 28 days.  The vessel will then transit back to Manzanillo, Mexico, for arrival on or about 25 December 2004.  The exact dates of the activity may vary by a few days because of weather conditions, repositioning, streamer operations and adjustments, airgun deployment, or the need to repeat some lines if data quality is substandard.

The seismic survey will take place off the west coasts of Nicaragua and Costa Rica, with one line extending into the Gulf of Fonseca, which is shared by Nicaragua, Honduras, and El Salvador.  The overall area within which the seismic survey will occur is located between 10º and 13ºN, and between 86º and 88ºW.  The seismic survey will be conducted in the Exclusive Economic Zones (EEZs) of Nicaragua, Costa Rica, Honduras, and El Salvador.

III.  Species and Numbers of Marine Mammals in Area

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

A total of 34 cetacean species and 6 species of pinnipeds are known to or may occur in the ETP.  Of the 34 cetacean species, 27 are likely to occur in the proposed survey area (Table 2).  Five of those 27 cetacean species are listed under the U.S. Endangered Species Act (ESA) as endangered: sperm whales, humpback whales, blue whales, fin whales, and sei whales.
To avoid redundancy, we have included the required information about the species and (insofar as it is known) numbers of these species in Section IV, below.

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.


The 34 species of cetaceans known to occur in the ETP belong to two taxo​nomic groups: odonto​cetes (toothed cetaceans, such as dolphins) and mysticetes (baleen whales).  Of those 34 species, 27 are likely to occur in the proposed survey area (Table 2).  Five of those 27 cetacean species are listed under the U.S. Endangered Species Act (ESA) as endangered: sperm whales, humpback whales, blue whales, fin whales, and sei whales. 


Seven cetacean species, although present in the wider ETP, are unlikely to be found in the pro​posed survey area.  These are not listed in Table 2, although they are mentioned briefly in the subsequent species-by-species description, with their section titles in square brackets:  • Pacific white-sided dolphins (Lagenorhynchus obliquidens) and Baird's beaked whales (Berardius bairdii) are seen very occasionally (six and two sight​ings, respectively, in several years of surveys) in the northernmost portions of the ETP (Ferguson and Barlow 2001).  • Long-beaked common dolphins (Delphinus capensis) are known to occur in the northernmost areas of the ETP off Baja Cali​for​nia, Mex​ico, and off the coast of Peru (Heyning and Perrin 1994).  • Dusky dolphins (Lagenorhynchus obscur​us), southern right whale dolphins (Lissodelphis peronii), Burmeister's porpoises (Phocoena spinipinnis), and long-finned pilot whales (Globicephala melas) also occur near the Peruvian coast but are unlikely to occur in the present study area (Leatherwood et al. 1991; Van Waerebeek et al. 1991; Brownell and Clapham 1999; Olson and Reilly 2002).

Table 2.  The habitat, abundance, and conservation status of marine mammals inhabiting the proposed seismic survey area in the Eastern Tropical Pacific.  

	Species
	Habitat
	Abundance in the ETP1 
	U.S. ESA2
	IUCN3
	CITES4

	Odontocetes

Sperm whale (Physeter macrocephalus)
	Usually pelagic, deep sea
	26,053◊
	Endangered
	VU†
	I

	Pygmy sperm whale (Kogia breviceps)
	Deep waters off the shelf
	N.A.
	Not listed
	N.A.
	II

	Dwarf sperm whale (Kogia sima)
	Deep waters off the shelf
	11,200#
	Not listed
	N.A.
	II

	Cuvier’s beaked whale

(Ziphius cavirostris)
	Pelagic
	20,000
	Not listed
	DD
	II

	Longman's beaked whale

(Indopacetus pacificus)
	Pelagic
	N.A.
	N.A.
	DD
	II

	Pygmy beaked whale

(Mesoplodon peruvianus)
	Deep waters
	25,300^
	Not listed
	DD
	II

	Ginkgo-toothed beaked whale

(Mesoplodon ginkgodens)
	Likely pelagic
	25,300^
	Not listed
	DD
	II

	Blainville’s beaked whale 

(Mesoplodon densirostris)
	Pelagic
	25,300^
	Not listed
	DD
	II

	Rough-toothed dolphin (Steno bredanensis)
	Mostly pelagic
	145,900
	Not listed
	DD
	II

	Bottlenose dolphin (Tursiops truncatus) 
	Coastal and oceanic
	243,500
	Not listed
	DD
	II

	Pantropical spotted dolphin (Stenella attenuata)
	Coastal and pelagic
	2,059,100
	Not listed
	LR-cd
	II

	Spinner dolphin (Stenella longirostris)
	Coastal and pelagic
	1,651,100
	Not listed
	LR-cd
	II

	Striped dolphin (Stenella coeruleoalba)
	Off the continental shelf
	1,918,000
	Not listed
	LR-cd
	II

	Short-beaked common dolphin 

(Delphinus delphis)
	Continental shelf and pelagic waters
	3,093,300
	Not listed
	N.A.
	II*

	Fraser’s dolphin (Lagenodelphis hosei)
	Water >1000 m
	289,300
	N.A.
	DD
	II

	Risso’s dolphin (Grampus griseus)
	Waters >1000 m
	175,800
	Not listed
	DD
	II

	Melon-headed whale (Peponocephala electra)
	Oceanic
	45,400
	Not listed
	N.A.
	II

	Pygmy killer whale (Feresa attenuata)
	Deep, pantropical waters
	38,900
	Not listed
	DD
	II

	False killer whale (Pseudorca crassidens)
	Pelagic
	39,800
	Not listed
	N.A.
	II

	Killer whale (Orcinus orca)
	Widely distributed
	8500
	Not listed
	LR-cd
	II

	Short-finned pilot whale (Globicephala macrorhynchus)
	Mostly pelagic
	160,200º
	Not listed
	LR-cd
	II

	Mysticetes

Humpback whale (Megaptera novaeangliae)
	Mainly near-shore waters and banks
	1177@
	Endangered
	VU
	I

	Minke whale (Balaenoptera acutorostrata)
	Continental shelf, coastal waters
	N.A.
	Not listed
	LR-cd
	I

	Bryde’s whale (Balaenoptera edeni)
	Pelagic and coastal
	13,000∆
	Not listed
	DD
	I

	Sei whale (Balaenoptera borealis) 
	Primarily offshore, pelagic
	N.A.
	Endangered
	EN
	I

	Fin whale (Balaenoptera physalus)
	Continental slope, mostly pelagic
	1851@
	Endangered
	EN
	I

	Blue whale (Balaenoptera musculus)
	Pelagic and coastal
	1400
	Endangered
	EN
	I


N.A. - Data not available or species status was not assessed.

1 Abundance estimates for the ETP from Wade and Gerrodette (1993).

2 Endangered Species Act (Carretta et al. 2002, 2003).
3 Codes for IUCN classifications: EN = Endangered; VU = Vulnerable; LR = Lower Risk (-cd = Conservation Dependent; -nt = Near Threatened); DD = Data Deficient.  Classifications are from the 2003 IUCN Red List of Threatened Species, although the status of marine mammals has not been reassessed since 1996..  

4 Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES 2003).

# This abundance estimate is mostly for K. sima but may also include some K. breviceps.

^ This estimate includes all species of the genus Mesoplodon.
º This estimate is mostly for G. macrorhynchus but may include some G. melas.

@ From Barlow and Taylor (2001) for populations off the California, Oregon, Washington, and Baja coasts.

∆ This estimate is mostly for Balaenoptera edeni but may include some B. borealis.

◊ From Whitehead (2002).
* No distinction is made between D. delphis and D. capensis.

Six species of pinnipeds are known to occur in the ETP: Guadalupe fur seal (Arctocephalus townsendi), California sea lion (Zalophus californianus), Galápagos sea lion (Z. wollebaeki), Galápagos fur seal (A. galapagoensis), southern sea lion (Otaria flavescens), and South American fur seal (A. australis).  The last four could potentially occur within the proposed seismic survey area, but they are expected to be, at most, uncommon.  Ranges of the first two are substantially north of the proposed seismic survey area.

Although the marine mammal populations in the proposed survey area have not been studied in detail, several studies of marine mammal distribution and abundance have been conducted in the wider ETP.  Initial systematic studies of cetaceans in the ETP were prompted by the incidental killing of dolphins in the purse-seine fishery for yellowfin tuna, Thunnus albacares, in the area (Smith 1983).  The main cetacean species that have been affected by the fish​ery are pantropical spotted dolphins (Stenella attenuata) and spinner dolphins (S. longirostris) (Smith 1983).  Short-beaked common dolphins (Delphin​us delphis), striped dolphins (S. coeruleoalba), bottle​nose dolphins (Tursiops truncatus), Fraser's dolphins (Lagenodelphis hosei), rough-toothed dolphins (Steno bredanensis), and short-finned pilot whales (Globi​cephala macrorhynchus) have also been killed in the fishery (e.g., Hall and Boyer 1989).  Dolphin mortal​ity was high at the onset of the fishery (Allen 1985) but has dropped considerably (Hall 1998).  Information on the distribution of cetaceans inhabiting the ETP, as determined mainly via a series of wide-ranging ship-based surveys, has been summarized in several studies (e.g., Polacheck 1987; Wade and Gerrodette 1993; Ferguson and Barlow 2001).  Table 2 summarizes the abundance, habitat, and conservation status of the 27 cetacean species likely to occur in the proposed survey area.
In the following section, many references are made to the occurrence of cetaceans in the ETP; however, for some species, proportional abundance in the proposed seismic survey area could be quite different from that in the wider ETP, particularly relative to oceanographic variabilities as described above.  In addition, procedures used during the various surveys that are cited have differed somewhat, and those differences could affect the results.  For example, Polacheck (1987) summarized cetacean abun​dance in the ETP from 1977 to 1980 for an unspecified season.  He calculated encounter rates as the number of schools sighted/1000 mi surveyed.  His encounter rates do not include any correction factors to account for changes in detectability of species with distance from the survey track line [detectability bias or f(0)] or for the diving behavior of the animals [availability bias or g(0)].  Wade and Gerrodette (1993) also calculated encounter rates for cetaceans (number of schools/1000 km surveyed) in the ETP, based on surveys from late July to early December during 1986 to 1990.  Their encounter rates are corrected for detectability bias but not for availability bias.  Ferguson and Barlow (2001) calculated cetacean densities in the ETP based on research surveys conducted from late July to early December.  Their densities are corrected for both detectability [f(0)] and availability [g(0)] biases.  The densities of Ferguson and Barlow (2001) are shown below for the cetacean species likely to be encountered in the proposed seismic survey area.  The densities are based on survey data collected from late July to early December.  The proposed survey is presently planned for November–December.

Odontocetes

Sperm Whale (Physeter macrocephalus)

Sperm whales are the largest of the toothed whales, with an extensive world​wide distribution (Rice 1989).  This species is listed as endangered under the U.S. ESA, but on a worldwide basis it is abundant and not biologically endangered.  Sperm whales range as far north and south as the edges of the polar pack ice, although they are most abundant in tropical and temperate waters where temperatures are higher than 59ºF or 15ºC (Rice 1989).  Sperm whales are generally distributed over large areas that have high secondary productivity and steep underwater topography (Jaquet and Whitehead 1996); their distribution and relative abundance can vary in response to prey availability (Jaquet and Gendron 2002).  Sperm whales routinely dive to depths of hundreds of meters and may occasionally dive as deep as 3000 m (Rice 1989).  Presumed feeding events have been shown to occur at depths >1200 m (Wahlberg 2002).  Sperm whales are capable of remaining submerged for longer than two hours, but most dives probably last a half hour or less (Rice 1989).

Sperm whales occur in waters west of Central America, but numbers in and near the planned project area appear to be relatively low.  This species is better known from a long-term study near the Galápagos Islands, which has provided much relevant information about sperm whale biology.

In the Galápagos Islands, sperm whales typically forage at depths of about 400 m, where they feed on squid (Papastavrou et al. 1989; Whitehead 1989; Smith and Whitehead 2000).  That depth corresponds with the minimum oxygen layer in the area (Wyrtki 1967), which may facilitate predation on squid (Papastavrou et al. 1989).  Papastavrou et al. (1989) noted that sperm whales in the Galápagos started to click regularly when they were 150–300 m deep, indicating that they were echolocating for food (Backus and Schevill 1966; Weilgart and Whitehead 1988; Smith and Whitehead 1993).  They also noted that there did not seem to be a diurnal pattern in dive depths, and young calves did not make prolonged, deep dives.  Whales typically dove for about 40 minutes and then spent 10 minutes at the surface (Papastavrou et al. 1989).

Sperm whales occur singly (older males) or in groups, with a mean group size of 20–30 (Whitehead 2003).  Typical social unit sizes range from 3 to 24 (Christal et al. 1998).  Sperm whale distribution is thought to be linked to their social structure; adult females and juveniles generally occur in tropical and subtropical waters, whereas adult males are commonly alone or in same-sex aggregations, often occurring in higher latitudes outside of the breeding season (Best 1979; Watkins and Moore 1982; Arnbom and Whitehead 1989; Whitehead and Waters 1990).  Mature male sperm whales migrate to warmer waters to breed when they are in their late twenties (Best 1979).  They spend periods of at least months on the breeding grounds, moving between mixed schools and spending only hours with each group (Whitehead 1993, 2003).  In the Southern Hemisphere, mating occurs from July to March, with a peak from September to December (Rice 1989).  In the Northern Hemisphere, conception may occur from Jan​u​ary to August (Rice 1989), although the peak breeding season is from April to June (Best et al. 1984).

In the Galápagos Islands, sperm whales usually occur in mixed groups of females and immature animals (Whitehead and Arnbom 1987).  Mature males are seen on the Galápagos breeding ground from April to June, either in close proximity to the mixed groups, or in loose aggregations of males (Christal and Whitehead 1997).  The aggregations consist of 10–30 males, and may extend over areas of tens of km (Lettevall et al. 2002).  Individual males within aggregations may travel within 1 km of each other and have the same heading (Christal and Whitehead 1997).  Mature sperm whales stay within the aggregations from a few days to weeks (Lettevall et al. 2002).

Sperm whales produce acoustic clicks that are used for both echolocation and communication (Backus and Schevill 1966; Møhl et al. 2000; Madsen et al. 2002b; Wahlberg 2002; Whitehead 2003).  During foraging dives, sperm whales produce "usual clicks" in the frequency range 5–24 kHz (Madsen et al. 2002b).  Patterns of clicks, known as "codas", are used by socializing groups of female sperm whales (Weilgart and Whitehead 1992; Rendell and Whitehead 2003; Whitehead 2003).  On their breeding grounds near the Galápagos Islands, mature males produce "slow clicks" that are likely related to mating (Whitehead 1993, 2003).

Surveys in the summer and fall show that sperm whales are widely distributed in the ETP, although they are generally more abundant in deep “nearshore” waters than far offshore (Polacheck 1987; Wade and Gerrodette 1993).  Polacheck (1987) reported average annual encounter rates ranging from 0.26 to 0.36 schools/1000 mi of survey effort in 1977–1980.  Wade and Gerrodette (1993) estimated sperm whale abundance in the ETP at 22,666, with an encounter rate of 1.02 schools/1000 km of ship survey.  Whitehead (2002) updated that estimate to 26,053.  Female and immature sperm whales in the ETP have geographic ranges that are, on average, about 1000 km across, but occasionally they move much further (Dufault and Whitehead 1995; Dufault et al. 1999; Jaquet et al. 2003).  Female sperm whales from the Galápagos were later seen in the Gulf of California, having traveled >3800 km (Jaquet et al. 2003).

It is not clear whether sperm whales seen in the ETP are part of the Northern or Southern Hemi​sphere stocks, or whether they should be considered a separate stock (Berzin 1978; Rice 1977).  Sperm whales occurring off the Galápagos Islands and near the coast of Ecuador are thought to belong to two different populations (Dufault and Whitehead 1993).  Whitehead et al. (1989) suggested that the whales in the Galápagos may be part of the Northern Hemisphere stock, and the Ecuador whales part of the Southern Hemisphere stock, based on the timing of their breeding seasons.  Both populations are con​sid​ered as part of the Southern Hemi​sphere stock for management purposes (Donovan 1991).

Sperm whales in the ETP were hunted until 1850 off the Galápagos Islands (Shuster 1983) and until the late 1900s off the coast of Peru (Ramirez 1989).  A sanctuary has been established in the waters off Ecua​dor, including the Galápagos Islands, to protect sperm whales (Evans 1991).  The Galápagos sperm whale population decreased by 20% per year between the years 1985 and 1995, even though the animals were not hunted during that period (Whitehead et al. 1997).  The decline seems to have been attributable to emigration of some whales to coastal waters off Central and South America, in combination with a low recruitment rate of about 0.05 calves/female/year (Whitehead et al. 1997).  Those emigrations may have been triggered by heavy whaling in Peruvian waters up until 1981 (Ramirez 1989; Whitehead et al. 1997).  Whitehead et al. (1992) esti​mat​ed a population of approximately 200 animals in the Galápagos Islands.

The proposed seismic survey area is located within Ferguson and Barlow's (2001) 5°(5° survey block 118.  They found no sperm whales in that block for surveys conducted during July–December.  The average sperm whale density during that time in block 118 and the adjacent coastal blocks 119, 138 and 139 was 0.0027/km2 (Table 3).  For 1977–1980, Polacheck (1987) reported an encounter rate of 0.13 sperm whale schools/1000 mi searched in that same block.  Encounter rates in adjacent blocks ranged from 0.51 to 1.25 in that study.  Rasmussen et al. (2002) reported one sperm whale sighting in seven years of surveys from 1996 to 2002 off Costa Rica and from 2001 to 2002 off Panama.  Rodriguez-Fonseca (2001) identified one important area in Pacific Costa Rican waters for the species: Isla del Caño and the outer part of the Osa Peninsula, ~300 km to the southeast.  Rodriguez-Fonseca and Cubero-Pardo (2001) reported several strandings of sperm whales on the Pacific coast of Costa Rica over a 33-year period.  Seven sperm whale strandings on the Pacific coast were included in a list of strandings in Costa Rica during 1966-2003 (Promar 2003): one individual at each of seven locations from the south to the north, including the Gulf of Nicoya and the Gulf of Papagayo (Fig. 1).

Dwarf Sperm Whale (Kogia sima) and Pygmy Sperm Whale (Kogia breviceps)

These two species of small whales are distributed widely in the world's oceans, but they are poorly known (Caldwell and Caldwell 1989).  The small size of these animals, their non-gregarious nature, and their cryptic behavior make pygmy and dwarf sperm whales difficult to observe.  The two species are also difficult to distinguish when sighted at sea, and are often categorized as Kogia spp. (Waring et al. 2002).


[image: image3.wmf]Species

Density

CV

b

Density

CV

Density

CV

Odontocetes

Sperm whale

0.0003

>1.00  

0.0029

0.40

0.0048

0.55

Pygmy sperm whale

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Dwarf sperm whale

0.0274

0.52

0.0235

0.36

0.0293

0.46

Cuvier’s beaked whale

0.0073

0.51

0.0068

0.37

0.0078

0.51

Tropical bottlenose whale

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Pygmy beaked whale

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Blainville’s beaked whale

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Mesoplodon sp. (unidentified)

0.0015

0.76

0.0014

0.57

0.0016

0.76

Rough-toothed dolphin 

0.0035

0.94

0.0105

0.46

0.0157

0.54

Tucuxi 

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Bottlenose dolphin 

0.0529

0.49

0.0589

0.16

0.1038

0.28

Spotted dolphin

0.1387

0.23

0.1950

0.22

0.3394

0.31

Spinner dolphin 

0.0029

>1.00  

0.1420

0.32

0.3619

0.36

Costa Rican spinner dolphin

0.1487

0.94

0.0163

0.94

0.1547

0.94

Clymene dolphin 

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Striped dolphin

0.2650

0.51

0.2013

0.15

0.3389

0.51

Short-beaked common dolphin 

0.1976

0.58

0.1640

0.28

0.2690

0.38

Fraser’s dolphin 

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Risso’s dolphin 

0.0098

0.76

0.0128

0.38

0.0227

0.54

Melon-headed whale

0.0000

-1.00 

0.0022

0.94

0.0110

0.94

Pygmy killer whale 

0.0001

>1.00  

0.0043

0.76

0.0103

0.94

False killer whale 

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Killer whale 

0.0000

-1.00 

0.0002

0.72

0.0002

0.94

Short-finned pilot whale

0.0100

0.72

0.0179

0.30

0.0311

0.37

Mysticetes

Humpback whale 

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Minke whale

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Bryde’s whale 

0.0000

-1.00 

0.0003

0.94

0.0007

0.94

Sei whale 

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Fin whale 

0.0000

-1.00 

0.0000

-1.00 

0.0000

-1.00 

Blue whale

0.0000

-1.00 

0.0003

0.60

0.0006

0.65

a

b

Densities for each species include allowance for sightings not identified to species.

CV (Coefficient of Variation) is a measure of a number's variability.  The larger the CV, the higher the 

variability.  It is estimated by the equation 0.94 - 0.162log

e

n from Koski et al. (1998), but likely 

underestimates the true variability.

T

ABLE



3.

Densities

of

cetaceans

off

the

west

coast

of

Central

America

in

the

region

of

the

survey

proposed

for

November-December

2004.

Densities

are

from

Ferguson

and

Barlow

(2001)

and

the

appendix

to

that

report.

Densities

are

corrected

for

f

(0)

and

g

(0)

biases.

The

proposed

survey

would

be

conducted

in

block

118

of

Ferguson

and

Barlow

(2001).

Adjacent

blocks

are

119,

138

and

139.  Species listed as endangered are in italics.

Observed Density in 

Block 118 (# / km

2

)

a

Average Density in 

Block 118 and 

Adjacent Coastal 

Blocks ( # / km

2

)

a

Maximum Density 

in Block 118 and 

Adjacent Coastal 

Blocks ( # / km2)

a


Although there are few useful estimates of abundance for pygmy or dwarf sperm whales anywhere in their range, they are thought to be fairly common in some areas.  Kogia spp. are known to occur in limited numbers in the ETP (Wade and Gerrodette 1993; Muñoz-Hincapié et al. 1998).  They have been sighted there during research vessel cruises (e.g., Pitman and Ballance 1992) and during tuna purse-seining operations (e.g., Scott and Cordaro 1987).  Wade and Gerrodette (1993) estimated the abundance of K. sima in the ETP at 11,200, with an encounter rate of 0.61 schools/1000 km.  Leatherwood et al. (1988) noted that the distribution of K. breviceps was more northerly than that of K. sima.  Similarly, Wade and Gerrodette (1993) noted that K. breviceps was only identified north of 24ºN during their study in the ETP.

Dwarf and pygmy sperm whales are primarily sighted along the continental shelf edge and over deeper waters off the shelf (Hansen et al. 1994; Davis et al. 1998).  Barros et al. (1998) suggested that dwarf sperm whales might be more pelagic and dive deeper than pygmy sperm whales.  In contrast, Wade and Gerrodette (1993) noted that K. sima was seen most frequently near the coast in the ETP.  Pygmy sperm whales feed mainly on various species of squid in the deep zones of the continental shelf and slope (McAlpine et al. 1997).  The species has been shown to produce ultrasonic clicks in the range 60 to >200 kHz, peaking at 125 kHz (Marten 2000).  Pygmy sperm whales occur in small groups of up to six individuals, and dwarf sperm whales may form groups of up to 10 animals (Caldwell and Caldwell 1989).  Wade and Gerrodette (1993) noted a mean group size of 1.7 for K. sima in the ETP.

Ferguson and Barlow (2001) found a density of 0.0269 dwarf sperm whales/km2 and no pygmy sperm whales in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average density during that time in block 118 and adjacent coastal blocks was 0.0225/km2 for dwarf sperm whales, and no pygmy sperm whales were seen in those blocks.  Densities for unidentified Kogia spp. were zero for block 118 and averaged 0.0002/km2 for block 118 and adjacent blocks (Table 3).

[Baird's Beaked Whale (Berardius bairdii)]

Baird's beaked whales are seen in all areas of the North Pacific, with the normal southernmost limit of their range at 35°N (Balcomb 1989).  In the eastern Pacific, Baird's beaked whales are reported to range south as far as San Clemente Island, north of Northern Baja California (Rice 1998; Kasuya 2002), with vagrant animals reaching the southwestern Gulf of California.  The species is sometimes seen close to shore, but its primary habitat is over or near the continental slope and oceanic seamounts (Jefferson et al. 1993).  Typical water depths for sightings are 1000–3000 m.  Baird's beaked whales are deep divers, and can stay down for up to 67 minutes (Kasuya 2002).  Baird's beaked whales were sighted on two occasions during surveys in the northernmost portion of the ETP off Baja California (Ferguson and Barlow 2001), but the species is unlikely to be present in the survey area.

Cuvier's Beaked Whale (Ziphius cavirostris)

This cosmopolitan species is probably the most widespread of the beaked whales, although it is not found in polar waters (Heyning 1989).  Cuvier's beaked whales are widely distributed throughout the ETP, with an estimated abundance of 20,000 individuals and an encounter rate of 0.67 schools/1000 km (Wade and Gerrodette 1993).  Palacios et al. (1994) reported 15 sightings during a 13-month cruise off the Galápagos Islands.

The species is observed rarely at sea and is known mostly from strandings.  Its inconspicuous blows, deep-diving behavior, and tendency to avoid vessels all help explain the infrequent sightings.  Cuvier’s beaked whales are usually seen alone, with group sizes ranging from one to seven animals in the ETP (Heyning 1989).  Wade and Gerrodette (1993) noted a mean group size of 2.2.  Cuvier's beaked whales typically dive for 30 minutes in water up to 1000 m deep, where they feed on deep-sea fish and squid (Heyning 1989; Palacios et al. 1994).

Cuvier’s beaked whales rarely are found close to mainland shores, except in submarine canyons or in areas where the continental shelf is narrow and coastal waters are deep (Carwardine 1995).  The mostly pelagic species appears to be confined to the warmer side of the 10°C isotherm and the deeper side of the 1000 m bathymetric contour (Houston 1991; Robineau and di Natale 1995).  They normally avoid boats but are occasionally inquisitive and approachable, especially around Hawaii.  Breaching has been observed, though it is probably rare (Carwardine 1995).  Dives of up to 40 minutes have been docu​mented.

Cuvier's beaked whale is mostly known from strandings (Leatherwood et al. 1976; NOAA and USN 2001).  There are more recorded strandings for Cuvier's beaked whale than for any other beaked whale (Heyning 1989).  Causes of most specific strandings are unknown, but they likely include old age, illness, disease, pollution, exposure to certain strong noises, and perhaps geomagnetic disturbance.  Mass strandings of Cuvier’s beaked whales are rare (although individual strandings are quite common), with only seven documented cases of more than four individuals stranding between 1963 and 1995 (Frantzis 1998).  Several additional mass strandings have been documented subsequently in association with sources of strong noise (see § VII).  

Ferguson and Barlow (2001) found a density of 0.0072 Cuvier's beaked whales/km2 in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average Cuvier's beaked whale density during that time in block 118 and adjacent coastal blocks was 0.0066/km2 (Table 3).  Rodriguez-Fonseca (2001) identified two important area in Pacific Costa Rican waters for the species: Isla Cocos, ~700 km to the southwest of the survey area, and Isla del Caño and the outer part of the Osa Peninsula, ~300 km to the southeast.  

Longman's Beaked Whale (Indopacetus pacificus)

Until very recently, Longman's beaked whale was thought to be extremely rare, and was known only from two skulls (Pitman et al. 1987).  Recent morphometric and genetic analyses of those two original specimens and an additional four specimens have allowed a more detailed characterization of the species (Dalebout et al. 2003).  It seems likely that it is, in fact, the cetacean that has been seen in Indo-Pacific waters and called the “tropical bottlenose whale”.  Some authorities place the species in the genus Mesoplodon, and there now seems to be sufficient information to afford it status as a separate genus (Dalebout et al. 2003).

Pitman et al. (1999) suggested that several sightings of Hyperoodon spp. in the ETP were actually misidentifications (e.g., Wade and Gerrodette 1993) and are, in fact, sightings of tropical bottlenose whales.  In the eastern Pacific, most tropical bottlenose whale sightings have been made between 3ºN and 10ºN (Pitman et al. 1999).  These whales are thought to prefer warmer waters with temperatures >26ºC, and have been seen in the tropics every month of the year except June, indicating year-round residency (Pitman et al. 1999).  Tropical bottlenose whales have been seen in groups of tens and up to 100 individuals, with an average pod size of 15–20 (Reeves et al. 2002).  Pitman et al. (1999) noted a mean group size of 18.5 individuals in the tropics, but also noted that group sizes were significantly smaller in the ETP, with an average of only 8.6 individuals.  Dives are thought to last 18–25 minutes (Reeves et al. 2002).

Ferguson and Barlow (2001) recorded sightings of tropical bottlenose whales, but none were reported for any of the blocks constituting the survey area (Table 3).  Kinzey et al. (2001) noted one sighting of I. pacificus in the ETP at about 135ºW.  Although widespread throughout the tropical Pacific, the species must still be considered rare because of a scarcity of sightings despite a great deal of survey effort (Pitman et al. 1999).  No population estimates exist.

Mesoplodon spp.

Three species of Mesoplodonts can be found in the ETP.  They are the pygmy beaked whale (M. peruvianus), the gingko-toothed beaked whale (M. ginkgodens), and the Blainville’s beaked whale (M. densirostris).  The species are difficult to distinguish in the field.

The pygmy beaked whale is the smallest Mesoplodont (Reyes et al. 1991).  That species is  hypoth​es​ized to forage in mid-to-deep waters (Urbán-Ramírez and Aurioles-Gamboa 1992).  The pygmy beaked whale is thought to occur between the latitudes 25°N and 15°S, from Baja California to Peru (Urbán-Ramírez and Aurioles-Gamboa 1992), although Pitman and Lynn (2001) noted a stranding record for the species in Chile, at latitude 29°15'S.  Reyes et al. (1991) reported 10 records of this species in south-central Peru.  Pitman and Lynn (2001) noted that the species may have been known previously as M. sp. “A”.  The pygmy beaked whale is now believed to be widespread in the ETP, but concentrated off central Mexico (Pitman and Lynn 2001).  Wade and Gerrodette (1993) reported several sightings for M. peruvi​anus as well as M. sp. “A” in the ETP.

The ginkgo-toothed beaked whale is only known from stranding records (Mead 1989).  Strandings have been reported for the western and eastern North Pacific, South Pacific, and Indian oceans, and from the Galápagos Islands in the ETP (Palacios 1996b).  The species is hypothesized to occupy relatively cool areas in the temperate and tropical Pacific, where upwelling is known to occur, such as in the California and Peru Currents and the equatorial front (Palacios 1996b).

Blainville's beaked whale is found in tropical and warmer temperate waters (Leatherwood and Reeves 1983).  Most of the knowledge on its distribution is derived from stranding data.  It is the Mesoplodon species with the widest distribution throughout the world (Mead 1989).  Blainville's beaked whales have been sighted in the ETP in offshore as well as nearshore areas of central and South America (Pitman et al. 1987; Pitman and Lynn 2001).  This species is also known to occur in the southern portion of the ETP, south of 10ºN (Wade and Gerrodette 1993).  There is no evidence that Blainville's beaked whales undergo seasonal migrations, although move​ments into higher latitudes likely are related to warm currents, such as the Gulf Stream in the North Atlantic.  Blainville's beaked whale is mainly a pelagic species and, like other beaked whales, generally is found in deep waters (Davis et al. 1998).  However, it may also occur in coastal areas.  This species travels in groups of up to 12, and dives can last up to 45 minutes.  They appear to feed on mesopelagic squid and fish (Mead 1989).  They produce short whistles and chirps in the frequency range <1–6 kHz (Caldwell and Caldwell 1971).

