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CHAPTER 1 DESCRIPTION OF ACTIVITIES 

The Department of the Navy (DoN) has prepared this request for Letter of Authorization (LOA) for the 
incidental ‘taking’ of marine mammals during the conduct of Atlantic Fleet training in the Gulf of 
Mexico (GOMEX) Range Complex. Training and operational activities evaluated in this document can 
span from brief, single unit training to weeks-long multiple platform exercises.  

The Marine Mammal Protection Act (MMPA) of 1972, as amended (16 United States Code [U.S.C.] 
Section [§] 1371[a][5]), authorizes the issuance of regulations and LOAs for the incidental taking of 
marine mammals by a specified activity for a period of not more than 5 years (yr). The issuance occurs 
when the Secretary of Commerce, after notice has been published in the Federal Register and 
opportunity for comment has been provided, finds that such takes will have a negligible impact on the 
species and stocks of marine mammals and will not have an unmitigable adverse impact on their 
availability for subsistence uses. The National Marine Fisheries Service (NMFS) has promulgated 
implementing regulations under 50 Code of Federal Regulations (CFR) § 216.101-106 that provide a 
mechanism for allowing the incidental, but not intentional, taking of marine mammals as a result of 
specific naval training and operational activities. 

This document has been prepared in accordance with the applicable regulations and the MMPA, as 
amended by the National Defense Authorization Act for Fiscal Year 2004 (Public Law [PL] 108-136). 
The objectives of this LOA are: (1) the analysis of spatial and temporal distributions of protected marine 
mammals in the GOMEX Range Complex (hereafter referred to as the GOMEX Study Area), (2) the 
review of training and operational activities that have the potential to incidentally take marine mammals 
per the Environmental Impact Statement (EIS)/Overseas EIS (OEIS), and (3) a technical risk assessment 
to determine the likelihood of effects. This chapter describes those training and operational activities 
that are likely to result in Level B harassment (e.g., temporary threshold shift [TTS] and behavioral 
effects) and possible Level A harassment (e.g., mortality or permanent threshold shift [PTS]), under the 
MMPA of 1972. 

An EIS/OEIS is being prepared for the GOMEX Range Complex to evaluate all components of the 
proposed training and operational activities. A description of each of the training and operational 
activities, for which an incidental take authorization is being requested, is provided in the following 
sections, and represent all training and operational activities conducted in the GOMEX Study Area that 
involve the use of explosive ordnance. This LOA request is based on the proposed training and 
operational activities of the Navy's Preferred Alternative (Alternative 2 in the EIS/OEIS). 

1.1 Surface Warfare 
Surface Warfare (SUW) supports defense of a geographical area (e.g., a zone or barrier) in cooperation 
with surface, subsurface, and air forces. SUW operations detect, localize, and track surface targets, 
primarily ships. Detected ships are monitored visually and with radar. Operations include identifying 
surface contacts, engaging with weapons, disengaging, evasion and avoiding attack, including 
implementation of radio silence and deceptive measures. For this LOA request, SUW events involving 
the use of explosive ordnance include air-to-surface Bombing Exercises and surface-to-surface Gunnery 
Exercises (GUNEX) at sea. 

BOMBING EXERCISE (AIR-TO-SURFACE) [BOMBEX (A-S)] AT-SEA 
Strike fighter aircraft, such as F/A-18s, deliver explosive bombs against at-sea surface targets with the 
goal of destroying the target. Bombing Exercise (Air-to-Surface) (BOMBEX [A-S]) training in the 
GOMEX Study Area occurs only during daylight hours in the location described in Chapter 2 (Figure 
1) as depicted in the Table 1.  
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Table 1 Details of BOMBEX operations involving explosive ordnance use in 
the GOMEX Study Area. 

Operation Platform System / Ordnance Number of Events/yr 

Bombing  
Exercise 

(BOMBEX) 
MK-83 1 event  (1,000-pound [lb] High 

Explosive [HE] bomb) F/A-18   (4 bombs) 415.8 lbs NEW (Air-to-Surface, 
At-Sea) 

 

F/A-18 with Unguided or Precision-guided Munitions 

Two aircraft will approach an at-sea target from an altitude of between 15,000 feet (ft) to less than 3,000 
ft and release a high explosive (HE) 1,000-pound (lb) bomb on the target. MK-83 bombs are used. MK-
83 bombs have a net explosive weight (NEW) of 415.8 lbs. The typical bomb release altitude is below 
3,000 ft and the target is usually a flare. The time in between bomb drops is approximately 3 minutes 
(min). 

GUNNERY EXERCISE (SURFACE-TO-SURFACE) [GUNEX (S-S)] BOAT 
Gunnery Exercise (Surface-to-Surface) (GUNEX [S-S]) are a part of quarterly reservist training and 
operational activities for the Mobile Expeditionary Security Group (MESG) that operates out of Corpus 
Christi Naval Air Station (NAS) (Table 2). The MESG trains with M3A2 (0.5-lb NEW) anti-swimmer 
concussion grenades. The M3A2 grenades are small and contain high explosives in an inert metal or 
plastic shell. They detonate at about 3 meters (m) under the water's surface within 4 to 5 seconds (s) of 
being deployed. The detonation depth may be shallower depending upon the speed of the boat at the 
time the grenade is deployed. 

Table 2 Details of GUNEX operations involving explosive ordnance use in 
the GOMEX Study Area. 

Operation Platform System / Ordnance Number of Events/yr 
Gunnery 
Exercise 
(GUNEX) 

Vessels such as, 
combat rubber 

raiding craft, rigid 
hull inflatable 

boats, and patrol 
craft 

M3A2 concussion anti-
swimmer grenades 4 events 

(8-ounce [oz]   
HE grenade) (20 grenades) (Surface-to-

Surface, 0.5 lbs NEW 
Boat) 

 
1.2 Vessel Movement 
Vessel movements are associated with most training and operational activities in the GOMEX Study 
Area. Currently, the number of Navy vessels operating in the GOMEX Study Area varies based on 
training schedules and can range from 0 to about 10 vessels at any given time. Vessel sizes range from 
small boats (<35 ft) for a harbor security boat to 1,092 ft for a CVN (carrier vessel nuclear) and speeds 
generally range from 10 to 14 knots (kt), but may be considerably faster, for example an aircraft carrier 
“making wind” while launching and recovering aircraft, and for small boat operations. Operations 
involving vessel movements occur intermittently and are variable in duration, ranging from a few hours 
up to 2 weeks (wk). These operations are widely dispersed throughout the GOMEX Study Area, which 
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is an area encompassing 11,714 square nautical miles (nm2). Most vessel movements occur in the 
offshore Operating Areas (OPAREAs), but vessel movements associated with MESG training in the 
underwater detonation (UNDET) Area E3 and Commander Naval Installations Command (CNIC) 
harbor security group training in the Panama City OPAREA occur between shore and 12 nautical miles 
(nm), including the nearshore zone (<3 nm). The Navy logs about 180 total vessel days within the 
GOMEX Study Area during a typical year. Consequently, the density of Navy vessels within the 
GOMEX Study Area at any given time is low (i.e., less than 0.0113 ships/nm2). 
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The SUA warning areas, W-151A/B/C and W-155A/B, are in-water operating and maneuver areas with 
defined air and ocean surface described in detail in Table 3. W-151A/B/C and W-155A/B are located in 
and above the offshore waters of the northeastern Gulf of Mexico adjacent to Florida and Alabama 
(Figure 1; 

CHAPTER 2 LOCATION AND DEFINITION OF EXPLOSION 
ACTIVITIES 

2.1 Description of the Gulf of Mexico Study Area 
The GOMEX Study Area encompasses areas at sea, undersea, and Special Use Airspace (SUA) in the 
northern Gulf of Mexico off the coast of the United States (U.S.) (Figures 1 and 2). The portions of the 
GOMEX Study Area addressed in this LOA consist of the BOMBEX Hotbox (surface and subsurface 
waters) located within the Pensacola OPAREA, SUA warning areas W-151A/B/C and W-155A/B 
(surface waters), and UNDET Area E3 (surface and subsurface waters), located within the territorial 
waters off Padre Island, Texas, near Corpus Christi NAS (Table 3). The portions of the GOMEX Study 
Area addressed in this LOA encompass: 

• 1,496 nm  of sea space (BOMBEX Hotbox, where HE occur, and UNDET Area E3 where 
underwater detonations occur); and 

2

• 11,714 nm  of SUA warning areas (vessel movements only)2  

The BOMBEX Hotbox is an in-water operating and maneuvers area with defined air, ocean surface, and 
subsurface areas described in detail in Table 3. The BOMBEX Hotbox is located in the offshore waters 
of the northeastern Gulf of Mexico adjacent to Florida and Alabama (Figure 1; 1,482 nm2 of surface 
waters). The northernmost boundary of the BOMBEX Hotbox is located 23 nm from the coast of the 
Florida panhandle at latitude 30 degrees (°) North (N), the eastern boundary is approximately 200 nm 
from the coast of the Florida peninsula at longitude 86°48 minutes (’) West (W).  

15,948 nm  2 of surface waters).  

The UNDET Area E3 is a defined surface and subsurface area (Figure 2; 14 nm2 of surface waters) 
located in the waters south of Corpus Christi NAS and offshore of Padre Island, Texas, and is described 
in detail in Table 3. The westernmost boundary is located 7.5 nm from the coast of Padre Island at 
97°9'33"W and 27°24'26"N at the Western most corner. It lies entirely within the territorial waters (0 to 
12 nm) of the U.S. and the majority of it lies within Texas state waters (0 to 9 nm). It is a very shallow 
water training area with depths ranging from 20 to 26 m. 
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Figure 1 High Explosives Ordnance (BOMBEX) Use Areas and Associated SUA in the GOMEX Study Area 
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Figure 2 High Explosives Ordnance (GUNEX) Use Area and Associated OPAREA in the GOMEX Study Area 

Request for Letter of Authorization for the Incidental 
Harassment of M
Operations Conducted wit



Request for Letter of Authorization for the Incidental 
Harassment of Marine Mammals Resulting from Navy Training Chapter 2 – Location and Definition 
Operations Conducted within the GOMEX Study Area  of Explosion Activities 

Table 3 GOMEX Study Area Descriptions 
Component Area Description 

2Operating Areas – 
Surface and Subsurface 
Waters  

The Pensacola OPAREA (4,882 nm ; 10 to 2,100-m depth range) and Panama 
City OPAREA (3,084 nm2; 10 to 300 m depth range) are located along the Gulf 
Coast off Florida. See Figure 1. 
 
Vessel movements occur throughout these OPAREAs and training and 
operational activities using explosive ordnance in the Pensacola OPAREA are 
conducted within the BOMBEX Hotbox and include Air to Surface bombing 
exercises. 

BOMBEX Hotbox – 
Surface and Subsurface 
Waters 

The BOMBEX Hotbox includes surface and subsurface water and is located 
within the Pensacola OPAREA. The surface area of the BOMBEX Hotbox is 
1,482 nm  and the volume of undersea space varies greatly based on the 
seafloor depth (120- to 1,200-m depth range). The types of underwater 
environments include: 

2

• Shallow offshore waters (from 120 to 183 m) 
• Deepwater sloping seafloor (up to 1,200 m) 

UNDET Area E3 – 
Surface and Subsurface 
Waters 

The UNDET Area E3 is located in the waters south of Corpus Christi NAS and 
offshore of Padre Island, Texas (Figure 2). It consists of surface and subsurface 
shallow waters with a total surface area of 14 nm2. The maximum depth in 
UNDET Area E3 is 26 m. Explosive ordnance use occurs to depths of 
approximately three meters.  

Special Use Airspace 
(SUA) – Warning Areas 

Warning areas of the GOMEX Study Area are large blocks of SUA generally 
verlaying particular OPAREAs from the surface to an unlimited altitude.  o

 
Vessel movements occur throughout the Warning Areas of the GOMEX Study 
Area. These include W-151A/B/C and W-155A/B.  

 

2.2 Levels and Locations of Explosive Operations 
Table 4 describes the anticipated level of activity and location for the different types of operations using 
explosive ordnance conducted in the GOMEX Study Area. Operations are organized by warfare area as 
described in Chapter 1.  

Table 4 Operations Involving HE and underwater detonations in the GOMEX 
Study Area 
System or Operation Platform Preferred Alternative Training Area Ordnance 

SURFACE WARFARE (SUW) 

Bombing Exercise MK-83 (1,000-lb HE 
bomb) (BOMBEX) 

(Air-to-Surface) – 
At-Sea 

1 event  
(4 bombs)/year F/A-18  BOMBEX Hotbox 

415.8 lbs NEW 

Vessels such as, 
combat rubber 

raiding craft, rigid 
hull inflatable boats, 

and patrol craft 

Gunnery Exercise 
(GUNEX) 

(Surface-to-
Surface) - Boat 

M3A2 concussion 
grenades 

(8-oz HE grenade) 
4 events 

(20 grenades)/year UNDET Area E3 

0.5 lbs NEW 
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CHAPTER 3 MARINE MAMMAL SPECIES AND NUMBERS 
OCCURRING IN THE GULF OF MEXICO STUDY AREA 

Twenty-nine marine mammal species have confirmed or potential occurrence in the GOMEX Study 
Area analyzed in this document. These include 28 cetacean species and 1 sirenian species (DoN 2007a), 
which can be found in Table 5. Although it is possible that any of the 29 species of marine mammals 
may occur in the Study Area, only 21 of those species are expected to occur regularly in the region. 
Most cetacean species are in the Study Area year-round (e.g., sperm whales [Physeter macrocephalus] 
and bottlenose dolphins [Tursiops truncatus]), while a few (e.g., fin whales [Balaenoptera physalus] 
and killer whales [Orcinus orca]) have accidental or transient occurrence in the area. 