Wade and Gerrodette (1993) estimated the abundance of all Mesoplodon spp. in the ETP at 25,300, with an encounter rate of 0.88 schools/1000 km of survey.  Ferguson and Barlow (2001) recorded sightings of pygmy beaked whales and Blainville's beaked whales, but no sightings were reported for the block constituting the survey area (Table 3).

For all Mesoplodonts of unidentified species, Ferguson and Barlow (2001) found a density of 0.0015/km2 in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average unidentified Mesoplodont whale density during that time in block 118 and adjacent coastal blocks was 0.0013/km2 (Table 3).

Rough-Toothed Dolphins (Steno bredanensis)

Rough-toothed dolphins are widely distributed around the world, but mainly occur in tropical and warm temperate waters (Miyazaki and Perrin 1994).  They are not particularly numerous anywhere.  In the ETP, the species inhabits the Tropical Surface Water north of the equator, but it can also be found throughout the area (Miyazaki and Perrin 1994).  Rough-toothed dolphins usually form groups of 10–20 individuals (Reeves et al. 2002), but aggregations of hundreds can be found (Leatherwood and Reeves 1983).  In the ETP, they have been found in mixed groups with spotted, spinner, and bottlenose dolphins (Perrin and Walker 1975).  They are deep divers, and can dive for up to 15 min (Reeves et al. 2002).  They usually inhabit deep waters (Davis et al. 1998), where they prey on fish and cepha​lopods (Reeves et al. 2002).  Rough-toothed dolphins produce sounds at 4–7 kHz and ultrasounds up to 32 kHz (reviewed by Thomson and Richardson 1995).

Sightings in the ETP have been reported in several studies (Perrin and Walker 1975; Pitman and Ballance 1992; Wade and Gerrodette 1993).  Wade and Gerrodette (1993) estimated its abundance in the ETP at 145,900, with an encounter rate of 0.86 schools/1000 km.

Ferguson and Barlow (2001) found a density of 0.0033 rough-toothed dolphins/km2 in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average rough-toothed dolphin density during that time in block 118 and adjacent coastal blocks was 0.0090/km2 (Table 3).  Rasmussen et al. (2002) reported three sightings of rough-toothed dolphins in seven years of surveys (1996–2002) off Costa Rica and from 2001 to 2002 off Panama.  Rodriguez-Fonseca (2001) identified one important area in Pacific Costa Rican waters for the species: Isla del Caño and the outer part of the Osa Peninsula, ~300 km to the southeast.  One rough-toothed dolphin stranding on the Pacific coast was included in a list of strandings in Costa Rica during 1966-2003 (Promar 2003): 37 individuals on the Nicoya Peninsula (Fig. 1) in 2002.

Bottlenose Dolphin (Tursiops truncatus)

Bottlenose dolphins are distributed worldwide.  There are two distinct bottlenose dolphin types: a shallow water type, mainly found in coastal waters, and a deep-water type, mainly found in oceanic waters (Duffield et al. 1983; Hoelzel et al. 1998; Walker et al. 1999).  In the ETP, bottlenose dolphins tend to be more abundant close to the coasts and islands (Scott and Chivers 1990), and they seem to occur more inshore than other dolphin species (Wade and Gerrodette 1993).  In coastal areas, bottlenose dolphins usually inhabit shallow waters along the upper slope (Davis et al. 1998).  However, they can dive to depths up to 535 m for periods up to 12 minutes (Schreer and Kovacs 1997).  Bottlenose dolphins form groups that are organized on the basis of age, sex, familial relationship, and reproductive condition (Berta and Sumich 1999).  Mean group size in the ETP has been estimated at 24 (Smith and Whitehead 1999) and at 23 (Wade and Gerrodette 1993).

Bräger (1993) found that bottlenose dolphins in the Gulf of Mexico show seasonal and diel patterns in their behavior.  In the sum​mer, they feed mainly during the morning and for a short time during the afternoon, and socializing increases as feeding decreases, with peak socializing in the afternoon.  During the fall, socializing and traveling decreases, and they feed throughout the day (Bräger 1993).  Dur​ing the sum​mer, they feed mainly on fish, but during the winter, they feed primarily on cephalo​pods and crustaceans (Bräger 1993).  Whether the results from the Gulf of Mexico apply to the ETP is uncertain.

The breeding season of bottlenose dolphins is in the spring (Boyd et al. 1999).  Female bottlenose dol​phins reach sexual maturity at 12 years and males at 11 years.  The gestation period is 12 months.  Females nurse their calves for up to 76 weeks (Berta and Sumich 1999).  Bottle​nose dolphins produce sounds that range from 0.8 to 24 kHz and ultrasonic echolocation signals at 110–130 kHz (reviewed by Thomson and Richardson 1995).  They are able to hear sounds ranging from well below 1 kHz to well above 100 kHz, with limited sensitivity to frequencies as low as 100 Hz (Johnson 1967; see also Richardson 1995).  Bottlenose dolphins have been shown to alter their behavior in response to experimentally-produced sounds resembling distant underwater explosions (Finneran et al. 2000).

Wade and Gerrodette (1993) estimated the abundance of bottlenose dolphins in the ETP at 243,500, based on data collected from late July to early December, and noted an encounter rate of 1.98 schools/1000 km.  Polacheck (1987) noted that the highest encounter rates for bottlenose dolphins in the ETP tended to be in nearshore areas, with average annual encounter rates in 1977–1980 ranging from 0.539 to 0.876 schools/1000 mi of survey effort.  Smith and Whitehead (1999) reported that bottlenose dolphins were frequently seen near the Galápagos Islands.

Ferguson and Barlow (2001) found a density of 0.0517 bottlenose dolphins/km2 in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average bottlenose dolphin density during that time in block 118 and adjacent coastal blocks was 0.0503/km2 (Table 3).  For 1977–1980, Polacheck (1987) reported an encounter rate of 5.06 schools/1000 mi searched in that same block and 1.44–2.62 in adjacent blocks.  Rasmussen et al. (2002) reported 44 sightings of bottlenose dolphins in seven years of surveys (1996–2002) off Costa Rica and from 2001 to 2002 off Panama.  Rodriguez-Fonseca (2001) identified three important areas in Pacific Costa Rican waters for the species: the area between Punta Guiones and Cabo Blanco just southeast of the survey area (see Fig 1), the Quepos-Manuel Antonio National Park region, ~200 km to the southeast, the Golfo Dulce, ~300 km to the southeast, and Isla Cocos, ~700 km to the southwest.  Seven bottlenose dolphin strandings on the Pacific coast were included in a list of strandings in Costa Rica during 1966-2003 (Promar 2003): single individuals from the south coast to the north coast, including one in the Gulf of Nicoya (Fig. 1) and three in the Golfo Dulce.

Pantropical Spotted Dolphin (Stenella attenuata)

The pantropical spotted dolphin can be found throughout tropical and some subtropical oceans of the world (Perrin and Hohn 1994).  In the eastern Pacific, its range is from 25ºN (Baja California, Mexico) to 17ºS (southern Peru) (Perrin and Hohn 1994).  Pantropical spotted dolphins are associated with warm tropical surface water (Au and Perryman 1985; Reilly 1990; Reilly and Fiedler 1994).  Au and Perryman (1985) noted that the species occurs primarily north of the Equator, off southern Mexico, and westward along 10ºN.  They also noted its occurrence in seasonal tropical waters south of the Galápagos Islands.

Pantropical spotted dolphins usually occur in deeper waters, and rarely over the continental shelf or continental shelf edge (Davis et al. 1998; Waring et al. 2002).  Baird et al. (2001) found that they dive deeper at night than during the day and increase their swimming speed after dark.  Those results, together with a series of deep dives recorded immediately after sunset, suggest that pantropical spotted dolphins feed primarily at night on organisms associated with the deep-scattering layer as it rises to the surface (Baird et al. 2001).  Similarly, Robertson and Chivers (1997) noted that they likely feed at night on mesopelagic prey, such as fish and squid, when they migrate toward the surface.  Those investigators also found seasonal and geographical differences in the prey consumed, suggesting that pantropical spotted dolphins have a flexible diet and may be opportunistic feeders.  

Pantropical spotted dolphins are extremely gregarious, forming schools of hundreds or even thou​sands of individuals.  In the ETP, spotted and spinner dolphins are often seen together in mixed groups (Au and Perryman 1985).  Scott and Cattanach (1998) noted that they form larger groups in the morning than in the late afternoon or at night.  The large aggregations contain smaller groups that can consist of only adult females with their young, only juveniles, or only adult males (Perrin and Hohn 1994).  The mean age at sexual maturity for animals in the northern offshore stock is 11.1 years, and for the southern offshore stock it is 9.8 years (Chivers and Myrick 1993).  The gestation period is 11.5 months (Perrin et al. 1976).  The northern stock (north of the equator) of spotted dolphins has reproductive peaks in the spring and autumn, and the southern stock (south of the equator) has a peak corresponding to the spring peak of the northern stock (Barlow 1984).  Calving in the southern stock occurs in January, but there may be another calving season six months later (Hohn and Hammond 1985).  The pantropical spotted dolphin produces whistles at frequencies ranging from 3.1 to 21.4 kHz (reviewed by Thomson and Richardson 1995).

Much of what is known about the pantropical spotted dolphin in the ETP is related to the tuna purse-seine fishery in that area (Perrin and Hohn 1994).  There was an overall stock decline of spotted dolphins from 1960 to 1980 because of the fishery (Allen 1985).  In 1979, the population size of spotted dolphins in the ETP was estimated at 2.9–3.3 million (Allen 1985).  Wade and Gerrodette (1993) noted a relatively high abundance in the ETP in 1986–1990, with an estimated abundance of 2.1 million and an encounter rate of 4.1 schools/1000 km.  During 1977–1980, encounter rates of spotted dolphins in the ETP ranged from 3.63 to 5.56 schools/1000 mi of survey effort (Polacheck 1987).  Encounter rates for mixed schools of spinner and spotted dolphins were highest offshore near 10ºN, with average annual encounter rates of 1.03–1.63 schools/1000 mi of effort in 1977–1980 (Pola​check 1987).  There are three stocks of spotted dolphins in the ETP:  the coastal stock (S. attenuata grafmani), the northeast stock, and the west/south stock (Wade and Gerrodette 1993).

Ferguson and Barlow (2001) found a density of 0.1348/km2 in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average density during that time in block 118 and adjacent coastal blocks was 0.1665/km2 (Table 3).  For 1977–1980, Polacheck (1987) reported an encounter rate of 2.82 schools/1000 mi searched in that same block and 3.64–10.08 in adjacent blocks.  Schools of mixed spotted and spinner dolphins were encountered at a rate of 0.19/1000 mi searched in the block, whereas encounter rates in adjacent blocks were 0.18–1.62 (Polacheck 1987).  Spotted dolphins found in the survey area are likely to belong to the coastal stock.  Rodriguez-Fonseca (2001) reported that the oceanic spotted dolphin was rare and the coastal spotted dolphin was common in Pacific Costa Rican waters, and identified two important areas for the species: the Gulf of Papagayo at the southern end of the survey area (see Fig 1) and the Golfo Dulce, ~300 km to the southeast.  Two spotted dolphin strandings on the Pacific coast were included in a list of strandings in Costa Rica during 1966-2003 (Promar 2003).  Rasmussen et al. (2002) reported 353 sightings of spotted dolphins in seven years of surveys from 1996 to 2002 off Costa Rica and from 2001 to 2002 off Panama.  This was the most commonly sighted species during those surveys.  Fiedler (2002) reported that spotted dolphins are relatively rare at the CRD.  Spotted dolphins feed on fish and squid in the warmest waters of the eastern tropical Pacific, where the thermocline is very strong and slightly deeper than at the dome (Fiedler, 1992).  Fiedler (2002) noted that they have evolved a complex feeding association with yellow-fin tuna and birds and apparently depend on the tuna to drive prey from the thermocline up to the surface, and suggested that such an association does not function or provides no advantage at the dome where the thermocline is shallower and weaker than to the west.

Spinner Dolphin (Stenella longirostris)

Spinner dolphins are distributed in oceanic and coastal tropical waters.  The spinner dolphin is generally an offshore, deep-water species (Davis et al. 1998; Waring et al 2002).  It is associated with warm Tropical Surface Water (Au and Perryman 1985; Reilly 1990; Reilly and Fiedler 1994).  Au and Perryman (1985) noted that the species occurs primarily north of the Equator, off southern Mexico, and westward along 10ºN.  They also noted its occurrence in seasonal tropical waters south of the Galápagos Islands.  Spinner dolphins usually feed at night in waters 200–300 m deep (Perrin and Gilpatrick 1994).  They are extremely gregarious, usually forming large schools in the open sea and small ones in coastal waters (Perrin and Gilpatrick 1994).  Scott and Cattanach (1998) noted that spinner dolphins form larger groups during the morning than in the afternoon and at night.  In the ETP, spotted and spinner dolphins are often seen together in mixed groups (Au and Perryman 1985).

Spinner dolphins can give birth at any time of year.  However, Barlow (1984) noted that the eastern form has a peak in reproduction during March–June, with some regional variation, and that the whitebelly form has peaks in spring and autumn.  The approximate gestation period is 9.5–10.7 months and lactation usually last 60–76 weeks (Berta and Sumich 1999).  They use sounds that range from 1 to 22.5 kHz and ultra​sounds up to 65 kHz (reviewed by Thomson and Richardson 1995).

There are three types of spinner dolphins in the ETP:  • the eastern spinner dolphin S. l. orientalis; • the whitebelly spinner dolphin, which is considered to be a hybrid of the endemic eastern spinner dol​phin and the more widely distributed pantropical spinner dolphin S. l. longirostris); and • the Central American spinner dolphin S. l. centroamericana (Perrin 1990; Dizon et al. 1991).  There is a great deal of overlap between the ranges of eastern and whitebelly spinner dolphins, with the eastern form generally occurring in the northeastern portion of the ETP, and whitebelly spinner dolphins in the southern portion of the ETP and ranging farther offshore (Wade and Gerrodette 1993).

The total population of spinner dolphins in the ETP in 1979 was estimated at 0.8–0.9 million (Allen 1985).  Wade and Gerrodette (1993) noted a relatively high abundance in the ETP, with an esti​mated abundance of 1.7 million and an encounter rate of 2.8 schools/1000 km.  Polacheck (1987) noted that the highest encounter rates occurred southwest of the Galápagos Islands, and average annual encoun​ter rates were 0.41–0.90 schools/1000 mi of effort in 1977–1980.  The encounter rates for mixed schools of spinner and spotted dolphins were highest offshore near 10ºN, and the average annual encounter rates were 1.03–1.63 schools/1000 mi of effort (Polacheck 1987).  Spinner dolphins are thought to be rare visitors to the Galápagos Islands (Smith and Whitehead 1999).

Ferguson and Barlow (2001) found no spinner dolphins in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average density during that time in block 118 and adjacent coastal blocks was 0.1213/km2 (Table 3).  For 1977–1980, Polacheck (1987) reported an encounter rate of 0.50 schools/1000 mi searched in that same block and 0.33–0.65 in adjacent blocks.  Schools of mixed spotted and spinner dolphins were encountered at a rate of 0.19/1000 mi searched in the block and 0.18–1.62 in adjacent blocks (Polacheck 1987).  Spinner dolphins found in the survey area are likely of the Central American variety, although some eastern spinner dolphins could occur there as well.  Rodriguez-Fonseca (2001) reported that the eastern spinner dolphin was rare and the Central American variety was common in Costa Rican waters.  Rasmussen et al. (2002) reported one sighting of spinner dolphins in seven years of surveys from 1996 to 2002 off Costa Rica and from 2001 to 2002 off Panama.  Rodriguez-Fonseca (2001) identified one important area in Pacific Costa Rican waters for the species:  the Quepos-Manuel Antonio National Park region, ~200 km to the southeast of the survey area.  One spinner dolphin stranding on the Pacific coast was included in a list of strandings in Costa Rica during 1966-2003 (Promar 2003): one individual in the Gulf of Nicoya (Fig. 1).

Striped Dolphin (Stenella coeruleoalba)

Striped dolphins have a cosmopolitan distribution in tropical to warm temperate waters (Perrin et al. 1994a).  Their preferred habitat seems to be deep water (Davis et al. 1998) along the edge and seaward of the continental shelf, particularly in areas influenced by warm currents (Waring et al. 2002).  Striped dolphins prey on small fish and small cephalopods (Perrin et al. 1994a).  Their distribution appears to be less affected by environmental variables than are the distributions of other dolphin species (Reilly and Fiedler 1994).

Striped dolphins are gregarious (groups of 20 or more are common) and active at the surface (Whitehead et al. 1998).  Wade and Gerrodette (1993) noted a mean group size of 61 in the ETP, and Smith and Whitehead (1999) reported a mean group size of 50 in the Galápagos.  School compo​si​tion varies, with groups that consist of adults, juveniles, or adults and juveniles (Perrin et al. 1994a).  They reach sexual maturity at 12 years.  Their breeding season has two peaks, one in the summer and one in the winter (Boyd et al. 1999).  Gestation lasts about a year, and females nurse their calves for four years (Perrin et al. 1994a).  Striped dolphins produce sounds at 6–24 kHz (reviewed by Thomson and Richardson 1995) and can hear sounds in the range of 0.5–160 kHz, with their most sensitive hearing range being 29–123 kHz (Kastelein et al. 2003).

Wade and Gerrodette (1993) noted that striped dolphins were seen frequently in the ETP, with an estimated abundance of 1.9 million and an encounter rate of 5.4 schools/1000 km.  Pola​check (1987) noted that the highest encounter rates in the ETP were off western Mexico.  Average annual encounter rates were 0.31–0.41 schools/1000 mi of survey effort in 1977–1980 (Polacheck 1987).

Ferguson and Barlow (2001) found a density of 0.2609/km2 in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average density during that time in block 118 and adjacent coastal blocks was 0.1719/km2 (Table 3).  For 1977–1980, Polacheck (1987) reported an encounter rate of 0.55 schools/1000 mi searched in that same block and 0.36-0.50 in adjacent blocks.  Rodriguez-Fonseca (2001) identified one important area in Pacific Costa Rican waters for the species: Isla del Caño and the outer part of the Osa Peninsula, ~300 km to the southeast.  Three striped dolphin strandings on the Pacific coast were included in a list of strandings in Costa Rica during 1966-2003 (Promar 2003): one individual at Playa Grande (Fig. 1), one in the Golfo Dulce, and one on the south coast.

Short-beaked Common Dolphin (Delphinus delphis)

Common dolphins are found in tropical and temperate oceans around the world (Evans 1994).  In the ETP, common dolphin distribution is associated with cool, upwelling areas along the equator and off Baja California, Central America, and Peru (Au and Perryman 1985; Reilly 1990; Reilly and Fiedler 1994).  Reilly (1990) noted no seasonal changes in common dolphin distribution, although Reilly and Fied​ler (1994) observed interannual changes in distribution that were likely attributable to El Niño events.  There are two species of common dolphins:  the short-beaked common dolphin (D. delphis) and the long-beaked common dolphin (D. capensis).  Within the ETP, the long-beaked common dolphin is found only near Baja California, Mexico, and along the coast of Peru, whereas the short-beaked common dolphin is widely distributed (Heyning and Perrin 1994).  Thus, all common dolphins in the planned seismic survey area are likely to be of the short-beaked species.

Common dolphins often travel in large groups; schools of hundreds or even thousands are common.  Smith and Whitehead (1999) noted that common dolphins were frequently seen in the waters near the Galápagos Islands, with a mean group size of 125.  Groups are composed of subunits of 20–30 closely related individuals (Evans 1994).  Scott and Cattanach (1998) noted that they form larger groups in the morning and smaller groups in the later afternoon and at night.  Three stocks of D. delphis are recognized in the ETP:  northern, central, and southern (Perrin et al. 1985; Perryman and Lynn 1993).  Perryman and Lynn (1993) determined that births occurred throughout the year for central common dolphins, and only occurred from January to July for southern common dolphins.  Like other dolphins, common dolphins are highly vocal (Evans 1994) and echolocate using ultrasonic pulsed signals.  They produce sounds at 2–18 kHz and ultrasounds at 23–67 kHz (reviewed by Thomson and Richardson 1995).

The population size of common dolphins in the ETP in 1979 was estimated at 1.3–3.1 million (Allen 1985).  Wade and Gerrodette (1993) noted that it is the most numerous cetacean species in the ETP, with an abundance of 3.1 million and an encounter rate of 1.39 schools/1000 km.  Polacheck (1987) noted that encounter rates were highest in nearshore areas at 25ºN and 5ºN of the ETP, and average annual encounter rates ranged from 0.51 to 1.18 schools/1000 mi of survey effort during 1977–1980.  Polacheck (1987) also noted that there were concentrations of common dolphins offshore near 10ºN and 135–140ºW, but at lower densities. 

Ferguson and Barlow (2001) found a density of 0.1943/km2 in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average density during that time in block 118 and adjacent coastal blocks was 0.14/km2 (Table 3).  For 1977–1980, Polacheck (1987) reported an encounter rate of 2.38 schools/1000 mi searched in that same block and 1.30–5.91 in adjacent blocks.  Rasmussen et al. (2002) reported one sighting of common dolphins in seven years of surveys from 1996 to 2002 off Costa Rica and from 2001 to 2002 off Panama.  Common dolphins feed on small pelagic fish and squid in upwelling-modified waters at and east of the Costa Rica Dome (Fiedler 2002).  Common dolphins seen in the survey area belong to the central stock.

[Pacific White-sided Dolphin (Lagenorhynchus obliquidens)]

Pacific white-sided dolphins are found in the cool temperate waters of the North Pacific.  In the eastern Pacific, they occur primarily in shelf and slope waters from the southern Gulf of California, Mexico, along the western coast of North America north to Alaska (Brownell et al. 1999).  Pacific white-sided dolphins are mainly found offshore, beyond the continental shelf, but do come closer to shore where there is deep water, such as over submarine canyons (Carwardine 1995).  They are known to occur close to shore in certain regions, including (seasonally) off southern California (Brownell et al. 1999).  Pacific white-sided dolphins were sighted on six occasions during 11 years of surveys in the northernmost portion of the ETP off Baja California (Ferguson and Barlow 2001), but the species is unlikely to be present in the survey area.

[Dusky Dolphin (Lagenorhynchus obscurus)]

Dusky dolphins are found in coastal and continental shelf waters of the southeastern Pacific as far north as 11°S off the coast of Peru (Brownell and Cipriano 1999).  They normally occur in cool waters that are shallower than 200 m.  Dusky dolphins are commonly taken in Peruvian coastal gillnet fisheries (Majluf et al. 2002).  Their peak breeding season occurs in September and October, with most births occurring between August and October (Van Waerebeek and Read 1994).  Although present in the wider ETP, dusky dolphins are unlikely to be found in the survey area.

Fraser’s Dolphin (Lagenodelphis hosei)

Fraser's dolphin is a tropical species that only rarely occurs in temperate regions, and then only in relation to temporary oceanographic anomalies such as El Niño events (Perrin et al. 1994b).  The species typically occurs in deep water of at least 1000 m.  Most foraging takes place at depths 250–500 m.  This species travels in groups ranging from just a few animals to 100 or even 1000 (Perrin et al. 1994b).  Wade and Gerrodette (1993) noted a mean group size of 395 for the ETP.  Sexual maturity in males is reached at 7–10 years of age and 220–230 cm in length; females become mature when 5–8 years old and 210–220 cm long (Amano et al. 1996).  Mature males are slightly larger in body length than mature females and show apparent secondary sexual features: deepening of the tailstock and widening and darkening of the lateral dark stripe (Amano et al. 1996).  The gestation period is about 12.5 months, and calving peaks in spring and probably also in fall.  The calving interval is estimated to be about 2 years (Amano et al. 1996).  Fraser’s dolphins use sounds that range from 7.6 to 13.4 kHz (reviewed by Thomson and Richardson 1995).

The species occurs throughout the ETP (Perrin et al. 1973; Perrin et al. 1994b).  Wade and Ger​rodette (1993) showed a mainly equatorial distribution in the ETP, and estimated their abun​dance in the area at 289,300, with an encounter rate of 0.23 schools/1000 km.  Pitman and Ballance (1992) also noted their occurrence in the ETP, and Smith and Whitehead (1999) reported one sighting of 300 individuals in the Galápagos Islands.

Ferguson and Barlow (2001) found no Fraser's dolphins in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  They also reported no sightings of Fraser's dolphins during that time in the adjacent coastal blocks (Table 3).  Rodriguez-Fonseca (2001) identified only one important area in Pacific Costa Rican waters for the species: Isla Cocos, ~700 km to the southwest of the survey area.

[Southern Right Whale Dolphin (Lissodelphis peronii)]

Southern right whale dolphins are distributed between the Subtropical and Antarctic Convergences in the Southern Hemisphere (Jefferson et al. 1994), and range as far north as 12°30'S off the coast of Peru (Van Waerebeek et al. 1991).  They are most often seen in cool, deep, offshore waters with a temperature range of 8–19°C.  They are sometimes seen near shore, where coastal waters are deep (Jefferson et al. 1994).  Southern right whale dolphins are gregarious, occurring in schools of 2 to >1000 (Newcomer et al. 1996).  Van Waerebeek et al. (1991) calculated an average group size of 368 off western South America.  Southern right whale dolphins often associate with other cetacean species, including pilot whales and dolphins of the genus Lagenorhynchus (Newcomer et al. 1996).  Although present in the wider ETP, southern right whale dolphins are unlikely to be found in the survey area.

Risso’s Dolphin (Grampus griseus)

Risso’s dolphin is primarily a tropical and mid-temperate species distributed worldwide.  It occurs between 60ºN and 60ºS where surface water temperatures are ~10ºC (Kruse et al. 1999).  Risso's dolphins usually occur over steeper sections of the upper continental slope in waters 350–975 m deep (Baum​gartner 1997; Davis et al. 1998).  They usually feed on squid and other deep-water prey (Kruse et al. 1999).  Risso’s dolphins occur individually or in small- to moderate-sized groups, normally ranging in numbers from 2 to <250.  The majority of groups consist of <50 individuals (Kruse et al. 1999).  Smith and Whitehead (1999) noted a mean group size of 13 in the Galápagos Islands.  They use sounds that range from 0.1 to 8 kHz and ultrasounds up to 65 kHz (reviewed by Thomson and Richardson 1995).  Recently, a captive Risso's dolphin was shown to echolocate using clicks with peak frequencies as high as 104.7 kHz (Philips et al. 2003).

Wade and Gerrodette (1993) noted its distribution in the ETP and estimated its abundance there at 175,800, with an encounter rate of 1.45 schools/1000 km.  Polacheck (1987) noted that the highest encounter rates in the ETP were in nearshore areas, and average annual encounter rates were 0.098–0.129 schools/1000 mi of survey effort during 1977–1980.

Ferguson and Barlow (2001) found a density of 0.0095/km2 in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average density during that time in block 118 and adjacent coastal blocks was 0.0109/km2 (Table 3).  For 1977–1980, Polacheck (1987) reported an encounter rate of 0.23 schools/1000 mi searched in that same block and 0.21–0.40 in the adjacent coastal blocks.

Melon-headed Whale (Peponocephala electra)

The melon-headed whale is a pantropical and pelagic species that occurs mainly between 20ºN and 20ºS in offshore waters (Perryman et al. 1994).  They are usually sighted in water >500 m deep and away from the continental shelf (Mullin et al. 1994).  Perryman et al. (1994) reported that they occur primarily in equa​torial waters, as described by Au and Perryman (1985), although Wade and Gerrodette (1993) noted their occurrence in non-equatorial waters.  Small numbers have been taken in the ETP (Carretta et al. 2002).  Perrin (1976) reported on a capture of the species in a tuna purse seine off Central America.

Melon-headed whales tend to travel in large groups of 100–500, but have also been seen in herds of 1500–2000.  For example, Mullin et al. (1994) noted a herd of 400 in the Gulf of Mexico.  Melon-head whales are commonly seen in mixed herds with other cetaceans including Fraser's dolphins, rough-toothed dolphins, and bottlenose dolphins (Jefferson and Barros 1997), and also have been seen in association with Parkinson's petrels, Procellaria parkinsoni (Pitman and Ballance 1992).  Melon-head whales may be difficult to distinguish from pygmy killer whales (Waring et al. 2002).

Wade and Gerrodette (1993) estimated the abundance of this species in the ETP at 45,400, with an encounter rate of 0.10 schools/1000 km.  Ferguson and Barlow (2001) found no melon-headed whales in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average density during that time in block 118 and adjacent coastal blocks was 0.0022/km2 (Table 3).  Three melon-headed whale strandings on the Pacific coast were included in a list of strandings in Costa Rica during 1966-2003 (CRMMRN 2003): 200+ individuals on the Nicoya Peninsula (Fig. 1) in 1976, and two at unreported locations on the north Pacific coast in 1970.

Pygmy Killer Whale (Feresa attenuata)

Pygmy killer whales are pantropical (Ross and Leatherwood 1994; Rice 1998).  Little is known about the species in most of its range, and what is known comes from stranded or captured animals (Carretta et al. 2002).  The species has been captured in small numbers in the eastern Pacific by fishermen (Carretta et al. 2001).  Pygmy killer whales have been sighted in the ETP (Van Waerebeek and Reyes 1988; Pitman and Ballance 1992; Wade and Gerrodette 1993) and appear to occur sporadically along the equator and the coast of Central America (Wade and Gerrodette 1993).  There has been a report of a stranding on the coast of Ecuador (Félix et al. 1995).  In warmer water, they are usually seen close to the coast (Wade and Gerrodette 1993), but they are also found in deep waters.  Pygmy killer whales tend to travel in groups of 15–50, although herds of a few hundred have been sighted (Ross and Leatherwood 1994).  Wade and Gerrodette (1993) noted a mean group size of 28.

Wade and Gerrodette (1993) estimated the abundance of this species in the ETP at 39,800, with an encounter rate of 0.21 schools/1000 km.  Ferguson and Barlow (2001) found no pygmy killer whales in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average density during that time in block 118 and adjacent coastal blocks was 0.0042/km2 (Table 3).

False Killer Whale (Pseudorca crassidens)

The false killer whale is found in all tropical and warmer, temperate oceans, especially in deep offshore waters (Odell and McClune 1999).  False killer whales have been sighted in the ETP, where they chase or attack Stenella and Delphinus dolphins during tuna fishing operations (Perry​man and Foster 1980).  Palacios (1996c) observed false killer whales attacking a group of 20–25 sperm whales in the Galápagos Islands.  Generally, their prey has been reported to include fish and squid; however, in the Galápagos Islands, their feeding habits and diving behavior are mostly unknown (Stacey et al. 1994).  

False killer whales are gregarious and form strong social bonds (Stacey and Baird 1991).  They travel in pods of 20 to 100 (Baird 2002), although groups of several hundred are sometimes observed.  Wade and Gerrod​ette (1993) noted a mean group size of 11.4.  They are also known to mass strand.  False killer whales have been known to occur in nearshore areas (e.g., Stacey and Baird 1991), even though they are primarily pelagic.  In the ETP, they are usually seen far offshore (Wade and Gerrodette 1983).  False killer whales produce whistles with dominant frequencies of 4–9.5 kHz (reviewed by Thomson and Richardson 1995), and their range of most sensitive hearing extends from ~2 to 100 kHz (Thomas et al. 1988).

Wade and Gerrodette (1993) noted their occurrence in the ETP, espec​ially along the equator, and estimated their abundance in the ETP at 39,800, with an encounter rate of 0.31 schools/1000 km.  Ferg​uson and Barlow (2001) found no false killer whales either in their 5°(5° survey block 118, which contains the survey area, or in the adjacent coastal blocks for surveys conducted during July–December (Table 3).  Rasmussen et al. (2002) reported seven sightings of false killer whales in seven years of surveys (1996–2002) off Costa Rica and from 2001 to 2002 off Panama.  Rodriguez-Fonseca (2001) identified three important areas in Pacific Costa Rican waters for the species: Isla Cocos, ~700 km to the southwest of the survey area, the Quepos-Manuel Antonio National Park region, ~200 km to the southeast, and the Golfo Dulce, ~300 km to the southeast.  Acevedo-Gutiérrez et al. (1997) made 15 sightings of false killer whales in Golfo Dulce and at Isla Cocos; mean group size was 16, with a range of 13–14 in Golfo Dulce and 5–34 at Isla Cocos.

Killer Whale (Orcinus orca)

Killer whales are cosmopolitan and globally abundant; they have been observed in all oceans of the world (Ford 2002).  Although they prefer cold waters, they have been reported from tropical and offshore waters (Heyning and Dahlheim 1988).  High densities occur in high latitudes, especially in areas where prey is abundant.  The greatest abundance is found within 800 km of major continents (Mitchell 1975).

Although resident in some parts of their range, killer whales can also be transient.  Killer whale movements generally appear to follow the distribution of prey.  Killer whales prey on a diverse variety of items, including marine mammals, fish, and squid.  They have been known to attack sperm whales in the Galápagos Islands (e.g., Arnbom et al. 1987; Pitman et al. 2001).  Killer whales are large and conspic​uous, often travel​ing in close-knit matrilineal groups of a few to tens of individuals (Dahl​heim and Heyning 1999).  

There is sexual dimorphism in killer whales; males attain body lengths of 9.0 m, and females attain lengths of 7.7 m (Ford 2002).  Also, males have disproportionately larger appen​dages than females (Ford 2002).  Males attain sexual maturity at about 15 years (Ford 2002).  Females give birth for the first time at a mean age of 15 years (Olesiuk et al. 1990), and there is a mean interval between viable calves of 5 years (Ford 2002).  The gestation period is 15–18 months, and births (in resident killer whales) can take place throughout the year (Ford 2002).  Calves are nursed for at least one year (Ford 2002).  

Killer whales are capable of hearing high-frequency sounds, which is related to their use of these sound frequencies for echolocation (Richardson 1995).  They produce whistles and calls in the frequency range of 0.5–25 kHz (reviewed by Thomson and Richardson 1995), and their hearing ranges from below 500 Hz to 120 kHz (Hall and Johnson 1972; Bain et al. 1993).

Killer whales are found throughout the ETP (Pitman and Ballance 1992; Wade and Gerrodette 1993) but are most densely distributed near the coast from 35ºN to 5ºS (Dahlheim et al. 1982).  Dahlheim et al. (1982) noted the occurrence of a cluster of sightings at two offshore locations in the ETP.  One location was bounded by 7–14ºN and 127–139ºW, and the other was within a band between the equator and 5ºN and from the Galápagos Islands to 115ºW.  The pods contained up to 75 individuals, with a mean group size of 5.3 (Dahlheim et al. 1982).  An estimated 8500 killer whales occur in the ETP, and the encounter rate was found to be 0.43 schools/1000 km (Wade and Gerrodette 1993).

Ferguson and Barlow (2001) found no killer whales in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average density during that time in block 118 and adjacent coastal blocks was 0.0002/km2 (Table 3).  Rasmussen et al. (2002) reported two sightings in seven years of surveys (1996–2002) off Costa Rica and from 2001 to 2002 off Panama.  Rodriguez-Fonseca (2001) identified two important areas in Pacific Costa Rican waters for the species: the area between Punta Guiones and Cabo Blanco just southeast of the survey area (see Fig 1), and Isla del Caño and the outer part of the Osa Peninsula, ~300 km to the southeast.  Two killer whale strandings on the Pacific coast were included in a list of strandings in Costa Rica during 1966-2003 (CRMMRN 2003): one individual in Bahia Culebra (Fig. 1) and three on the Osa Peninsula. 

Short-finned Pilot Whale (Globicephala macrorhynchus)

The short-finned pilot whale can be found in tropical and warmer temperate waters (Leatherwood and Reeves 1983; Bernard and Reilly 1999).  It is mainly pelagic and occurs in deep waters (Davis et al. 1998), usually of about 1000 m, where it feeds on squid.  Changes in the distribution of short-finned pilot whales likely are influenced by the distribution of their prey.  Pilot whales are generally nomadic, but may be resident in certain locations including California and Hawaii (Olson and Reilly 2002).  In 2003, the United States listed the Hawaiian stock of short-finned pilot whales as endangered under the U. S. Endangered Species Act (Carretta et al. 2003).  The Hawaiian population is likely genetically distinct from that of the eastern Pacific, but the offshore range of the population is not known (Carretta et al. 2003). 

Short-finned pilot whales are very social and are usually seen in large groups of up to 60.  Pilot whale pods are composed of individuals with matrilineal associations (Olson and Reilly 2002).  Smith and White​head (1999) reported a mean group size of 19 in waters off the Galápagos Islands, and Wade and Gerrodette (1993) noted a mean group size of 18 in the ETP.

Pilot whales exhibit great sexual dimorphism; males are longer than females and have more pro​noun​ced melons and larger dorsal fins (Olson and Reilly 2002).  They produce whistles with dominant freq​uencies of 2–14 kHz (reviewed by Thomson and Richardson 1995).  Pilot whales are known to strand frequently.

Pilot whales have a wide distribution throughout the ETP, but are most abundant in cold waters where upwelling occurs (Wade and Gerrodette 1993).  In addition to short-finned pilot whales, long-finned pilot whales (G. melas) are also found in the ETP (Olson and Reilly 2002).  Normally, short-finned pilot whales are distributed in tropical and subtropical waters, whereas long-finned pilot whales are distributed in temperate waters, but the distributions of the two species overlap along the coast of Peru (Olson and Reilly 2002).  Discrimination of the two species in the field is not possible (Wade and Gerrodette 1993); however, pilot whales occurring off central America are very likely to be of the short-finned species.

Wade and Gerrodette (1993) estimated the abundance of pilot whales in the ETP at 160,200, with an encounter rate of 1.7 schools/1000 km.  Polacheck (1987) noted that encounter rates for pilot whales were highest inshore and that average annual encounter rates ranged from 0.334 to 0.878 schools/1000 mi of survey effort in 1977–1980.  An offshore concentration may also occur, but at lower densities (Polacheck 1987).  Smith and White​head (1999) reported that pilot whales were only rarely seen off the Galápagos Islands.

Ferguson and Barlow (2001) found a density of 0.0096/km2 in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  The average density during that time in block 118 and adjacent coastal blocks was 0.0173/km2 (Table 3).  For 1977–1980, Polacheck (1987) reported an encounter rate of 1.80 schools/1000 mi searched in that same block and 0.50–2.55 in the adjacent coastal blocks.  Rodriguez-Fonseca (2001) identified one important area in Pacific Costa Rican waters for the species:  the area between Punta Guiones and Cabo Blanco just southeast of the survey area (see Fig 1).  Two pilot whale strandings on the Pacific coast were included in a list of strandings in Costa Rica during 1966-2003 (CRMMRN 2003): three individuals at Playa Ostional (Fig. 1) and one on the Osa Peninsula, ~300 km southeast of the survey area.

[Burmeister's Porpoise (Phocoena spinipinnis)]

Burmeister's porpoise is generally thought to be a coastal species, ranging along the coast from the southern tip of South America as far north as northern Peru (Brownell and Clapham 1999).  The species is commonly taken in Peruvian coastal gillnet fisheries (Majluf et al. 2002).  Burmeister's porpoises occur in a wide range of water temperatures and, although normally found in water of 6–60 m depth, they may be found in areas as deep as 1000 m (Brownell and Clapham 1999).  Typical group sizes are 1–6 (Brownell and Clapham 1999).  Although present in the wider ETP, Burmeister's porpoises are unlikely to be found in the survey area.

Mysticetes

Humpback Whale (Megaptera novaeangliae)

The humpback whale, which is classified as endangered under the U.S. ESA, has a cosmopolitan distribution.  Although considered to be mainly a coastal species, it often traverses deep pelagic areas while migrating.  Its migrations between high-latitude summering grounds and low-latitude wintering grounds are reasonably well known (Winn and Reichley 1985).  The worldwide population of humpback whales is divided into various northern and southern ocean popu​lations (Mackintosh 1965).  However, geographic overlap between northern and southern populations occurs off Central America (Acevedo and Smultea 1995; Flórez-González et al. 1998; Rasmussen et al. 2002).  Genetic analyses suggest gene flow (either past or present) between the North and South Pacific (e.g., Baker et al. 1993; Caballero et al. 2001).

The southeastern Pacific humpback whale stock probably numbers on the order of a couple to a few thousand individuals (Félix and Haase 2001).  Southeastern Pacific humpback whales spend the austral summer feeding in the Antarctic and, in the winter, they migrate to breeding and calving areas along the western coasts of South America (Flórez-González 1991).  Flórez-González et al. (1998) noted that humpbacks occupy wintering grounds from 4º30'S (Peru) to 9ºN (Central America).  Humpbacks have also been sighted near the Galápagos Islands and 1000 km west of Ecuador (Day 1994 in Félix and Haase 2001; Merlen 1995 in Félix and Haase 2001).  Wade and Gerrodette (1993) noted the occurrence of humpbacks in the ETP from July to December. 

The main wintering areas of Southeastern Pacific humpbacks are located in coastal areas of Colombia (Flórez-González 1991) and Ecuador (Scheidat et al. 2000; Félix and Haase 2001).  Hump​backs occur in Columbia as early as mid-June, with peak numbers from August to October (Flórez-González 1991).  Humpback whales may migrate between the breeding areas within a season and perhaps between years (Flórez-González et al. 1998). 

In the eastern North Pacific, humpbacks spend the northern winter off Baja California and mainland Mexico, and summer off the western coast of North America from California to Alaska (Urbán and Aguayo 1987; Urbán et al. 2000).  They are present in the Mexican Pacific from September to mid-May (Urbán and Aguayo 1987).

Although Central America is not considered a major wintering area for humpback whales, their presence has been reported there (Steiger et al. 1991; Acevedo and Smultea 1995; Rasmussen et al 2002).  Humpbacks sighted off Costa Rica have subsequently been seen both off California and in the Antarctic (Rasmussen et al. 2002), indicating that both northern and southern populations use the area during their respective winters.

Humpback whales are often sighted singly or in groups of two or three; however, while in their breeding and feeding ranges, they may occur in groups of up to 15 (Leatherwood and Reeves 1983).  Sexual maturity is reached at about 5 years (Clapham 2002).  Females usually have give birth to one calf every 2 years, although annual calving is also known to occur (Clapham and Mayo 1990; Glockner-Ferrari and Ferrari 1990).  Gestation lasts approximately 11 months, and most calves are born during mid-winter (Clapham 2002).

Males sing a characteristic song when on the wintering grounds (Winn and Reichley 1985).  Singing is generally thought to be used to attract females and/or establish territories (Payne and McVay 1971; Winn and Winn 1978; Darling et al. 1983; Glockner 1983; Mobley et al. 1988; Clapham 1996).  Humpback whales produce sounds in the frequency range of 20 Hz–8.2 kHz, although songs have domin​ant frequencies of 120–4000 Hz (reviewed by Thomson and Richardson 1995).  The hearing range of humpback whales (and other baleen whales) has not been measured, but based on anatomical and other indirect evidence no doubt extends down to low frequencies.

Ferguson and Barlow (2001) found no humpback whales in their 5°(5° survey block 118, which contains the survey area, for surveys conducted during July–December.  They also did not find any humpback whales during that time in any of the adjacent coastal blocks (Table 3).  Rasmussen et al. (2002), however, reported 168 sightings in seven years of surveys (1996–2002) off Costa Rica and from 2001 to 2002 off Panama.  Although the bulk of their survey effort was concentrated off southern Costa Rica, their survey area included northern Costa Rica in 1999–2002.  Humpback whales were sighted in Gulfo de Papagayo and along the Nicoya Peninsula in northern Costa Rica, areas that are in close proximity to the southern portion of the proposed seismic survey area.  Humpback whale sightings off northern Costa Rica, including the sighting of a mother-calf pair, occured during February and March and were of individuals known to feed off California.  The sighting data of Rasmussen et al. (2002) indicate that humpback whales could be present in the survey area in both the austral and northern winters.  Rodriguez-Fonseca (2001) identified several important areas in Pacific Costa Rican waters for the species: the Gulf of Papagayo at the southern end of the survey area (see Fig 1), and Isla del Caño, the outer part of the Osa Peninsula, and the Golfo Dulce, ~300 km to the southeast.  Two humpback whale strandings on the Pacific coast were included in a list of strandings in Costa Rica during 1966-2003 (CRMMRN 2003): one calf on the south coast and one calf on the Nicoya Peninsula (Fig. 1).

Minke Whale (Balaenoptera acutorostrata)

Minke whales have a cosmopolitan distribution that spans ice-free latitudes (Stewart and Leather​wood 1985).  In the eastern Pacific, minke whales range from the Chukchi Sea in summer to within 2º of the equator in winter (Perrin and Brownell 2002).  They are usually seen over continental shelves, but they are not considered to be abundant in the eastern Pacific (Brueggeman et al. 1990 in Carretta et al. 2002).  Wade and Gerrodette (1993) noted their occurrence in the ETP, although sightings were scarce. 

In the Northern Hemisphere, minke whales migrate northward during spring and summer and can be seen in pelagic waters at that time; however, they also occur in coastal areas (Stewart and Leatherwood 1985).  Minke whales are relatively solitary, usually seen individually or in groups of two or three; they can occur in large aggreg​a​tions of up to 100 animals at high latitudes where food resources are concentrated (Perrin and Brownell 2002).  Females give birth every year (Sergeant 1963) and calving typically occurs from November to March (Sergeant 1963).  A large variety of sounds, ranging in freq​uency from 60 Hz to 12 kHz, have been attributed to minke whales (Stewart and Leatherwood 1985; Mellinger et al. 2000).

No minke whales were found by Ferguson and Barlow (2001) in the survey block that includes the planned survey area for surveys conducted during July–December (Table 3).  Rasmussen et al. (2002) did not report seeing any minke whales in seven years of surveys (1996–2002) off Costa Rica and from 2001 to 2002 off Panama.  Minke whales are likely to be rare, if they occur at all, in the survey area.

Bryde's Whale (Balaenoptera edeni)

Bryde’s whales are found in tropical and subtropical waters throughout the world, but rarely in latitudes above 35º.  In the eastern Pacific, they occur from Baja California to Chile (Clarke and Aguayo 1965 in Cummings 1985; Aguayo 1974; Gallardo et al. 1983).  They are common throughout the ETP, with a concentration near the equator east of 110ºW, decreasing west of 140ºW (Lee 1993 in Carretta et al. 2002; Wade and Gerrodette 1993).  Wade and Gerrodette (1993) estimated that there were 13,000 Bryde’s whales in the ETP, with an encounter rate of 0.84 schools/1000 km.  This species has also been sighted off Columbia and Ecuador (Gallardo et al. 1983), and may occur around the Galápagos Islands (Clarke and Aguayo 1965 in Gallardo et al. 1983).  The International Whaling Commission (IWC) recognizes a cross-equatorial or Peruvian stock of Bryde's whales (Donovan 1991). 

Bryde's whales do not undertake long migrations, although they may move closer to the equator in winter and toward temperate waters in the summer (Best 1975 in Cummings 1985).  They are pelagic as well as coastal, and occur singly or in groups of up to five.  Hoyt (1984) noted that group size varied with season; 55% were seen individually, 27% in pairs, and 18% in groups of three or more.  Romero et al. (2001) noted that 78% of all sightings were of single animals.  Early limited studies indicated that Bryde's whales produce “moans” in the frequency range 70–930 Hz (reviewed by Thomson and Richardson 1995).  Recent data from the ETP and elsewhere indicate that the predominant frequencies are in the lower part of this range, and down to about 20 Hz (Oleson et al. 2003).

Ferguson and Barlow (2001) found no Bryde’s whales in their 5°(5° survey block 118, which contains the planned project area, for surveys conducted during July–December.  The average density during that time in block 118 and adjacent coastal blocks was 0.0001/km2 (Table 3).  They also found no whales reported as “sei or Bryde's whales” in their 5°(5° survey block 118, but the average density of “sei or Bryde’s whales” in block 118 and adjacent coastal blocks was 0.0001/km2 (Table 3).  Rasmussen et al. (2002) reported one sighting of a Bryde's whale in seven years of surveys (1996–2002) off Costa Rica and from 2001 to 2002 off Panama.  One Bryde’s whale stranding on the Pacific coast was included in a list of strandings in Costa Rica during 1966-2003 (CRMMRN 2003): one individual on the central Pacific coast.

Sei Whale (Balaenoptera borealis)

The sei whale has a cosmopolitan distribution, with a marked preference for temperate oceanic waters (Gambell 1985a).  Sei whales migrate from temperate zones occupied in winter to higher latitudes in the summer, where most feeding takes place (Gambell 1985a).  Sei whale populations were depleted by whaling, and their current status is generally uncertain (Horwood 1987).  The global population is thought to be low; the sei whale is listed as endangered under the U.S. ESA and by IUCN, and it is a CITES Appendix I species (Table 2).

The sei whale is a mainly pelagic species and usually occurs in small groups of up to six individuals.  Its blows are not as high as those of blue and fin whales, and this species tends to make only shallow dives, and surfaces relatively frequently.  Sei whales show sexual dimorphism, with females larger than males (Horwood 2002).  They become sexually mature at ~10 years of age (Horwood 2002).  Sei whales are larger in the Southern Hemisphere, where males mature at ~13–14 m and females at ~14 m (Horwood 2002).  In northern waters, calving occurs in December, after a gestation period of ~1 year (Horwood 2002).  They produce sounds in the range of 1.5–3.5 kHz (reviewed by Thomson and Richardson 1995). 

Sei whales may have been sighted during surveys in the ETP (Wade and Gerrodette 1993; Kinzey et al. 1999, 2000, 2001); however, it is difficult to distinguish sei whales from Bryde's whales.  Because sei whales generally have a more northerly and temperate distribution (Leather​wood et al. 1988), Wade and Gerrodette (1993) classified any tentative sei whale observations in the ETP as Bryde's whale sightings.  Sei whales may also have been sighted near the Galápagos Islands (Clarke 1962 in Gallardo et al. 1983), although Clarke and Aguayo (1965 in Gallardo et al. 1983) suggested that those sightings could have been Bryde's whales. 

Ferguson and Barlow (2001) did not report any sightings of sei whales in the survey block containing the project area in surveys conducted during July–December.  Because of its generally more temperate distribution, the species is unlikely to be present in the survey area.  However, Ferguson and Barlow (2001) did report sightings, in the general area, of whales that were classified as either sei or Bryde's whales.  They found no such whales in their 5°(5° -square survey block 118, which contains the survey area, but the average density in block 118 plus adjacent coastal blocks was 0.0001/km2 (Table 3).  One sei whale stranding on the Pacific coast was included in a list of strandings in Costa Rica during 1966-2003 (CRMMRN 2003): one individual near the border with Nicaragua.

Fin Whale (Balaenoptera physalus)

Fin whales are widely distributed in all the world's oceans (Gambell 1985b), but typically occur in temperate and polar regions.  Fin whales appear to have complex seasonal movements and are likely seasonal migrants (Gambell 1985b).  Fin whales mate and calve in temperate waters during the winter, but migrate to northern latitudes during the summer to feed (Mackintosh 1965).  Whales from the northern and southern populations do not occur at the equator at the same time, because the seasons are opposite (Gambell 1985b).  The North Pacific population summers from the Chukchi Sea to California and winters from California southward (Gambell 1985b).  Whales from the Southern Hemisphere are usually distributed south of 50ºS in the summer, but in winter they migrate to Pacific waters along the coast of South America, as far north as Peru (Gambell 1985b).  The Chile–Peruvian stock of the Southern Hemisphere fin whale population winters west of North Chile and Peru from 110ºW to 60ºW (Gambell 1985b).  

Fin whales occur in coastal and shelf waters, as well as in oceanic waters.  Sergeant (1977) pro​pos​ed that fin whales tend to follow steep slope contours, either because they detect them readily or because biological productivity is high along steep contours.  Fin whales are sometimes observed alone or in pairs, but on feeding grounds groups of up to 20 individuals are more common (Gambell 1985b).

In the Southern Hemisphere, bigger and older animals generally migrate farther south than younger animals, and males migrate before females; that pattern is not seen in Northern Hemisphere whales (Laws 1961).  In the Southern Hemisphere, the peak breeding season is April–August (Laws 1961), whereas in the Northern Hemisphere, it is December–January (Gambell 1985b). 

The diving behavior of fin whales in the western North Atlantic was reviewed by Stone et al. (1992) with the objective of evaluating the likelihood of detection by aerial and shipboard surveys.  Fin whales in their study area blew about 50 times per hour, and the average dive time was ~3 minutes.  Because fin whales do not usually remain submerged for long periods, have tall blows and a conspicuous surfacing profile, and often occur in groups of several animals, they are less likely to be overlooked than most other species.

The distinctive 20-Hz pulses of fin whales, with source levels as high as 180 dB re 1 μPa, can be heard reliably to distances of several tens of kilometers (Watkins 1981; Watkins et al. 1987; Edds 1988; Cummings and Thompson 1994) or even further (Cummings and Thompson 1971; Payne and Webb 1971).  Watkins (1981) believed that most fin whale responses to singers are at distances <15 km (8 n.mi.).  Fin whales primarily emit their 20-Hz signals during their reproductive season from autumn to early spring.  Watkins et al. (1987) believed that the repetitive signals are an acoustic display associated with reproduction, and Croll et al. (2002) report that it is the male fin whales that make strong calls.  Fin whales also produce sounds at frequencies up to 150 Hz, including 34–75-Hz tones, a 129–150-Hz tone preceding 20-Hz sounds, and generally downsweeping pulses in the range 118–14 Hz (Watkins 1981; Cummings et al. 1986; Edds 1988).  Watkins (1981) heard those sounds mostly during interactions of two or more whales, and speculated that the sounds were used to communicate with nearby whales.  Fin whales >15–20 km (8–10.8 n.mi.) from one another apparently do not emit the higher-frequency sounds (Watkins 1981).  

Probably at least in part because of their initially high abundance, wide distribution, and diverse feeding habits, fin whales do not seem to have been as badly depleted as the other large whales in the North Atlantic.  However, the species is listed as endangered under the U.S. ESA and by IUCN, and as a CITES Appendix I species (Table 2).

No fin whales were reported by Ferguson and Barlow (2001) in the survey block that constitutes the survey area for surveys conducted during July–December.  Fin whales from the North Pacific stock could be present in the survey area during the time that it is presently scheduled, i.e. November-December.

Blue Whale (Balaenoptera musculus)

The blue whale is widely distributed throughout the world's oceans and occurs in coastal, shelf, and oceanic waters.  The world-wide population has been estimated at 15,000 whales, with 10,000 in the Southern Hemisphere (Gambell 1976), 3500 in the North Pacific, and up to 1400 in the North Atlantic (NMFS 1998).  The 15,000 estimate for the Southern Hemisphere includes 5000 pygmy blue whales (B. m. brevicauda).  All popu​la​tions of blue whales have been exploited commercially, and many have been severely depleted as a result.  The blue whale is listed as endangered under the U.S. ESA and by IUCN, and is listed in CITES Appendix I (Table 2).

The distribution of blue whales, at least during the times of year when feeding is a major activity, coincides with areas that provide large seasonal concentrations of euphausiids, which are the whale's main prey (Yochem and Leatherwood 1985).  Generally, blue whales are seasonal migrants between high latitudes in the summer, where they feed, and low latitudes in winter, where they mate and give birth (Lockyer and Brown 1981).  However, some individuals may stay in low or high latitudes throughout the year (Reilly and Thayer 1990).  Donovan (1984) noted the year-round occurrence of blue whales off Peru.  

Blue whales usually occur alone or in small groups (Leatherwood and Reeves 1983; Palacios 1999).  Reilly and Thayer (1990) noted that groups of two or more whales were sighted more often than single animals near the Galápagos Islands and off the coast of South America.  Blue whales calve and mate in the late fall and winter (Yochem and Leatherwood 1985).  Females give birth in the winter to a single calf every 2–3 years (Sears 2002).  Their gestation period is usually estimated to be 10–12 months (Sears 2002).  Blue whales have a tall and conspicuous blow and may lift their flukes clear of the surface before a deep dive.  Dives can last 10–30 minutes and are usually separated by a series of 10–20 shallow dives.  The best-known sounds of blue whales consist of low-frequency “moans” and “long pulses” that range from 12.5 to 200 Hz and can have source levels up to 188 dB re 1 μPa (Cummings and Thompson 1971).

In the ETP, blue whales have been sighted along Baja California, near Costa Rica, at and near the Galápagos Islands, and along the coasts of Ecuador and northern Peru (Aguayo 1974; Clarke 1980; Donovan 1984; Reilly and Thayer 1990; Mate et al. 1999; Palacios 1999).  They are known to occur in pelagic and coastal waters (Leatherwood and Reeves 1983; Yochem and Leatherwood 1985), and are most often found in cool, productive waters where upwelling occurs (Reilly and Thayer 1990).  Palacios (1999) noted that blue whales were distributed to the west and southwest of the Galápagos Islands, where the water is enriched.  When hydrophones were set out to record whale calls at latitudes 8ºN, 0º, and 8ºS along the longitudes 95ºW and 110ºW in the ETP, some sounds were attributed to blue whales (Stafford et al. 1999a). 

The timing of the migration of blue whales from the California stock to areas close to the Costa Rica Dome (CRD), centred at 9ºN, 90ºW, during the winter calving/breeding season suggests that they may feed in the latter area, as it is biologically productive (Mate et al. 1999).  Whales have been sighted off the coast of Central America, and especially in the CRD, throughout the year (Wade and Friedrichsen 1979; Reilly and Thayer 1990; Wade and Gerrodette 1993).  Rodriguez-Fonseca (2001) identified the CRD as an important area for blue whales.  The CRD is located ~100–600 km southwest of the offshore boundary of the planned project area.  The nearest blue whale sighting research vessels (1976–1999, n = 327) and US tuna boats (1971–1990, n = 191) in the NOAA/NMFS/SWFSC sightings database was ~150 km from the coast of Costa Rica (from Fig. 14 of Fiedler 2002).

The whales that occur in the CRD may be migrant animals from the Northern or Southern Hemispheres or they may be a resident population (Reilly and Thayer 1990).  Reilly and Thayer (1990) suggested that the whales seen along the equator are likely part of the southeast Pacific population, which occupies the coastal shelf of South America and the Antarctic (Mackintosh 1966).  However, the whales could also be resident in the area, exploiting food resources in the CRD and near the South American coastline (Mate et al. 1999; Palacios 1999).  Based on acoustic call similarities, Stafford et al. (1999b) linked the whales near the CRD to the population that feeds off California at the same time of year.  Palacios (1999) suggested that Southern Hemisphere whales feed west of the Galápagos during the austral winter/spring. 

The blue whale population in the ETP in the summer/fall was estimated at 1415, with an encounter rate of 0.20 schools/1000 km (Wade and Gerrodette 1993).  Sightings of blue whales in the ETP, including equatorial waters, may include the pygmy blue whale (Berzin 1978; Donovan 1984).  Berzin (1978) noted that the distribution of the pygmy blue whale is much wider than previously thought; however, this sub​species is difficult to distinguish from the larger blue whale (Donovan 1984).

Ferguson and Barlow (2001) reported no blue whale sightings in their 5°(5° survey block 118, which contains the planned project area, for surveys conducted in July-December.  The average blue whale density during that time in block 118 and adjacent coastal blocks was 0.0002/km2 (Table 3).  Blue whales are present year-round near the Costa Rica Dome, but that is located ~100–600 km southwest of the offshore boundary of the planned project area.

Pinnipeds

Of the six species of pinnipeds found within the ETP, four have the potential to occur within the survey area, although any occurrence is likely to be rare.  The ranges of both the Guadalupe fur seal (Arctocephalus townsendi) and the California sea lion (Zalophus californianus) are considerably north of the proposed survey area.  

Galápagos sea lions (Z. wollebaeki) and Galápagos fur seals (A. galapagoensis) occur on and near the Galápagos Islands.  Those pinnipeds are generally not seen more than about 100 n.mi. west of the Galápagos Islands (J. Barlow, NMFS, pers. comm. to LGL Ltd.).  Galápagos sea lions are seen occa​sionally along the coasts of Colombia and Ecuador and as far north as Isla del Coco, Costa Rica, an island 500 km southwest of Costa Rica (Acevedo-Gutiérrez 1994; Capella et al. 2002; Palacios 1996a; Palacios et al. 1997).  As there are no reports of that species along the Central American coast, their presence in the proposed survey area, although possible, is unlikely.  Galápagos fur seals are not known to occur in Costa Rican waters (Rodríguez-Fonseca 2001).
Southern sea lions (Otaria flavescens) are distributed along the Pacific coast of South America, with their northernmost breeding colony on the Peruvian coast (Vaz-Ferreira 1981).  Vagrant individuals are seen occasionally along the coast of Colombia (Capella et al. 2002), and have been seen as far north as Panama (Méndez and Rodriguez 1984).  However, the proposed survey area is north of their northernmost known occurrence, and the southern sea lion is a coastal species.  Thus, any occurrence within the proposed survey area would be a rare event. 

The situation is similar for the South American fur seal (A. australis).  The northernmost record of that species is off the Colombian coast (Capella et al. 2002). 

V.  Type of Incidental Take 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.

L‑DEO requests an IHA pursuant to Section 101 (a) (5) (D) of the MMPA for incidental take by harass​ment during its planned seismic survey in the ETP off Central America during November-December 2004.  


The operations outlined in § I and II have the potential to take marine mammals by harass​ment.  Sounds will be generated by the airguns used during the survey, by a bathy​metric sonar, a sub-bottom profiler sonar, and by general vessel operations.  “Takes” by harassment will poten​tial​ly result when marine mammals near the activities are exposed to the pulsed sounds generat​ed by the airguns or sonars.  The effects will depend on the species of cetacean or pinniped, the behavior of the animal at the time of reception of the stimulus, as well as the distance and received level of the sound (see § VII).  Disturbance reactions are likely amongst some of the marine mammals in the general vic​inity of the tracklines of the source vessel.  No take by serious injury is antic​ipated, given the nature of the planned operations and the mitiga​tion measures that are planned (see § XI, “Mitigation Measures”).  No lethal takes are expected.