Table 5 Marine Mammal Species Found in the GOMEX Study Area 
Family and Scientific Name Common Name Federal Status 
Order Cetacea 
Suborder Mysticeti (baleen whales) 
 Family Balaenidae (right whales) 

North Atlantic right whale ENDANGERED  Eubalaena glacialis 
 Family Balaenopteridae (rorquals)  

Humpback whale ENDANGERED  Megaptera novaeangliae 
Minke whale   Balaenoptera acutorostrata 

Bryde’s whale   Balaenoptera brydei 
Sei whale ENDANGERED  Balaenoptera borealis  
Fin whale ENDANGERED  Balaenoptera physalus  

Blue whale ENDANGERED  Balaenoptera musculus  
Suborder Odontoceti (toothed whales) 
 Family Physeteridae (sperm whale) 

Sperm whale ENDANGERED  Physeter macrocephalus 
 Family Kogiidae (pygmy sperm whales) 

Pygmy sperm whale   Kogia breviceps 
Dwarf sperm whale   Kogia sima 

 Family Ziphiidae (beaked whales) 
Cuvier's beaked whale   Ziphius cavirostris 
Gervais' beaked whale   Mesoplodon europaeus 

Sowerby's beaked whale   Mesoplodon bidens 
Blainville's beaked whale   Mesoplodon densirostris 

 Family Delphinidae (dolphins) 
Rough-toothed dolphin   Steno bredanensis 

Bottlenose dolphin   Tursiops truncatus 
Pantropical spotted dolphin   Stenella attenuata 

Atlantic spotted dolphin   Stenella frontalis 
Spinner dolphin   Stenella longirostris 
Clymene dolphin   Stenella clymene 
Striped dolphin   Stenella coeruleoalba 
Fraser's dolphin   Lagenodelphis hosei 
Risso's dolphin   Grampus griseus 

Melon-headed whale   Peponocephala electra 
Pygmy killer whale   Feresa attenuata 
False killer whale   Pseudorca crassidens 

Killer whale   Orcinus orca 
Short-finned pilot whale   Globicephala macrorhynchus 

Order Sirenia 
 Family Trichechidae (manatees) 

West Indian manatee ENDANGERED  Trichechus manatus 
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The information contained in this Chapter relies heavily on the data gathered in the Marine Resources 
Assessments (MRAs). The Navy MRA Program was implemented by the Commander, Fleet Forces 
Command, to initiate collection of data and information concerning the protected and commercial 
marine resources found in the Navy’s OPAREAs. Specifically, the goal of the MRA program is to 
describe and document the marine resources present in each of the Navy’s OPAREAs. The MRA for the 
GOMEX OPAREA was published in 2007 (DoN, 2007a). The MRA data were used to provide a 
regional context for each species. The MRA represents a compilation and synthesis of available 
scientific literature (e.g., journals, periodicals, theses, dissertations, project reports, and other technical 
reports published by government agencies, private businesses, or consulting firms), and NMFS reports 
including stock assessment reports (SARs), recovery plans, and survey reports. 

3.1 Marine Mammal Occurrence 
The GOMEX MRA data were used to provide a regional context for each species. The GOMEX MRA 
represents a compilation and synthesis of available scientific literature (e.g., journals, periodicals, 
theses, dissertations, project reports, and other technical reports published by government agencies, 
private businesses, or consulting firms), and NMFS reports including SARs, recovery plans, and survey 
reports. This information was used to evaluate the potential for occurrence of marine mammal species in 
the GOMEX Study Area. 

Due to the occurrence in the GOMEX Study Area of federally threatened and endangered species of 
marine mammals, the Navy has initiated formal consultation with the NMFS and the U.S. Fish and 
Wildlife Service (USFWS) in accordance with Section 7 of the Endangered Species Act (ESA).  

3.2 Estimated Marine Mammal Densities 
The density estimates that were used in previous Navy environmental documents were updated to 
provide a compilation of the most recent data and information on the occurrence, distribution, and 
density of marine mammals in Navy OPAREAs. The density estimates presented in this LOA are 
derived from the Navy OPAREA Density Estimates (NODE) for the GOMEX OPAREA report (DoN, 
2007b). 

Density estimates for cetaceans were either modeled using available line-transect survey data or derived 
using available data in order of preference: 1) through spatial models using line-transect survey data 
provided by NMFS; 2) using abundance estimates from Mullin and Fulling (2003); or 3) based on the 
cetacean abundance estimates found in the National Oceanic and Atmospheric Administration (NOAA) 
SARs for 2006 (Waring et al., 2007). 

The following shows how density estimates were modeled or derived: 

Model-Derived Density Estimates - Line Transect Survey Data 
• Sperm whale (Physeter macrocephalus) 
• Dwarf and pygmy sperm whales (Kogia spp.) 
• Beaked whales (Family Ziphiidae) 
• Rough-toothed dolphin (Steno bredanensis) 
• Bottlenose dolphin (Tursiops truncatus) 
• Pantropical spotted dolphin (Stenella attenuata) 
• Atlantic spotted dolphin (Stenella frontalis) 
• Striped dolphin (Stenella coeruleoalba) 
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• Spinner dolphin (Stenella longirostris) 
• Risso’s dolphin (Grampus griseus) 

Stock Assessment Report or Literature-Derived Density Estimates 
• Bryde’s whale (Balaenoptera brydei/edeni)  
• Clymene dolphin (Stenella clymene) 
• Fraser’s dolphin (Lagenodelphis hosei) 
• Killer whale (Orcinus orca) 
• False killer whale (Pseudorca crassidens) 
• Pygmy killer whale (Feresa attenuata) 
• Melon-headed whale (Peponocephala electra) 
• Short-finned pilot whale (Globicephala macrorhynchus) 

Species for Which Density Estimates Are Not Available 
• Fin whale (Balaenoptera physalus) 
• North Atlantic right whale (Eubalaena glacialis) 
• Humpback whale (Megaptera novaeangliae) 
• Blue whale (Balaenoptera musculus) 
• Sei whale (Balaenoptera borealis) 
• Minke whale (Balaenoptera acutorostrata) 
• West Indian manatee (Trichechus manatus) 

For the model-based approach, density estimates were calculated for each species within areas 
containing survey effort. A relationship between these density estimates and the associated 
environmental parameters such as depth, slope, distance from the shelf break, sea surface temperature 
(SST), and chlorophyll (chl) a concentration was formulated using generalized additive models 
(GAMs). This relationship was then used to generate a two-dimensional density surface for the region 
by predicting densities in areas where no survey data exist.  

The analyses for cetaceans were based on sighting data collected through shipboard surveys conducted 
by NMFS-Southeast Fisheries Science Center (SEFSC) between 1996 and 2004. Species-specific 
density estimates derived through spatial modeling were compared with abundance estimates found in 
the 2006 NOAA SAR to ensure consistency. All spatial models and density estimates were reviewed by 
and coordinated with NMFS Science Center technical staff and scientists with the University of St. 
Andrews, Scotland, Centre for Research into Ecological and Environmental Modelling (CREEM). For a 
more detailed description of the methodology involved in calculating the density estimates provided in 
this LOA, please refer to the NODE report for the GOMEX OPAREA (DON, 2007b). 

 3-3 October 2008 



Request for Letter of Authorization for the Incidental Chapter 3 – Marine Mammal Species 
Harassment of Marine Mammals Resulting from Navy Training and Numbers Occurring in the 
Operations Conducted within the GOMEX Study Area  Gulf of Mexico Study Area 

THIS PAGE INTENTIONALLY LEFT BLANK 

 3-4 October 2008 



Request for Letter of Authorization for the Incidental 
Harassment of Marine Mammals Resulting from Navy Training Chapter 4 – Affected Species 
Operations Conducted within the GOMEX Study Area  Status and Distribution  

CHAPTER 4 AFFECTED SPECIES STATUS AND DISTRIBUTION 

Marine mammal distribution is affected by demographic, evolutionary, ecological, habitat-related, and 
anthropogenic factors (Bjørge, 2002; Bowen et al., 2002; Forcada, 2002; Stevick et al., 2002). 
Movement of individuals is generally associated with feeding or breeding activity (Stevick et al., 2002). 
Some baleen whale species, such as the humpback whale, make extensive annual migrations to low-
latitude mating and calving grounds in the winter and to high-latitude feeding grounds in the summer 
(Corkeron and Connor, 1999). Migrations undoubtedly occur during these seasons due to the presence 
of highly productive waters and associated cetacean prey species at high latitudes and of warm water 
temperatures for calving at low latitudes (Corkeron and Connor, 1999; Stern, 2002); however, not all 
baleen whales migrate. Some individuals, age classes, or subsets of a population may stay in one area 
year-round (Tershy et al., 1993; Notarbartolo-di-Sciara et al., 2003). 

Cetacean movements can also reflect the distribution and abundance of prey (Gaskin, 1982; Payne et al., 
1986; Kenney et al., 1996). Cetacean movements have been linked to indirect indicators of prey, such as 
temperature variations, sea-surface chl a concentrations, and features such as bottom depth (Croll et al., 
2005). Oceanographic features such as eddies, thermal fronts, and nearshore tidal mixing are important 
factors determining cetacean distribution since marine mammal prey are attracted to the increased 
primary productivity associated with some of these features (Wormuth et al., 2000; Davis et al., 2002; 
Johnston et al., 2005; Etnoyer et al., 2006). Several cetacean species have been shown to associate 
closely in space and time with areas of strong tidal mixing and oceanographic fronts, probably due to 
increased foraging efficiency resulting from the accumulation of prey in these regions (Mendes et al., 
2002; Johnston et al., 2005; Etnoyer et al., 2006).  

Specific bathymetric and oceanographic features in the Gulf of Mexico serve to attract and concentrate 
marine mammals. In the northern Gulf of Mexico, there are numerous cetacean sightings in waters over 
the continental shelf (particularly in nearshore waters), in the vicinity of the continental shelf break, 
over the continental slope, and out over the abyssal plain. The continental shelf and slope areas have 
been identified repeatedly as important cetacean habitat (Mullin et al., 1994; Davis and Fargion, 
1996a,b; Davis et al., 1998; Davis et al., 2000; Fulling et al., 2003; Mullin and Fulling, 2004). The 
continental shelf is very narrow near the Mississippi River Delta, so the high-productivity area 
associated with the nutrient-rich river plume extends into deep waters (Baumgartner et al., 2001; Davis 
et al., 2002; Mullin and Fulling, 2004). This region appears to attract a large number of oceanic 
cetaceans, especially sperm whales (Davis et al., 2002). Regions of steep bathymetric relief such as 
offshore canyons and the continental slope are also areas of increased productivity where cetaceans are 
commonly sighted (Davis et al., 1998; Davis et al., 2002; Fulling et al., 2003; Mullin and Fulling, 
2004). Risso’s dolphin and short-finned pilot whales occur in mid-slope areas where the steep shelf 
break and deep water may result in concentrated areas of prey (Davis et al., 1998). Shallower waters 
over the continental shelf and inshore waters provide habitat for Atlantic spotted and bottlenose 
dolphins (Fulling et al., 2003; Mullin and Fulling, 2004). 

Warm-core eddies are persistent in the northern Gulf, moving westward and generating cold-core eddies 
as they reach the continental margin (Davis et al., 1998). These dynamic oceanographic features result 
in temperature and salinity gradients across the northern Gulf that attract cetaceans (Davis et al., 1998; 
2002). Cetaceans probably track these features as they forage (Davis et al., 2000; 2002). In the 
southeastern Gulf and west of the Dry Tortugas an area of upwelling driven by current movement and 
the periodic formation of the cyclonic Tortugas Gyre also is associated with above average marine 
mammal occurrence, particularly sperm whales (Mullin and Fulling, 2004). 
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4.1 Threatened or Endangered Marine Mammal Species 
Seven marine mammal species that may occur in the GOMEX Study Area and may be affected by the 
preferred alternative training and operational activities are listed under the ESA. These include five 
baleen whale species (blue, fin, humpback, sei, and North Atlantic right whales), one toothed whale 
species (sperm whale), and one sirenian species (West Indian manatee).  

4.1.1 Blue Whale 
Blue whales are the largest living animals. Adults in the Northern Hemisphere reach 22.9 to 28 m in 
length (Jefferson et al., 1993). Like other rorquals, blue whales feed by “gulping” (Pivorunas, 1979) 
almost exclusively on krill (euphausiids; Nemoto and Kawamura, 1977; Kenney et al., 1985).  

Status and management—The endangered blue whale was severely depleted by commercial whaling in 
the twentieth century (NMFS, 1998b). It is likely that at least two discrete populations are found in the 
North Atlantic. One population ranges from West Greenland to New England and is centered in eastern 
Canadian waters; the other includes individuals found in Icelandic waters and south to northwest Africa 
(Sears et al., 1990; Ramp et al., 2006). There are no current estimates of abundance for the North 
Atlantic blue whale (Waring et al., 2008); however, the 308 photo-identified individuals from the Gulf 
of St. Lawrence area (Sears et al., 1987) are considered to be a minimum population estimate for the 
western North Atlantic stock (Waring et al., 2008). The blue whale is under the jurisdiction of the 
NMFS. The recovery plan for the blue whale was issued in 1998 (NMFS, 1998b). 