VI.  Numbers of Marine Mammals That May 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.  Anticipated 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 the potential impacts on marine mammals of airgun opera​tions, as called for in Section VII.  A more comprehensive review of the relevant background information appears in Appen​dix A.  That Appendix is little changed from corres​ponding parts of § VII in relat​ed IHA Applications previously submitted to NMFS con​cerning L-DEO projects in the following areas:  northern Gulf of Mex​ico (2003 and planned 2004 projects), Hess Deep in the Eastern Tropical Pacific, Norway, Mid-Atlantic Ocean, Bermuda, Southeast Carib​bean, and southern Gulf of Mexico (Yucatan Peninsula).

· Then we discuss the potential impacts of operations by L‑DEO’s bathymetric sonar and sub-bottom profiler.

· Finally, we estimate the numbers of marine mammals that might be affected by the proposed activ​ity in the ETP off Central America in November-December 2004.  This section includes a description of the ration​ale for L-DEO’s estimates of the potential numbers of harassment “takes” during the planned survey, as called for in Section VI.

(a) Summary of Potential Effects of Airgun Sounds

The effects of sounds from airguns might 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 effects (Richardson et al. 1995).  Given the relatively small size of the airgun source planned for the present project, its effects are anticipated to be considerably less than would be the case with a large array of airguns.  It is very unlikely that there would be any cases of temporary or especially permanent hearing impair​ment, or non-auditory physical effects.  Also, behavioral disturbance is expected to be limited to distances less than 823 m in deep (>1000 m) water and 2469 m in shallow (<100 m) water.

Tolerance

Numerous studies have shown that pulsed sounds from airguns are often readily detectable in the water at distances of many kilometers.  For a summary of the characteristics of airgun pulses, see Appen​dix A (c).  However, most measurements of airgun sounds that have been reported concerned sounds from larger arrays of airguns, whose sounds would be detectable farther away than that planned for use in the proposed survey.

Numerous studies have shown that marine mammals at distances more than a few kilometers from operating seismic vessels often show no apparent response—see Appendix A (e).  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, toothed whales, and 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.  In general, pinnipeds and small odontocetes seem to be more tolerant of exposure to airgun pulses than are baleen whales.  Given the relatively small and low-energy airgun source planned for use in this project, mammals are expected to tolerate being closer to this source than would be the case for a larger airgun source typical of most seismic surveys. 

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 that.  Some whales are known to continue calling in the presence of seismic pulses.  Their calls can be heard between the seismic pulses (e.g., Richardson et al. 1986; McDonald et al. 1995; Greene et al. 1999).  There has been a report that sperm whales ceased calling when exposed to pulses from a very distant seismic ship (Bowles et al. 1994).  However, recent studies report that sperm whales off northern Norway and in the Gulf of Mexico continued calling in the presence of seismic pulses (Madsen et al. 2002a; Tyack et al. 2003).  Given the small source planned for use here, there is even less potential for masking of baleen or sperm whale calls during the present study than in most seismic surveys.  Masking effects of seismic pulses are expected to be negligible in the case of the smaller odontocete cetaceans, given the intermittent nature of seismic pulses and the relatively low source level of the airguns to be used here.  Also, the sounds important to small odontocetes are predominantly at much higher frequencies than are airgun sounds.  Masking effects, in general, are discussed further in Appendix A (d).

Disturbance Reactions

Disturbance includes a variety of effects, including subtle changes in behavior, more conspicuous changes in activities, and displacement.  Disturbance is one of the main concerns in this project.  In the terminology of the 1994 amendments to the MMPA, seismic noise could cause “Level B” harassment of certain marine mammals.  Level B harassment is defined as “...disruption of behavioral patterns, includ​ing, but not limited to, migration, breathing, nursing, breeding, feeding, or sheltering.”

Based on NMFS (2001, p. 9293), we assume 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”.

Even with that guidance, there are difficulties in defining what marine mammals should be counted as “taken by harassment”.  For many species and situations, we do not have detailed information about their reactions to noise, including reactions to seismic (and sonar) pulses.  Reactions to sound, if any, depend on species, state of maturity, experience, current activity, reproductive state, time of day, and many other factors.  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 be significant to the individ​ual, let alone the stock or the species as a whole.  However, if a sound source displaces marine mammals from an important feeding or breeding area for a prolonged period, impacts on the animals could be significant.  Given the many uncertainties in predicting the quantity and types of impacts of noise on marine mam​mals, it is common practice to estimate how many mammals were present within a particular distance of industrial activities, or exposed to a particular level of industrial sound.  That likely over​est​imates the numbers of marine mammals that are 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 on behavioral observations during studies of several species.  However, information is lacking for many species.  Detailed studies have been done on humpback, gray, and bowhead whales, and on ringed seals.  Less detailed data are available for some other species of baleen whales, sperm whales, and small toothed whales.  Most of those studies have concerned reactions to much larger airgun sources than planned for use in the present project.  Thus, effects are expected to be limited to considerably smaller distances and shorter periods of exposure in the present project than in most of the previous work concerning marine mammal reactions to airguns.
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 air​guns at distances beyond a few kilometers, even though the airgun pulses remain well above ambient noise levels out to much longer distances.  However, as reviewed in Appendix A (e), 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 case of the migrating gray and bowhead whales, the observed changes in behavior appeared to be of little 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.

Studies of gray, bowhead, and humpback whales have determined that received levels of pulses in the 160–170 dB re 1 (Pa rms range seem to cause obvious avoidance behavior in a substantial fraction of the animals exposed.  In many areas, seismic pulses from large arrays of airguns diminish to those levels at distances ranging from 4.5–14.5 km (2.4–7.8 n.mi.) from the source.  A substantial proportion of the baleen whales within those distances may show avoidance or other strong disturbance reactions to the airgun array.  Subtle behavioral changes sometimes become evident at somewhat lower received levels, and recent studies reviewed in Appendix A (e) have shown that some species of baleen whales, notably bowhead and humpback whales, at times show strong avoidance at received levels lower than 160–170 dB re 1 μPa rms.  Reaction distances would be considerably smaller during the present project, in which the 160 dB radius is predicted to be 823–2469 m, depending on water depth (Table 1A), as compared with several kilometers when a large array of airguns is operating. 

Data on short-term reactions (or lack of reactions) of cetaceans to impulsive noises do not neces​sarily provide information about long-term effects.  It is not known whether impulsive noises affect repro​ductive rate or distribution and habitat use in subsequent days or years.  However, gray whales continued to migrate annually along the west coast of North America despite intermittent seismic exploration and much ship traffic in that area for decades (Appendix A in Malme et al. 1984).  Bowhead whales continued to travel to the eastern Beaufort Sea each summer despite seismic exploration in their summer and autumn range for many years (Richardson et al. 1987).  It is not known whether whales that tolerate exposure to seismic pulses are stressed.

Toothed Whales.—Little systematic information is available about reactions of toothed whales to noise pulses.  Few studies similar to the more extensive baleen whale/seismic pulse work summarized above and in Appendix A have been reported for toothed whales.  However, systematic work on sperm whales is underway.

Dolphins and other small toothed whales are sometimes seen near operating airgun arrays, but in general, there seems to be a tendency for most delphinids to show limited avoidance of seismic vessels operating large airgun systems.  However, some dolphins seem to be attracted to the seis​mic vessel and floats, and some ride the bow wave of the seismic vessel even when large arrays of airguns are firing.  Nonetheless, there have been indications that small toothed whales sometimes tend to head away, or to maintain a somewhat greater distance from the vessel, when a large array of airguns is operating than when it is silent (e.g., Goold 1996a; Calambokidis and Osmek 1998; Stone 2003).  Sim​ilar​ly, captive bottlenose dolphins and beluga whales exhibit changes in behavior when exposed to strong pulsed sounds similar in duration to those typically used in seismic surveys (Finneran et al. 2000, 2002).  However, the animals tolerated high received levels of sound (pk–pk level >200 dB re 1 μPa) before exhibiting aversive behaviors.  With the presently-planned small airgun system, such levels would only be found within a few tens of meters of the airguns.

There are no specific data on the behavioral reactions of beaked whales to seismic surveys.  A few beaked whale sightings have been reported from seismic vessels (Stone 2003).  However, most beaked whales tend to avoid approaching vessels even without the added noise from airguns (e.g., Kasuya 1986; Würsig et al. 1998).  There are increasing indications that some beaked whales tend to strand when naval exercises, including sonar operations, are ongoing nearby—see Appendix A (g).  The strandings are apparently at least in part a disturbance response, although auditory or other injuries may also be a factor.  Whether beaked whales would ever react similarly to seismic surveys is unknown (see “Strandings and Mortality”, below).  

All three species of sperm whales have been reported to show avoidance reactions to standard vessels not emitting airgun sounds, and it is to be expected that they would tend to avoid an operating seismic survey vessel.  There were some limited early observations suggesting that sperm whales in the Southern Ocean and Gulf of Mexico might be fairly sensitive to airgun sounds from distant seismic surveys.  How​ever, more extensive data from recent studies in the North Atlantic suggest that sperm whales in those areas show little evidence of avoidance or behavioral disruption in the presence of operating seismic vessels (McCall Howard 1999; Madsen et al. 2002a; Stone 2003).  An experimental study of sperm whale reactions to seismic surveys in the Gulf of Mexico has been done recently (Tyack et al. 2003).

Odontocete reactions to large arrays of airguns are variable and, at least for small odontocetes, seem to be confined to a smaller radius than has been observed for mysticetes.  Thus, behavioral reactions of odonto​cetes to the small airgun source to be used here are expected to be very localized, in most cases to distances <823–2469 m, depending on water depth, given the estimated 160-dB radius (Table 1). 

Pinnipeds.—Pinnipeds are unlikely to be encountered during the present project in the ETP.  If an extralimital pinniped is encountered, it is not likely to show a strong avoid​ance reaction to the small airgun source that will be used.  Visual monitoring from seismic vessels, usually employing larger sour​ces, has shown only slight (if any) avoidance of airguns by pinnipeds, and only slight (if any) changes in behavior—see Appendix A (e).  Those studies show that pinnipeds frequently do not avoid the area with​in a few hundred meters of operating airgun arrays, even for arrays much larger than the one to be used here (e.g., Harris et al. 2001).  However, initial telemetry work suggests that avoidance and other behavioral reactions to small airgun sources may be stronger than evident to date from visual studies of pinniped reactions to airguns (Thompson et al. 1998).  Even if reactions of the species that might be encountered in the present survey area (in small numbers) are as strong as those evident in the telemetry study, reactions are expected to be confined to relatively small distances and durations, with no long-term effects on pinniped individ​uals or populations. 

Additional details on the behavioral reactions (or the lack thereof) by all types of marine mammals to seismic vessels can be found in Appendix A.  

Hearing Impairment and Other Physical Effects

Temporary or permanent hearing impairment is a possibility when marine mammals are exposed to very strong sounds, but there has been no specific documentation of this for marine mammals exposed to airgun pulses.  Current NMFS policy regarding exposure of marine mammals to high-level sounds is that cetaceans and pinnipeds should not be exposed to impulsive sounds exceeding 180 and 190 dB re 1 (Pa (rms), respectively (NMFS 2000).  Those criteria have been used in defining the safety (=shutdown) radii planned for the L-DEO seismic survey of the west coast of Central America.  However, those criteria were established before there were any data on the minimum received levels of sounds necessary to cause temporary auditory impairment in marine mammals.  As discussed in Appendix A (f) and summarized here,

· the 180-dB criterion for cetaceans is probably quite precautionary, i.e., lower than necessary to avoid temporary threshold shift (TTS), let alone permanent auditory injury, at least for delphinids.

· the minimum sound level necessary to cause permanent hearing impairment is higher, by a vari​able and generally unknown amount, than the level that induces barely-detectable TTS). 

· the level associated with the onset of TTS is often considered to be a level below which there is no danger of permanent damage.

NMFS is presently developing new noise exposure criteria for marine mammals that take account of the now-available data on TTS in marine (and terrestrial) mammals.

Because of the relatively small size of the airgun source in this project (three 105 in3 GI guns), along with the planned monitoring and mitigation measures, there is little likelihood that any marine mammals will be exposed to sounds sufficiently strong to cause even the mildest (and reversible) form of hearing impairment.  Several aspects of the planned monitoring and mitigation measures for this project are designed to detect marine mammals occurring near the airguns (and multi-beam sonar), and to avoid exposing them to sound pulses that might (at least in theory) cause hearing impairment [see § XI, “Mitigation Measures”].  In addition, many cetaceans are likely to show some avoidance of the small area with high received levels of airgun sound (see above).  In those cases, the avoidance responses of the animals themselves will reduce or (most likely) avoid any possibility of hearing impair​ment.

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 theoretically might occur in mammals close to a strong sound source include stress, neurological effects, bubble formation, resonance effects, and other types of organ or tissue damage.  It is possible that some marine mammal species (i.e., beaked whales) are especially susceptible to injury and/or stranding when exposed to strong pulsed sounds.  However, as discussed below, those types of effects have not been demonstrated to occur even for marine mammals in close proximity to large arrays of airguns.  It is very unlikely that any effects of these types would occur during the present project given the brief duration of exposure of any given mammal, especially in view of the planned monitoring and mitigation measures (see below).  The following subsections provide further details on the possibility of TTS, permanent threshold shift (PTS), and non-auditory physical effects.
Temporary Threshold Shift (TTS).—TTS is the mildest form of hearing impairment that can occur during exposure to a strong sound (Kryter 1985).  While experiencing TTS, the hearing threshold rises and a sound must be stronger in order to be heard.  TTS can last from minutes or hours to (in cases of strong TTS) days.  For sound exposures at or somewhat above the TTS threshold, hearing sensitivity recovers rapidly after exposure to the noise ends.  Only a few data on sound levels and durations neces​sary to elicit mild TTS have been obtained for marine mammals, and none of the published data concern TTS elicited by exposure to multiple pulses of sound.

For toothed whales exposed to single short pulses, the TTS threshold appears to be, to a first approximation, a function of the energy content of the pulse (Finneran et al. 2002).  Given the available data, the received level of a single seismic pulse might need to be ~210 dB re 1 (Pa rms (~221–226 dB pk–pk) in order to produce brief, mild TTS.  Exposure to several seismic pulses at received levels near 200–205 dB (rms) might result in slight TTS in a small odontocete, assuming the TTS threshold is (to a first approximation) a function of the total received pulse energy.  Seismic pulses with received levels of 200–205 dB or more are usually restricted to a radius of no more than 100 m (328 ft) around a seismic vessel operating a large array of airguns.  Such levels would be limited to distances within a few meters of the small airgun source to be used in this project.

For baleen whales, there are no data, direct or indirect, on levels or properties of sound that are required to induce TTS.  However, no cases of TTS are expected given the small size of the source, and the strong likelihood that baleen whales would avoid the approaching airguns (or vessel) before being exposed to levels high enough for there to be any possibility of TTS.

In pinnipeds, TTS thresholds associated with exposures to brief pulses (single or multiple) have not been measured.  However, prolonged exposures show that some pinnipeds may incur TTS at somewhat lower received levels than do small odontocetes exposed for similar durations (Kastak et al. 1999; Ketten et al. 2001; cf. Au et al. 2000).  

A marine mammal within a radius of (100 m ((328 ft) around a typical large array of operating airguns might be exposed to a few seismic pulses with levels of (205 dB, and possibly more pulses if the mammal moved with the seismic vessel.  (As noted above, most cetacean species tend to avoid operating airguns, although not all individuals do so.)  In addition, ramping up airgun arrays, which is standard operational protocol for large airgun arrays, should allow cetaceans to move away from the seismic source and to avoid being exposed to the full acoustic output of the airgun array.  Even with a large airgun array, it is unlikely that the cetaceans would be exposed to airgun pulses at a sufficiently high level for a sufficiently long period to cause more than mild TTS, given the relative movement of the vessel and the marine mammal.  The potential for TTS is much lower in this project.  With a large array of airguns, TTS would be most likely in any odontocetes that bow-ride or otherwise linger near the airguns.  While bow riding, odontocetes would be at or above the surface, and thus not exposed to strong sound pulses given the pressure-release effect at the surface.  However, bow-riding animals generally dive below the surface intermittently.  If they did so while bow riding near airguns, they would be exposed to strong sound pulses, possibly repeatedly.  In this project, the the bow of the Ewing will be 107 m ahead of the airguns and the anticipated 180 dB distance is 82, 123, and 574 m in >1000 m, 100-1000 m, and <100 m water depths, respectively (Table 1A).  As noted above, the TTS threshold (at least for brief or intermittent exposures) is likely >180 dB.  Thus, TTS would not be expected in the case of odontocetes bow riding during the planned airgun operations.  Furthermore, even if some cetaceans did incur TTS through exposure to airgun sounds, this would very likely be mild, temporary, and reversible.

NMFS (1995, 2000) concluded that cetaceans and pinnipeds should not be exposed to pulsed underwater noise at received levels exceeding, respectively, 180 and 190 dB re 1 µPa (rms).  The predict​ed 180 and 190 dB distances for the GI airguns that would be operated by L-DEO are given in Table 1.  Those sound levels are not considered to be the levels above which TTS might occur.  Rather, they are the received levels above which, in the view of a panel of bioacoustics specialists convened by NMFS before TTS measurements for marine mammals started to become available, one could not be certain that there would be no injurious effects, auditory or otherwise, to marine mammals.  As summarized above, TTS data that are now available imply that, at least for dolphins, TTS is unlikely to occur unless the dolphins are exposed to airgun pulses stronger than 180 dB re 1 μPa rms.

Permanent Threshold Shift (PTS).—When PTS occurs, there is physical damage to the sound receptors in the ear.  In some cases, there can be total or partial deafness, whereas in other cases, the animal has an impaired ability to hear sounds in specific frequency ranges. 

There is no specific evidence that exposure to pulses of airgun sound can cause PTS in any marine mammal, even with large arrays of airguns.  However, given the possibility that mammals close to an airgun array might incur TTS, there has been further speculation about the possibility that some individuals occurring very close to airguns might incur PTS.  Single or occasional occurrences of mild TTS are not indicative of permanent auditory damage in terrestrial mammals.  Relationships between TTS and PTS thresholds have not been studied in marine mammals, but are assumed to be similar to those in humans and other terrestrial mam​mals.  PTS might occur at a received sound level 20 dB or more above that inducing mild TTS if the animal were exposed to the strong sound for an extended period, or to a strong sound with very rapid rise time—see Appendix A (f).

It is highly unlikely that marine mammals could receive sounds strong enough (and over a sufficient duration) to cause permanent hearing impairment during a project employing three 105 in3 GI guns.  In the present project, marine mam​mals are unlikely to be exposed to received levels of seismic pulses strong enough to cause TTS, as they would probably need to be within a few meters of the airguns for that to occur.  Given the higher level of sound necessary to cause PTS, it is even less likely that PTS could occur.  In fact, even the levels immed​iately adjacent to the airguns may not be sufficient to induce PTS, especially because a mammal would not be exposed to more than one strong pulse unless it swam immediately alongside the airgun for a period longer than the inter-pulse interval (6–10 s).  Also, baleen whales generally avoid the immediate area around operating seismic vessels.  Furthermore, the planned monitoring and mitigation measures, including visual monitoring and shut downs of the airgun when mammals are seen within the “safety radius”, will minimize the already-minimal probability of exposure of marine mammals to sounds strong enough to induce PTS.

Non-auditory Physiological Effects.—Non-auditory physiological effects or injuries that theoret​ically might occur in marine mammals exposed to strong underwater sound include stress, neurological effects, bubble formation, resonance effects, and other types of organ or tissue damage.  There is no proof that any of these effects occur in marine mammals exposed to sound from airgun arrays (even large ones).  However, there have been no direct studies of the potential for airgun pulses to elicit any of those effects.  If any such effects do occur, they probably would be limited to unusual situations when animals might be exposed at close range for unusually long periods.

It is doubtful that any single marine mammal would be exposed to strong seismic sounds for suffic​iently long that significant physiological stress would develop.  That is especially so in the case of the present project where the airguns are small.

Gas-filled structures in marine animals have an inherent fundamental resonance frequency.  If stim​ulated at that frequency, the ensuing resonance could cause damage to the animal.  A recent workshop (Gentry [ed.] 2002) was held to discuss whether the stranding of beaked whales in the Bahamas in 2000 (Balcomb and Claridge 2001; NOAA and USN 2001) might have been related to air cavity resonance or bubble formation in tissues caused by exposure to noise from naval sonar.  A panel of experts concluded that resonance in air-filled structures was not likely to have caused the stranding.  Opinions were less conclusive about the possible role of gas (nitrogen) bubble formation/growth in the Bahamas stranding of beaked whales.

Until recently, it was assumed that diving marine mammals are not subject to the bends or air embolism.  However, a short paper concerning beaked whales stranded in the Canary Islands in 2002 sug​gests that cetaceans might be subject to decompression injury in some situations (Jepson et al. 2003).  If so, that might occur if they ascend unusually quickly when exposed to aversive sounds.  However, the interpretation that the effect was related to decompression injury is unproven (Piantadosi and Thalmann 2004; Fernández et al. 2004).  Even if that effect can occur during exposure to mid-frequency sonar, there is no evidence that that type of effect occurs in response to airgun sounds.  It is especially unlikely in the case of the proposed survey, involving only three GI guns.

In general, little is known about the potential for seismic survey sounds to cause auditory impair​ment or other physical effects in marine mammals.  Available data suggest that such effects, if they occur at all, would be limited to short distances and probably to projects involving large arrays of airguns.  However, the available data do not allow for meaningful quan​titative predictions of the numbers (if any) of marine mammals that might be affected in those ways.  Marine mammals that show behavioral avoid​ance of seismic vessels, includ​ing most baleen whales, some odontocetes, and some pinnipeds, are espec​ially unlikely to incur auditory impair​ment or other physical effects.  Also, the planned monitoring and mitigation measures (§ XI), including ramp ups and shut downs, will reduce any such effects that might otherwise occur.

Strandings and Mortality


Marine mammals close to underwater detonations of high explosive can be killed or severely injured, and the auditory organs are especially susceptible to injury (Ketten et al. 1993; Ketten 1995).  Airgun pulses are less energetic and have slower rise times, and there is no proof that they can cause serious injury, death, or stranding even in the case of large airgun arrays.  However, the association of mass strandings of beaked whales with naval exercises and, in one case, an L‑DEO seismic survey, has raised the possibility that beaked whales exposed to strong pulsed sounds may be especially susceptible to injury and/or behavioral reactions that can lead to stranding.  Appendix A (g) provides additional details. 

Seismic pulses and mid-frequency sonar pulses are quite different.  Sounds produced by airgun arrays are broadband with most of the energy below 1 kHz.  Typical military mid-frequency sonars oper​ate at frequencies of 2–10 kHz, generally with a relatively narrow bandwidth at any one time.  Thus, it is not approp​riate to assume that there is a direct connection between the effects of military sonar and seismic surveys on marine mammals.  However, evidence that sonar pulses can, in special circumstances, lead to physical damage and mortality (NOAA and USN 2001; Jepson et al. 2003; see also Fernández et al. 2003, 2004), even if only indirect​ly, suggests that caution is warranted when dealing with exposure of marine mammals to any high-inten​sity pulsed sound.

In Sept. 2002, there was a stranding of two Cuvier’s beaked whales in the Gulf of California, Mex​ico, when the L‑DEO vessel Maurice Ewing was operating a 20‑gun 8490‑in3 array in the general area.  The link between the stranding and the seismic surveys was inconclusive and not based on any physical evidence (Hogarth 2002; Yoder 2002).  Nonetheless, that, plus the incidents involving beaked whale strandings near naval exercises, suggests a need for caution in conducting seismic surveys in areas occu​pied by beaked whales.  The present project will involve a much smaller and lower-energy sound source than used in typical seismic surveys.  That, along with the monitoring and mitigation measures that are planned are expected to minimize any possibility for strandings and mortality. 

(b) Possible Effects of Bathymetric Sonar Signals

A multi-beam bathymetric sonar (Atlas Hydrosweep DS-2, 15.5-kHz) will be operated from the source vessel during the planned survey in the ETP.  Details about this equipment were provided in § I.  Sounds from the multi-beam sonar are very short pulses, occurring for 1–10 ms once every 1 to 15 s, depending on water depth.  Most of the energy in the sound pulses emitted by this multi-beam sonar is at high frequencies, centered at 15.5 kHz.  The beam is narrow (2.67º) in fore–aft extent, and wide (140º) in the cross-track extent.  Each ping consists of five successive transmissions (seg​ments) at different cross-track angles.  Any given mammal at depth near the track line would be in the main beam for only one or two of the five segments, i.e. for 1/5th or at most 2/5th of the 1–10 ms.

Navy sonars that have been linked to avoidance reactions and stranding of cetaceans (1) generally are more powerful than the Atlas Hydrosweep, (2) have a longer pulse duration, and (3) are directed close to horizontally, vs. downward for the Hydrosweep.  The area of possible influence of the Hydrosweep is much smaller—a narrow band below the source vessel.  Marine mammals that encounter the Hydrosweep at close range are unlikely to be subjected to repeated pulses because of the narrow fore–aft width of the beam, and will receive only limited amounts of pulse energy because of the short pulses.

Masking

Marine mammal communications will not be masked appreciably by the multi-beam sonar signals given the low duty cycle of the sonar and the brief period when an individual mammal is likely to be within its beam.  Furthermore, in the case of baleen whales, the sonar signals do not overlap with the pre​dom​inant frequencies in the calls, which would avoid significant masking.

Behavioral Responses

Behavioral reactions of free-ranging marine mammals to military and other sonars appear to vary by species and circumstance.  Observed reactions have included silencing and dispersal by sperm whales (Wat​kins et al. 1985), increased vocalizations and no dispersal by pilot whales (Rendell and Gordon 1999), and the previously-mentioned beachings by beaked whales.  However, all of these observations are of limited relevance to the present situation.  Pulse dura​tions from these sonars were much longer than those of the L‑DEO multi-beam sonar, and a given mammal would have received many pulses from the naval sonars.  During L‑DEO’s operations, the individ​ual pulses will be very short, and a given mammal would not receive many of the downward-directed pulses as the vessel passes by.

Captive bottlenose dolphins and a white whale exhibited changes in behavior when exposed to 1 s pulsed sounds at frequencies similar to those that will be emitted by the multi-beam sonar used by L‑DEO, and to shorter broadband pulsed signals.  Behavioral changes typically involved what appeared to be deliberate attempts to avoid the sound exposure (Schlundt et al. 2000; Finneran et al. 2002).  The relevance of these data to free-ranging odontocetes is uncertain, and in any case, the test sounds were quite different in either duration or bandwidth as compared with those from a bathymetric sonar.

We are not aware of any data on the reactions of pinnipeds to sonar sounds at frequencies similar to those of the Ewing’s multi-beam sonar.  Based on observed pinniped responses to other types of pulsed sounds, and the likely brevity of exposure to the bathymetric sonar sounds, pinniped reactions are expect​ed to be limited to startle or otherwise brief responses of no lasting consequence to the animals.  Also, in the present project, it is very unlikely that any pinnipeds will be encountered.

As noted earlier, NMFS (2001) has concluded that momentary behavioral reactions “do not rise to the level of taking”.  Thus, brief exposure of cetaceans or pinnipeds to small numbers of signals from the multi-beam bathymetric sonar system would not result in a “take” by harassment.

Hearing Impairment and Other Physical Effects

Given recent stranding events that have been associated with the operation of naval sonar, there is concern that mid-frequency sonar sounds can cause serious impacts to marine mammals (see above).  How​ever, the multi-beam sonar proposed for use by L-DEO is quite different from sonars used for navy operations.  Pulse duration of the multi-beam sonar is very short rela​tive to the naval sonars.  Also, at any given location, an individual marine mammal would be in the beam of the multi-beam sonar for much less time given the generally downward orientation of the beam and its narrow fore-aft beam width.  (Navy sonars often use near-horizontally-directed sound.)  These fac​tors would all reduce the sound energy received from the multi-beam sonar rather drastically relative to that from the sonars used by the Navy.

(c) Possible Effects of Sub-bottom Profiler Signals

A sub-bottom profiler will be operated from the source vessel at some times during two of the planned surveys in the ETP.  Details about the equipment were provided in § I.  Sounds from the sub-bottom profiler are very short pulses, occurring for 1, 2 or 4 ms once every second.  Most of the energy in the sound pulses emitted by this sub-bottom profiler is at mid frequencies, centered at 3.5 kHz.  The beam width is ~30° and is directed downward.

Sound levels have not been measured directly for the sub-bottom profiler used by the Ewing, but Burgess and Lawson (2000) measured sounds propagating more or less horizontally from a similar unit with similar source output (205 dB re 1 µPa · m).  The 160 and 180 dB re 1 µPa rms radii, in the horizontal direc​tion, were estimated to be, respectively, near 20 m (66 ft) and 8 m (26 ft) from the source, as measured in 13 m or 43 ft water depth.  The corresponding distances for an animal in the beam below the transducer would be greater, on the order of 180 m (591 ft) and 18 m (59 ft), assuming spherical spreading. 

The sub-bottom profiler on the Ewing has a stated maximum source level of 204 dB re 1 µPa · m (see § I).  Thus, the received level would be expected to decrease to 160 and 180 dB about 160 m (525 ft) and 16 m (52 ft) below the transducer, respectively, again assuming spherical spreading.  Corresponding distances in the horizontal plane would be lower, given the directionality of this source (30° beam width) and the measure​ments of Burgess and Lawson (2000). 

Masking

Marine mammal communications will not be masked appreciably by the sub-bottom profiler signals given its relatively low power output, the low duty cycle, directionality, and the brief period when an individ​ual mammal is likely to be within its beam.  Furthermore, in the case of baleen whales, the sonar signals do not overlap with the predominant frequencies in the calls, which would avoid significant masking.

Behavioral Responses

Marine mammal behavioral reactions to other pulsed sound sources are discussed above, and responses to the sub-bottom profiler are likely to be similar to those for other pulsed sources if received at the same levels.  However, the pulsed signals from the sub-bottom profiler are much weaker than those from the airgun array and the multi-beam sonar.  Therefore, behavioral responses are not expected unless marine mammals are very close to the source, e.g., with about 160 m (525 ft) below the vessel, or a lesser distance to the side.


NMFS (2001) has concluded that momentary behavioral reactions “do not rise to the level of taking”.  Thus, brief exposure of cetaceans to small numbers of signals from the sub-bottom profiler would not result in a “take” by harass​ment.

Hearing Impairment and Other Physical Effects
Source levels of the sub-bottom profiler are much lower than those of the airguns and the multi-beam sonar, which are discussed above.  Sound levels from a sub-bottom profiler similar to the one on the Ewing were estimated to decrease to 180 dB re 1 µPa (rms) at 8 m or 26 ft horizontally from the source (Burgess and Lawson 2000), and at ~18 m downward from the source.  Furthermore, received levels of pulsed sounds that are necessary to cause temporary or especially permanent hearing impairment in marine mammals appear to be higher than 180 dB (see earlier).  Thus, it is unlikely that the sub-bottom profiler produces pulse levels strong enough to cause hearing impairment or other physical injuries even in an animal that is (briefly) in a position near the source.

The sub-bottom profiler is usually operated simultaneously with other higher-power acoustic sources.  Many marine mammals will move away in response to the approaching higher-power sources or the vessel itself before the mammals would be close enough for there to be any possibility of effects from the less intense sounds from the sub-bottom profiler.  In the case of mammals that do not avoid the approach​ing vessel and its various sound sources, mitigation measures that would be applied to minimize effects of the higher-power sources (see § XI) would further reduce or eliminate any minor effects of the sub-bottom profiler.  Given the brevity of the pulses from each source (sub-bottom profiler, multi-beam sonar, GI guns), and the directionality of the first two sources, it would be rare for an animal to receive pulses from 2 or 3 of the sources simultaneously.  In the unlikely event that simultaneous reception did occur, the combined received level would be little different from that attributable to the strongest single source (see eq’n 2.9 in Richardson et al. 1995, p. 30). 

(d) Numbers of Marine Mammals that Might be “Taken by Harassment”

All anticipated takes would be “takes by harassment” involving temporary changes in behavior.  The mitigation measures to be applied will minimize the possibility of injurious takes.  (However, as noted earlier and in Appendix A, 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 our methods to estimate “take by harassment” and present estimates of the numbers that might be affected during the proposed seismic survey in the waters west of Central America.  The estimates are based on data concerning marine mammal densities (numbers per unit area) in and adjacent to the proposed survey location (Ferguson and Barlow 2001), and estimates of the areas where effects could potentially occur.  

This section provides two types of estimates:  estimates of the number of potential “exposures” to sound levels (160 and/or (170 dB re 1 µPa (rms), and estimates of the number of different individual mammals that might potentially be exposed to such levels.  The (160 criterion is applied to all species; the (170 dB criterion is applied for delphinids and pinnipeds.

The number of different individual animals exposed to a given sound level is lower than the calcu​lated number of exposures.  When marine mammals are present near overlapping or intersecting survey lines, some of the same individuals are likely to be approached by the three GI guns on more than one occasion.  The distinc​tion between “exposures” and “number of different individuals exposed” is less important in this project than some other projects, because the present survey calls for only a small amount of repeated operations by the three GI guns through the same or adjacent waters.  However, the estimated number of exposures is likely to be an overestimate because the density of marine mammals in the area in the absence of seismic surveys is assumed to apply throughout the seismic survey.  In fact, any animals that react to airgun sounds by moving away from the source are not likely be present and affected during the second and subsequent surveys of any given area.  

The distinction between the number of exposures and the number of different individuals exposed has been recognized in estimating numbers of “takes” during some previ​ous seismic surveys conducted under IHAs (e.g., Harris et al. 2001; Moulton and Lawson 2002; Smultea and Holst 2003; MacLean and Haley 2004).  Estimates of the number of exposures are considered overestimates of the actual numbers of different individuals potentially exposed to seismic sounds, because in all likelihood, exposures include repeated exposures of some of the same individuals.
The following estimates are based on a consideration of the number of marine mammals that might be disturbed appreciably by 6048 line kilometers of seismic surveys with the three GI airguns in the ETP off Central America.  The anticip​at​ed radii of influence of the bathymetric sonar and sub-bottom profiler are less than those for the three GI airguns.  It is assumed that, during simultaneous operations of those sources and the three GI guns, any marine mam​mals close enough to be affected by the sonar or profiler would already be affected by the GI guns.  No animals are expected to exhibit more than short-term and inconsequential responses to those sources given their characteristics (e.g., narrow, downward-directed beam) and other considerations described in § I and VII.  Such reactions are not considered to constitute “taking” (NMFS 2001).  Therefore, no additional allowance is included for animals that might be affect​ed by the sound sources other than the three GI airguns.  Any effects of the multi-beam sonar or sub-bottom profiler during times when one or both of them are operating but the GI guns are silent are not considered. 

Four species of pinnipeds potentially could occur in the survey area; however, they are uncommon there (see § III and IV).  Because pinnipeds are unlikely to be encountered, the “best” estimates of the numbers of occasions when pinnipeds might be affected are 0.  However, we request authorization to expose small numbers of the four pinniped species ((10 of each) to pulse levels that might cause disturbance.  Pinni​peds are not further addressed in this section except under Conclusions re Effects and in the Table that includes the estimates. 
Basis for Estimating “Take by Harassment”

Several extensive marine mammal surveys have been conducted in the ETP over numerous years.  The most comprehensive data available for the region encompassing the proposed survey area are the Ferguson and Barlow (2001) data collected from late July to early December.  Those densities are the basis for estimating the number of “takes by harassment” for the proposed survey, as was also done for L-DEO’s Hess Deep seismic survey conducted in mid-July 2003 in the ETP (LGL Ltd. 2003a,b; Smultea and Holst 2003).  The proposed survey is presently planned to occur in November and December.  Thus the proposed survey will occur near the end of the seasons of the surveys reported by Ferguson and Barlow (2001).  The representativeness of the Ferguson and Barlow (2001) data is uncertain because of those seasonal differences.  As a result, for some species, the densities derived from past surveys may not be representative of the densities that will be encountered during the proposed seismic survey.  As an example of potential uncertainty of the data, the number of cetaceans sighted during L-DEO’s 2003 Hess Deep seismic operations was considerably lower (only one sighting) than expected based on the Ferguson and Barlow (2001) data.  The Hess Deep survey occurred in mid-July, and was apparently not well represented by the Ferguson and Barlow (2001) data collected largely during the autumn in other years.

Despite the above caveats, the Ferguson and Barlow (2001) data still represent the best available data for estimating numbers of animals potentially exposed to the proposed seismic sounds.  Also, to provide some allowance for those uncertainties, “best estimates” and “maximum estimates” of the numbers potentially affected have been derived.  Best and maximum estimates are based on the average and maximum estimates of densities reported by Ferguson and Barlow (2001) for the survey blocks encompassing the survey area as presented in Table 3.  The same approach was used to estimate the number of marine mammals potentially affected during the 2003 Hess Deep project in the ETP (LGL Ltd. 2003a,b; Smultea and Holst 2003).  The densities reported in Ferguson and Barlow (2001) were corrected for both detectability [f(0)] and availability [g(0)] biases, and therefore, are relatively unbiased.

Potential Number of “Takes by Harassment” Based on “Exposures”


Best and Maximum Estimates of “Exposures” to (160 dB
The potential number of occasions when members of each species might be exposed to received levels (160 dB re 1 μPa (rms) was calculated by multiplying

· its expected density (either “best” or “maximum”), corrected as described above, times

· the anticipated total line-kilometers of operations during the proposed survey, times

· the cross-track distances within which received sound levels are predicted to be (160 dB. 

For three GI guns, the cross track distance is 2 x the predicted 160 dB radius of 2.47 km for water depths <100 m, 2 x 1.24 km for the for water depths 100–1000 m, and 2 x 0.82 km for water depths >1000 m.  The numbers of exposures in the three water-depth categories were then summed for each species.  Applying the approach described above, ~17,173 km2 would be within the 160 dB isopleth.  

Based on this method, the anticipated “best” and “maximum” (see above) total number of marine mammal exposures to seismic sounds ≥160 dB re 1 µPa (rms) from the three GI guns were obtained using the average and maximum densities from Table 3.  The estimates show that two endangered cetacean species may be exposed to seismic sounds ≥160 dB.  Our best estimates are that 51 sperm whales and 4 blue whales might be exposed to those sound levels (Table 4).  The corresponding maximum estimates are 82 sperm whales and 11 blue whales.

Most of these exposures to pulses with received levels (160 dB (rms) would involve exposures of delphinids.  Best and maximum estimates of the number of exposures, in descending order of best estimate, are striped dolphin (3457 and 5819 exposures), spotted dolphin (3349 and 5829), short-beaked common dolphin (2816 and 4620), and spinner dolphin (2349 and 6215).  Estimates for other species are lower (Table 4).  However, as noted earlier, the 160-dB criterion is probably not appropriate for distur​bance to dolphins.  Most of them are unlikely to show appreciable behavioral disturbance unless exposed to stronger sounds.

The far right column in Table 4, "Requested Take Authorization", shows the numbers for which take authorization is requested.  For the common species, the requested take authorization numbers are calculated as indicated above, based on the maximum densities recorded by Ferguson and Barlow (2001) in or adjacent to the proposed survey area.  In some cases, the requested numbers are somewhat higher than the maximum estimated numbers of exposures found in column 2 of Table 4.  Some of the species of marine mammals that are known or suspected to occur at least occasionally off Central America were not recorded during the systematic surveys that were used to estimate densities.  In those cases, Requested Take Authorization figures include adjustments for small numbers that might be encountered even though they were not recorded during the surveys reported by Ferguson and Barlow (2001).  The Requested Take Authorization figures also include adjustments for potentially increased numbers (5–10) of certain species that were observed infrequently or not at all, but that might be encountered in groups during the proposed activity.  For those species, the mean observed group size during the Ferguson and Barlow (2001) surveys generally was used to derive numbers for the Requested Take Authorization column.

The 160-dB distances used in the calculations take account of the results of L-DEO's calibration cruise in the northern Gulf of Mexico during 2003 (Tolstoy et al. 2004); however, sounds from three GI guns were not measured in that study.  The estimates used here for deep (>1000 m) water are based on theoretical predictions of the received levels from three GI guns.  The few empirical measurements of sounds from two GI guns operating in deep water showed that actual 160-dB distances in deep water were less than predicted by the model for 2 guns.  For operations in water shallower than 100 m, the theoretical 
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Sperm whale 
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Pygmy sperm whale 

0
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Dwarf sperm whale

404

503
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Ziphiidae

Cuvier’s beaked whale

117

133
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0.4
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Tropical bottlenose whale

0

0

0

NA

0

5

Pygmy beaked whale

0

0

0

NA

0

14

Blainville’s beaked whale

0

0

0

NA

0

14

Mesoplodon sp. (unidentified)

23

28

15

0.1

18

Delphinidae

Rough-toothed dolphin 

181

(67)

269

(100)

119

(57)

0.1

177

(84)

269

Bottlenose dolphin 

1011

(375)

1782

(661)

663

(317)

0.3

1169

(559)

1782

Spotted dolphin

3349

(1243)

5829

(2163)

2196

(1049)

0.1

3821

(1827)

5829

Spinner dolphin 

2439

(905)

6215

(2306)

1599

(764)

0.1

4074

(1948)

6215

Costa Rican spinner dolphin

280

(104)

2657

(986)

184

(88)

NA

1742

(833)

1540

Clymene dolphin 

0

(0)

0

(0)

0

(0)

NA

0

(0)

10

Striped dolphin

3457

(1283)

5819

(2159)

2266

(1083)

0.1

3815

(1823)

5819

Short-beaked common dolphin 

2816

(1045)

4620

(1714)

1846

(883)

0.1

3029

(1448)

4620

Fraser’s dolphin 

0

(0)

0

(0)

0

(0)

NA

0

(0)

10

Risso’s dolphin 

219

(81)

391

(145)

144

(69)

0.1

256

(122)

391

Melon-headed whale

38

(14)

189

(70)

25

(12)

0.1

124

(59)

189

Pygmy killer whale 

74

(28)

176

(65)

49

(23)

0.1

115

(55)

176

False killer whale 

0

(0)

0

(0)

0

(0)

0.0

0

(0)

5

Killer whale 

3

(1)

4

(1)

2

(1)

0.0

2

(1)

5

Short-finned pilot whale

307

(114)

533

(198)

201

(96)

0.1

350

(167)

533

Balaenopteridae

Humpback whale 

0

0

0

NA

0

2

Minke whale

0

0

0
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0

2

Bryde’s whale 

4

13

3

0.0

8

13

Sei whale 

0

0

0

NA

0

2

Fin whale 

0

0

0

NA

0

2

Blue whale

4

11

3

0.2

7

11

Pinnipeds

South American fur seal

0

0

0

NA

0

10

Southern sea lion

0

0

0

NA

0

10

Galapagos fur seal

0

0

0

NA

0

10

Galapagos sea lion

0

0

0

NA

0

10

a  Best estimate and maximum estimate of densities are from Table 3.

b  NA indicates that regional population estimates are not available.

c  Regional populations are given in Table 2.
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Number of Exposures to Sound 

Levels >160 dB (>170 dB, 

Delphinids only)

Number of Individuals Exposed to Sound 

Levels >160 dB (>170 dB, Delphinids only)

Best Estimate

predictions for the 3 GI guns have been scaled upward by 3–15 (, based on empirical measurements of sounds from two GI guns operating in shallow waters (~30 m) vs. deep waters (~3000 m) of the Gulf of Mexico.  The 160-dB distances used for intermediate water depths (100–1000 m), for which no empirical data are available, are based on 1.5 × the predicted distances in deep water.

Best and Maximum Estimates of Delphinid Exposures to (170 dB


The 160-dB criterion on which the preceding estimates are based was derived from studies of baleen whales.  Odontocete hearing at low frequencies is relatively insensitive, and delphinids generally appear to be more tolerant of strong low-frequency sounds than are most baleen whales.  As summarized in Appendix A (e), delphinids commonly occur within distances where received levels would be expected to exceed 160 dB (rms).  There is no generally accepted alterna​tive “take” criterion for dolphins exposed to sounds from airguns.  However, our estimates assume that only those dolphins expos​ed to ≥170 dB re 1 µPa (rms), on average, would be affected sufficiently to be considered “taken by harassment”.  (“On average” means that some individuals might react significantly upon exposure to levels somewhat <170 dB, but others would not do so even upon exposure to levels somewhat >170 dB.)  As such, the best and maximum estimates of the number of exposures to ≥170 dB for the most common delphinid species would be as follows:  striped dolphin, 1283 and 2159; spotted dolphin, 1243 and 2163; short-beaked common dolphin, 1045 and 1714; and spinner dolphin, 905 and 2306 (Table 4).  Estimates for other species are lower.  Those values are con​sid​ered to be more realistic estimates of the numbers of occasions when delphinids may be affected.  However, actual 170-dB radii may be somewhat less than those used to estimate exposures in deep, and perhaps in intermediate depths, so the estimated numbers of exposures to ≥170 dB may be overestimates.

Number of Different Individuals (Cetaceans) That Might be Exposed to (160 and (170 dB

The preceding text estimates the number of occasions when cetaceans of various species might be exposed to sounds from the three GI Guns with received levels of (160 dB and (170 dB re 1 μPa (rms), whereas the following section estimates the number of different individuals that might potentially be subjected to such received levels on one or more occasions.  There is only a relatively small amount of overlap of the seismic lines during this survey; nonetheless, some of the mam​mals in the survey area may be disturbed more than once, or they may move away from the sound source during the first pass by the vessel, and subsequently would not be approached during a later pass.  Thus, the total number of individuals likely to be disturbed one or more times is lower than that calculated above based on the number of exposures.

The number of different individuals likely to be exposed to sounds from the GI guns with received levels ≥160 dB or ≥170 dB re 1 μPa (rms) on one or more occasions can be estimated by considering the total marine area that would be within the 160-or 170-dB radii around the operating GI guns on at least one occasion.  That area was determined by entering the planned survey lines into a MapInfo Geographic Information System (GIS), using the GIS to identify the relevant areas by “drawing” the applicable 160-dB or 170-dB buffer around each seismic line (depending on the water depth), and then calculating the total area within the buffers.  For each species, the area was multiplied by the marine mammal density, thus estimating the minimum number of different marine mammals that would be exposed to ≥160 dB or ≥170 dB re 1 μPa (rms) on one or more occasions.  Those estimates are presented in Table 4 as the “Number of Individuals Exposed to Sound levels 160 or 170 dB”.  

Applying the approach described above, ~11,258 km2 would be within the 160-dB isopleth on one or more occasions.  This affected area (adjusted for overlap) is ~66% of the area used to calculate the number of exposures (11,258 / 17,173 × 100%).  That percentage was used to calculate the best and maxi​mum estimates of the total number of different individuals likely to be exposed to sounds ≥160 or ≥170 dB.  The estimates of exposures were multiplied by 0.66 to derive the estimated numbers of different individuals that might be exposed.

The approach described above does not allow for turnover in the marine mammal populations in the survey area during the course of the study, so it might somewhat underestimate actual numbers of individuals exposed to ≥160 or ≥170 dB.  However, during the proposed survey, operations at each site will be relatively brief and any tendency for overestimation will be at least partially offset by the likely overestimation of 160- and 170-dB radii during the 68% of operations (Table 1A) that will be conducted in water depths >100 m.

Estimated Numbers of Individuals Exposed to (160 dB

Estimates of the number of different individuals of each species that might be exposed to (160 dB, adjusted for the overlap, are provided in Table 4 based on the average and maximum densities in Table 3.  As an example, the number of different individual endangered sperm whales that might be exposed to (160 dB would be 33–54, derived by multiplying the estimated 51–82 exposures by 0.75 (Table 4).  Best and maximum estimates for individual blue whales, the only other endangered marine mammal species potentially to be exposed to those sound levels, are 3 and 7.  The best and maximum estimated number of individuals exposed to seismic sounds (160 dB for the four most common delphinid species are as follows:  striped dolphin, 2266 and 3815; spotted dolphin, 2196 and 3821; short-beaked common dolphin, 1846 and 3029; and spinner dolphin, 1599 and 4074.  Smaller numbers of individuals of other species are expected to be exposed.  Also, as previously discussed, the 160-dB criterion is probably inappropriate for delphinids.

Estimated Numbers of Delphinids Exposed  to (170 dB

Applying the method described above, the best and maximum estimated number of individuals exposed to seismic sounds (170 dB for the four most common delphinid species are as follows:  striped dolphin, 1083 and 1823; spotted dolphin, 1049 and 1827; short-beaked common dolphin, 883 and 1448; and spinner dolphin, 764 and 1948.  Those values are based on the predicted 170-dB radius around the three GI guns planned for the survey (Table 1), and are believed to be more realistic estimates of the numbers of delphinids that might be affected by the proposed activities.

Potential Number of Pinnipeds that Might be Affected

Four species of pinnipeds potentially could occur in the survey area; however, they are uncommon there (see § III and IV).  Because pinnipeds are unlikely to be encountered, the “best” estimates of the numbers of occasions when pinnipeds might be affected are 0.  However, we request authorization to expose small numbers of the four pinniped species ((10 of each) to pulse levels that might cause disturbance.  Pinni​peds are not further addressed in this section except under Conclusions and in the Table that includes the estimates. 
Conclusions
The proposed survey will use three GI guns that introduce sounds into the ocean floor, along with simultaneous operation of a multi-beam sonar and sub-bottom profiler.  A towed hydrophone streamer will be deployed to receive and record the returning signals.  Routine vessel operations, other than the proposed operations by the three GI guns, are conventionally assumed not to affect marine mammals sufficiently to constitute “taking”.  No “taking” of marine mammals is expected in association with operations of the multi-beam sonar and sub-bottom profiler given the considerations discussed in § I and VII, i.e. sonar sounds are beamed downward, the beam is narrow, and the pulses are extremely short. 

Cetaceans
Strong avoidance reactions by several species of mysticetes to seismic vessels have been observed at ranges up to 6–8 km (3.2–4.3 n.mi.) and occasionally as far as 20–30 km (10.8–16.2 n.mi.) from the source vessel.  However, reactions at the longer distances appear to be atypical of most species and situations, particularly when feeding whales are involved.  Few mysticetes are expected to be encountered during the proposed survey (Table 4), and disturbance effects would be confined to shorter distances given the low-energy acoustic source to be use in the planned project.

Reactions of odontocete to seismic pulses, or at least the reactions of dolphins, are expected to extend to lesser distances than are those of mysticetes.  At low frequencies, odontocete hearing is less sensitive than that of mysticetes, and dolphins are often seen from seismic vessels.  In fact, there are docu​mented instances of dolphins approaching active seismic vessels.  However, dolphins and some other types of odonto​cetes sometimes show avoidance responses and/or other changes in behavior when near operat​ing seismic vessels.

Taking into account the small size and relatively low output of the three GI guns that will be used, and the mitigation measures that are planned, effects on cetaceans are generally expected to be limited to avoidance of a small area around the seismic operation and short-term changes in behavior, falling within the MMPA definition of “Level B harassment”.  Furthermore, the estimated numbers of animals potentially exposed to sound levels sufficient to cause appreciable disturbance are very low percentages of the population sizes in the ETP generally, as described below. 
Based on the 160-dB criterion, the best estimates of the number of individual cetaceans that would be exposed to sounds (160 dB re 1 μPa (rms) during the proposed survey represent 0 to ~0.4% (except for ~2.4% for dwarf sperm whales) of the regional ETP species populations (Table 4).  The estimates include an estimated 36 endangered individuals.  Almost all (33 or 92%) of the endangered individuals would be sperm whales.  That number represents ~0.1% of the estimated (corrected) regional ETP population of ~26,053 sperm whales (Table 4).  In the case of endangered balaenopterids, it is most likely that no endangered humpback, sei, or fin whales will be exposed to seismic sounds (160 dB re 1 μPa (rms), based on the reported (corrected) densities of those species in the survey region.  However, we request authorization to expose up to 2 individuals of each of those species to seismic sounds (160 dB during the proposed survey given the possibility of encountering one or more groups.  Best estimates of the one remaining balaenopterid—the blue whale—are 3 individuals potentially exposed to seismic pulses with received levels (160 dB re 1 μPa (rms), representing ~0.2% of the estimated regional ETP popu​lation of ~1400 blue whales (Table 4).

Larger numbers of delphinids may be affected by the proposed seismic surveys, but the population sizes of species likely to occur in the survey area are large, and the numbers potentially affected are small relative to population sizes (Table 4).  The best estimates of the numbers of individual delphinids that will potentially be exposed to sounds (170 dB re 1 μPa (rms) represent <0.1 % of the ~10,000,000 dolphins estimated to occur in the ETP, and (0.3% of the populations of each species occurring there (Table 4).

There is some uncertainty regarding the representativeness of the Ferguson and Barlow (2001) data and the assumptions applied to estimate the number of marine mammal exposures to seismic sounds for the proposed survey.  For example, during L-DEO’s seismic survey in the Hess Deep area of the ETP in 2003, only one marine mammal (unidentified, a probable beaked whale) was sighted from the source vessel during ~140 hr and ~1120 km of vessel-based observations from 12 to 23 July, including periods when the seismic sources were on and off.  The paucity of sightings suggests that the densities of marine mammals during July 2003 were very low compared to those reported during previous surveys (e.g., Ferguson and Barlow 2001) in that region at other times of the year.  As such, the numbers of marine mammals exposed to received noise levels (160 and (170 dB re 1 µPa (rms) were probably much smaller than estimated in the Hess Deep IHA Application and EA.  The same could occur during the project discussed here, because it is scheduled to occur at the end of the Ferguson and Barlow (2001) survey period.  Despite those caveats, the Ferguson and Barlow (2001) data represent the best and most compre​hensive data available on cetacean densities in the ETP. 

Varying estimates of the numbers of cetaceans that might be exposed to sounds from the three GI guns during the proposed survey off Central America have been presented, depending on the specific exposure criteria ((160 vs. (170 dB), calculation procedures (exposures vs. individuals), and density criteria used (average vs. maximum densities).  The requested “take authorization” for each species is based on the estimated maximum number of exposures to (160 dB re 1 µPa (rms), i.e., the highest of the various estimates.  That figure likely overestimates the actual number of animals that will be exposed to the sounds; the reasons for that are outlined above.  Even so, the estimates for the proposed survey area are quite low percentages of the population sizes.  Also, the relatively short-term exposures that do occur 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 alteration, look outs, non-pursuit, ramp ups, and power downs or shut downs when marine mammals are seen within defined ranges should further reduce short-term reactions, and minimize any effects on hearing.  In all cases, the effects are expected to be short-term, with no lasting biological consequence. 

Pinnipeds

It is unlikely that any pinnipeds will be encountered during the proposed survey.  However, to ensure that the project remains in compliance with the MMPA in the event that a few pinnipeds are encountered, we request authorization to expose up to 10 individuals of each of four pinniped species to seismic sounds with rms levels (160 dB re 1 µPa.  If pinnipeds are encountered, they will be stray individuals outside of their normal range.  The proposed survey would have, at most, a short-term effect on their behavior and no long-term impacts on individual pinnipeds or their populations.  Responses of pinnipeds to acoustic disturbance are variable, but usually quite limited.  Effects are expected to be limited to short-term and localized behavioral changes falling within the MMPA definition of “Level B harassment”.  As was the case for cetaceans, the short-term exposures to sounds from the three GI guns are not expected to result in any long-term consequences for the individuals or their populations.

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 ETP off Central America, and 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 utilize.  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 § VI/VII, above. 

One of the reasons for the adoption of airguns as the standard energy source for marine seismic surveys was that they (unlike the explosives used in the distant past) do not result in any appreciable fish kill.  Various experimental studies showed that airgun discharges cause little or no fish kill, and that any injurious effects were generally limited to the water within a meter or so of an airgun.  However, it has recently been found that injurious effects on captive fish, especially on fish hearing, may occur to some​what greater distances than pre​viously thought (McCauley et al. 2000a,b, 2002; 2003).  Even so, any injur​ious effects on fish would be limited to short distances.  Also, many of the fish that might otherwise be within the injury-radius are likely to be displaced from this region prior to the approach of the airguns through avoidance reactions to the passing seismic vessel or to the airgun sounds as received at distances beyond the injury radius.  

Short, sharp sounds can cause overt or subtle changes in fish behavior.  Chapman and Hawkins (1969) tested the reactions of whiting (hake) in the field to an airgun.  When the airgun was discharged, the fish dove from 25 to 55 m (80–180 ft) depth and formed a compact layer.  By the end of an hour of exposure to the sound pulses, the fish had habituated; they rose in the water despite the continued presence of the sound pulses.  However, they began to descend again when the airgun resumed firing after it had stopped.  The whiting dove when received sound levels were higher than 178 dB re 1 µPa (peak pressure
) (Pearson et al. 1992).

Pearson et al. (1992) conducted a controlled experiment to determine effects of strong noise pulses on several species of rockfish off the California coast.  They used an airgun with a source level of 223 dB re 1 µPa.  They noted

· startle responses at received levels of 200–205 dB re 1 µPa (peak pressure) and above for two sensitive species, but not for two other species exposed to levels up to 207 dB;

· alarm responses at 177–180 dB (peak) for the two sensitive species, and at 186 to 199 dB for other species;

· an overall threshold for the above behavioral response at about 180 dB (peak pressure);

· an extrapolated threshold of about 161 dB (peak) for subtle changes in the behavior of rockfish; and

· a return to pre-exposure behaviors within the 20–60 min exposure period.

In other airgun experiments, catch per unit effort (CPUE) of demersal fish declined when airgun pulses were emitted (Dalen and Raknes 1985; Dalen and Knutsen 1986; Skalski et al. 1992).  Reductions in the catch may have resulted from a change in behavior of the fish.  The fish schools descended to near the bottom when the airgun was firing, and the fish may have changed their swimming and schooling behavior.  Fish behavior returned to normal minutes after the sounds ceased.  In the Barents Sea abundance of cod and haddock measured acoustically was reduced by 44% within 9.2 km (5.0 n.mi.) of an area where airguns operated (Engås et al. 1993).  Actual catches declined by 50% throughout the trial area and 70% within the shoot​ing area.  This reduction in catch decreased with increasing distance to 30–33 km (16.2–17.8 n.mi.) where catches were unchanged.

Other recent work concerning behavioral reactions of fish to seismic surveys, and concerning effects of seismic surveys on fishing success, is reviewed in Turnpenny and Nedwell (1994), Santulli et al. (1999), Hirst and Rodhouse (2000), Thomson et al. (2001), Wardle et al. (2001), and Engås and Løkkeborg (2002).


In summary, fish often react to sounds, especially strong and/or inter​mit​tent sounds of low freq​uency.  Sound pulses at received levels of 160 dB re 1 µPa (peak) may cause subtle changes in behavior.  Pulses at levels of 180 dB (peak) may cause noticeable changes in behavior (Chapman and Hawkins 1969; Pear​son et al. 1992; Skalski et al. 1992).  It also appears that fish often habituate to repeated strong sounds rather rapidly, on time scales of minutes to an hour.  However, the habituation does not endure, and resumption of the disturbing activity may again elicit disturbance responses from the same fish.

Fish near the airguns are likely to dive or exhibit some other kind of behavioral response.  This might have short-term impacts on the ability of cetaceans to feed near the survey area.  However, only a small fraction of the available habitat would be ensonified at any given time, and fish species would return to their pre-disturbance behavior once the seismic activity ceased.  Thus, the proposed survey would have little impact on the abilities of marine mammals to feed in the area where seismic work is planned.  Some of the fish that do not avoid the approaching airguns (probably a small number) may be subject to aud​it​ory or other injuries.


Zooplankters that are very close to the source may react to the shock wave.  These animals have an exoskeleton and no air sacs.  Little or no mortality is expected.  Many crustaceans can make sounds and some crus​tacea and other invertebrates have some type of sound receptor.  However, the reactions of zoo​plank​ters to sound are not known.  Some mysticetes feed on concentrations of zoo​plank​ton.  A reaction by zooplankton to a seismic impulse would only be relevant to whales if it caused a concentration of zooplankton to scatter.  Pressure changes of sufficient mag​ni​tude to cause this type of reaction would probably occur only very close to the source.  Impacts on zoo​plank​ton behav​ior are predict​ed to be neg​lig​ible, and this would translate into negligible impacts on feeding mysticetes.  


Because of the reasons noted above, the opera​tions are not expected to cause significant impacts on habitats used by marine mammals, or on the food sources that marine mammals use.

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, most marine mammals will be dispersed throughout the study area.  Several cetacean species may be feeding in the area at the time of the survey, including humpback and blue whales.  Feeding aggregations of blue whales are known to occur at the Costa Rica Dome, ~100–600 km southwest of the offshore boundary of the planned project area.

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 popu​lations, since operations at the various sites will be limited in duration.

XI. Mitigation Measures

For the proposed seismic survey in the ETP off Central America in late November-December 2004, L-DEO will deploy three GI airguns as an energy source, with a total discharge volume of 315 in3.  The energy from the airguns will be directed mostly downward.  The small size of the airguns to be used during the proposed study is an inherent and important mitigation measure that will reduce the potential for effects relative to those that might occur with a large airgun arrays.

Received sound levels have been estimated by L-DEO in relation to distance from the three GI airguns.  The radii around the three GI airguns where received levels would be 180 and 190 dB re 1 μPa (rms) depend on water depth, and are shown in Table 1A (in § I).  The 180 and 190 dB levels are power-down or, if necessary, shut-down criteria applicable to cetaceans and pinnipeds, respectively, as specified by NMFS (2000).
Vessel-based observers will watch for marine mammals near the airguns 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 L‑DEO 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 L‑DEO projects.  The measures are described in detail below.

Several cetacean species (including blue whales) are known to feed in the area at the time of the proposed survey.  However, the number of individual animals expected to be closely approached dur​ing the pro​posed activity will be small in relation to regional population sizes.  With the proposed mon​itor​ing, ramp-up, power-down, and shut-down pro​vis​ions (see below), any effects on individuals are expect​ed to be limited to behavioral distur​bance.  That is expected to have negligible impacts on the species and stocks.

The following subsections provide more detailed information about the mitigation measures that are an integral part of the planned activity.

Marine Mammal Monitoring

Vessel-based observers will monitor marine mam​mals near the seismic source vessel during all daytime airgun operations and during any nighttime start ups of the airguns.  These observations will provide the real-time data needed to implement some of the key mitigation measures.  When marine mammals are observed within, or about to enter, designat​ed safety zones (see below) where there is a possibility of significant effects on hearing or other physical effects, airgun operations will be shut down immediately.

· During daylight, vessel-based observers will watch for marine mammals near the seismic vessel during all periods with shooting and for a minimum of 30 min prior to the planned start of airgun operations after an extended shut down.