Habitat—Blue whales inhabit both coastal and oceanic waters in temperate and tropical areas (Yochem 
and Leatherwood, 1985). Stranding and sighting data suggest blue whale occurrence in the Atlantic 
extends south to Florida and the Gulf of Mexico; however, the southern limit of this species’ range in 
the North Atlantic Ocean is unknown (Yochem and Leatherwood, 1985). Blue whales in the Atlantic are 
primarily found in deeper, offshore waters and are rare in shallower, shelf waters (Wenzel et al., 1988). 
Important foraging areas for this species include the edges of continental shelves and upwelling regions 
(Reilly and Thayer, 1990; Schoenherr, 1991). Based on acoustic and tagging data from the North 
Pacific, relatively cold, productive waters and fronts attract feeding blue whales (Moore et al., 2002). In 
the Gulf of St. Lawrence, blue whales show preference for the nearshore regions where strong tidal and 
current mixing leads to high productivity and rich prey resources (Sears et al., 1990). Clark and Gagnon 
(2004) determined that vocalizing blue whales show strong preferences for shelf breaks, seamounts, or 
other areas where food resources are known to occur, even during summer months. 

Distribution—Blue whales are distributed from the ice edge to the tropics and subtropics in both 
hemispheres (Jefferson et al., 1993). Blue whales now rarely occur in the U.S. Atlantic Exclusive 
Economic Zone (EEZ) and the Gulf of Maine from August to October, which may represent the limits 
of their feeding range (CETAP, 1982; Wenzel et al., 1988). Sightings in the Gulf of Maine and U.S. 
EEZ have been made in late summer and early fall (August and October) (CETAP, 1982; Wenzel et al., 
1988). Very little is known about the winter distribution of blue whales in the North Atlantic Ocean 
(Rice, 1998). Researchers using the Navy integrated undersea surveillance system resources (Sound 
Surveillance System [SOSUS] hydrophones) detected blue whales throughout the open Atlantic south to 
at least the Bahamas (Clark, 1995), suggesting that all North Atlantic blue whales may comprise a single 
stock (NMFS, 1998b). 

The locations of breeding and calving grounds for blue whales are unknown. 

GOMEX Study Area blue whale occurrence—This is one of the rarest cetacean species in the Gulf of 
Mexico (Würsig et al., 2000). There are two reliable records of blue whales in the Gulf of Mexico from 
stranding reports (Jefferson and Schiro, 1997). One was a blue whale that stranded along the east coast 
of Mexico just west of the Yucatan peninsula and the other a stranding on the coast of Louisiana. 
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Although occurrence is not likely, blue whales may be present in the Gulf of Mexico at any time of 
year. The presence of blue whales at higher latitudes during the summer suggests that occurrence in the 
Gulf of Mexico may be even less likely during these months (CETAP, 1982; Wenzel et al., 1988; Sears 
et al., 1990).  

GOMEX Study Area blue whale density—There is not an abundance estimate in the NOAA SAR for 
blue whales in the Gulf of Mexico nor were there sufficient data available to estimate a density for the 
Study Area (DoN, 2007b; Waring et al., 2008). 

4.1.2 Fin Whale 
The fin whale is the second-largest whale species, with adults reaching 24 m in length (Jefferson et al., 
1993). Fin whales feed by “gulping” upon a wide variety of small, schooling prey (especially herring, 
capelin, and sand lance) including squid and crustaceans (krill and copepods) (see review in Kenney et 
al., 1985; NMFS, 2006b).  

Status and management—The NOAA SAR estimates that there are 2,269 individual fin whales in the 
western North Atlantic stock (Waring et al., 2008); this is probably extremely conservative due to 
incomplete survey coverage of known fin whale habitat and a lack of certainty regarding fin whale 
movement in the North Atlantic (Waring et al., 2008). Other estimates that adjust for uncertainty put the 
population at 5,000 to 6,000 fin whales in the waters of the U.S. Atlantic (CETAP, 1982; Kenney et al., 
1997). There may be genetically distinct subpopulations of fin whales within the North Atlantic and 
Mediterranean Sea (Bérubé et al., 1998); however, these divisions are not recognized by governing 
bodies such as the NMFS or the International Whaling Commission (IWC) (Donovan, 1991; Waring et 
al., 2008). The fin whale is listed as endangered and is under the jurisdiction of the NMFS. The draft 
recovery plan for the fin whale was released in June 2006 (NMFS, 2006b). NMFS recently initiated a 5-
yr status review for the fin whale as required by the ESA (NMFS, 2007b). 

Habitat—The fin whale is found in continental shelf, slope, and oceanic waters. Off the U.S. east coast, 
the fin whale appears to be scarce in slope and Gulf Stream waters (CETAP, 1982; Waring et al. 1992). 
Globally, this species tends to be aggregated in locations where populations of prey are most plentiful, 
irrespective of water depth, although those locations may shift seasonally or annually (Payne et al., 
1986; Payne et al., 1990a; Kenney et al., 1996; Notarbartolo-di-Sciara et al., 2003). Clark and Gagnon 
(2004) determined that vocalizing fin whales show strong preferences for shelf breaks, seamounts, or 
other areas where food resources are known to occur. 

Distribution—Fin whales are broadly distributed throughout the world’s oceans, usually in temperate to 
polar latitudes and less commonly in the tropics (Reeves et al., 2002). The overall range of fin whales in 
the North Atlantic extends from the Gulf of Mexico/Caribbean and Mediterranean north to Greenland, 
Iceland, and Norway (Gambell, 1985; NMFS, 2006b). In the western North Atlantic, the fin whale is the 
most commonly sighted large whale in continental shelf waters from the mid-Atlantic coast of the U.S. 
to eastern Canada (CETAP, 1982; Hain et al., 1992).  

Based on passive acoustic detection using Navy SOSUS hydrophones in the western North Atlantic 
(Clark, 1995), fin whales are believed to move southward in the fall and northward in spring. The 
location and extent of the wintering grounds are poorly known (Aguilar, 2002). Fin whales have been 
seen feeding as far south as the coast of Virginia (Hain et al., 1992). Fin whales are not completely 
absent from northeastern U.S. continental shelf waters in winter, indicating that not all members of the 
population migrate seasonally. Perhaps a fifth to a quarter of the spring/summer peak population 
remains in this area year-round (CETAP, 1982; Hain et al., 1992). 

Peak calving is in October through January (Hain et al., 1992); however location of breeding grounds is 
unknown. 
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GOMEX Study Area fin whale occurrence—Fin whales rarely occur in the Gulf of Mexico; during the 
summer, individuals should be found on their feeding grounds further north off the northeastern U.S. 
There are only four recorded strandings and two confirmed sightings in the GOMEX Study Area 
(Jefferson and Schiro, 1997). All other sightings records for the fin whale in the Study Area are not 
verified (Jefferson and Schiro, 1997). Jefferson and Schiro (1997) suggested that the Gulf might 
represent a part of the range of a low-latitude fin whale population in the northwestern Atlantic or that 
possibly a small relict population is resident in the Gulf. It is more likely that these fin whale individuals 
move into and out of the Gulf of Mexico from the North Atlantic population(s) (Jefferson and Schiro, 
1997; Würsig et al., 2000). Although occurrence is not likely, fin whales may be present in the Gulf of 
Mexico at any time of year. 

GOMEX Study Area fin whale density—There is not an abundance estimate in the NOAA SAR for fin 
whales in the Gulf of Mexico nor were there sufficient data available to estimate a density for the Study 
Area (DoN, 2007b; Waring et al., 2008). 

4.1.3 Humpback Whale 
Adult humpback whales are 11 to 16 m in length and are more robust than other rorquals. The body is 
black or dark gray, with very long (about one-third of the body length) flippers that are usually at least 
partially white (Jefferson et al., 1993; Clapham and Mead, 1999). Humpback whales feed on a wide 
variety of invertebrates and small schooling fishes including krill, herring, mackerel, sand lance, 
sardines, anchovies, and capelin (Clapham and Mead, 1999).  

Status and management—The humpback whale is listed as endangered under the ESA. An estimated 
11,570 humpback whales occur in the entire North Atlantic (Stevick et al., 2003a). Humpback whales in 
the North Atlantic are thought to belong to five different feeding stocks: Gulf of Maine, Gulf of St. 
Lawrence, Newfoundland/Labrador, western Greenland, and Iceland. There appears to be very little 
exchange between these separate feeding stocks (Katona and Beard, 1990). The best estimate of 
abundance for the Gulf of Maine Stock is 847 individuals based on line-transect surveys conducted in 
2006 (Waring et al., 2008). The humpback whale is under the jurisdiction of the NMFS. The recovery 
plan for the humpback whale was issued in 1991 (NMFS, 1991). 

Habitat—Although humpback whales typically travel over deep, oceanic waters during migration, their 
feeding and breeding habitats are mostly in shallow, coastal waters over continental shelves (Clapham 
and Mead, 1999). Shallow banks or ledges with high sea-floor relief characterize feeding grounds 
(Payne et al., 1990b; Hamazaki, 2002). The habitat requirements of wintering humpbacks appear to be 
determined by the conditions necessary for calving. Optimal calving conditions are warm waters (24 to 
28° Celsius [C]) and relatively shallow, low-relief ocean bottom in protected areas (e.g., behind reefs) 
(Sanders et al., 2005). Females with calves occur in significantly shallower waters than other groups of 
humpback whales, and breeding adults use deeper, more offshore waters (Smultea, 1994; Ersts and 
Rosenbaum, 2003). 

Distribution—Humpback whales are globally distributed in all major oceans and most seas. They are 
generally found during the summer on high-latitude feeding grounds and during the winter in the tropics 
and subtropics around islands, over shallow banks, and along continental coasts, where calving occurs. 
Most humpback whale sightings are in nearshore and continental shelf waters; however, humpback 
whales frequently travel through deep water during migration (Clapham and Mattila, 1990; 
Calambokidis et al., 2001).  

In the North Atlantic Ocean, humpbacks are found from spring through fall on feeding grounds that are 
located from south of New England to northern Norway (NMFS, 1991). During the winter, much of the 
North Atlantic population of humpback whales is believed to migrate south to calving grounds in the 
West Indies region (Whitehead and Moore, 1982; Smith et al., 1999; Stevick et al., 2003b); however, 
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significant numbers of humpbacks have been found at mid and high latitudes during this time, 
suggesting that not all individuals undergo the seasonal migration (Clapham et al., 1993; Swingle et al., 
1993). An increasing occurrence of humpbacks, including juveniles, along the U.S. Atlantic coast from 
Florida north to Virginia suggests that this area may be a supplemental winter feeding ground (Clapham 
et al., 1993; Swingle et al., 1993; Wiley et al., 1995; Laerm et al., 1997; Barco et al., 2002). It is not 
known whether the occurrence of humpbacks off the mid-Atlantic represents a change in distribution or 
is an artifact of increased survey effort or coverage (Waring et al., 2008). 

Humpback whale breeding areas in the West Indies, especially around the Dominican Republic, are well 
known and humpbacks are spread throughout the Caribbean during the winter and spring. Würsig et al. 
(2000) note that humpbacks were hunted near the southern tip of Florida but were uncommon within the 
Gulf. While there is little likelihood that there is a resident population within the Gulf, as humpback 
populations increase individuals may begin to overwinter or stray into the Gulf as they move between 
feeding and wintering grounds (Würsig et al., 2000).  

GOMEX Study Area humpback whale occurrence—Humpbacks occur sporadically in the Gulf of 
Mexico and individuals in the Gulf of Mexico generally are considered strays from the breeding 
grounds in the Caribbean (Weller et al., 1996; Jefferson and Schiro, 1997; Würsig et al., 2000); 
however, it should be noted that recent reports of humpback whales are occurring more often than 
expected (DoN, 2007b). The western-most sighting of a humpback whale in the Gulf of Mexico was 
made in February 1992 off Galveston, Texas (Weller et al., 1996). There are at least 19 additional 
reports of humpback whales in the Gulf, mostly from the Florida panhandle region. Reports include a 
stranding east of Destin, Florida, in mid-April 1998, a confirmed sighting of six humpback whales in 
May 1998 near DeSoto Canyon, and a handful of sightings during spring 2006 (MMS, 2001; Pitchford, 
2006). In February 2004, an individual was sighted off the west coast of Florida. This individual was 
identified as “Fingerpaint”, a humpback whale known to inhabit the Gulf of Maine. Fingerpaint was 
resighted in September later that year in the Gulf of Maine (Guinta, 2006). Although the individuals 
sighted in the Gulf of Mexico are probably stray juveniles from the breeding grounds and thus are more 
likely to be present during the winter and spring (Weller et al., 1996), a review of the available records 
suggests that humpback whales may occur during any time of the year.  

GOMEX Study Area humpback whale density—There is not an abundance estimate in the NOAA SAR 
for humpback whales in the Gulf of Mexico nor were there sufficient data available to estimate a density 
for the Study Area (DoN, 2007b; Waring et al., 2008). 

4.1.4 North Atlantic Right Whale 
Adult North Atlantic right whales are robust and may reach 18 m in length (Jefferson et al., 1993). 
North Atlantic right whales feed on zooplankton, particularly large calanoid copepods (Kenney et al., 
1985; Beardsley et al., 1996; Baumgartner et al., 2007).  