· L‑DEO proposes to conduct nighttime as well as daytime operations.  Obser​vers ded​ic​at​ed to marine mammal observations will not be on duty during ongoing seismic operations at night.  At night, bridge personnel will watch for marine mammals (insofar as practical at night) and will call for the airguns to be shut down if marine mammals are observed in or about to enter the safety radii.  If the airguns are started up at night, two marine mammal observers will monitor marine mammals near the source vessel for 30 min prior to start up of the airguns using night vision devices.

Proposed Safety Radii

Received sound levels have been modeled by L-DEO for three 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 model, the distances from the three GI guns where sound levels of 190, 180, 170, and 160 dB re 1 μPa (rms) are predicted to be received are shown in the >1000 m line of Table 1A (§ I).  

Empirical data concerning the 180, 170 and 160 dB distances have been acquired based on measurements during the acoustic verification study conducted by L-DEO in the northern Gulf of Mexico from 27 May to 3 June 2003 (Tolstoy et al. 2004).  The results are limited, and do not include measurements for three GI guns.  However, the data for other airgun configurations showed that water depth affected the radii around the airguns where received level would be 180 dB re 1 μPa (rms), the safety criterion applicable to cetaceans (NMFS 2000).  Similar depth-related variation is likely in the 190 dB distances applicable to pinnipeds.  

Water depths within the survey area are up to 5000 m (16,400 ft), but most of the survey will be conducted in water depths <2000 m (<6560 ft).  In deep (>1000 m or 3281 ft) water, the safety radii during airgun operations will be the values predicted by L‑DEO’s model (Table 1A).  Therefore, the assumed 180- and 190-dB radii are 82 m (269 ft) and 26 m (85 ft), respectively.  For operations in shallow (<100 m or 328 ft) water, conservative correction factors were applied to the predicted radii for the three GI gun array.  The 180- and 190-dB radii in shallow water are assumed to be 574 m (1883 ft) and 390 m (1280 ft), respectively.  In intermediate depths (100–1000 m or 328–3281 ft), a 1.5x correction factor was applied to the estimates provided by the model for deep water situations.  The assumed 180- and 190-dB radii in intermediate-depth water are 123 m (404 ft) and 39 m (128ft), respectively.  For more a more detailed explanation on how these safety radii were derived, please refer to the section on “Airgun Description” in § I.
Airguns will be powered down (or shut down if necessary) immediately when marine mammals are detected within or about to enter the appropriate radius:  180-dB (rms) for cetaceans, and 190-dB (rms) for pin​ni​peds.  The 180 and 190 dB shutdown criteria are consistent with guidelines listed for cetaceans and pinnipeds, respectively, by NMFS (2000) and other guidance by NMFS.  L‑DEO and NSF are aware that NMFS is developing new noise-exposure guidelines, but that they have not yet been finalized or approved for use.  L‑DEO and NSF will be prepared to revise their procedures for estimat​ing numbers of mammals “taken”, safety radii, etc., as may be required at some future date by the new guidelines.

Mitigation During Operations

The mitigation and marine mammal monitoring mea​sures listed and described below will be adopted during the proposed seismic program, provided that doing so will not com​pro​mise operational safety requirements:

1. Speed or course alteration; 

2. Power-down procedures;

3. Shut-down procedures; and

4. Ramp-up procedures.

Speed or Course Alteration

If a marine mammal is detected outside the safety radius and, based on its position and the relative motion, is likely to enter the safety radius, the vessel's speed and/or direct course may, when practical and safe, be changed in a manner that also minimizes the effect to the planned science objectives.  The marine mammal activities and movements relative to the seismic vessel will be closely monitored to ensure that the marine mammal does not approach within the safety radius.  If the mammal appears likely to enter the safety radius, further mitigative actions will be taken, i.e., either further course alterations or power down or shut down of the airguns.

Power-down Procedures

A power down involves decreasing the number of airguns in use such that the radius of the 180-dB (or 190-dB) zone is decreased to the extent that marine mammals are not in the safety zone.  During a power down, one GI-gun will be operated.  The continued operation of one gun is intended to alert marine mam​mals to the presence of the seismic vessel in the area.  In contrast, a shut down occurs when all airgun activity is suspended.


If a marine mammal is detected outside the safety radius but is likely to enter the safety radius, and if the vessel's speed and/or course cannot be changed to avoid having the animal enter the safety radius, the GI guns will be powered down before the animal is within the safety radius.  Likewise, if a mammal is already within the safety zone when first detected, the guns will be powered down immediately.  During a power down, one GI gun (i.e. 105 in3) will be operated.  If a marine mammal is detected within or near the smaller safety radius around that single airgun (Table 1B), all guns will be shut down (see next sub​section).


Following a power down, airgun activity will not resume until the marine mammal has cleared the safety zone.  The animal will be considered to have cleared the safety zone if it

· is known to have left the safety zone, or

· has not been detected within the zone for 15 min in the case of small odontocetes and pinnipeds, or

· has not been seen within the zone for 30 min in the case of mysticetes and large odontocetes, including sperm, pygmy sperm, dwarf sperm, and beaked whales.

During airgun operations following a power down whose duration has exceeded specified limits, the airgun array will be ramped up gradually.  Ramp-up procedures are describ​ed below.
Shut-down Procedures

During a power down, the operating airgun will be shut down if a marine mammal approaches within the modeled safety radius for the then-operating source, i.e. a single GI gun of 105 in3.  For a 105 in3 GI gun, the predicted 180-dB distances applicable to cetac​eans are 27–189 m (89–620 ft), depending on water depth, and the corresponding 190-dB radii applicable to pinnipeds are 10–150 m (33–492 ft), depending on depth (Table 1B).  If a marine mammal is detected within or about to enter the appropriate safety radius around the small source in use during a power down, airgun operations will be entirely shut down.

Airgun activity will not resume until the marine mammal has cleared the safety radius.  The animal will be considered to have cleared the safety radius if it is known to have left the safety radius, or if it has not been detected within that radius for a specified time: 15 min for small odontocetes and pinnipeds, or 30 min for mysticetes and large odontocetes, including sperm, pygmy sperm, dwarf sperm, and beaked whales.  Additional restrictions on the situations when ramp ups can begin are described below.

Ramp-up Procedures

A “ramp-up” procedure will be followed when the GI-gun array begins operat​ing after a specified-duration period without airgun operations.  The specified period varies depending on the speed of the source vessel.  Under normal opera​tional conditions (vessel speed 4.9 knots or 9 km/h), the Ewing would travel 574 m (1476 ft) in ~4 min.  The 574-m distance is the calculated 180-dB safety radius for the three GI-gun array operating in shallow water.  Thus, a ramp up would be required after a power down or shut down period lasting ~4 min or longer if the Ewing was traveling at 4.9 knots and was towing the three GI-gun-gun array.  Ramp up will begin with one of the 105-in3 GI guns.  The other two guns will be added at 5 min intervals.  During ramp up, the safety radius for the full gun array will be maintained.

During the day, ramp up cannot begin from a shut down unless the entire 180 dB safety radius has been visible for at least 30 min prior to the ramp up (i.e., no ramp-up can begin in heavy fog or high sea states).  However, ramp up may occur from a power down in heavy fog or high sea states, as long as at least one GI gun has been maintained during the interruption of seismic activity.

During nighttime operations, if the entire safety radius is visible using vessel lights and NVDs
 (as may be the case in deep and intermediate waters), then start up of the airguns from a shut down may occur.  However, lights and NVDs will probably not be very effective as a basis for monitoring the larger safety radii around the three GI guns operating in shallow water.  In shallow water, nighttime start ups of the airguns are not expected to be possible.  Ramp up may occur from a power down at night, as long as at least one GI gun has been maintained during the interruption of seismic.  Also, if the airgun array has been operational before nightfall, it can remain operational throughout the night, even though the entire safety radius may not be visible.  

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 appli​cant 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 con​flicts and to notify the communities of any changes in the operation.

Not applicable.  The proposed activity will take place in the ETP off Central America, 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 report​ing 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 minimiz​ing 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...

L-DEO proposes to sponsor marine mammal monitoring during the present project, in order to imple​ment the proposed mitigation measures that require real-time monitoring, and to satisfy the antic​ip​ated monitoring require​ments of the Incidental Harassment Authorization. 

L-DEO’s pro​pos​ed Monitoring Plan is described below.  L-DEO understands that this Moni​toring 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.  L-DEO is pre​pared 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 observers will watch for marine mam​mals near the seismic source vessel during all daytime airgun operations and during any nighttime start ups of the airguns.  Airgun operations will be suspended when marine mammals are observed within, or about to enter, designat​ed safety radii (see below) where there is a possibility of significant effects on hearing or other physical effects.  The marine mammal observers (MMOs) will watch for marine mammals near the seismic vessel during daylight periods with shooting, and for at least 30 min prior to the planned start of airgun operations after an extended shut down of the airguns.  If feasible, observations will also be made during daytime periods without airgun operations (e.g., during transits).  Observers will not be on duty during ongoing seismic operations at night.  At night, bridge personnel will watch for marine mammals (insofar as practical) and will call for the airguns to be powered down (or shut down if necessary) if marine mammals are observed in or about to enter the safety radii.  If the airguns are started up at night, two MMOs will monitor marine mammals near the source vessel for 30 min prior to (and during) ramp up using night vision devices (NVDs).
During seismic operations, at least two MMOs will be based aboard the vessel.  Observers will be appointed by L-DEO with NMFS concurrence.  At least one observer, and when practical, two observers, will monitor marine mammals near the seismic vessel during ongoing daytime seismic operations.  Two MMOs will be on watch at least during the 30-min periods preceding start up of the airguns and during ramp ups.  Use of two simultaneous observers will increase the proportion of the marine mammals present near the source vessel that are detected.  MMOs will be on duty in shifts of duration no longer than 4 hours.  Bridge personnel additional to the dedicated marine mammal observers will also assist in detecting marine mammals, and implementing mitigation require​ments.  Before the start of the seismic survey, bridge personnel will be given additional instruction in how to assist with the observations.  (Most, if not all, bridge personnel will have had previous experi​ence of that type during prior cruises aboard the Ewing.)
The Ewing is a suitable platform for marine mammal observations.  For MMOs stationed on the flying bridge, eye level will be 14.4 m (47.2 ft) above sea level, and the observer will have a good view around the entire vessel (with small obstructions to the stern of the vessel).  If surveying from the bridge, the observer's eye level will be 11 m (36 ft) above see level, allowing for good visibility within a 210º arc.  During daytime, the MMO(s) will system​atically scan the area around the vessel with reticle binoculars (e.g., 7 × 50 Fujinon) and with the naked eye during the daytime.  High-magnification BigEye binoculars on a mounting will also be available for use.  At night, night-vision devices (NVDs) will be available (ITT F500 Series Generation 3 binocular image intensifier or equivalent), if required.  Laser range-finding binoculars (Leica LRF 1200 laser rangefinder or equivalent) will be available to assist with distance estimation.  (These are useful in training observers to estimate distances visually, but are generally not useful in measuring distances to marine mammals directly.)  

The vessel-based monitoring will provide data required to estimate the numbers of marine mam​mals exposed to various received sound levels, to document any apparent disturbance reactions, and thus to estimate the numbers of mammals potentially “taken” by harassment.  It will also provide the information needed in order to shut down the airguns at times when marine mammals or turtles are present in or near the safety zone.  When a mammal or turtle 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 cue, apparent reaction to seismic vessel (e.g., none, avoidance, approach, paralleling, etc.), and behavioral pace.

2.
Time, location, heading, speed, activity of the vessel (e.g., operating airguns), sea state, visi​bil​ity, 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 mammal and turtle observations and airgun power downs (or shut downs) will be recorded in a standardized format.  Data will be entered into a custom database using a notebook computer when observers are off-duty.  The accuracy of the data entry will be verified by computerized validity data checks as the data are entered and by subsequent manual checking of the database.  Those procedures will allow initial sum​maries of data to be prepared during and shortly after the field program, and will facilitate transfer of the data to statistical, graphical, or other programs for further processing and archiving.

Results from the vessel-based observations will provide

1. The basis for real-time mitigation (airgun shut down).

2. Information needed to estimate the number of marine mammals potentially taken by harass​ment, which must be reported to NMFS.

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

4. Information to compare the distance and distribution of marine mammals relative to the source vessel at times with and without seismic activity.

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

Reporting


A report will be submitted to NMFS within 90 days after the end of the cruise.  The report will describe the operations that were conducted and the marine mammals that were detected near the operations.  The report will be submitted to NMFS, providing full documentation of methods, results, and interpretation pertaining to all monitoring.  The 90-day report will summarize the dates and locations of seismic operations, and all marine mammal 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.

Lamont-Doherty Earth Observatory will coordinate the plan​ned marine mammal monitoring program associated with the seismic survey in the ETP off Central America (as summar​ized in § XIII), with other parties that may have interest in this area and/or be conducting marine mammal studies in the same region during operations.
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APPENDIX A:
Review of Potential Impacts of airgun sounds
on marine mammals 

The following subsections review relevant information concerning the potential effects of airgun sounds on marine mammals.  This information is included here as background for the briefer summary of this topic included in § VII of the IHA Application.  This background material is little changed from corresponding subsections included in IHA Applications and EAs submitted to NMFS during 2003 for other L-DEO projects.  Those documents concerned L-DEO projects in the following areas:  northern Gulf of Mex​ico, Hess Deep in the eastern tropical Pacific, Norway, Mid-Atlantic Ocean, Bermuda, Southeast Carib​bean, and southern Gulf of Mexico (Yucatan Peninsula).  Much of this information has also been included in varying formats in other reviews, assessments, and regulatory applications prepared by LGL Ltd., environmental research associates.  Because this review is intended to be of general use​ful​ness, it includes references to types of marine mammals that will not be found in some specific regions.

(a) Categories of Noise Effects

The effects of noise on marine mammals are highly variable, and can be categorized as follows (based on Richardson et al. 1995):

1. The noise may be too weak to be heard at the location of the animal, i.e., lower than the pre​vail​ing ambient noise level, the hearing threshold of the animal at relevant frequencies, or both;

2. The noise may be audible but not strong enough to elicit any overt behavioral response, i.e., the mammals may tolerate it;

3. The noise may elicit behavioral reactions of variable conspicuousness and variable relevance to the well being of the animal; these can range from subtle effects on respiration or other behaviors (detect​able only by statistical analysis) to active avoidance reactions;

4. Upon repeated exposure, animals may exhibit diminishing respon​sive​ness (habituation), or distur​bance effects may persist; the latter is most likely with sounds that are highly variable in char​ac​teristics, unpredictable in occurrence, and associated with situations that the animal perceives as a threat;

5. Any man-made noise that is strong enough to be heard has the poten​tial to reduce (mask) the ability of marine mammals to hear natural sounds at similar frequencies, includ​ing calls from con​spec​if​ics, echo​location sounds of odontocetes, and environmental sounds such as surf noise or (at high latitudes) ice noise.  How​ever, inter​mit​tent airgun or sonar pulses could cause masking for only a small proportion of the time, given the short duration of these pulses relative to the inter-pulse intervals;

6. Very strong sounds have the potential to cause temporary or per​ma​nent reduction in hearing sensitivity, or other physical effects.  Received sound levels must far exceed the animal’s hearing threshold for any temporary thresh​old shift to occur.  Received levels must be even higher for a risk of permanent hearing impair​ment.

(b) Hearing Abilities of Marine Mammals 

The hearing abilities of marine mammals are functions of the following (Richardson et al. 1995; Au et al. 2000):

1. Absolute hearing threshold at the frequency in question (the level of sound barely audible in the absence of ambient noise).

2. Critical ratio (the signal-to-noise ratio required to detect a sound at a specific frequency in the presence of background noise around that frequency).

3. The ability to localize sound direction at the frequencies under consideration.

4. The ability to discriminate among sounds of different frequencies and intensities.

Marine mammals rely heavily on the use of underwater sounds to communicate and to gain information about their surroundings.  Experiments also show that they hear and may react to many man-made sounds including sounds made during seismic exploration.  

Toothed Whales


Hearing abilities of some toothed whales (odontocetes) have been studied in detail (reviewed in Chapter 8 of Richardson et al. [1995] and in Au et al. [2000]).  Hearing sensitivity of several species has been determined as a function of frequency.  The small to moderate-sized toothed whales whose hearing has been studied have relatively poor hearing sensitivity at frequencies below 1 kHz, but extremely good sensitivity at, and above, several kHz.  There are at present no specific data on the absolute hearing thresholds of most of the larger, deep-diving toothed whales, such as the sperm and beaked whales. 

Despite the relatively poor sensitivity of small odontocetes at the low frequencies that contribute most of the energy in pulses of sound from airgun arrays, the sounds are sufficiently strong that their received levels sometimes remain above the hearing thresholds of odontocetes at distances out to several tens of kilometers (Richardson and Würsig 1997).  However, there is no evidence that small odontocetes react to airgun pulses at such long distances, or even at intermediate distances where sound levels are well above the ambient noise level (see below).


The multibeam sonar operated from the Ewing emits pulsed sounds at 15.5 kHz.  That freq​uency is within or near the range of best sensitivity of many odontocetes.  Thus, sound pulses from the multibeam sonar will be readily audible to these animals when they are within the narrow angular extent of the transmitted sound beam. 

Baleen Whales


The hearing abilities of baleen whales have not been studied directly.  Behavioral and anatomical evidence indicates that they hear well at frequencies below 1 kHz (Richardson et al. 1995; Ketten 2000).  Baleen whales also reacted to sonar sounds at 3.1 kHz and other sources centered at 4 kHz (see Richardson et al. 1995 for a review).  Some baleen whales react to pinger sounds up to 28 kHz, but not to pingers or sonars emitting sounds at 36 kHz or above (Watkins 1986).  In addition, baleen whales produce sounds at frequencies up to 8 kHz and, for humpbacks, to >15 kHz (Au et al. 2001).  The anatomy of the baleen whale inner ear seems to be well adapted for detection of low-frequency sounds (Ketten 1991, 1992, 1994, 2000).  The absolute sound levels that they can detect below 1 kHz are probably limited by increasing levels of natural ambient noise at decreasing frequencies.  Ambient noise energy is higher at low frequencies than at mid frequencies.  At frequencies below 1 kHz, natural ambient levels tend to increase with decreasing frequency.

The hearing systems of baleen whales are undoubtedly more sensitive to low-frequency sounds than are the ears of the small toothed whales that have been studied directly.  Thus, baleen whales are likely to hear airgun pulses farther away than can small toothed whales and, at closer distances, airgun sounds may seem more prominent to baleen than to toothed whales.  However, baleen whales have commonly been seen well within the distances where seismic (or sonar) sounds would be detectable and yet often show no overt reaction to those sounds.  Behavioral responses by baleen whales to seismic pulses have been documented, but received levels of pulsed sounds necessary to elicit behavioral reactions are typically well above the minimum detectable levels (Malme et al. 1984, 1988; Richardson et al. 1986, 1995; McCauley et al. 2000a; Johnson 2002).

Pinnipeds

Underwater audiograms have been obtained using behavioral methods for three species of phocinid seals, two species of monachid seals, two species of otariids, and the walrus (reviewed in Rich​ardson et al. 1995: 211ff; Kastak and Schusterman 1998, 1999; Kastelein et al. 2002).  In comparison with odontocetes, pinnipeds tend to have lower best freq​uencies, lower high-frequency cutoffs, better auditory sensitivity at low frequencies, and poorer sensitivity at the best frequency.

At least some of the phocid (hair) seals have better sensitivity at low frequencies ((1 kHz) than do odonto​cetes.  Below 30–50 kHz, the hearing thresholds of most species tested are essentially flat down to about 1 kHz, and range between 60 and 85 dB re 1 µPa.  Measurements for a harbor seal indicate that, below 1 kHz, its thresholds deteriorate gradual​ly to ~97 dB re 1 µPa at 100 Hz (Kastak and Schusterman 1998).  The northern elephant seal (not an Atlantic/Gulf of Mexico species) appears to have better under​water sensi​tivity than the harbor seal, at least at low frequencies (Kastak and Schuster​man 1998, 1999).


For the otariid (eared) seals, the high frequency cutoff is lower than for phocinids, and sensitivity at low frequencies (e.g., 100 Hz) is poorer than for hair seals (harbor or elephant seal).  


The underwater hearing of a walrus has recently been measured at frequencies from 125 Hz to 15 kHz (Kastelein et al. 2002).  The range of best hearing was from 1 to 12 kHz, with maximum sensitivity (67 dB re 1 µPa) occurring at 12 kHz (Kastelein et al. 2002).

Sirenians


The hearing of manatees is sensitive at frequencies below 3 kHz.  A West Indian manatee that was tested using behavioral methods could apparently detect sounds from 15 Hz to 46 kHz (Gerstein et al. 1999).  Thus, manatees may hear, or at least detect, sounds in the low-frequency range where most seismic energy is released.  It is possible that they are able to feel these low-frequency sounds using vibrotactile receptors or because of resonance in body cavities or bone conduction.  


Based on measurements of evoked potentials, manatee hearing is apparently best around 1–1.5 kHz (Bullock et al. 1982).  However, behavioral testing suggests their best sensitivity is at 6 to 20 kHz (Ger​stein et al. 1999).  The ability to detect high frequencies may be an adaptation to shallow water, where the propagation of low frequency sound is limited (Gerstein et al. 1999).

(c) Characteristics of Airgun Pulses 

Airguns function by venting high-pressure air into the water.  The pressure signature of an individ​ual airgun consists of a sharp rise and then fall in pressure, followed by several positive and negative pressure excursions caused by oscillation of the resulting air bubble.  The sizes, arrangement, and firing times of the individual airguns in an array are designed and synchronized to suppress the pressure oscillations subsequent to the first cycle.  The resulting downward-directed pulse has a duration of only 10 to 20 ms, with only one strong positive and one strong negative peak pressure (Caldwell and Dragoset 2000).  Most energy emitted from airguns is at relatively low frequencies.  For example, typical high-energy airgun arrays emit most energy at 10–120 Hz.  However, the pulses contain some energy up to 500–1000 Hz and above (Goold and Fish 1998).  The pulsed sounds associated with seismic exploration have higher peak levels than other industrial sounds to which whales and other marine mammals are routinely exposed.  The only sources with higher or comparable effective source levels are explo​sions.

The peak-to-peak source levels of the 2‑ to 20-airgun arrays used by L‑DEO during various projects range from 236 to 263 dB re 1 μPa at 1 m, considering the frequency band up to about 250 Hz.  These are the nominal source levels applicable to downward propagation.  The effective source levels for horizontal propagation are lower.  The only man-made sources with effective source levels as high as (or higher than) a large array of airguns are explo​sions and high-power sonars operating near maximum power.

Several important mitigating factors need to be kept in mind.  (1) Airgun arrays produce inter​mittent sounds, involving emission of a strong sound pulse for a small fraction of a second followed by several seconds of near silence.  In contrast, some other sources produce sounds with lower peak levels, but their sounds are continuous or discontinuous but continuing for much longer durations than seismic pulses.  (2) Airgun arrays are designed to trans​mit strong sounds downward through the seafloor, and the amount of sound transmitted in near-horizontal directions is considerably reduced.  Nonetheless, they also emit sounds that travel horiz​on​tally toward non-target areas.  (3) An airgun array is a distrib​ut​ed source, not a point source.  The nominal source level is an estimate of the sound that would be measured from a theoretical point source emitting the same total energy as the airgun array.  That figure is useful in calculating the expected received levels in the far field, i.e., at moderate and long distances.  Because the airgun array is not a single point source, there is no one location within the near field (or anywhere else) where the received level is as high as the nominal source level.


The strengths of airgun pulses can be measured in different ways, and it is important to know which method is being used when interpreting quoted source or received levels.  Geophysicists usually quote peak-to-peak levels, in bar-meters or dB re 1 μPa · m.  The peak (= zero-to-peak) level for the same pulse is typically about 6 dB less.  In the biological literature, levels of received airgun pulses are often described based on the “average” or “root-mean-square” (rms) level over the duration of the pulse.  The rms value for a given airgun pulse is typically about 10 dB lower than the peak level, and 16 dB lower than the peak-to-peak value (Greene 1997; McCauley et al. 1998, 2000a).  A fourth measure that is sometimes used is the energy level, in dB re 1 μPa2 · s.  Because the pulses are <1 s in duration, the numerical value of the energy is lower than the rms pressure level, but the units are different.  Because the level of a given pulse will differ substantially depending on which of these measures is being applied, it is important to be aware which measure is in use when interpreting any quoted pulse level.  In the past, NMFS has com​monly referred to rms levels when discussing levels of pulsed sounds that might “harass” marine mammals.

Seismic sound received at any given point will arrive via a direct path, indirect paths that include reflection from the sea surface and bottom, and often indirect paths including segments through the bottom sediments.  Sounds propagating via indirect paths travel longer distances and often arrive later than sounds arriving via a direct path.  (However, sound traveling in the bottom may travel faster than that in the water, and thus may, in some situations, arrive slightly earlier than the direct arrival despite traveling a greater distance.)  These variations in travel time have the effect of lengthening the duration of the received pulse.  Near the source, the predominant part of a seismic pulse is about 10 to 20 ms in duration.  In comparison, the pulse duration as received at long horizontal distances can be much greater.  For example, for one airgun array operating in the Beaufort Sea, pulse duration was about 300 ms at a distance of 8 km (4.3 n.mi.), 500 ms at 20 km (10.8 n.mi.), and 850 ms at 73 km or 39.4 n.mi. (Greene and Richardson 1988).  

Another important aspect of sound propagation is that received levels of low-frequency underwater sounds diminish close to the surface because of pressure-release and interference phenomena that occur at and near the surface (Urick 1983; Richardson et al. 1995).  Paired measurements of received airgun sounds at depths of 3 m (9.8 ft) vs. 9 m (29.5 ft) or 18 m (59 ft) have shown that received levels are typically several decibels lower at 3 m (Greene and Richardson 1988).  For a mammal whose auditory organs are within 0.5 or 1 m (1.6–3.3 ft) of the surface, the received level of the predominant low-frequency components of the airgun pulses would be further reduced.  In deep water, the received levels at deep depths can be considerably higher than those at relatively shallow (e.g., 18 m) depths and the same horizontal distance from the airguns (Tolstoy et al. 2004.).

Pulses of underwater sound from open-water seis​mic explor​ation are often detected 50–100 km (27–54 n.mi.) from the source location, even during operations in nearshore waters (Greene and Richard​son 1988; Burgess and Greene 1999).  At those distances, the received levels are low—below 120 dB re 1 (Pa on an approximate rms basis.  However, faint seismic pulses are some​times detectable at even greater ranges (e.g., Bowles et al. 1994; Fox et al. 2002).  Considerably higher levels can occur at distances out to several kilometers from an operating airgun array.  

 (d) Masking Effects of Seismic Surveys 

Masking effects of pulsed sounds on marine mammal calls and other natural sounds are expected to be limited, although there are few specific data on this.  Some whales are known to continue calling in the presence of seismic pulses.  Their calls can be heard between the seismic pulses (e.g., Richardson et al. 1986; McDonald et al. 1995; Greene et al. 1999).  Although there has been one report that sperm whales cease calling when exposed to pulses from a very distant seismic ship (Bowles et al. 1994), a recent study reports that sperm whales off northern Norway continued calling in the presence of seismic pulses (Madsen et al. 2002a).  Masking effects of seismic pulses are expected to be neglig​ible in the case of the smaller odontocete cetaceans, given the intermittent nature of seismic pulses plus the fact that sounds important to them are predominantly at much higher frequencies than are airgun sounds.


Most of the energy in the sound pulses emitted by airgun arrays is at low frequencies, with strongest spectrum levels below 200 Hz and considerably lower spectrum levels above 1000 Hz.  These low frequencies are mainly used by mysticetes, but generally not by odontocetes, pinnipeds, or sirenians.  An industrial sound source will reduce the effective commun​ica​tion or echolocation distance only if its frequency is close to that of the marine mammal signal.  If little or no overlap occurs between the industrial noise and the frequencies used, as in the case of many marine mammals vs. airgun sounds, communication and echo​location are not expect​ed to be disrupted.  Furthermore, the discontinuous nature of seismic pulses makes significant mask​ing effects unlikely even for mysticetes.

A few cetaceans are known to increase the source levels of their calls in the presence of elevated sound levels, or possibly to shift their peak frequencies in response to strong sound signals (Dahlheim 1987; Au 1993; Lesage et al. 1999; Terhune 1999; reviewed in Richardson et al. 1995:233ff, 364ff).  These studies involved exposure to other types of anthropogenic sounds, not seismic pulses, and it is not known whether these types of responses ever occur upon exposure to seismic sounds.  If so, these adaptations, along with directional hearing and preadaptation to tolerate some masking by natural sounds (Richardson et al. 1995), would all reduce the importance of masking.

(e) Disturbance by Seismic Surveys

Disturbance includes a variety of effects, including subtle changes in behavior, more conspicuous changes in activities, and displacement.  Disturbance is one of the main concerns in this project.  In the terminology of the 1994 amendments to the MMPA, seismic noise could cause “Level B” harass​ment of certain marine mam​mals.  Level B harass​ment is defined as “...disruption of behavioral patterns, including, but not limited to, migration, breathing, nursing, breeding, feeding, or sheltering.”


There has been debate regarding how substantial a change in behavior or mammal activity is required before the animal should be deemed to be “taken by Level B harassment”.  NMFS has recently stated that 

“…a simple change in a marine mammal’s actions does not always rise to the level of disruption of its behavioral patterns. … If the only reaction to the [human] activity on the part of the marine mam​mal is within the normal repertoire of actions that are required to carry out that behavioral pattern, NMFS considers [the human] activity not to have caused a disruption of the behavioral pattern, provided the animal’s reaction is not otherwise significant enough to be considered disruptive due to length or severity.  Therefore, for example, a short-term change in breathing rates or a somewhat shortened or length​ened dive sequence that are within the animal’s normal range and that do not have any biological significance (i.e., do no disrupt the animal’s overall behavioral pattern of breathing under the circ​um​stances), do not rise to a level requiring a small take author​iza​tion.” (NMFS 2001, p. 9293). 


Based on this guidance from NMFS, we assume that simple exposure to sound, or brief reactions that do not disrupt behav​ioral 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”.


Even with this guidance, there are difficulties in defining what marine mammals should be counted as “taken by harassment”.  For many species and situations, we do not have detailed information about their reactions to noise, including reactions to seismic (and sonar) pulses.  Behavioral reactions of marine mammals to sound are difficult to predict.  Reactions to sound, if any, depend on species, state of maturity, experience, current activity, reproductive state, time of day, and many other factors.  If a marine mammal does react to an underwater sound by changing its behavior or moving a small distance, the impacts of the change may not be significant to the individual let alone the stock or the species as a whole.  However, if a sound source displaces marine mammals from an important feeding or breeding area for a prolonged period, impacts on the animals could be significant.  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 mammals were present within a particular distance of industrial activities, or exposed to a particular level of industrial sound.  This likely overestimates the numbers of marine mammals that are affected in some biologically important manner. 


The definitions of “taking” in the U.S. Marine Mammal Protection Act, and its applicability to various activities, are presently (autumn 2003) under active consideration by the U.S. Congress.  Some changes are likely.  Also, the U.S. National Marine Fisheries Service is considering the adoption of new criteria concerning the noise exposures that are (and are not) expected to cause “takes” of various types.  Thus, for projects subject to U.S. jurisdiction, changes in procedures may be required in the near future.