Status and management—The North Atlantic right whale is one of the most endangered cetaceans in 
the world (Clapham et al., 1999; Perry et al., 1999; IWC, 2001). According to the North Atlantic right 
whale report card released annually by the North Atlantic Right Whale Consortium, approximately 393 
individuals are thought to occur in the western North Atlantic (NARWC, 2007). The most recent NOAA 
SAR states that in a review of the photo identification recapture database for June 2006, 313 
individually recognized whales were known to be alive during 2001 (Waring et al., 2008). There is 
evidence of modest population growth (Neuhauser, 2007); however, Kraus et al. (2005) noted that the 
recent increases in birth rate were probably insufficient to counter the recent spike in human-caused 
mortality of right whales. The North Atlantic right whale is under the jurisdiction of the NMFS. The 
recovery plan for the North Atlantic right whale was published in 2005 (NMFS, 2005a). 
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One calving and two feeding areas in U.S. waters are designated as critical habitat for the North Atlantic 
right whale (NMFS, 1994; NMFS, 2005a). None of these areas is in the Gulf of Mexico. 

In an effort to reduce ship collisions with critically endangered North Atlantic right whales, the 
Northeast U.S. Right Whale Sighting Advisory System was started in 1994 for the calving region along 
the southeastern U.S. coast. This system was extended in 1996 to the feeding areas off New England 
(MMC, 2003).  

In 1999, a mandatory ship reporting (MSR) system was implemented by the U.S. Coast Guard (USCG, 
1999; USCG, 2001). This reporting system requires vessels larger than 300 gross registered tons (Navy 
ships are exempt) to report their location when entering the nursery and feeding areas of the right whale 
(Ward-Geiger et al., 2005). At the same time, ships receive information on locations of North Atlantic 
right whale sightings in order to avoid whale collisions. Reporting takes place in the southeastern U.S. 
from 15 November through 15 April. In the northeastern U.S., the reporting system is year-round and 
the geographical boundaries include the waters of Cape Cod Bay, Massachusetts Bay, and the Great 
South Channel east and southeast of Massachusetts.  

Proposed regulations include a speed restriction of 10 kt or less for vessels greater than 20 m in length 
during certain times of the year along the U.S. east coast; these restrictions would also include 
modification of key shipping routes into Boston (NOAA, 2006). 

NOAA and the U.S. Coast Guard (USCG) have implemented recommended two-way routes into the 
harbors in both northern and southern right whale habitat areas to try to mitigate the chance of shipstrike 
to right whales. NMFS also recently released a proposed rule to reduce vessel speed in areas along the 
east coast to minimize the mortality rate from shipstrike to right whales (NARWC, 2007).  

Habitat—North Atlantic right whales on the winter calving grounds are most often found in shallow, 
nearshore waters in cooler SSTs inshore of a mid-shelf front (Kraus et al., 1993; Ward, 1999). High 
whale densities can extend more northerly than the current defined boundary of the calving critical 
habitat in response to interannual variability in regional SST distribution (Garrison, 2007). Warm Gulf 
Stream waters appear to represent a thermal limit (both southward and eastward) for right whales 
(Keller et al., 2006). 

Feeding areas are characterized by bottom topography, water column structure, currents, and tides that 
combine to physically concentrate zooplankton into extremely dense patches (Wishner et al., 1988; 
Murison and Gaskin, 1989; Macaulay et al., 1995; Beardsley et al., 1996; Baumgartner et al., 2003). 

Distribution—Right whales occur in sub-polar to temperate waters. The North Atlantic right whale was 
historically widely distributed, ranging from latitudes of 60°N to 20°N prior to serious declines in 
abundance due to intensive whaling (e.g., NMFS, 2006b; Reeves et al., 2007). North Atlantic right 
whales are found primarily in continental shelf waters between Florida and Nova Scotia (Winn et al., 
1986). Most sightings are concentrated within five high-use areas: coastal waters of the southeastern 
U.S. (Georgia and Florida), Cape Cod and Massachusetts Bays, the Great South Channel, the Bay of 
Fundy, and the Nova Scotian Shelf (Winn et al., 1986; Silber and Clapham, 2001). Of these, one calving 
and two feeding areas in U.S. waters are designated as critical habitat for North Atlantic right whales 
under the ESA (NMFS, 1994; NMFS, 2005a). The critical habitat designated waters off Georgia and 
northern Florida are the only known calving ground for western North Atlantic right whales, with use 
concentrated in the winter (as early as November and through March) (Winn et al., 1986). The feeding 
grounds of Cape Cod Bay, which have individuals in February through April (Winn et al., 1986; 
Hamilton and Mayo, 1990), and the Great South Channel east of Cape Cod, with use in April through 
June (Winn et al., 1986; Kenney et al., 1995), have also been designated as critical habitat for the North 
Atlantic right whale. 
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Most North Atlantic right whale sightings follow a well-defined seasonal migratory pattern through 
several consistently used habitats (Winn et al., 1986). It should be noted, however, that some individuals 
may be sighted in these habitats outside the typical time of year and that migration routes are poorly 
known (there may be a regular offshore component).  

During the spring through early summer, North Atlantic right whales are found on feeding grounds off 
the northeastern U.S. and Canada. During the winter (as early as November and through March), North 
Atlantic right whales may be found in coastal waters off North Carolina, Georgia, and northern Florida 
(Winn et al., 1986).  

GOMEX Study Area North Atlantic right whale occurrence—The North Atlantic right whale rarely 
occurs in the Study Area. There are five confirmed records for the Gulf of Mexico; all of them occurred 
in winter and spring, including one stranding on the Texas coast in 1972 (Schmidly et al., 1972; 
Zoodsma, 2006). Three of the sightings were of cow-calf pairs. One pair seen in late January 2004 off 
Miami, Florida, and in mid-March to early April off the Florida Panhandle was later resighted in June in 
waters off Cape Cod (Neuhauser, 2007). More recently, a cow-calf pair was photographed in Corpus 
Christi Bay off southern Texas and sighted a few weeks later off Long Boat Key, Florida (NOAA and 
FWC, 2006; Zoodsma, 2006). These records likely represent strays from the wintering grounds though 
they may reflect a more extensive historic range beyond the known calving and wintering ground in the 
waters of the southeastern U.S. (Jefferson and Schiro, 1997; Waring et al., 2008). Although individuals 
sighted in the Gulf of Mexico are considered strays from the wintering grounds, it should be noted that 
recent reports of North Atlantic right whales in the Gulf of Mexico are occurring more often than 
expected (DoN, 2007b). Sightings records indicate that this species is most likely to occur in the Gulf of 
Mexico during the winter and spring. During the summer months, individuals should be found further 
north on their feeding grounds off the northeastern U.S. and Canada. 

GOMEX Study Area North Atlantic right whale density—There is not an abundance estimate in the 
NOAA SAR for North Atlantic right whales in the Gulf of Mexico nor were there sufficient data 
available to estimate a density for the Study Area (DoN, 2007b; Waring et al., 2008). 

4.1.5 Sei Whale 
Adult sei whales are up to 18 m in length and are mostly dark gray in color with a lighter belly, often 
with mottling on the back (Jefferson et al., 1993). In the North Atlantic Ocean, the major prey species 
are copepods and krill (Kenney et al., 1985). The sei whale is atypical in that it primarily “skims” its 
food, although it is known to exhibit “gulping” feeding behavior like the other rorquals (Pivorunas, 
1979).  

Status and management—Sei whales are listed as endangered under the ESA. The IWC recognizes 
three sei whale stocks in the North Atlantic: Nova Scotia, Iceland-Denmark Strait, and Northeast 
Atlantic (Perry et al., 1999). The range of the Nova Scotia stock includes U.S. Atlantic waters (Waring 
et al., 2008). The most recent estimate of abundance for the Nova Scotia stock is 207 individuals; this is 
an extremely conservative estimate due to incomplete coverage of the entire range of the species and the 
uncertainty regarding movement in the North Atlantic Ocean (Waring et al., 2008). The sei whale is 
under the jurisdiction of the NMFS. A draft recovery plan for fin and sei whales was released in 1998 
(NMFS, 1998a). It has since been determined that the two species should have separate recovery plans. 
The independent recovery plan for the sei whale has not yet been issued. 

Habitat—Sei whales are most often found in deep, oceanic waters of the cool temperate zone. Sei 
whales appear to prefer regions of steep bathymetric relief, such as the continental shelf break, canyons, 
or basins situated between banks and ledges (Kenney and Winn, 1987; Schilling et al., 1992; Gregr and 
Trites, 2001; Best and Lockyer, 2002). These areas are often the location of persistent hydrographic 
features, which may be important factors in concentrating prey, especially copepods. On the feeding 
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grounds, the distribution is largely associated with oceanic frontal systems (Horwood, 1987). 
Characteristics of preferred breeding grounds are unknown. Horwood (1987) noted that sei whales 
prefer oceanic waters and are rarely found in marginal seas; historical whaling catches were usually 
from deepwater, and land station catches were usually taken from along or just off the edges of the 
continental shelf. 

Distribution—Sei whales have a worldwide distribution but are found primarily in cold temperate to 
subpolar latitudes rather than in the tropics or near the poles (Horwood, 1987). Sei whales spend the 
summer months feeding in the subpolar higher latitudes and return to the lower latitudes to calve in the 
winter. For the most part, the location of winter breeding areas remains a mystery (Rice, 1998; Perry et 
al., 1999). 

In the western North Atlantic Ocean, the Nova Scotia Stock of the sei whale occurs primarily from 
Georges Bank north to Davis Strait (northeast Canada, between Greenland and Baffin Island) (Perry et 
al., 1999; Waring et al., 2007) but may be distributed as far south as North Carolina (NMFS, 1998a). 
Sei whales are not common in U.S. Atlantic waters (NMFS, 1998a); peak abundance in U.S. waters 
occurs from winter through spring (mid-March through mid-June), primarily around the edges of 
Georges Bank (CETAP, 1982; Stimpert et al., 2003). Sei whales are known for occasional irruptive 
occurrences in areas followed by disappearances that may last for decades (Horwood, 1987; Schilling et 
al., 1992; Clapham et al., 1997; Gregr et al., 2005). The hypothesis is that the Nova Scotia stock moves 
from spring feeding grounds on or near Georges Bank, to the Scotian Shelf in June and July, eastward to 
perhaps Newfoundland and the Grand Banks in late summer, then back to the Scotian Shelf in fall, and 
offshore and south in winter (Mitchell and Chapman, 1977). 

GOMEX Study Area sei whale occurrence—The sei whale is represented by only three reliable records 
in the northern Gulf of Mexico. There are two stranding records near Louisiana and one stranding on the 
Florida Panhandle (Mead, 1977; Jefferson and Schiro, 1997). The preferential mid-latitude distribution 
of the sei whale suggests that occurrence in the Gulf of Mexico is unlikely; however, the records of the 
sei whale in the Gulf indicate that this species may occur at any time of year. 

GOMEX Study Area sei whale density—There is not an abundance estimate in the NOAA SAR for sei 
whales in the Gulf of Mexico nor were there sufficient data available to estimate a density for the Study 
Area (DoN, 2007b; Waring et al., 2008). 

4.1.6 Sperm Whale 
The sperm whale is the largest toothed whale species. Sperm whales are significantly sexually 
dimorphic with adult females reaching 12 m in length and adult males as much as 18 m (Jefferson et al., 
2008). Sperm whales prey on mesopelagic squids and other cephalopods, as well as demersal fishes and 
benthic invertebrates (Rice, 1989; Clarke, 1996).  

Status and management—Sperm whales are listed as endangered under the ESA. Sperm whales in the 
northern Gulf of Mexico are managed by NMFS as a separate stock with a current best population 
estimate of 1,665 individuals (Waring et al., 2008). Based on mark-recapture analyses of photo-
identified individuals, an estimated 398 individuals use the region south of the Mississippi River Delta 
between the Mississippi Canyon and DeSoto Canyon along the 1,000-m isobath (Jochens et al., 2006). 
There is no designated critical habitat for this species. The draft recovery plan for the sperm whale was 
released in June 2006 for public comment (NMFS, 2006a). A 5-yr status review as required by the ESA 
was initiated in 2007 for the sperm whale (NMFS, 2007a). 

Habitat—Sperm whale habitat use varies, but is generally associated with waters over the continental 
shelf edge, continental slope, and offshore (CETAP, 1982; Hain et al., 1985; Smith et al., 1996; Waring 
et al., 2001; Davis et al., 2002). Sperm whale densities have been correlated with high secondary 
productivity and steep underwater topography (Jaquet and Whitehead, 1996). Data suggest that sperm 
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whales adjust their movements to stay in or near cold-core rings, perhaps in response to prey density 
(Davis et al., 2000; 2002). Griffin (1999) showed that sperm whales are five times more likely to occur 
near oceanographic features such as eddies and thermal fronts than in the remainder of his study area, 
suggesting that oceanographic features have a significant impact on the habitat use of sperm whales.  

Distribution—Sperm whales are found from tropical to polar waters in all oceans of the world between 
approximately 70°N and 70° South (S) (Rice, 1998). Females are normally restricted to areas with SST 
greater than approximately 15°C, whereas males can be found in waters as far poleward as the pack ice 
with temperatures close to 0°C (Rice, 1989). The thermal limits of female distribution correspond 
approximately to the 40° parallels (Whitehead, 2003). Some sperm whales may have preferred 
“territories” demonstrated by home-range fidelity; this has been noted in the Galapagos (Lettevall et al., 
2002), the Gulf of California (Jaquet et al., 2002), and the Gulf of Mexico (Würsig et al., 2000).  