The sound criteria used to estimate how many marine mammals might be disturbed to some biologically-important degree by a seismic program are based on behavioral observations during studies of several species.  However, information is lacking for many species.  Detailed studies have been done on humpback, gray and bowhead whales, and on ringed seals.  Less detailed data are available for some other species of baleen whales, sperm whales, and small toothed whales.
Baleen Whales


Baleen whales generally tend to avoid operating airguns, but avoid​ance radii are quite variable.  Whales are often reported to show no overt reactions to airgun pulses 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.  Some of the main studies on this topic are the following:  Malme et al. 1984, 1985, 1988; Richardson et al. 1986, 1995, 1999; Ljungblad et al. 1988; Richardson and Malme 1993; McCauley et al. 1998, 2000a; Miller et al. 1999.


Prior to the late 1990s, it was thought that bowhead whales, gray whales, and humpback whales all begin to show strong avoidance reactions to seismic pulses at received levels of about 160 to 170 dB re 1 (Pa rms, but that subtle behavioral changes sometimes become evident at somewhat lower received levels.  Recent studies have shown that some species of baleen whales (bowheads and humpbacks in particular) may show strong avoidance at received levels somewhat lower than 160–170 dB re 1 μPa rms.  The observed avoidance reactions involv​ed movement away from feeding locations or statistically significant deviations in the whales’ direction of swimming and/or migration corridor as they approached or passed the sound sources.  In the case of the migrating whales, the observed changes in behavior appeared to be of little 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. 

Humpback Whales.—McCauley et al. (1998, 2000a) studied the responses of humpback whales off Western Australia to a full-scale seismic survey with a 16-airgun 2678-in3 array, and to a single 20 in3 airgun with source level 227 dB re 1 (Pa·m (p-p).  They found that the overall distribution of humpbacks migrating through their survey area was unaffected by the full-scale seismic program.  McCauley et al. (1998) did, however, document localized avoidance of the array and of the single gun.  Avoid​ance reac​tions began at 5–8 km (2.7–4.3 n.mi.) from the array and those reactions kept most pods about 3–4 km (1.6–2.2 n.mi.) from the operating seismic boat.  Observations were made from the seismic vessel, from which the maximum viewing distance was listed as 14 km (7.6 n.mi.).  Avoid​ance distances with respect to the single airgun were smaller but con​sis​tent with the results from the full array in terms of the received sound levels.  Mean avoidance distance from the airgun corresponded to a received sound level of 140 dB re 1 (Pa rms; this was the level at which humpbacks started to show avoidance reactions to an approach​ing airgun.  The standoff range, i.e., the closest point of approach of the airgun to the whales, corres​ponded to a received level of 143 dB rms.  The initial avoidance response generally occurred at distances of 5–8 km (2.7–4.3 n.mi.) from the airgun array and 2 km (1.1 n.mi.) from the single gun.  However, some individual humpback whales, especially males, approached within distances 100–400 m (328–1312 ft), where the maximum received level was 179 dB re 1 (Pa rms.

Humpback whales summering in southeast Alaska did not exhibit persistent avoidance when expos​ed to seismic pulses from a 1.64-L (100 in3) airgun (Malme et al. 1985).  Some humpbacks seemed “startled” at received levels of 150–169 dB re 1 (Pa.  Malme et al. (1985) concluded that 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.  

Bowhead Whales.—Bowhead whales on their summering grounds in the Canadian Beaufort Sea show​ed no obvious reactions to pulses from seismic vessels at distances of 6 to 99 km (3–53 n.mi.) and received sound levels of 107–158 dB on an approximate rms basis (Richardson et al. 1986); their general activities were indis​ting​uish​able from those of a control group.  However, subtle but statistically sig​nif​icant changes in surfacing–respiration–dive cycles were evident upon statistical analysis.  Bow​heads usually did show strong avoidance responses when seismic vessels approached within a few kilometers (~3–7 km or 1.6–3.8 n.mi.) and when received levels of airgun sounds were 152–178 dB (Richardson et al. 1986, 1995; Ljungblad et al. 1988).  In one case, bowheads engaged in near-bottom feeding began to turn away from a 30-airgun array with a source level of 248 dB re 1 μPa · m at a distance of 7.5 km (4 n.mi.), and swam away when it came within about 2 km (1.1 n.mi.).  Some whales continued feeding until the vessel was 3 km (1.6 n.mi.) away.  Feeding bowhead whales tend to tolerate higher sound levels than migrating whales before showing an overt change in behavior.  The feeding whales may be affected by the sounds, but the need to feed may reduce the tendency to move away. 

Migrating bowhead whales in the Alaskan Beaufort Sea seem more responsive to noise pulses from a distant seismic vessel than are summering bowheads.  In 1996–98, a partially-controlled study of the effect of Ocean Bottom Cable (OBC) seismic surveys on westward-migrating bowheads was conduct​ed in late summer and autumn in the Alaskan Beaufort Sea (Miller et al. 1999; Richardson et al. 1999).  Aerial surveys showed that some westward-migrating whales avoided an active seismic survey boat by 20–30 km (10.8–16.2 n.mi.), and that few bow​heads approached within 20 km (10.8 n.mi.).  Received sound levels at those distances were only 116–135 dB re 1 μPa (rms).  Some whales apparently began to deflect their migration path when still as much as 35 km (19 n.mi.) away from the airguns.  At times when the airguns were not active, many bowheads moved into the area close to the inactive seismic vessel.  Avoidance of the area of seismic operations did not persist beyond 12–24 h after seismic shooting stopped.  These and other data suggest that migrating bowhead whales are more responsive to seismic pulses than were summering bowheads. 

Gray Whales.—Malme et al. (1986, 1988) studied the responses of feeding gray whales to pulses from a single 100 in3 airgun off St. Lawrence Island in the northern Bering Sea.  They estimated, based on small sample sizes, that 50% of feeding gray whales ceased feeding at an average received 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.  Malme at al. (1986) estimated that an average pressure level of 173 dB occurred at a range of 2.6 to 2.8 km (1.4–1.5 n.mi.) from an airgun array with a source level of 250 dB (0-pk) in the northern Bering Sea.  These findings were generally consistent with the results of experiments conducted on larger numbers of gray whales that were migrating along the California coast.  Malme and Miles (1985) concluded that, during migration, changes in swimming pattern occurred for received levels of about 160 dB re 1 (Pa and higher, on an approximate rms basis.  The 50% probability of avoidance was estimated to occur at a CPA distance of 2.5 km (1.3 n.mi.) from a 4000-in³ array operating off central California (CPA = closest point of approach).  This would occur at an average received sound level of about 170 dB (rms).  Some slight behavioral changes were noted at received sound levels of 140 to 160 dB (rms).

There was no indication that Western gray whales exposed to seismic noise were displaced from their overall feeding grounds near Sakhalin Island during seismic programs in 1997 (Würsig et al. 1999) and in 2001.  However, there were indications of subtle behavioral effects and (in 2001) localized avoid​ance by some individuals (Johnson 2002; Weller et al. 2002).  

An intensive monitoring program involving vessel- and shore-based observations, aerial surveys, and acoustic measurements was implemented in 2001 to provide informa​tion on gray whale reactions to seismic noise, and to facilitate implementation of a mitigation pro​gram (Johnson 2002).  (The 1997 study was less detailed.)  The seismic array used in 2001 had a total volume of 1640 in3 during operations adjacent to the primary gray whale feeding area.  Results of the monitoring program are outlined below:

· Aerial surveys, combined with shore‑ and vessel-based observations, showed that gray whales remained in the general region where the seismic survey was conducted, but some individual whales were displaced locally. 

· Aerial survey results and corresponding multivariate statistical analyses did not indicate that the frequency of gray whale feeding behavior in the overall region was influenced by seismic activity even though the seismic surveys apparently caused some local avoidance.

· Observations from shore adjacent to the area where whales fed and where the seismic program occurred showed no direct connection between local gray whale abundance and seismic surveys.  Some behavioral parameters were correlated with seismic activity, but the behavioral effects were short-term and within the natural range of variation. 

· Acoustic monitoring revealed that gray whales located in primary feeding habitat were not exposed to received levels of seismic sound exceeding 163 dB re 1 (Pa rms. 

· Gray whales continued to feed in the same general areas in 2001 as in 1999 and 2000 when there were no seismic surveys in the immediate area, but the seismic survey apparently caused some local re-location of certain individual gray whales (Johnson 2002).



Rorquals.—Blue, sei, fin, and minke whales have occasionally been reported in areas ensonified by airgun pulses.  Sightings by observers on seismic vessels off the U.K. from 1997 to 2000 suggest that, at times of good sightability, numbers of rorquals seen are similar when airguns are shooting and not shooting (Stone 2003).  Although individual species did not show any significant displacement in relation to seismic activity, all baleen whales combined were found to remain significantly further from the airguns during shooting compared with periods without shooting (Stone 2003).  Baleen whale pods sighted from the ship were found to be at a median distance of about 1.6 km (0.9 n.mi.) from the array during shooting and 1.0 km (0.5 n.mi.) during periods without shooting (Stone 2003).  Baleen whales, as a group, made more frequent alterations of course (usually away from the vessel) during shooting compared with periods of no shooting (Stone 2003).  In addition, fin/sei whales were less likely to remain submerged during periods of seismic shooting (Stone 2003).


Discussion and Conclusions.—Baleen whales generally tend to avoid operating airguns, but avoid​ance radii are quite variable.  Whales are often reported to show no overt reactions to airgun pulses at distances beyond a few kilometers, even though the airgun pulses remain well above ambient noise levels out to much longer distances.  However, recent studies of humpback and especially migrating bowhead whales show that reactions, including avoidance, sometimes extend to greater distances than documented earlier.  Avoid​ance distances often exceed the distances at which boat-based observers can see whales, so obser​va​tions from the source vessel are biased.

Some baleen whales show considerable tolerance of seismic pulses.  However, when the pulses are strong enough, avoidance or other behavioral changes become evident.  Because the responses become less obvious with diminishing received sound level, it has been difficult to determine the maximum distance (or minimum received sound level) at which reactions to seismic become evident and, hence, how many whales are affected.

Studies of gray, bowhead, and humpback whales have determined that received levels of pulses in the 160–170 dB re 1 (Pa rms range seem to cause obvious avoidance behavior in a substantial fraction of the animals exposed.  In many areas, seismic pulses diminish to these levels at distances ranging from 4.5 to 14.5 km (2.4–7.8 n.mi.) from the source.  A substantial proportion of the baleen whales within this distance range may show avoidance or other strong disturbance reactions to the seismic array.

Data on short-term reactions (or lack of reactions) of cetaceans to impulsive noises do not necessarily provide information about long-term effects.  It is not known whether impulsive noises affect reproductive rate or distribution and habitat use in subsequent days or years.  Gray whales continued to migrate annually along the west coast of North America despite intermittent seismic exploration (and much ship traffic) in that area for decades (Appendix A in Malme et al. 1984).  Bowhead whales contin​ued to travel to the eastern Beaufort Sea each summer despite seismic exploration in their summer and autumn range for many years.  Bow​heads were often seen in summering areas where seismic exploration occurred in preceding summers (Richardson et al. 1987).  They also have been observed over periods of days or weeks in areas repeatedly ensonified by seismic pulses.  However, it is not known whether the same individual bowheads were involved in these repeated observations (within and between years) in strongly ensonified areas.  It is also not known whether whales that tolerate exposure to seismic pulses are stressed.

Toothed Whales


Little systematic information is available about reactions of toothed whales to noise pulses.  Few studies similar to the more extensive baleen whale/seismic pulse work summarized above have been reported for toothed whales, and none similar in size and scope to the studies of humpback, bowhead and gray whales mentioned above.  However, systematic work on sperm whales is underway.

Delphinids and Similar Species.—Seismic operators sometimes see dolphins and other small toothed whales near operating airgun arrays, but in general there seems to be a tendency for most delphinids to show some limited avoidance of operating seismic vessels.  Authors reporting cases of small toothed whales close to the operating airguns have included Duncan (1985), Arnold (1996), and Stone (2003).  When a 3959 in3, 18-airgun array was firing off California, toothed whales behaved in a manner similar to that observed when the airguns were silent (Arnold 1996).  Most, but not all, dolphins often seemed to be attracted to the seismic vessel and floats, and some rode the bow wave of the seismic vessel regardless of whether the guns were firing.  However, in Puget Sound, Dall’s porpoises observed when a 6000 in3, 12–16-airgun array was firing tended to be heading away from the boat (Calambokidis and Osmek 1998).

Goold (1996a,b,c) studied the effects on common dolphins, Delphinus delphis, of 2D seismic surveys in the Irish Sea.  Passive acoustic surveys were conducted from the "guard ship" that towed a hydrophone 180-m aft.  The results indicated that there was a local displacement of dolphins around the seismic operation.  However, observations indicated that the animals were tolerant of the sounds at distances outside a 1-km (0.5 n.mi.) radius from the guns (Goold 1996a).  Initial reports of larger-scale displacement were later shown to represent a normal autumn migration of dolphins through the area, and were not attributable to seismic surveys (Goold 1996a,b,c).

Observers stationed on seismic vessels operating off the United Kingdom from 1997–2000 have provided data on the occurrence and behavior of various toothed whales exposed to seismic pulses (Stone 2003).  Dolphins of various species often showed more evidence of avoidance of operating airgun arrays than has been reported previously for small odontocetes.  Sighting rates of white-sided dolphins, white-beaked dolphins, Lagenorhynchus spp., and all small odontocetes combined were significantly lower during periods of shooting.  Except for pilot whales, all of the small odontocete species tested, including killer whales, were found to be significantly farther from large airgun arrays during periods of shooting compared with periods of no shooting.  Pilot whales showed few reactions to seismic activity.  The displace​ment of the median distance from the array was ~0.5 km (0.3 n.mi.) or more for most species groups.  Killer whales also appear to be more tolerant of seismic shooting in deeper waters.  

For all small odontocete species, except pilot whales, that were sighted during seismic surveys off the United Kingdom in 1997–2000, the numbers of positive interactions with the survey vessel (e.g., bow-riding, approaching the vessel, etc.) were significantly fewer during periods of shooting.  All small odonto​cetes combined showed more negative interactions (e.g., avoidance) during periods of shooting.  Small odontocetes, including white-beaked dolphins, Lagenorhynchus spp., and other dolphin spp. showed a tendency to swim faster during periods with seismic shooting; Lagenorhynchus spp. were also observed to swim more slowly during periods without shooting.  Significantly fewer white-beaked dolphins, Lagenorhynchus spp., harbor porpoises, and pilot whales traveled towards the vessel and/or more were traveling away from the vessel during periods of shooting.

Captive bottlenose dolphins and beluga whales exhibit changes in behavior when exposed to strong pulsed sounds similar in duration to those typically used in seismic surveys (Finneran et al. 2000, 2002).  Finneran et al. (2002) exposed a captive bottlenose dolphin and white whale to single impulses from a watergun (80 in3).  As compared with airgun pulses, water gun impulses were expected to contain propor​tionally more energy at higher frequencies because there is no significant gas-filled bubble, and thus little low-frequency bubble-pulse energy (Hutchinson and Detrick 1984).  The captive animals sometimes vocalized after exposure and exhibited a reluctance to station at the test site where subsequent exposure to impulses would be implemented (Finneran et al. 2002).  Similar behaviors were exhibited by captive bottlenose dolphins and a white whale exposed to single underwater pulses designed to simulate those produced by distant underwater explosions (Finneran et al. 2000).  It is uncertain what relevance these observed behaviors in captive, trained marine mammals exposed to single sound pulses may have to free-ranging animals exposed to multiple pulses.  In any event, the animals tolerated rather high received levels of sound (pk-pk level >200 dB re 1 μPa) before exhibiting the aversive behaviors mentioned above. 

Observations of odontocete responses (or lack of responses) to noise pulses from underwater explosions (as opposed to airgun pulses) may be relevant as an indicator of odontocete responses to very strong noise pulses.  During the 1950s, small explosive charges were dropped into an Alaskan river in attempts to scare belugas away from salmon.  Success was limited (Fish and Vania 1971; Frost et al. 1984).  Small explosive charges were "not always effective" in moving bottlenose dolphins away from sites in the Gulf of Mexico where larger demolition blasts were about to occur (Klima et al. 1988).  Odontocetes may be attracted to fish killed by explosions, and thus attracted rather than repelled by "scare" charges.  Cap​tive false killer whales showed no obvious reaction to single noise pulses from small (10 g) charges; the received level was ~185 dB re 1 (Pa (Akamatsu et al. 1993).  Jefferson and Curry (1994) reviewed several additional studies that found limited or no effects of noise pulses from small explosive charges on killer whales and other odontocetes.  Aside from the potential for TTS, the tolerance to these charges may indicate a lack of effect or the failure to move away may simply indicate a stronger desire to eat, regardless of circumstances.


Beaked Whales.—There are no specific data on the behavioral reactions of beaked whales to seismic surveys.  Most beaked whales tend to avoid approaching vessels of other types (e.g., Würsig et al. 1998).  They may also dive for an extended period when approached by a vessel (e.g., Kasuya 1986).  It is likely that these beaked whales would normally show strong avoidance of an approaching seismic vessel, but this has not been documented explicitly.  Northern bottle​​nose whales sometimes are quite tolerant of slow-moving vessels (Reeves et al. 1993; Hooker et al. 2001).  However, those vessels were not emitting airgun pulses.

There are increasing indications that some beaked whales tend to strand when naval exercises, including sonar operation, are ongoing nearby (e.g., Simmonds and Lopez-Jurado 1991; Frantzis 1998; NOAA and USN 2001; Jepson et al. 2003; see also the “Strandings and Mortality” subsection, later).  These strandings are apparently at least in part a disturbance response, although auditory or other injuries may also be a factor.  Whether beaked whales would ever react similarly to seismic surveys is unknown.  Seismic survey sounds are quite different from those of the sonars in operation during the above-cited incidents.  There has been a recent (Sept. 2002) stranding of Cuvier’s beaked whales in the Gulf of California (Mexico) when the L‑DEO vessel Maurice Ewing was conducting a seismic survey in the general area (e.g., Mal​akoff 2002).  This might be a first indication
 that seismic surveys can have effects similar to those attributed to naval sonars.  However, the evidence with respect to seismic surveys and beaked whale strandings is incon​clusive, and NMFS has not estab​lished a link between the Gulf of California stranding and the seismic activities (Hogarth 2002). 

Sperm Whales.—All three species of sperm whales have been reported to show avoidance reac​tions to standard vessels not emitting airgun sounds (e.g., Richardson et al. 1995; Würsig et al. 1998).  Thus, it is to be expected that they would tend to avoid an operating seismic survey vessel.  There are some limited observations suggesting that sperm whales in the Southern Ocean ceased calling during some (but not all) times when exposed to weak noise pulses from extremely distant (>300 km or 162 n.mi.) seismic exploration (Bowles et al. 1994).  This "quieting" was suspected to represent a disturbance effect, in part because sperm whales exposed to pulsed man-made sounds at higher freq​uencies often cease calling (Watkins and Schevill 1975; Watkins et al. 1985).  Also, sperm whales in the Gulf of Mexico may have moved away from a seismic vessel (Mate et al. 1994). 


On the other hand, recent (and more extensive) data from vessel-based monitoring programs in U.K. waters suggest that sperm whales in that area show little evidence of avoidance or behavioral disruption in the presence of operating seismic vessels (Stone 2003).  These types of observations are difficult to interpret because the observers are stationed on or near the seismic vessel, and may under​estimate reactions by some of the more responsive species or individuals, which may be beyond visual range.  However, the U.K. results do seem to show considerable tolerance of seismic sur​veys by at least some sperm whales.  Also, a recent study off northern Norway indicated that sperm whales continued to call when exposed to pulses from a distant seismic vessel.  Received levels of the seismic pulses were up to 146 dB re 1 μPa pk-pk (Madsen et al. 2002a).  Similarly, a study conducted off Nova Scotia that analyzed recordings of sperm whale vocalizations at various distances from an active seismic program did not detect any obvious changes in the distribution or behavior of sperm whales (McCall Howard 1999).  An experimental study of sperm whale reactions to seismic surveys in the Gulf of Mexico is presently underway (Caldwell 2002; Tyack et al. 2003), along with a study of the movements of sperm whales with satellite-linked tags in relation to seismic surveys (Mate in press).  During two controlled exposure experiments where sperm whales were exposed to seismic pulses at received levels up to 143-148 dB re 1 μPa, there was no indication of avoidance of the vessel or changes in feeding efficiency (Tyack et al. 2003).  The received sounds were measured on an “rms over octave band with most energy” basis (P. Tyack, pers. comm. to LGL Ltd.); the broadband rms value would be somewhat higher.  Although the sample size from the initial work was small (four whales during two experi​ments), the results are consistent with those off northern Norway.

Conclusions.—Dolphins and porpoises are often seen by observers on active seismic vessels, occasionally at close distances (e.g., bow riding).  However, some studies, especially near the U.K., show localized avoid​ance.  In contrast, recent studies show little evidence of reactions by sperm whales to airgun pulses, contrary to earlier indications.  

There are no specific data on responses of beaked whales to seismic surveys, but it is likely that most if not all species show strong avoidance.  There is increasing evidence that some beaked whales may strand after exposure to strong noise from sonars.  Whether they ever do so in response to seismic survey noise is unknown. 

Pinnipeds

Few studies of the reactions of pinnipeds to noise from open-water seis​mic explor​ation have been published (for review, see Richardson et al. 1995).  However, pinnipeds have been observed during a number of seismic monitoring studies in recent years.  Monitoring studies in the Beaufort Sea during 1996–2001 provide a substantial amount of infor​ma​tion on avoidance responses (or lack thereof) and associated behavior.  Pinnipeds exposed to seismic surveys have also been observed during recent seismic surveys along the U.S. west coast.  Some limited data are available on physiological responses of seals exposed to seismic sound, as studied with the aid of radio telemetry.  Also, there are data on the reactions of pinnipeds to vari​ous other related types of impulsive sounds.

Early observations provided considerable evidence that pinnipeds are often quite tolerant of strong pulsed sounds.  During seismic exploration off Nova Scotia, grey seals exposed to noise from air​guns and linear explosive charges reportedly did not react strongly (J. Parsons in G.D. Greene et al. 1985).  An airgun caused an initial startle reaction among South African fur seals but was ineffective in scaring them away from fishing gear (Anonymous 1975).  Pinnipeds in both water and air sometimes tolerate strong noise pulses from non-explosive and explosive scaring devices, especially if attracted to the area for feeding or reproduction (Mate and Harvey 1987; Reeves et al. 1996).  Thus, pinnipeds are expected to be rather tolerant of, or habituate to, repeated underwater sounds from distant seismic sources, at least when the animals are strongly attracted to the area.

In the United Kingdom, a radio-telemetry study has demonstrated short-term changes in the behav​ior of harbor (=common) seals and grey seals exposed to airgun pulses (Thompson et al. 1998).  In this study, harbor seals were exposed to seismic pulses from a 90 in3 array (3 ( 30 in3 airguns), and behavioral responses differed among individuals.  One harbor seal avoided the array at distances up to 2.5 km (1.3 n.mi.) from the source and only resumed foraging dives after seismic stopped.  Another harbor seal exposed to the same small airgun array showed no detectable behavioral response, even when the array was within 500 m (1641 ft).  All grey seals exposed to a single 10 in3 airgun showed an avoidance reaction.  Seals moved away from the source, increased swim speed and/or dive duration, and switched from foraging dives to predominantly transit dives.  These effects appeared to be short-term as all grey seals either remained in, or returned at least once to, the foraging area where they had been exposed to seismic pulses.  These results suggest that there are interspecific as well as individual differences in seal responses to seismic sounds.


Off California, visual observations from a seismic vessel showed that California sea lions "typically ignored the vessel and array.  When [they] displayed behavior modifications, they often appeared to be reacting visually to the sight of the towed array.  At times, California sea lions were attracted to the array, even when it was on.  At other times, these animals would appear to be actively avoiding the vessel and array." (Arnold 1996).  In Puget Sound, sighting distances for harbor seals and California sea lions tended to be larger when airguns were operating; both species tended to orient away whether or not the airguns were firing (Calambokidis and Osmek 1998).
Monitoring work in the Alaskan Beaufort Sea during 1996–2001 provided considerable information regarding the behavior of seals exposed to seismic pulses (Harris et al. 2001; Moulton and Lawson 2002).  These seismic projects usually involved arrays of 6 to 16 airguns with total volumes 560 to 1500 in3.  The combined results suggest that some seals avoid the immediate area around seismic vessels.  In most survey years, ringed seal sightings tended to be farther away from the seismic vessel when the air​guns were operating then when they were not (Moulton and Lawson 2002).  However, these avoidance move-ments were relatively small, on the order of 100 m (328 ft) to (at most) a few hundreds of meters, and many seals remained within 100–200 m (328–656 ft) of the trackline as the operating airgun array passed by.  Seal sighting rates at the water surface were lower during airgun array operations than during no-airgun periods in each survey year except 1997. 

The operation of the airgun array had minor and variable effects on the behavior of seals visible at the surface within a few hundred meters of the array.  The behavioral data indicated that some seals were more likely to swim away from the source vessel during periods of airgun operations and more likely to swim towards or parallel to the vessel during non-seismic periods.  No consistent relationship was observed between exposure to airgun noise and proportions of seals engaged in other recognizable behav-iors, e.g. “looked” and “dove”.  Such a relationship might have occurred if seals seek to reduce exposure to strong seismic pulses, given the reduced airgun noise levels close to the surface where “looking” occurs (Moulton and Lawson 2002). 

In summary, visual monitoring from seismic vessels has shown only slight (if any) avoidance of airguns by pinnipeds, and only slight (if any) changes in behavior.  These studies show that pinnipeds freq-uently do not avoid the area within a few hundred meters of an operating airgun array.  However, initial telemetry work suggests that avoidance and other behavioral reactions may be stronger than evident to date from visual studies.

Sirenians

Little information is available on the responses of manatees or dugongs to industrial noise sources and no information is available on the reactions of manatees to airgun noise.  What information there is on manatee reactions to disturbance suggests that sirenians were disturbed by aircraft noise from a low (20–160 m) and slow (<20 km/h) helicopter (Rathbun 1988).  However, many manatees exposed to boats and tourists are becoming tame, approaching both boats and people (Curtin and Tyson 1993).  In Florida, more manatees are killed by collisions with boats than by any other known causes (O’Shea et al. 1985; Ackerman et al. 1989).  Although manatees can apparently hear the sound frequencies emitted by outboard engines (Gerstein et al. 1999), manatees do not appear able to localize the direction from which the boat is traveling.  Mana​tees often attempt to avoid oncoming boats by diving, turning, or swimming away, but their reaction is usually slow and does not begin until the boat is within 50–100 m, increasing the likelihood of collisions (Hartman 1979; Weigle et al. 1993).  Although habituation of manatees to vessel travel has occurred in some areas, there is evidence of reduced use of some areas with chronic boat disturbance (Provancha and Provancha 1988).  Winter aggregations in favored warm-water habitats can be dispersed by human activity.

In Queensland, dugongs in shallow (<2 m) water sometimes swim rapidly in response to motorboats up to 1 km away, often heading for deeper water even if that means swimming toward the vessel (Preen 1992).  Dugongs in deeper water are less responsive, often diving several seconds before the boat arrives and resurfacing several seconds after it has passed.

It is unlikely that sirenians would be encountered in waters deep enough for a large seismic vessel to operate.  They prefer water shallower and closer to shore than that where major seismic vessels normally operate.

 (f) Hearing Impairment and Other Physical Effects

Temporary or permanent hearing impairment is a possibility when marine mammals are ex​posed to very strong sounds, but there has been no specific documentation of this in the case of exposure to sounds from seismic surveys.  Current NMFS policy regarding expo​sure of marine mammals to high-level sounds is that cetaceans and pinnipeds should not be exposed to impulsive sounds exceeding 180 and 190 dB re 1 (Pa (rms), respec​tively (NMFS 2000).  Those criteria have been used in establishing the safety (=shutdown) radii planned for numerous seismic surveys.  However, those criteria were established before there was any information about the minimum received levels of sounds necessary to cause audit​ory impairment in marine mammals.  As discussed below,

· the 180 dB criterion for cetaceans is probably quite precautionary, i.e., lower than necessary to avoid Temporary Threshold Shift (TTS) let alone permanent auditory injury, at least for delphinids.

· the minimum sound level necessary to cause permanent hearing im​pair​ment is high​er, by a variable and generally unknown amount, than the level that induces barely-detec​table TTS. 

· the level associated with the onset of TTS is often con​sidered to be a level below which there is no danger of permanent damage.

Several aspects of the monitoring and mitigation measures that are now often implemented during seismic survey projects are designed to detect marine mammals occurring near the airgun array, and to avoid expos​ing them to sound pulses that might cause hearing impairment.  In addition, many cetaceans are likely to show some avoidance of the area with ongoing seismic operations (see above).  In these cases, the avoid​ance responses of the animals themselves will reduce or avoid the 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 include stress, neurological effects, bubble formation, resonance effects, and other types of organ or tissue damage.  It is possible that some marine mammal species (i.e., beaked whales) may be especially sus​cep​tible to injury and/or stranding when exposed to strong pulsed sounds. 
Temporary Threshold Shift (TTS)

TTS is the mildest form of hearing impairment that can occur during exposure to a strong sound (Kryter 1985).  While experiencing TTS, the hearing threshold rises and a sound must be stronger in order to be heard.  TTS can last from minutes or hours to (in cases of strong TTS) days.  However, it is a temporary phenomenon, and is generally not considered to represent physical damage or “injury”.  Rather, the onset of TTS is an indicator that, if the animals is exposed to higher levels of that sound, physical damage is ultimately a possibility.

The magnitude of TTS depends on the level and duration of noise exposure, among other considerations (Richardson et al. 1995).  For sound exposures at or somewhat above the TTS threshold, hearing sensitivity recovers rapidly after exposure to the noise ends.  Only a few data on sound levels and durations necessary to elicit mild TTS have been obtained for marine mammals, and none of the published data concern TTS elicited by exposure to multiple pulses of sound.

Toothed Whales.—Ridgway et al. (1997) and Schlundt et al. (2000) exposed bottlenose dolphins and beluga whales to single 1-s pulses of underwater sound.  TTS generally became evident at received levels of 192 to 201 dB re 1 µPa rms at 3, 10, 20, and 75 kHz, with no strong relationship between frequency and onset of TTS across this range of frequencies.  At 75 kHz, one dolphin exhibited TTS at 182 dB, and at 0.4 kHz, no dolphin or beluga exhibited TTS after exposure to levels up to 193 dB (Schlundt et al. 2000).  There was no evidence of permanent hearing loss; all hearing thresholds returned to baseline values at the end of the study.

Finneran et al. (2000) exposed bottlenose dolphins and a beluga whale to single underwater pulses designed to generate sounds with pressure waveforms similar to those produced by distant underwater explosions.  Pulses were of 5.1 to 13 milliseconds (ms) in duration and the measured frequency spectra showed a lack of energy below 1 kHz.  Exposure to those impulses at a peak received SPL (sound pressure level) of 221 dB re 1 (Pa produced no more than a slight and temporary reduction in hearing.