Mating may occur December through August, with the peak breeding season falling in the spring 
(NMFS, 2006a); however, the location of specific breeding grounds is unknown. In the Gulf of Mexico, 
the Mississippi River Delta region has been identified as a possible calving area (e.g., Davis et al., 
2002). 

GOMEX Study Area occurrence—Worldwide, sperm whales exhibit a strong affinity for deep waters 
beyond the continental shelf break (NMFS, 2006a). The recorded observations of sperm whales in the 
Gulf of Mexico support this trend, with sightings consistently recorded in waters beyond the 200-m 
isobath (DoN, 2007a). Sperm whales may occur year-round in the deepest waters of the northern Gulf of 
Mexico and the outer continental shelf waters in the region off the Mississippi River Delta. They are 
associated with dynamic features such as eddies that concentrate zooplankton and may be indicative of 
an increased density of prey (Davis et al., 2002). Satellite-tag studies of sperm whales in the northern 
Gulf of Mexico confirm their strong preference for deep water over the continental slope and submarine 
canyons as well as offshore habitats (Mate, 2003; Ortega-Ortiz et al., 2005). Sperm whales tend to be 
observed most often near the 1,000-m isobath (Jochens et al., 2006). In addition to the aggregations of 
sperm whales seen here, the Mississippi River Delta region appears to represent an important calving 
and nursery area for these animals (Townsend, 1935; Collum and Fritts, 1985; Mullin et al., 1994b; 
Würsig et al., 2000; Baumgartner et al., 2001; Davis et al., 2002; Mullin et al., 2004; Jochens et al., 
2006). On the basis of photo-identification of sperm whale flukes and acoustic analyses, it is likely that 
some sperm whales are resident to the Gulf of Mexico (Weller et al., 2000; Jochens et al., 2006). 
Tagging data demonstrated that some individuals spend several months at a time in the Mississippi 
River Delta and the Mississippi Canyon, while other individuals move to other locations the rest of the 
year (Jochens et al., 2006). Segregation between the sexes was noted during one year of survey by 
Jochens et al. (2006); females and juveniles showed high site fidelity to the region south of the 
Mississippi River Delta and Mississippi Canyon and in the western Gulf of Mexico, while males were 
mainly found in the DeSoto Canyon and along the Florida slope. 

GOMEX Study Area sperm whale density—The density estimates for sperm whale in the training 
areas, where HE use may occur in the GOMEX Study Area, are provided in Table 6. Methods and 
results are detailed in the GOMEX NODEs report (DoN, 2007b). Density is not expected to be uniform 
across the BOMBEX Hotbox and associated warning areas. Sperm whales will likely be concentrated in 
waters near and seaward of the shelf break as well as around DeSoto Canyon based on habitat 
preferences. Density may shift in relation to dynamic oceanographic features. Sperm whales are not 
expected to occur in UNDET Area E3 where underwater detonations occur. 
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Table 6 Seasonal Density Estimates for Sperm Whale in the GOMEX Study 
Area where HE Ordnance Use Occurs 

Density (animals/square kilometer [km2]) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.00152 0.00086 0.00152 0.00152 

Source: (DoN 2007b)  

 

4.1.7 West Indian Manatee 
The West Indian manatee is a rotund, slow-moving animal, which reaches a maximum length of 3.9 m 
(Jefferson et al., 1993). They have an unusually low metabolic rate and a high thermal conductance that 
leads to energetic stress in winter (Bossart et al., 2002). West Indian manatees are herbivores that feed 
opportunistically on a wide variety of submerged, floating, and emergent vegetation, but they also ingest 
invertebrates (USFWS, 2001; Courbis and Worthy, 2003; Reich and Worthy, 2006). 

Status and management—West Indian manatees are listed as endangered under the ESA and fall under 
the jurisdiction of the USFWS. Manatee numbers are assessed by aerial surveys during the winter 
months when they are concentrated in warm-water refuges. Aerial surveys conducted in 2007 produced 
a preliminary abundance estimate of 2,812 West Indian manatees in Florida (FMRI, 2007). Along 
Florida’s Gulf Coast, observers counted 1,400 West Indian manatees, while observers on the Atlantic 
coast counted 1,412 (FMRI, 2007).  

In the most recent revision of the West Indian manatee recovery plan, manatees around Florida were 
divided into four relatively discrete management units or subpopulations, each representing a significant 
portion of the species’ range (USFWS, 2001). West Indian manatees found along the Atlantic U.S. coast 
make up two subpopulations: the Atlantic Region and the Upper St. Johns River Region (USFWS, 
2001). West Indian manatees from the western coast of Florida make up the other two subpopulations: 
the Northwest Region and the Southwest Region (USFWS, 2001). There are areas of critical habitat for 
the West Indian manatee along the Atlantic and Gulf coasts of Florida in coastal and inshore waters 
(Figure 3). 

Habitat—West Indian manatees occur in very shallow waters of 2 to 4 m in depth, generally close to 
shore (Beck et al., 2004). Shallow seagrass beds close to deep channels are preferred feeding areas in 
coastal and riverine habitats (e.g., Lefebvre et al., 2000; USFWS, 2001). West Indian manatees are 
frequently located in secluded canals, creeks, embayments, and lagoons near the mouths of coastal 
rivers and sloughs. These areas serve as locations of feeding, resting, mating, and calving (USFWS, 
2001). 

Estuarine and brackish waters, including natural and artificial freshwater sources, are typical West 
Indian manatee habitat (USFWS, 2001). West Indian manatees rarely occur in offshore waters, where 
abundant seagrass and vegetation are not available (Reynolds and Odell, 1991). When ambient water 
temperatures drop below about 20°C in fall and winter, migration to natural or anthropogenic warm-
water sources takes place (Irvine, 1983).  
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Figure 3 Designated Critical Habitat for West Indian Manatee 

 
Source: USFWS (1976); Map adapted from USFWS (2007). 
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Distribution—The West Indian manatee occurs in warm, subtropical, and tropical waters of the western 
North Atlantic Ocean, from the southeastern U.S. to Central America, northern South America, and the 
West Indies (Lefebvre et al., 2001). West Indian manatees occur along both the Atlantic and Gulf coasts 
of Florida. West Indian manatees are sometimes reported in the Florida Keys; these sightings are 
typically in the upper Florida Keys, with some reports as far south as Key West (Moore, 1951b, 1951a; 
Beck, 2006). During winter months, the West Indian manatee population confines itself to inshore and 
inner shelf waters of the southern half of peninsular Florida and to springs and warm water outfalls (e.g., 
power plant cooling water outfalls) farther north along both coasts. As water temperatures rise in spring, 
West Indian manatees disperse from winter aggregation areas. West Indian manatees are frequently 
reported in coastal rivers of Georgia and South Carolina during warmer months (Lefebvre et al., 2001). 
Along the GOMEX coast, West Indian manatees occur year-round in coastal waters from Pensacola, 
Florida, south to the tip of Florida, although some sporadic occurrences have been documented as far 
west as Texas (Fertl et al., 2005). Sightings are becoming more common along the coasts of Texas, 
Louisiana, and Mississippi. Although West Indian manatees are expected to inhabit nearshore areas, 
some have been sighted offshore as well, indicating that some individuals are capable of wide-ranging 
movements (e.g., Reid, 2000; Lefebvre et al., 2001; Fertl et al., 2005; Alvarez-Alemán et al., 2007). 

GOMEX Study Area West Indian manatee occurrence—On the Gulf coast of Florida, the West Indian 
manatee normally occurs in nearshore waters from Pensacola south to the Florida Keys (DoN, 2007a). 
Though West Indian manatees are most commonly found east and south of the panhandle region of 
Florida, they are known to occur in Bay County, Florida (USFWS, 2007). The West Indian manatee 
occurs normally in the nearshore waters of the Pensacola and Panama City OPAREAs and in the 
vicinity of the Demolition Pond. Since occasional occurrences are documented in nearshore waters as 
far west as Texas (Fertl et al., 2005), West Indian manatees may also occur periodically in nearshore 
waters throughout the rest of the Study Area.  

West Indian manatee distribution is limited by ready access to food and fresh water, confining them to 
rivers, estuaries, and nearshore waters in the northern Gulf of Mexico (Reid, 2000). Additionally, 
offshore currents and lack of suitable resources make it unlikely that West Indian manatees deliberately 
travel offshore (Lefebvre et al., 2001). Occurrences of the West Indian manatee seaward of 12 nm from 
shore are considered extralimital (Reid, 2000; Lefebvre et al., 2001; DoN, 2007a). West Indian 
manatees in the southeastern U.S. are divided into discrete populations based upon geographic 
boundaries; it is likely that any West Indian manatees affected by proposed actions in the GOMEX 
Study Area would be from the Northwest Region subpopulation; however, West Indian manatees are 
known to make extensive movements; therefore, any discussion of the West Indian manatees in this 
LOA includes any and all individuals from the Florida population and is not limited to those occurring 
in the Northwest Region management unit. 

GOMEX Study Area West Indian manatee density—There is not an abundance estimate in the NOAA 
SAR for West Indian manatees in the Gulf of Mexico nor were there sufficient data available to estimate 
a density for the Study Area (DoN, 2007b; Waring et al., 2008). 

4.2 Non-Threatened or Endangered Marine Mammal Species 
Twenty-two non-threatened/non-endangered marine mammal species identified in Table 3 may be 
affected by the preferred alternative training and operational activities in the GOMEX Study Area. 
These species include 2 baleen whale species and 20 toothed whale species. 

4.2.1 Atlantic Spotted Dolphin 
Atlantic spotted dolphins are born spotless and develop spots as they age (Perrin et al., 1994a; 
Dudzinski, 1996; Herzing, 1997). Adults are up to 2.3 m long (Jefferson et al., 2008); there is marked 
regional variation in the adult body size of the Atlantic spotted dolphin (Perrin et al., 1987). There are 
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two forms: a robust, heavily spotted form that inhabits the continental shelf and is usually found within 
350 kilometers (km) of the coast and a smaller, less-spotted form that inhabits offshore waters (Perrin et 
al., 1987; Perrin et al., 1994a). The larger form is known specifically from the continental shelf of North 
America, including the U.S. east coast, the Gulf of Mexico, and the Atlantic coast of Central America. 
The smaller form occurs in more oceanic areas and around offshore islands such as the Azores 
(Jefferson et al., 2008). Atlantic spotted dolphins feed on small cephalopods, fishes, and benthic 
invertebrates (Perrin et al., 1994a).  

Status and management—The best estimate of abundance for the Atlantic spotted dolphin in the 
northern Gulf of Mexico is 27,393 individuals (Waring et al., 2008). The northern GOMEX 
management stock is genetically distinct from the western North Atlantic populations (Adams and 
Rosel, 2006; Waring et al., 2008). The Atlantic spotted dolphin is under the jurisdiction of the NMFS. 

Habitat—Atlantic spotted dolphins occupy both continental shelf and offshore habitats. The large, 
heavily spotted coastal form of the Atlantic spotted dolphin typically occurs over the continental shelf 
inside or near the 185-m isobath, usually at least 8 to 20 km offshore (Perrin et al., 1994a; Davis et al., 
1998; Würsig et al., 2000; Perrin, 2002). There are also often sightings of this species beyond the shelf 
break in the Caribbean, Gulf of Mexico, and off the Atlantic coast of the U.S. (Mills and Rademacher, 
1996; Roden and Mullin, 2000; Fulling et al., 2003; Mullin and Fulling, 2004).  

Distribution—Atlantic spotted dolphins are distributed in tropical and warm-temperate waters of the 
Atlantic Ocean from approximately 45°N to 35°S. In the western North Atlantic, it ranges from northern 
New England to the Gulf of Mexico and the Caribbean, and southward to the coast of Venezuela (Perrin 
et al., 1987; Rice, 1998).  

Peak calving periods in the Bahamas are early spring and late fall (Herzing, 1997); however, in the 
western Atlantic seasonality and location of breeding are unknown. 

GOMEX Study Area Atlantic spotted dolphin occurrence—Atlantic spotted dolphins in the northern 
Gulf of Mexico are abundant in continental shelf waters (Fulling et al., 2003; Waring et al., 2007). 
Known densities of Atlantic spotted dolphins are highest in the eastern Gulf of Mexico, east of Mobile 
Bay (Fulling et al., 2003). In oceanic waters, this species usually occurs near the shelf break and upper 
continental slope waters (Davis et al., 1998; Mullin and Hansen, 1999). On the West Florida shelf, 
Atlantic spotted dolphins are more common in deeper waters than bottlenose dolphins (Griffin and 
Griffin, 2003); Griffin and Griffin (2004) reported higher densities of Atlantic spotted dolphins in this 
area during cool months (November to May) than during warm months (June to October). Würsig et al. 
(2000) note that this species is normally found at least 8 to 20 km offshore, but may move inshore in the 
late spring and summer, perhaps in response to prey distribution. The Atlantic spotted dolphin is 
expected to occur year-round in the northern Gulf of Mexico. 

GOMEX Study Area Atlantic spotted dolphin density—The density estimates for the training areas, 
where HE ordnance use may occur in the GOMEX Study Area, are provided in Table 7. Methods of 
how the density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). 
Density estimates for the BOMBEX Hotbox and associated warning areas are indicative of the common 
occurrence of Atlantic spotted dolphins in the northern Gulf of Mexico. Density will not be uniform 
across the BOMBEX Hotbox and associated warning areas as Atlantic spotted dolphins are normally 
found outside the 100-m isobath in waters over the continental slope and shelf break. Atlantic spotted 
dolphins may occur in UNDET Area E3 where underwater detonations occur. 
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Table 7 Seasonal Density for Atlantic Spotted Dolphin in the GOMEX Study 
Area Where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
0.02188 0.02188 0.02188 0.02188 BOMBEX Hotbox 

Source: DoN (2007b)  

 

4.2.2 Beaked Whales 
Based upon available data, the following four beaked whale species may be affected by the preferred 
alternative training and operational activities in the GOMEX Study Area: Cuvier’s beaked whale 
(Ziphius cavirostris), Sowerby’s beaked whale (Mesoplodon bidens), and two other members of the 
genus Mesoplodon [Blainville’s beaked whale (Mesoplodon densirostris) and Gervais’ beaked whale 
(Mesoplodon europaeus)]. Sowerby’s beaked whale (Mesoplodon bidens) is endemic to the North 
Atlantic and is considered to be a temperate species (MacLeod et al., 2006). There is one reported 
stranding of Sowerby’s beaked whale on the Gulf coast of Florida that is considered extralimital 
(Jefferson and Schiro, 1997; MacLeod et al., 2006); therefore, this species is not discussed further. 

Cuvier's beaked whales are relatively robust compared to other beaked whale species. Male and female 
Cuvier's beaked whales may reach 7.5 and 7.0 m in length, respectively (Jefferson et al., 1993). 
Mesoplodon spp. have maximum reported adult lengths of 6.2 m (Mead, 1989). Blainville’s and 
Gervais’ beaked whales are nearly indistinguishable at sea (Coles, 2001). Stomach content analyses of 
captured and stranded individuals suggest beaked whales are deep divers that feed by suction on 
mesopelagic fishes, squids, and deepwater benthic invertebrates (Heyning, 1989; Heyning and Mead, 
1996; Santos et al., 2001; MacLeod et al., 2003). Stomach contents of Cuvier’s beaked whales rarely 
contain fishes, while stomach contents of Mesoplodon species frequently do (MacLeod et al., 2003).  

Status and management—The best estimate of abundance for Cuvier’s beaked whale in the northern 
Gulf of Mexico is 65 individuals (Waring et al., 2008). The best estimate of abundance for the 2 
Mesoplodon species (Blainville’s and Gervais’ beaked whales) in the northern Gulf of Mexico is 57 
individuals (Waring et al., 2008). Species-specific estimates for Mesoplodon beaked whales in the Gulf 
of Mexico are not available due to the difficulty of identification at sea. Beaked whales are under NMFS 
jurisdiction. 

Habitat—Beaked whales normally inhabit continental slope and deep oceanic waters (>200 m) (Waring 
et al., 2001; Cañadas et al., 2002; Pitman, 2002; MacLeod and Herman, 2004; Ferguson et al., 2006; 
MacLeod and Mitchell, 2006). Beaked whales are only occasionally reported in waters over the 
continental shelf (Pitman, 2002). In the Gulf of Mexico, beaked whales are seen in waters with a bottom 
depth ranging from 420 to 3,487 m (Ward et al., 2005).  

Distribution—Cuvier's beaked whales are the most widely distributed of the beaked whales and are 
present in most regions of all major oceans, with a preference for deepwater areas (Heyning, 1989; 
MacLeod and Mitchell, 2006). This species occupies almost all temperate, subtropical, and tropical 
waters, as well as subpolar and even polar waters in some areas (MacLeod and Mitchell, 2006). 
Blainville's beaked whales are thought to have a continuous distribution throughout tropical, 
subtropical, and warm-temperate waters of the world’s oceans; they occasionally occur in cold-
temperate areas (MacLeod et al., 2006). The Gervais’ beaked whale is restricted to warm-temperate and 
tropical Atlantic waters with records throughout the Caribbean Sea (MacLeod et al., 2006). 
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Beaked whale life histories are poorly known, reproductive biology is generally undescribed, and the 
location of specific breeding grounds is unknown.  

GOMEX Study Area beaked whale occurrence—Beaked whales may occur seaward of the shelf break 
throughout the Study Area year-round based on their preference for deep waters. A few beaked whale 
sightings have been recorded on the continental shelf (Esher et al., 1992); however, these sightings are 
suspect, and one of the sightings in shallow water may have been of an individual which later stranded 
(DoN, 2007a). The northern GOMEX continental shelf margin is considered a “key area” for beaked 
whales (MacLeod et al., 2006). Gervais’ beaked whale comprises most of the records of Mesoplodon 
spp. from the Gulf of Mexico (Jefferson and Schiro, 1997).  

GOMEX Study Area beaked whale density—The density estimates for the training areas, where HE 
ordnance use may occur in the GOMEX Study Area, are provided in Table 8. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Density is not 
expected to be uniform across the BOMBEX Hotbox and associated warning areas. Beaked whales will 
likely be concentrated in waters near and seaward of the shelf break based on habitat preferences. 
Beaked whales are not expected to occur in UNDET Area E3 where underwater detonations occur. 

Table 8 Seasonal Density Estimates for Beaked Whales in the GOMEX 
Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
<0.00001 <0.00001 <0.00001 <0.00001 BOMBEX Hotbox 

Source: DoN (2007b)  

 

4.2.3 Bottlenose Dolphin 
Bottlenose dolphins are medium-sized, relatively robust dolphins that vary in color from light gray to 
charcoal. There is striking regional variation in body size with adult body length ranging from 1.9 to 3.8 
m (Jefferson et al., 2008). Bottlenose dolphins are opportunistic feeders that use numerous feeding 
strategies to prey upon a variety of fishes, cephalopods, and shrimps (Shane, 1990; Wells and Scott, 
1999). Bottlenose dolphins in the Gulf of Mexico exhibit at least two morphotypes: a nearshore form 
and an offshore form (Würsig et al., 2000). 

Status and management—Bottlenose dolphins are under the jurisdiction of the NMFS. Two forms of 
bottlenose dolphins are recognized in the northern Gulf of Mexico: nearshore (coastal) and offshore 
morphotypes. The following stocks are recognized in the northern Gulf of Mexico: coastal stocks; a 
continental shelf stock; an oceanic stock; and bay, sound, and estuarine stocks (Waring et al., 2008).  

The bay, sound, and estuarine stocks are provisionally identified in the 33 areas of contiguous, enclosed, 
or semi-enclosed bodies of water adjacent to the Gulf of Mexico. There are no recent estimates of 
abundance for these stocks, but previous minimum population estimates for each stock are summarized 
in the NOAA SARs for the Gulf of Mexico (Waring et al., 2008).  

There are three coastal stocks in the northern Gulf of Mexico that occupy waters from the shore to the 
20-m isobath but not necessarily within the bays, sounds and estuaries: eastern (84°W to Key West, 
Florida), northern (Mississippi River mouth to approximately 84°W), and western (Texas/Mexico 
border to the Mississippi River mouth) stocks. The coastal stocks may consist of both nearshore and 
offshore morphotypes and may co-mingle with the bay, sound, and estuarine stocks and the continental 
shelf stock. Current abundance estimates are not known; however, best estimates of abundance from 
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1992 to 1994 surveys are as follows: eastern stock (9,912 individuals), northern stock (4,191), and 
western stock (3,449) (Waring et al., 2008). 

The continental shelf stock is defined as dolphins inhabiting the waters from the Texas/Mexico border 
to Key West, Florida, between the 20 and 200-m isobaths and may consist of a mixture of both 
morphotypes. The best population estimate for this stock is 21,531 individuals (Waring et al., 2008). 

The oceanic stock is provisionally defined as bottlenose dolphins inhabiting waters from the 200-m 
isobath to the seaward extent of the EEZ. The best population estimate for the oceanic stock is 3,708 
individuals (Waring et al., 2008).  

Habitat—Bottlenose dolphins are seen in both coastal and oceanic waters over the continental slope 
(Mullin and Fulling, 2004) and appear to have an almost bimodal distribution in the Gulf of Mexico: 
over the shallow continental shelf (0 to 150 m, with a peak at 75 m) and just seaward of the shelf break 
(200 to 750 m) (Baumgartner et al., 2001). These regions may represent the individual depth 
preferences for the nearshore and offshore forms (Baumgartner et al., 2001). Bottlenose dolphins are 
one of only two species of cetaceans encountered regularly over the continental shelf in the northern 
Gulf of Mexico (Baumgartner et al., 2001). This species probably has the widest range of habitat 
preferences of any dolphin species that occurs in the Gulf of Mexico. They occur in brackish, estuarine, 
coastal, and open ocean habitats. Finer scale habitat use is probably influenced by risk of predation and 
food availability (Shane et al., 1986; Wells et al., 1987; Allen et al., 2001; Heithaus and Dill, 2002).  

Distribution—In the western North Atlantic Ocean, bottlenose dolphins occur as far north as Nova 
Scotia but are most common in coastal waters from New England to Florida, the Gulf of Mexico, the 
Caribbean, and southward to Venezuela and Brazil (Würsig et al., 2000). Seasonal shifts in distribution 
have been noted in some areas, such as the U.S. mid-Atlantic coast (Torres et al., 2005).  

Bottlenose dolphins are flexible in their timing of reproduction. Seasons of birth for bottlenose dolphin 
populations are likely responses to seasonal patterns of availability of local resources (Urian et al., 
1996). There are no specific breeding locations for this species. 

GOMEX Study Area bottlenose dolphin occurrence—The bottlenose dolphin is by far the most 
widespread and common cetacean in coastal waters of the Gulf of Mexico (Würsig et al., 2000). They 
are frequently sighted near the Mississippi River Delta (Baumgartner et al., 2001) and have even been 
known to travel several kilometers up the Mississippi River (Jefferson, 2002a). Bottlenose dolphins are 
abundant in continental shelf waters throughout the northern Gulf of Mexico (e.g., Fulling et al., 2003; 
Waring et al., 2008). Mullin and Fulling (2004) noted that in oceanic waters, bottlenose dolphins are 
encountered primarily in upper continental slope waters (<1,000 m in bottom depth) and that highest 
densities are in the northeastern Gulf of Mexico. The bottlenose dolphin occurs throughout the Gulf of 
Mexico year-round over the continental shelf and continental slope (Baumgartner et al., 2001) as well as 
in the bays and sounds along the coast (Waring et al., 2008). Baumgartner et al. (2001) noted that 
bottlenose dolphins are more likely to be found in areas of high sea surface temperature variability. 

GOMEX Study Area bottlenose dolphin density—The density estimates for the training areas, where 
HE ordnance use may occur in the GOMEX Study Area, are provided in Table 9. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Bottlenose 
dolphin occurrence in the Gulf of Mexico is year-round. Seasonal density shifts may be due to a shift in 
habitat preferences based on oceanographic features (such as SST variability) or may be an artifact of 
survey effort. Much higher densities within UNDET Area E3 are indicative of the nearshore form’s 
preference for shallow waters (0-150m), but may also be a result of much higher survey effort in 
nearshore waters. Bottlenose dolphins are expected to occur in UNDET Area E3 where underwater 
detonations occur. 
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Table 9 Seasonal Density Estimates for Bottlenose Dolphin in the GOMEX 
Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.12408 0.12408 0.02658 0.12408 

Source: DoN (2007b)  

 

4.2.4 Bryde’s Whale 
Bryde’s whales usually have three prominent ridges on the rostrum (other rorquals generally have only 
one) (Jefferson et al., 1993). Adults can be up to 15.5 m in length (Jefferson et al., 1993). Bryde’s 
whales are often confused with sei whales. Bryde’s whales are lunge-feeders, feeding on schooling fish 
and krill (Nemoto and Kawamura, 1977; Siciliano et al., 2004; Anderson, 2005). 

Status and management—The best estimate of abundance for the Bryde’s whale in the northern Gulf of 
Mexico is 15 individuals (Waring et al., 2008). It has been suggested that the Bryde's whales found in 
the northern Gulf of Mexico may represent a resident stock (Schmidly, 1981), but there is no 
information on stock differentiation (Waring et al., 2008). The Bryde’s whale is under the jurisdiction of 
the NMFS. 

Habitat—Bryde’s whales are found both offshore and near the coasts in many regions. The Bryde’s 
whale appears to have a preference for water temperatures between approximately 15° and 20°C 
(Yoshida and Kato, 1999). Bryde’s whales are more restricted to tropical and subtropical waters than 
other rorquals. 

Distribution—Bryde’s whales are found in tropical and subtropical waters, generally not moving 
poleward of 40° in either hemisphere (Jefferson et al., 2008). Long migrations are not typical of Bryde’s 
whales although limited shifts in distribution toward and away from the equator in winter and summer, 
respectively, have been observed (Cummings, 1985).  

The Bryde’s whale does not have a well-defined breeding season in most areas and locations of specific 
breeding areas are unknown. 

GOMEX Study Area Bryde’s whale occurrence—In the Gulf of Mexico, all Bryde’s whale sightings 
have been near the shelf break in and near DeSoto Canyon (Mullin et al., 1994b; Davis and Fargion, 
1996a; Jefferson and Schiro, 1997; Davis et al., 1998; Davis et al., 2000). Mead (1977) and Schmidly 
(1981) both postulated that the Gulf of Mexico hosts a resident population of Bryde’s whale, but more 
data are needed to confirm this. There are 12 confirmed sightings of Bryde’s whales in the Gulf of 
Mexico, making it the most commonly sighted baleen whale species in this area (Jefferson and Schiro, 
1997; Würsig et al., 2000). Most sightings of Bryde’s whales are from the spring, but strandings are 
reported year-round indicating the presence of Bryde’s whales in the Gulf of Mexico throughout the 
year (Mead, 1977; Jefferson and Schiro, 1997; Würsig et al., 2000).  