A similar study was conducted by Finneran et al. (2002) using an 80 in3 water gun, which gen​er​at​ed impulses with higher peak pressures and total energy fluxes than used in the aforementioned study.  Water gun impulses were expected to contain proportionally more energy at higher frequencies than airgun pulses (Hutchinson and Detrick 1984).  “Masked TTS” (MTTS) was observed in a beluga after exposure to a single impulse with peak-to-peak pressure of 226 dB re 1 (Pa, peak pressure of 160 kPa, and total energy flux of 186 dB re 1 (Pa2 · s.  Thresholds returned to within 2 dB of pre-exposure value   ~4 min after exposure.  No MTTS was observed in a bottlenose dolphin exposed to one pulse with peak-to-peak pressure of 228 dB re 1 (Pa, equivalent to peak pressure 207 kPa and total energy flux of 188 dB re 1 (Pa2 · s (Finneran et al. 2000, 2002).  In this study, TTS was defined as occurring when there was a 6 dB or larger increase in post-exposure thresholds; the reference to masking (MTTS) refers to the fact that these measurements were obtained under conditions with substantial (but controlled) background noise.  Pulse duration at the highest exposure levels, where MTTS became evident in the beluga, was typically 10–13 ms.

The data quoted above all concern exposure of small odontocetes to single pulses of duration 1 s or shorter, generally at frequencies higher than the predominant frequencies in airgun pulses.  With single short pulses, the TTS threshold appears to be (to a first approximation) a function of the energy content of the pulse (Finneran et al. 2002).  The degree to which this generalization holds for other types of signals is unclear (Nachtigall et al. 2003).  In particular, additional data are needed in order to determine the received sound levels at which small odonto​cetes would start to incur TTS upon exposure to repeated, low-frequency pulses of airgun sound with variable received levels.  Given the results of the afore​mentioned studies and a seismic pulse duration (as received at close range) of ~20 ms, the received level of a single seismic pulse might need to be on the order of 210 dB re 1 (Pa rms (approx. 221–226 dB pk‑pk) in order to produce brief, mild TTS.  Exposure to several seismic pulses at received levels near 200–205 dB (rms) might result in slight TTS in a small odontocete, assuming the TTS threshold is (to a first approximation) a function of the total received pulse energy.  Seismic pulses with received levels of 200–205 dB or more are usually restricted to a radius of no more than 100 m (328 ft) around a seismic vessel.

To better characterise this radius, it would be necessary to determine the total energy that a mammal would receive as an airgun array approach, passed at various CPA distances, and moved away.  (CPA = closest point of approach.) At the present state of knowledge, it would also be necessary to assume that the effect is directly related to total energy even though that energy is received in multiple pulses separated by gaps.  The lack of data on the exposure levels necessary to cause TTS in toothed whales when the signal is a series of pulsed sounds, separated by silent periods, is a data gap.

Baleen Whales.—There are no data, direct or indirect, on levels or properties of sound that are required to induce TTS in any baleen whale.  However, in practice during seismic surveys, no cases of TTS are expected given the strong likelihood that baleen whales would avoid the approaching airguns (or vessel) before being exposed to levels high enough for there to be any possibility of TTS.  (See above for evidence concerning avoidance responses by baleen whales.)  This assumes that the ramp up (soft start) procedure is used when commencing airgun operations, to give whales near the vessel the opportunity to move away before they are exposed to sound levels that might be strong enough to elicit TTS.  As discussed above, single-airgun experiments with bowhead, gray, and humpback whales show that those species do tend to move away when a single airgun starts firing nearby, which simulates the onset of a ramp up.

Pinnipeds.—TTS thresholds for pinnipeds exposed to brief pulses (either single or multiple) have not been measured.  Two California sea lions did not incur TTS when exposed to single brief pulses with received levels (rms) of ~178 and 183 dB re 1 μPa and total energy fluxes of 161 and 163 dB re 1 μPa2 · s (Finneran et al. 2003).  However, prolonged exposures show that some pinnipeds may incur TTS at some​what lower received levels than do small odontocetes exposed for similar durations.  For sounds of relatively long duration (20–22 min), Kastak et al. (1999) reported that they could induce mild TTS in California sea lions, harbor seals, and northern elephant seals by exposing them to underwater octave-band noise at frequencies in the 100–2000 Hz range.  Mild TTS became evident when the received levels were 60–75 dB above the respective hearing thresholds, i.e., at received levels of about 135–150 dB.  Three of the five subjects showed shifts of ~4.6–4.9 dB and all recovered to baseline hearing sensitivity within 24 hours of exposure.  Schusterman et al. (2000) showed that TTS thresholds of these seals were somewhat lower when the animals were exposed to the sound for 40 min than for 20–22 min, confirming that there is a duration effect in pinnipeds.  There are some indica​tions that, for corresponding durations of sound, some pinnipeds may incur TTS at somewhat lower received levels than do small odontocetes (Kastak et al. 1999; Ketten et al. 2001; cf. Au et al. 2000).

Likelihood of Incurring TTS.—A marine mammal within a radius of (100 m ((328 ft) around a typical array of operating airguns might be exposed to a few seismic pulses with levels of (205 dB, and possibly more pulses if the mammal moved with the seismic vessel.

As shown above, most cetaceans show some degree of avoidance of seismic vessels operating an airgun array.  It is unlikely that these cetaceans would be exposed to airgun pulses at a sufficiently high level for a sufficiently long period to cause more than mild TTS, given the relative movement of the vessel and the marine mammal.  However, TTS would be more likely in any odontocetes that bow-ride or otherwise linger near the airguns.  While bow-riding, odonto​cetes would be at or above the surface, and thus not exposed to strong sound pulses given the pressure-release effect at the surface.  However, bow-riding animals generally dive below the surface inter​mit​tent​ly.  If they did so while bow-riding near airguns, they would be exposed to strong sound pulses, possibly repeatedly.  If some cetaceans did incur TTS through exposure to airgun sounds in this manner, this would very likely be a temporary and rever​sible phenom​enon.

Some pinnipeds show avoidance reactions to airguns, but their avoidance reactions are not as strong or con​sistent as those of cetaceans (see above).  Pinnipeds occasionally seem to be attracted to operating seismic vessels.  As previously noted, there are no specific data on TTS thresholds of pinnipeds exposed to single or multiple low-frequency pulses.  It is not known whether pinnipeds near operating seismic vessels, and especially those individuals that linger nearby, incur significant TTS.

NMFS (1995, 2000) concluded that cetaceans should not be exposed to pulsed underwater noise at received levels exceeding 180 dB re 1 µPa (rms).  The corres​ponding limit for pinnipeds has been set at 190 dB, although the HESS Team (1999) recommended 180 dB for pinnipeds in California.  The 180 and 190 dB (rms) sound levels are not considered to be the levels above which TTS might occur.  Rather, they are the received levels above which, in the view of a panel of bioacoustics specialists con​vened by NMFS before any TTS measurements for marine mammals were available, one could not be certain that there would be no injurious effects, auditory or otherwise, to marine mammals.  As discussed above, TTS data that have subsequently become available imply that, at least for dolphins, TTS is unlikely to occur unless the dolphins are exposed to airgun pulses stronger than 180 dB re 1 μPa rms.  Furthermore, it should be noted that mild TTS is not injury, and in fact is a natural phenomenon experienced by marine and terrestrial mammals (including humans).

It has been shown that most large whales tend to avoid ships and associated seismic operations.  In addi​​tion, ramping up airgun arrays, which is standard operational protocol for many seismic operators, should allow cetac​eans to move away from the seismic source and to avoid being exposed to the full acoustic output of the airgun array.  [Three species of baleen whales that have been exposed to pulses from single airguns showed avoidance (Malme et al. 1984–1988; Richardson et al. 1986; McCauley et al. 1998, 2000a,b).  This strong​ly suggests that baleen whales will begin to move away during the initial stages of a ramp-up, when a single airgun is fired.]  Thus, whales will likely not be exposed to high levels of airgun sounds.  Likewise, any whales close to the trackline could move away before the sounds from the approaching seismic vessel become sufficiently strong for there to be any potential for TTS or other hearing impair​ment.  Therefore, there is little potential for whales to be close enough to an airgun array to experience TTS.  Furthermore, in the event that a few individual cetaceans did incur TTS through exposure to airgun sounds, this is a temporary and reversible phenomenon.

Permanent Threshold Shift (PTS)

When PTS occurs, there is physical damage to the sound receptors in the ear.  In some cases, there can be total or partial deafness, while in other cases, the animal has an impaired ability to hear sounds in specific frequency ranges.  Physical damage to a mam​mal’s hearing apparatus can occur if it is exposed to sound impulses that have very high peak pressures, especially if they have very short rise times (time required for sound pulse to reach peak pressure from the baseline pressure).  Such damage can result in a permanent decrease in functional sensitivity of the hear​ing system at some or all frequencies. 

There is no specific evidence that exposure to pulses of airgun sound can cause PTS in any marine mammal.  However, given the likelihood that some mammals close to an airgun array might incur at least mild TTS (see Finneran et al. 2002), there has been speculation about the possibility that some individuals occurring very close to airguns might incur TTS (Richardson et al. 1995, p. 372ff).

Single or occasional occurrences of mild TTS are not indicative of permanent auditory damage in terrestrial mammals.  Relationships between TTS and PTS thresholds have not been studied in marine mammals but are assumed to be similar to those in humans and other terrestrial mammals.  The low-to-moderate levels of TTS that have been induced in captive odontocetes and pinnipeds during recent controlled studies of TTS have been confirmed to be temporary, with no measurable residual PTS (Kastak et al. 1999; Schlundt et al. 2000; Finneran et al. 2002; Nachtigall et al. 2003).  However, very prolonged exposure to sound strong enough to elicit TTS, or shorter-term exposure to sound levels well above the TTS threshold, can cause PTS, at least in terrestrial mammals (Kryter 1985).  In terrestrial mammals, the received sound level from a single non-impulsive sound exposure must be far above the TTS threshold for any risk of permanent hearing damage (Kryter 1994; Richardson et al. 1995).  For impulse sounds with very rapid rise times (e.g., those associated with explosions or gunfire), a received level not greatly in excess of the TTS threshold may start to elicit PTS.  Rise times for airgun pulses are rapid, but less rapid than for explosions.


Some factors that contribute to onset of PTS, at least in terrestrial mammals, are as follows:

· exposure to single very intense sound,

· repetitive exposure to intense sounds that individually cause TTS but not PTS, and 

· recurrent ear infections or (in captive animals) exposure to certain drugs.

Cavanagh (2000) has reviewed the thresholds used to define TTS and PTS.  Based on this review and SACLANT (1998), it is reasonable to assume that PTS might occur at a received sound level 20 dB or more above that inducing mild TTS.  However, for PTS to occur at a received level only 20 dB above the TTS threshold, the animal probably would have to be exposed to a strong sound for an extend​ed period, or to a strong sound with rather rapid rise time.

Sound impulse duration, peak amplitude, rise time, and number of pulses are the main factors thought to determine the onset and extent of PTS.  Based on existing data, Ketten (1994) has noted that the criteria for differentiating the sound pressure levels that result in PTS (or TTS) are location and species-specific.  PTS effects may also be influenced strongly by the health of the receiver’s ear.  

Given that marine mammals are unlikely to be exposed to received levels of seismic pulses that could cause TTS, it is highly unlikely that they would sustain permanent hearing impairment.  If we assume that the TTS threshold for exposure to a series of seismic pulses may be on the order of 220 dB re 1 μPa (pk‑pk) in odontocetes, then the PTS threshold might be as high as 240 dB re 1 μPa (pk-pk).  In the units used by geophysicists, this is 10 bar‑m.  Such levels are found only in the immediate vicinity of the largest airguns (Richardson et al. 1995:137; Caldwell and Dragoset 2000).  It is very unlikely that an odontocete would remain within a few meters of a large airgun for sufficiently long to incur PTS.  The TTS (and thus PTS) thresholds of baleen whales and pinnipeds may be lower, and thus may extend to a somewhat greater distance.  However, baleen whales generally avoid the immediate area around operating seismic vessels, so it is unlikely that a baleen whale could incur PTS from exposure to airgun pulses. Pinnipeds, on the other hand, often do not show strong avoidance of operating airguns.

Although it is unlikely that airgun operations during most seismic surveys would cause PTS in marine mam​mals, caution is warranted given the limited knowledge about noise-induced hearing damage in marine mammals, particularly baleen whales.  Commonly-applied monitoring and mitigation measures, including visual monitoring, course alteration, ramp-ups, and power-downs of the airguns when mammals are seen within the “safety radii”, would minimize the already-low probability of exposure of marine mammals to sounds strong enough to induce PTS.

(g) Strandings and Mortality


Marine mammals close to under​water detonations of high explosive can be killed or severely injured, and the auditory organs are especially susceptible to injury (Ketten et al. 1993; Ketten 1995).  Airgun pulses are less energetic and have slower rise times, and there is no proof that they can cause serious injury, death, or stranding.  However, the association of mass strandings of beaked whales with naval exercises and, in a recent (2002) case, an L-DEO seismic survey, has raised the pos​sib​ility that beaked whales may be especially susceptible to injury and/or behavioral reactions that can lead to stranding when exposed to strong pulsed sounds.

In March 2000, several beaked whales that had been exposed to repeated pulses from high inten​sity, mid-frequency military sonars stranded and died in the Providence Channels of the Bahamas Islands, and were subsequently found to have incurred cranial and ear damage (NOAA and USN 2001).  Based on post-mortem analyses, it was concluded that an acoustic event caused hemorrhages in and near the auditory region of some beaked whales.  These hemorrhages occurred before death.  They would not necessarily have caused death or permanent hearing damage, but could have compromised hearing and naviga​tional ability (NOAA and USN 2001).  The researchers concluded that acoustic exposure caused this damage and trig​gered stranding, which resulted in overheating, cardiovascular collapse, and physio​logical shock that ultimately led to the death of the stranded beaked whales.  During the event, five naval vessels used their AN/SQS-53C or ​‑56 hull-mounted active sonars for a period of 16 h.  The sonars pro​duced narrow (<100 Hz) bandwidth signals at center frequencies of 2.6 and 3.3 kHz (‑53C), and 6.8 to 8.2 kHz (‑56).  The respec​tive source levels were usually 235 and 223 dB re 1 μPa, but the ‑53C briefly oper​ated at an unstated but substantially high​er source level.  The unusual bath​ymetry and constricted channel where the strandings occurred were conducive to chan​nel​ing sound.  This, and the extended operations by multiple sonars, appar-ently prevented escape of the animals to the open sea.  In addition to the strandings, there are reports that beaked whales were no longer present in the Providence Channel region after the event, suggesting that other beaked whales either abandoned the area or perhaps died at sea (Balcomb and Claridge 2001).

Other strandings of beaked whales associated with operation of military sonars have also been reported (e.g., Simmonds and Lopez-Jurado 1991; Frantzis 1998).  In these cases, it was not deter​mined whether there were noise-induced injuries to the ears or other organs.  Another stranding of beaked whales (15 whales) happened on 24–25 September 2002 in the Canary Islands, where naval maneuvers were taking place.  A recent paper concerning the Canary Islands stranding concluded that cetac​eans might be subject to decompression injury in some situations (Jepson et al. 2003).  If so, this might occur if they ascend unusually quickly when exposed to aversive sounds.  Previously it was widely assumed that diving marine mammals are not subject to the bends or air embolism.

It is important to note that seismic pulses and mid-frequency sonar pulses are quite different. Sounds produced by the types of airgun arrays used to profile sub-sea geological structures are broadband with most of the energy below 1 kHz.  Typical military mid-frequency sonars operate at fre​quencies of 2 to 10 kHz, generally with a relatively narrow bandwidth at any one time (though the center frequency may change over time).  Because seis​mic and sonar sounds have considerably different characteristics and duty cycles, it is not appropriate to assume that there is a direct connection between the effects of military sonar and seismic surveys on marine mammals.  However, evidence that sonar pulses can, in special circum​stances, lead to hearing damage and, indirectly, mortality suggests that caution is warranted when dealing with exposure of marine mammals to any high-intensity pulsed sound.

As discussed earlier, there has been a recent (Sept. 2002) stranding of two Cuvier’s beaked whales in the Gulf of California (Mexico) when a seismic survey by the L-DEO/NSF vessel R/V Maurice Ewing was underway in the general area (Mal​akoff 2002).  The airgun array in use during that project was the Ewing’s 20‑airgun 8490‑in3 array.  This might be a first indication that seismic surveys can have effects, at least on beaked whales, similar to the suspected effects of naval sonars.  How​ever, the evidence linking the Gulf of California strandings to the seismic surveys is inconclusive, and to this date is not based on any physical evidence (Hogarth 2002; Yoder 2002).  The ship was also operating its multibeam bathy​metric sonar at the same time but, as discussed elsewhere, this sonar had much less potential than the aforementioned naval sonars to affect beaked whales.  Although the link between the Gulf of California strandings and the seismic (plus multibeam sonar) survey is inconclusive, this plus the various incidents involving beaked whale strandings "assoc​iated with" naval exercises sug​gests a need for caution in conducting seismic surveys in areas occupied by beaked whales. 

(h) Non-auditory Physiological Effects


Possible types of non-auditory physiological effects or injuries that might theoretically occur in marine mammals exposed to strong underwater sound might include stress, neurological effects, bubble formation, resonance effects, and other types of organ or tissue damage.  There is no proof that any of these effects occur in marine mammals exposed to sound from airgun arrays.  However, there have been no direct studies of the potential for airgun pulses to elicit any of these effects.  If any such effects do occur, they would probably be limited to unusual situations when animals might be exposed at close range for unusually long periods.  

Long-term exposure to anthropogenic noise may have the potential of causing physiological stress that could affect the health of individual animals or their reproductive potential, which in turn could (theor​etically) cause effects at the population level (Gisiner [ed.] 1999).  However, there is essentially no information about the occurrence of noise-induced stress in marine mammals.  Also, it is doubtful that any single marine mammal would be exposed to strong seismic sounds for sufficiently long that signif​icant physiological stress would develop.  This is particularly so in the case of seismic sur​veys where the tracklines are long and/or not closely spaced, as is the case for most two-dimensional seismic surveys. 

Gas-filled structures in marine animals have an inherent fundamental resonance frequency.  If stim​ulated at this frequency, the ensuing resonance could cause damage to the animal.  There may also be a possibility that high sound levels could cause bubble formation in the blood of diving mammals that in turn could cause an air embolism, tissue separation, and high, localized pressure in nervous tissue (Gisiner [ed.] 1999; Houser et al. 2001).  A recent workshop (Gentry [ed.] 2002) was held to discuss whether the stranding of beaked whales in the Bahamas in 2000 might have been related to air cavity resonance or bubble formation in tissues caused by exposure to noise from naval sonar.  A panel of experts concluded that resonance in air-filled structures was not likely to have caused this stranding.  Among other reasons, the air spaces in marine mammals are too large to be susceptible to resonant frequencies emitted by mid‑ or low-frequency sonar; lung tissue damage has not been observed in any mass, multi-species stranding of beaked whales; and the duration of sonar pings is likely too short to induce vibrations that could damage tissues (Gentry [ed.] 2002).

Opinions were less conclusive about the possible role of gas (nitrogen) bubble formation/growth in the Bahamas stranding of beaked whales.  Workshop participants did not rule out the possibility that bubble formation/growth played a role in the stranding and participants acknow​ledged that more research is needed in this area.  A short paper concerning beaked whales stranded in the Canary Islands in 2002 sug​gests that cetaceans might be subject to decompression injury in some situations (Jepson et al. 2003).  If so, that might occur if they ascend unusually quickly when exposed to aversive sounds.  However, the interpretation that the effect was related to decompression injury is unproven (Piantadosi and Thalmann 2004; Fernández et al. 2004).  Even if that effect can occur during exposure to mid-frequency sonar, there is no evidence that that type of effect occurs in response to airgun sounds.  It is especially unlikely in the case of the proposed survey, involving only three GI guns.Jepson et al. (2003) suggested a possible link between mid-frequency sonar activity and acute and chronic tissue damage that results from the formation in vivo of gas bubbles in 14 beaked whales were stranded in the Canary Islands close to the site of an international naval exercise in September 2002.  The only available information on acoustically-mediated bubble growth in marine mammals is modeling assuming prolonged exposure to sound.

In summary, very little is known about the potential for seismic survey sounds to cause either auditory impairment or other non-auditory physical effects in marine mammals.  Available data suggest that such effects, if they occur at all, would be limited to short distances.  However, the available data do not allow for meaningful quantitative predictions of the numbers (if any) of marine mammals that might be affected in these ways. Marine mammals that show behavioral avoidance of seismic vessels, including most baleen whales, some odontocetes, and some pinnipeds, are unlikely to incur auditory impairment or other physical effects. 
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Figure 1.  Survey area off the west coast of Central America, showing the seismic lines to be studied during November and December 2004.














� All source level estimates are for a filter bandwidth of approximately 0–250 Hz.


� For airgun pulses, root-mean-square (rms) pressures, averaged over the pulse duration, are on the order of 10–13 dB less than  peak pressure (Greene 1997; McCauley et al. 1998, 2000b).


�  See Smultea and Holst (2003) and Holst (2004) for an evaluation of the effectiveness of night vision equipment for nighttime marine mammal observations.


� By W. John Richardson and Valerie D. Moulton, LGL Ltd., environmental research associates.  Revised November 2003.


� It is quite unlikely that an earlier stranding of Cuvier’s beaked whales in the Galapagos, during April 2000, was asociated with a then-ongoing seismic survey as “There is no obvious mechanism that bridges the distance between this source and the stranding site” (Gentry 2002).  
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		TABLE 3.  Densities of cetaceans off the west coast of Central America in the region of the survey proposed for November-December 2004.  Densities are from Ferguson and Barlow (2001) and the appendix to that report.  Densities are corrected for f(0) and g(0) biases.  The proposed survey would be conducted in block 118 of Ferguson and Barlow (2001).  Adjacent blocks are 119, 138 and 139.  Species listed as endangered are in italics.																								This table has unidentified categories prorated among identified so that densities for each species include partially identified or unidentified categories.

		Species						Observed Density in Block 118 (# / km2)a						Average Density in Block 118 and Adjacent Coastal Blocks ( # / km2)a						Maximum Density in Block 118 and Adjacent Coastal Blocks ( # / km2)a

								Density		CVb				Density		CV				Density		CV

		Odontocetes

				Sperm whale				0.0003		>1.00				0.0029		0.40				0.0048		0.55

				Pygmy sperm whale				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Dwarf sperm whale				0.0274		0.52				0.0235		0.36				0.0293		0.46

				Cuvier’s beaked whale				0.0073		0.51				0.0068		0.37				0.0078		0.51

				Tropical bottlenose whale				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Pygmy beaked whale				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Blainville’s beaked whale				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Mesoplodon sp. (unidentified)				0.0015		0.76				0.0014		0.57				0.0016		0.76

				Rough-toothed dolphin				0.0035		0.94				0.0105		0.46				0.0157		0.54

				Tucuxi				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Bottlenose dolphin				0.0529		0.49				0.0589		0.16				0.1038		0.28

				Spotted dolphin				0.1387		0.23				0.1950		0.22				0.3394		0.31

				Spinner dolphin				0.0029		>1.00				0.1420		0.32				0.3619		0.36

				Costa Rican spinner dolphin				0.1487		0.94				0.0163		0.94				0.1547		0.94

				Clymene dolphin				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Striped dolphin				0.2650		0.51				0.2013		0.15				0.3389		0.51

				Short-beaked common dolphin				0.1976		0.58				0.1640		0.28				0.2690		0.38

				Fraser’s dolphin				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Risso’s dolphin				0.0098		0.76				0.0128		0.38				0.0227		0.54

				Melon-headed whale				0.0000		-1.00				0.0022		0.94				0.0110		0.94

				Pygmy killer whale				0.0001		>1.00				0.0043		0.76				0.0103		0.94

				False killer whale				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Killer whale				0.0000		-1.00				0.0002		0.72				0.0002		0.94

				Short-finned pilot whale				0.0100		0.72				0.0179		0.30				0.0311		0.37

		Mysticetes

				Humpback whale				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Minke whale				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Bryde’s whale				0.0000		-1.00				0.0003		0.94				0.0007		0.94

				Sei whale				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Fin whale				0.0000		-1.00				0.0000		-1.00				0.0000		-1.00

				Blue whale				0.0000		-1.00				0.0003		0.60				0.0006		0.65

		a		Densities for each species include allowance for sightings not identified to species.

		b		CV (Coefficient of Variation) is a measure of a number's variability.  The larger the CV, the higher the variability.  It is estimated by the equation 0.94 - 0.162logen from Koski et al. (1998), but likely underestimates the true variability.
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		TABLE 4. Estimates of the possible numbers of marine mammal exposures to the different sound levels, and the numbers of different individuals that might be exposed, during L-DEO's proposed seismic survey in the ETP off the coast of Central America in November-December 2004. The proposed sound source is a 3 GI gun configuration with a total volume of 315 in3.  Received levels of airgun sounds are expressed in dB re 1 µPa (rms, averaged over pulse duration).  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).  Delphinids are unlikely to react to levels below 170 dB.  Species in italics are listed under the U.S. ESA as endangered.  The column of numbers in boldface shows the numbers of "takes" for which authorization is requested.																																																						Check the numbers in column I (between G and J -- hidden now) for the regional population sizes

		Species				Best Estimatea																																		Maximum estimatea

						Corrected Densityb  (number/ km2)				Number of Exposures to Sound Levels >160 dB (>170 dB, Delphinids only)														Number of Individuals Exposed to Sound Levels >160 dB (>170 dB, Delphinids only)

																								Best Estimate

								Best Estimatea								Regional Population Size		Maximum Estimatea						Number								% of Regional Pop'nc				Maximum Estimate																Requested Take Authorization

																																																										4780		km of seismic with 3 GI guns, including turns

		Physeteridae																																																								1.3		Contingency

				Sperm whale		0.0029464391				51						26053		82						33				26053				0.1				54				0				47.8042323851		15.392614316						82						6048		this 6048 figure was given to WC by the Fulthorpe scientists on Dec 9-03						21		85		1785

				Pygmy sperm whale		0				0								0						0				NAb				NAb				0				0				0		0						5						0.823		160 dB radius						13		80		1040

				Dwarf sperm whale		0.0234988099				404						11200		503						265				11200				2.4				330				0				291.8472388065		93.9726832123						503						0.265		170 dB radius						6		40		240

																																																																		16		40		640

		Ziphiidae																																																																14		25		350

				Cuvier’s beaked whale		0.0068379955				117						20000		133						77				20000				0.4				87				0				77.2282148442		24.8669221552						133														1		10		10

				Tropical bottlenose whale		0				0						?		0						0				NA				NA				0				0				0		0						5						17173.16		Total area (160 dB)				Turns		1		40		40

				Pygmy beaked whale		0				0						?		0						0				NA				NA				0				0				0		0						14						6371.34		Total area (170 dB)						1		85		85

				Blainville’s beaked whale		0				0						?		0						0				NA				NA				0				0				0		0						14														1		25		25

				Mesoplodon sp. (unidentified)		0.0013650234				23						25300		28						15				25300				0.1				18				0				16.0408521014		5.1650374324												11258.24		Total area less overlap (160 dB)						1		80		80

																																																										5381.34		Total area less overlap (170 dB)						1		10		10

		Delphinidae																																																																1		40		40

				Rough-toothed dolphin		0.0105311169				181		(67)				145900		269		(100)				119		(57)		145900				0.1				177		(84)		0				156.0741342727		50.2547333928						269												Long strikes		2		220		440

				Tucuxi		0				0		0						0		(0)				0		(0)		0								0		(0)		0				0		0						0

				Bottlenose dolphin		0.0588657917				1011		(375)				243500		1782		(661)				663		(317)		243500				0.3				1169		(559)		0				1033.2753699805		332.707136142						1782																		4785

				Spotted dolphin		0.1950149893				3349		(1243)				2059100		5829		(2163)				2196		(1049)		2059100				0.1				3821		(1827)		0				3378.903117001		1087.9821701158						5829												Including overlap				160		170		180		190

				Spinner dolphin		0.1420345518				2439		(905)				1651100		6215		(2306)				1599		(764)		1651100				0.1				4074		(1948)		0				3602.7160789024		1160.0483121618						6215												Water depth>1000				1596.75		488.14		148.4		46.79

				Costa Rican spinner dolphin		0.0163128615				280		(104)						2657		(986)				184		(88)		NA				NA				1742		(833)		0				1540.2070777186		495.9354502982						1540												Water depth>1000 -2

				Clymene dolphin		0				0		(0)						0		(0)				0		(0)		NA				NA				0		(0)		0				0		0						10												Water depth 100-1000				10070.56		3147.5		962.53		304.18

				Striped dolphin		0.2013150042				3457		(1283)				1918000		5819		(2159)				2266		(1083)		1918000				0.1				3815		(1823)		0				3373.3038944431		1086.1792612727						5819												water depth <100				5505.85		2735.7		1122.84		752.54

				Short-beaked common dolphin		0.1640029973				2816		(1045)				3093000		4620		(1714)				1846		(883)		3093000				0.1				3029		(1448)		0				2677.9636752397		862.2847799982						4620																17173.16		6371.34		2233.77		1103.51

				Fraser’s dolphin		0				0		(0)				289300		0		(0)				0		(0)		289300				NA				0		(0)		0				0		0						10												contingency		1		17173.16		6371.34		2233.77		1103.51

				Risso’s dolphin		0.0127791116				219		(81)				175800		391		(145)				144		(69)		175800				0.1				256		(122)		0				226.4609013798		72.9187592535						391												Excluding overlap				160		170		180		190

				Melon-headed whale		0.0022251558				38		(14)				45400		189		(70)				25		(12)		45400				0.1				124		(59)		0				109.3208168975		35.2005060484						189												Water depth>1000				1301.23		457.61		145.48		46.51

				Pygmy killer whale		0.0043361026				74		(28)				38900		176		(65)				49		(23)		38900				0.1				115		(55)		0				102.0753073997		32.8675048128						176												Water depth 100-1000				6515.96		2835.91		933.14		301.29

				False killer whale		0				0		(0)				39800		0		(0)				0		(0)		39800				0.0				0		(0)		0				0		0						5												water depth <100				3441.05		2087.82		1020.64		705.57

				Killer whale		0.0001665997				3		(1)				8500		4		(1)				2		(1)		8500				0.0				2		(1)		0				2.1262733379		0.6846445134						5																11258.24		5381.34		2099.26		1053.37

				Short-finned pilot whale		0.0178919647				307		(114)				160200		533		(198)				201		(96)		160200				0.1				350		(167)		0				309.1957400723		99.5587741423						533				all dolphins reg pop

																																																								9868500										38		0.6555718342		24.9117296991

		Balaenopteridae

				Humpback whale		0				0						1177		0						0				1177				NA				0				0				0		0						2

				Minke whale		0				0								0						0				0				NA				0				0				0		0						2

				Bryde’s whale		0.0002525947				4						13000		13						3				13000				0.0				8				0				7.396938799		2.3817603666						13

				Sei whale		0				0								0						0				0				NA				0				0				0		0						2

				Fin whale		0				0						1851		0						0				1851				NA				0				0				0		0						2

				Blue whale		0.0002562212				4						1400		11						3				1400				0.2				7				0				6.4361744347		2.0724012457						11

		Pinnipeds

				South American fur seal						0								0						0								NA				0																10

				Southern sea lion						0								0						0								NA				0																10

				Galapagos fur seal						0								0						0								NA				0																10

				Galapagos sea lion						0								0						0								NA				0																10

		a  Best estimate and maximum estimate of densities are from Table 3.

		b  NA indicates that regional population estimates are not available.

		c  Regional populations are given in Table 2.

		All Species								14780		5259				9968481		29255		10568				9689		4442		9968481								19178		8926						16958		5460						28222

		All Endangered Species								55		0				30481		94		0				36		0		30481								61		0						54		17						102