GOMEX Study Area Bryde’s whale density—The density estimates for the training areas, where HE 
ordnance use may occur in the GOMEX Study Area, are provided in Table 10. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Bryde’s whales 
are more likely to be found near the shelf break in areas of steep bathymetric relief. Density is not 
expected to be uniform across the BOMBEX Hotbox and associated warning areas. Uniform density 
across seasons may be indicative of the suspected year-round occurrence of this species in the Gulf of 
Mexico. Bryde’s whales will not occur in UNDET Area E3, where underwater detonations occur. 
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Table 10 Seasonal Density Estimates for Bryde’s Whale in the GOMEX Study 
Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.00009 0.00009 0.00009 0.00009 

Source: DoN (2007b)  

 

4.2.5 Clymene Dolphin 
Due to similarity in appearance, Clymene dolphins are easily confused with spinner and short-beaked 
common dolphins (Fertl et al., 2003). The Clymene dolphin, however, is smaller and more robust, with 
a much shorter and stockier beak. The Clymene dolphin reaches at least 2 m in length and weights of at 
least 80 kilograms (kg) (Jefferson et al., 2008). Clymene dolphins feed on small pelagic fish and squid 
(Perrin et al., 1981; Perrin and Mead, 1994; Fertl et al., 1997). 

Status and management—The best estimate of abundance for Clymene dolphins in the northern Gulf of 
Mexico is 6,575 individuals (Waring et al., 2008). This species is under the jurisdiction of the NMFS. 

Habitat—Clymene dolphins are a tropical to subtropical species, primarily sighted in deep waters well 
beyond the edge of the continental shelf (Fertl et al., 2003). The Clymene dolphin is found in the 
warmer waters of the North Atlantic and is often associated with the North Equatorial Current, the Gulf 
Stream, and the Canary Current (Fertl et al., 2003). In the western North Atlantic, Clymene dolphins are 
likely to be strongly influenced by oceanographic features (Mullin and Fulling, 2003). 

Distribution—The Clymene dolphin has a tropical and subtropical distribution in the Atlantic Ocean 
(Perrin and Mead, 1994). In the western Atlantic Ocean, Clymene dolphins are distributed from New 
Jersey to Brazil, including the Gulf of Mexico and Caribbean Sea (Fertl et al., 2003; Moreno et al., 
2005). 

Seasonality and location of Clymene dolphin breeding are unknown.  

GOMEX Study Area Clymene dolphin occurrence—The Clymene dolphin is a deepwater species 
(Perrin and Mead, 1994; Würsig et al., 2000; Reeves et al., 2002; Fertl et al., 2003). Mullin and Hansen 
(1999) noted that the majority of sightings for this species in the Gulf of Mexico are west of the 
Mississippi River. Although Jefferson et al. (1995) did not identify seasonal shifts in distribution, 
Wursig et al. (2000) note a wider, though still oceanic, distribution in the western Gulf during spring 
and in the northeastern Gulf during summer and winter. In a study of habitat preferences in the Gulf of 
Mexico, Clymene dolphins were found more often on the lower slope and deepwater areas in regions of 
cyclonic or confluence circulation (Davis et al., 2002). Two mass strandings of Clymene dolphins were 
reported in the Florida Keys: one in July 1983 and the other in December 1992 (Jefferson et al., 1995). 
The vast majority of known records of the Clymene dolphin come from the northern Gulf of Mexico, 
though this is probably indicative of research effort rather than any actual density or distribution pattern 
(Jefferson et al., 1995; Würsig et al., 2000; Fertl et al., 2003).  

GOMEX Study Area Clymene dolphin density—The density estimates for the training areas, where HE 
ordnance use may occur in the GOMEX Study Area, are provided in Table 11. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Clymene 
dolphin density in the BOMBEX Hotbox and associated warning areas is not expected to be uniform. 
Clymene dolphins show a strong preference for deep waters beyond the shelf break and may associate 
preferentially with dynamic oceanographic features. The seasonal uniformity of Clymene dolphin 
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density may be indicative of their year-round presence in the Gulf of Mexico. Clymene dolphins will 
not occur in UNDET Area E3, where underwater detonations occur. 

Table 11 Seasonal Density Estimates for Clymene Dolphin in the GOMEX 
Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.04020 0.04020 0.04020 0.04020 

Source: DoN (2007b) 

 

4.2.6 False Killer Whale 
The false killer whale is a large, dark gray to black dolphin with adult body length reaching 6 m 
(Jefferson et al., 2008). It has a long slender body, a rounded overhanging forehead, and little or no 
beak. External coloration includes a faint gray patch on the chest and light gray areas on the head 
(Jefferson et al., 1993). The flippers have a “hump” on the leading edge that is useful for species 
identification (Reeves et al., 2002). The distinctive flipper shape is perhaps the best characteristic for 
distinguishing this species from other dark, round-headed delphinid species (i.e., pygmy killer, melon-
headed, and pilot whales) (Jefferson et al., 1993). Deepwater cephalopods and fishes are their primary 
prey (Odell and McClune, 1999), but large pelagic species such as dorado have been taken.  

Status and management—The best estimate of abundance for false killer whales in the northern Gulf of 
Mexico is 777 individuals (Waring et al., 2008). This species is under the jurisdiction of the NMFS. 

Habitat—False killer whales are primarily offshore animals, although they do come close to shore, 
particularly around oceanic islands (Baird, 2002). Inshore movements are occasionally associated with 
movements of prey and shoreward flooding of warm ocean currents (Stacey et al., 1994). 

Distribution—False killer whales are found in tropical and temperate waters, generally between 50°N 
and 50°S latitude with a few records north of 50°N in the Pacific and the Atlantic (Baird et al., 1989; 
Odell and McClune, 1999).  

Seasonality and location of false killer whale breeding are unknown. 

GOMEX Study Area false killer whale occurrence—The false killer whale is an oceanic species. Most 
sightings in the Gulf of Mexico have been made seaward of the shelf break, although there are also 
sightings from over the continental shelf (Davis and Fargion, 1996a; Jefferson and Schiro, 1997; Mullin 
and Fulling, 2004). Mullin and Fulling (2004) reported most sightings east of the Mississippi River. 
There is the possibility of encountering false killer whales between the 50-m isobath and the shelf break 
based on the fact that false killer whales sometimes make their way into shallower waters, as well as the 
many sightings reported by sport fishermen in the mid-1960s of “blackfish” (most likely false killer 
whales based on the descriptions) in waters offshore of Pensacola and Panama City, Florida (Brown et 
al., 1966). Stranding and sighting records are from the spring and summer (Jefferson and Schiro, 1997; 
Würsig et al., 2000; Mullin and Fulling, 2004; Waring et al., 2008), but there are not enough data to 
determine whether there is a significant seasonal component to the distribution of this species in the 
northern Gulf of Mexico (Jefferson and Schiro, 1997; Würsig et al., 2000). False killer whales are 
expected to occur year-round in the Gulf of Mexico seaward of the shelf break, though they may be 
encountered over the continental shelf as well. 
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GOMEX Study Area false killer whale density—The density estimates for the training areas, where HE 
ordnance use may occur in the GOMEX Study Area, are provided in Table 12. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). The uniform 
seasonal density of false killer whales may be indicative of its year round occurrence. Density in the 
BOMBEX Hotbox and associated warning areas will not be uniform; there is a stronger likelihood of 
occurrence seaward of the shelf break. Within W-155A/B, false killer whales are more likely to be 
found east of Mobile Bay. False killer whales will not occur in UNDET Area E3, where underwater 
detonations occur. 

Table 12 Seasonal Density Estimates for False Killer Whale in the GOMEX 
Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.00240 0.00240 0.00240 0.00240 

Source: DoN (2007b)  

 

4.2.7 Fraser’s Dolphin 
The Fraser's dolphin reaches a maximum length of 2.7 m and is generally more robust than other small 
delphinids (Jefferson et al., 2008). They feed on mesopelagic fishes, squids, and shrimps (Jefferson and 
Leatherwood, 1994; Perrin et al., 1994c). 

Status and management—There is no current estimate of abundance for Fraser’s dolphins in the 
northern Gulf of Mexico (Waring et al., 2008). This species is under the jurisdiction of the NMFS. 

Habitat—Fraser’s dolphin is a deep-water species found beyond the continental shelf break; it does not 
occur in shallow nearshore waters (Perrin et al., 1994c; Jefferson and Schiro, 1997; Würsig et al., 
2000); however, they may be seen nearshore in areas where deep waters are close to the coast (Dolar, 
2002).  

Distribution—The Fraser's dolphin has a pantropical distribution, typically between 30°N and 30°S 
(Jefferson et al. 2008). Few records are available from the Atlantic Ocean (Leatherwood et al., 1993; 
Watkins et al., 1994; Bolaños and Villarroel-Marin, 2003). 

Location of Fraser’s dolphin breeding is unknown, and available data do not support calving 
seasonality. 

GOMEX Study Area Fraser’s dolphin occurrence—In the Gulf of Mexico, this species occurs mostly 
in very deep waters well beyond the continental shelf break (Jefferson, 2002a). There are verified 
stranding and sighting records for Fraser’s dolphin in the Gulf of Mexico from all seasons (Jefferson 
and Schiro, 1997; Würsig et al., 2000). Leatherwood et al. (1993) reported sightings over the abyssal 
plain in the southern Gulf of Mexico. Mullin and Fulling (2004) noted that this is a rare species, but it is 
thought to occur in the northern Gulf of Mexico even during years with survey effort when they are not 
sighted. Fraser’s dolphins are expected to occur year round in the Study Area. 

GOMEX Study Area Fraser’s dolphin density—The density estimates for the training areas, where HE 
ordnance use may occur in the GOMEX Study Area, are provided in Table 13. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Fraser’s 
dolphin density in the BOMBEX Hotbox and associated warning areas is not expected to be evenly 
distributed. Fraser’s dolphins will be found in the deeper portions of the BOMBEX Hotbox and 
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associated warning areas. The seasonal uniformity may be indicative of the year-round presence of this 
species in the Gulf of Mexico. Fraser’s dolphins will not occur in UNDET Area E3, where underwater 
detonations. 

Table 13 Seasonal Density Estimates for Fraser’s Dolphin in the GOMEX 
Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.00168 0.00168 0.00168 0.00168 

Source: DoN (2007b)  

 

4.2.8 Killer Whale 
Killer whales are the largest delphinids and are one of the most recognizable species of cetaceans. The 
black-and-white color pattern of the killer whale is striking, as is the tall, erect dorsal fin of the adult 
male (1.0 to 1.8 m in height) (Jefferson et al., 1993). Killer whales are sexually dimorphic with males 
reaching a maximum length of 9.8 m and females 8.5 m (Jefferson et al., 2008). Killer whales feed on 
fishes, cephalopods, seabirds, sea turtles, and other marine mammals (Katona et al., 1988; Jefferson et 
al., 1991; Estes et al., 1998; Visser and Bonoccorso, 2003; Pitman and Dutton, 2004; Visser, 2005).  

Status and management—The best estimate of abundance for killer whales in the northern Gulf of 
Mexico is 49 individuals (Waring et al., 2008). Most cetacean taxonomists agree that multiple killer 
whale species or subspecies occur worldwide (Krahn et al., 2004; Waples and Clapham, 2004). There is 
some evidence that there may be distinct stocks in the North Atlantic Ocean but none differentiating 
killer whales in the Gulf of Mexico (Waring et al., 2008). The killer whale is under the jurisdiction of 
the NMFS. 

Habitat—Killer whales have the most ubiquitous distribution of any species of marine mammal. They 
have been observed in virtually every marine habitat from the tropics to the poles and from shallow, 
inshore waters (and even rivers) to deep, oceanic regions (Dahlheim and Heyning, 1999). In coastal 
areas, killer whales often enter shallow bays, estuaries, and river mouths (Leatherwood et al., 1976). 
Based on a review of historical sighting and whaling records, killer whales in the northwestern Atlantic 
are found most often along the shelf break and farther offshore (Katona et al., 1988; Mitchell and 
Reeves, 1988). Their movements may also reflect the movements of their prey species, particularly 
migratory fishes (Katona et al., 1988; Gormley, 1990). 

Distribution—Killer whales are found throughout all oceans and contiguous seas, from equatorial 
regions to the polar pack ice zones of both hemispheres. Although found in tropical waters and the open 
ocean, the killer whale as a species is most numerous in coastal waters and at higher latitudes (Dahlheim 
and Heyning, 1999). In the western North Atlantic, killer whales are known from the polar pack ice 
southward to Florida, the Lesser Antilles, and the Gulf of Mexico (Würsig et al., 2000). A year-round 
killer whale population may exist in the western North Atlantic south of around 35°N. 

In the Atlantic, calving takes place from late fall to mid-winter (Jefferson et al., 2008); however the 
location of killer whale breeding in the North Atlantic Ocean is unknown. 

GOMEX Study Area killer whale occurrence—Killer whales in the Gulf of Mexico are sighted most 
often in waters with a bottom depth greater than 200 m (averaging 1,242 m; range of 256 to 2,652 m), 
although there have also been occasional sightings over the continental shelf (Jefferson and Schiro, 
1997; O'Sullivan and Mullin, 1997). Killer whale sightings in the northern Gulf of Mexico are generally 
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clumped in a broad region south of the Mississippi River Delta (O'Sullivan and Mullin, 1997); however, 
it should be noted that southern Texas (specifically, the Port Aransas area) seems to be an area where 
there are a number of anecdotal reports of killer whale sightings. There are sightings of killer whales 
from all seasons in the northern Gulf of Mexico (Jefferson and Schiro, 1997; O'Sullivan and Mullin, 
1997; Würsig et al., 2000). It is not known whether killer whales in the Gulf of Mexico stay within its 
confines or range more widely into the Caribbean and adjacent portions of the North Atlantic Ocean 
(Würsig et al., 2000). Killer whales may occur in the Gulf of Mexico at any time of year, particularly 
beyond the shelf break. 

GOMEX Study Area killer whale density—The density estimates for the training areas, where HE 
ordnance use may occur in the GOMEX Study Area, are provided in Table 14. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Killer whale 
density in the Gulf of Mexico is expected to be concentrated seaward of the shelf break. Killer whales 
are not expected to occur in UNDET Area E3, where underwater detonations occur.  

Table 14 Seasonal Density Estimates for Killer Whale in the GOMEX Study 
Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.00031 0.00031 0.00031 0.00031 

Source: DoN (2007b) 

 

4.2.9 Melon-headed Whale 
Melon-headed whales are medium-sized delphinids that may reach 2.8 m in total body length (Jefferson 
et al., 2008). They closely resemble pygmy killer whales and may be extremely difficult to differentiate 
at sea based on morphology (Perryman et al., 1994). Melon-headed whales have pointed (versus 
rounded) flippers and a more triangular head shape than pygmy killer whales (Jefferson et al., 1993). 
Melon-headed whales prey on squids, pelagic fishes, and occasionally crustaceans. Most fish and squid 
prey are mesopelagic in waters up to 1,500 m deep, suggesting that feeding takes place deep in the water 
column (Jefferson and Barros, 1997). 

Status and management—The best estimate of abundance for melon-headed whales in the northern 
Gulf of Mexico is 2,283 individuals (Waring et al., 2008). This species is under the jurisdiction of the 
NMFS. 

Habitat—Melon-headed whales are most often found in offshore waters. Sightings in the Gulf of 
Mexico have been well beyond the edge of the continental shelf break (Mullin et al., 1994; Davis and 
Fargion, 1996; Davis et al., 2000) and out over the abyssal plain (Waring et al., 2004). Nearshore 
sightings are generally from areas where deep, oceanic waters approach the coast (Perryman, 2002). 

Distribution—Melon-headed whales occur worldwide in deep tropical and subtropical waters (Reeves 
et al., 2002). There are very few records for melon-headed whales in the North Atlantic (Ross and 
Leatherwood, 1994; Jefferson and Barros, 1997). Maryland is thought to represent the extreme of the 
northern distribution in the western North Atlantic Ocean (Perryman et al., 1994; Jefferson and Barros, 
1997).  

Seasonality and location of melon-headed whale breeding are unknown. 
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GOMEX Study Area melon-headed whale occurrence—The first two occurrence records for this 
species in the Gulf of Mexico were strandings in Texas and Louisiana during 1990 and 1991, 
respectively (Barron and Jefferson, 1993). Most melon-headed whale sightings in the Gulf of Mexico 
are well beyond the edge of the continental shelf (Mullin et al., 1994a; Davis and Fargion, 1996a; Davis 
et al., 2000) and include waters out over the abyssal plain (Jefferson, 2002a). Würsig et al. (2000) noted 
melon-headed whales occurring in water depths of 200 to 2,000 m in large groups (up to 400 animals) 
and often in association with Fraser’s dolphins. Mullin and Hansen (1999) noted that melon-headed 
whales appear to be more frequently sighted west of the Mississippi River. The melon-headed whale is 
expected to occur seaward of the shelf break year-round in the Gulf of Mexico.  

GOMEX Study Area melon-headed whale density—The density estimates for the training areas, where 
HE ordnance use may occur in the GOMEX Study Area, are provided in Table 15. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Based on 
sightings of this species in the Gulf of Mexico, melon-headed whale density is expected to be greater 
well beyond the shelf break in the deepest portions of the BOMBEX Hotbox and associated warning 
areas. This species will not occur in UNDET Area E3, where underwater detonations occur.  

Table 15 Seasonal Density Estimates for Melon-headed Whale in the GOMEX 
Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.00799 0.00799 0.00799 0.00799 

Source: DoN (2007b)  

 

4.2.10 Minke Whale 
The minke whale is the smallest rorqual species in the North Atlantic Ocean, with adults reaching 
lengths of just over 9 m (Jefferson et al., 1993). In the western North Atlantic, minke whales feed 
primarily on schooling fish, such as sand lance, capelin, herring, and mackerel (Kenney et al., 1985), as 
well as copepods and krill (Horwood, 1990). 

Status and management—There are four recognized populations of minke whales in the North Atlantic 
Ocean: Canadian East Coast, West Greenland, Central North Atlantic, and Northeastern North Atlantic 
(Waring et al., 2008). Minke whales off the eastern U.S. are considered to be part of the Canadian East 
Coast stock which inhabits the area from the eastern half of the Davis Strait to 45°W and south to the 
Gulf of Mexico (Waring et al., 2008). The best estimate of abundance for the Canadian East Coast 
minke whale stock is 3,312 individuals (Waring et al., 2008). Minke whales are under NMFS 
jurisdiction. 

Habitat—The minke whale occupies waters over the continental shelf, including inshore bays and some 
estuaries (Mitchell and Kozicki, 1975; Ivashin and Votrogov, 1981; Murphy, 1995; Mignucci-Giannoni, 
1998; Calambokidis et al., 2004); however, global whaling records and surveys indicate that minke 
whales also use deep-water habitats (Slijper et al., 1964; Horwood, 1990; Mitchell, 1991),  

Distribution—Minke whales are distributed in polar, temperate, and tropical waters (Jefferson et al., 
1993), though they are less common in the tropics than in temperate and polar regions. Along the U.S. 
east coast, minke whales are distributed throughout the U.S. EEZ with more sightings occurring in New 
England waters than in the mid-Atlantic (Hamazaki, 2002; Waring et al., 2008). Minke whales off the 
U.S. Atlantic Coast apparently migrate offshore and southward in winter (Mitchell, 1991; Mellinger et 
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al., 2000) and are known to occur in the western North Atlantic from Bermuda to the West Indies during 
the winter months (November through March) (Mitchell, 1991; Mellinger et al., 2000).  

Mating is thought to occur from October to March but has never been observed (Stewart and 
Leatherwood, 1985); the locations of specific breeding grounds are unknown but they are thought to be 
in areas of low latitude (Jefferson et al., 2008). 

GOMEX Study Area minke whale occurrence—Minke whale occurrence in the Gulf of Mexico is 
supported by ten confirmed stranding records, all of which occurred during the winter and spring 
months. This supports the supposition that minke whales move to lower latitudes during the colder 
months of the year. Based on their known habitat preferences, minke whales might occur anywhere 
from nearshore waters seaward into deeper waters in the eastern Gulf of Mexico but are considered 
extralimital to the western Gulf of Mexico. Minke whales are not expected in the Gulf of Mexico during 
the summer when these whales should occur on feeding grounds farther north. Due to the timing of the 
strandings, these individuals may represent individuals moving into the Gulf of Mexico during their 
migrations (Würsig et al., 2000; Jefferson, 2006). While it is most likely that individuals will occur in 
the Study Area during the winter months, minke whales may occur in the Gulf of Mexico at any time of 
year. 

GOMEX Study Area minke whale density—There is not an abundance estimate in the NOAA SAR for 
minke whales in the Gulf of Mexico nor were there sufficient data available to estimate a density for the 
Study Area (DoN, 2007b; Waring et al., 2008). 

4.2.11 Pantropical Spotted Dolphin 
The pantropical spotted dolphin is a slender, spotted dolphin. Adults may reach 2.6 m in length 
(Jefferson et al., 2008). Pantropical spotted dolphins are born spotless and develop spots as they age, 
although the degree of spotting varies geographically (Perrin and Hohn, 1994) and some populations 
may be virtually unspotted (Jefferson, 2006). Pantropical spotted dolphins prey on epipelagic fishes, 
squids, and crustaceans (Perrin and Hohn, 1994; Robertson and Chivers, 1997; Wang et al., 2003). 

Status and management—The best estimate of abundance for the pantropical spotted dolphin in the 
northern Gulf of Mexico is 34,067 individuals (Waring et al., 2008). Pantropical spotted dolphins are 
under NMFS jurisdiction. 

Habitat—Pantropical spotted dolphins tend to associate with bathymetric relief and oceanographic 
interfaces. Pantropical spotted dolphins may rarely be sighted in shallower waters (e.g., Peddemors, 
1999; Gannier, 2002; Mignucci-Giannoni et al., 2003; NMFS-SWFSC, 2007). Most sightings of this 
species in the Gulf of Mexico, Caribbean, and off Brazil occur over the lower continental slope (Davis 
et al., 1998; Mignucci-Giannoni et al., 2003; Mullin and Fulling, 2004; Moreno et al., 2005).  

Distribution—The pantropical spotted dolphin is distributed between about 40°N and 40°S in all oceans 
but is more abundant in the lower latitudes of its range (Jefferson et al., 2008).  

In the eastern tropical Pacific, where this species has been best studied, there are two (possibly three) 
calving peaks: one in spring, (one possibly in summer), and one in fall (Perrin and Hohn, 1994); 
however, in the western Atlantic breeding times and locations are largely unknown. 

GOMEX Study Area pantropical spotted dolphin occurrence—The pantropical spotted dolphin is the 
most abundant and commonly-sighted cetacean in deep waters of the northern Gulf of Mexico (Davis 
and Fargion, 1996a; Jefferson, 1996; Mullin and Hansen, 1999; Davis et al., 2000; Würsig et al., 2000; 
Mullin and Fulling, 2004). Mullin and Fulling (2004) reported that in the northeastern Gulf of Mexico, 
the pantropical spotted dolphin was two times more abundant during the summer than the rest of the 
year. Mullin et al. (2004) reported sighting pantropical spotted dolphins in the Gulf of Mexico in waters 
with bottom depths ranging from 435 to 2,121 m. Studies of this species in the northern Gulf of Mexico 
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have shown both a uniform distribution with respect to effort (Baumgartner et al., 2001) and higher 
encounter frequency in warm- and cold-core eddies with respect to effort (Davis et al., 2000). The 
pantropical dolphin is expected to occur over the continental slope and in deeper waters seaward of the 
slope year-round. 

GOMEX Study Area pantropical spotted dolphin density—The density estimates for the training areas, 
where HE ordnance use may occur in the GOMEX Study Area, are provided in Table 16. Methods of 
how the density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). 
Density of pantropical spotted dolphins in the BOMBEX Hotbox and associated warning areas is 
expected to be concentrated in very deep waters and in the vicinity of the DeSoto Canyon. The 
decreased density during the spring is likely an artifact of increased survey effort during this season and 
may represent the most accurate for pantropical spotted dolphins in the northern Gulf of Mexico. 
Pantropical spotted dolphins are not expected to occur in UNDET Area E3, where underwater 
detonations occur.  

Table 16 Seasonal Density Estimates for Pantropical Spotted Dolphin in the 
GOMEX Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.23178 0.06431 0.23178 0.23178 

Source: DoN (2007b)  

 

4.2.12 Pygmy and Dwarf Sperm Whales 
Dwarf (Kogia sima) and pygmy (Kogia breviceps) sperm whales are very difficult to distinguish from 
one another and sightings of either species are often categorized generally as Kogia spp. (Jefferson et 
al., 2008). The difficulty in identifying dwarf and pygmy sperm whales is exacerbated by their 
avoidance reaction towards ships and change in behavior towards approaching survey aircraft (Würsig 
et al., 1998). Pygmy and dwarf sperm whales reach body lengths of around 3 and 2.5 m, respectively 
(Plön and Bernard, 1999). Both species feed on cephalopods and, less often, on deep-sea fishes and 
shrimps (Caldwell and Caldwell, 1989; McAlpine et al., 1997; Willis and Baird, 1998; Santos et al., 
2006).  

Status and management—The best estimate of abundance for Kogia spp. in the Gulf of Mexico is 453 
individuals (Waring et al., 2008). Separate estimates of abundance for the pygmy sperm whale or the 
dwarf sperm whale cannot be calculated due to uncertainty of species identification at sea (Waring et 
al., 2008). Both the pygmy and the dwarf sperm whale are under the jurisdiction of the NMFS. 

Habitat—World-wide, Kogia spp. generally occur in waters along the continental shelf break and over 
the continental slope (McAlpine, 2002). Several studies have suggested that pygmy sperm whales live 
mostly beyond the continental shelf break, while dwarf sperm whales tend to occur closer to shore, often 
over the outer continental shelf (Rice, 1998; Wang et al., 2002; MacLeod et al., 2004); however, the 
difference in habitats may be more in terms of a difference between juveniles and adults instead of a 
difference between the two species of the genus (Ross, 1984). Distribution at sea in relation to the shelf 
break requires further study. 

Distribution—Kogia spp. have a worldwide distribution in tropical and temperate waters (Jefferson et 
al., 1993). In the western Atlantic Ocean, stranding records have documented the pygmy sperm whale 
as far north as the northern Gulf of St. Lawrence, New Brunswick and parts of eastern Canada (Piers, 
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1923, Measures et al., 2004; McAlpine et al., 1997; Baird et al., 1996) and as far south as Colombia and 
around to Brazil (in the southern Atlantic) (de Carvalho, 1967; Geise and Borobia, 1987; Muñoz-
Hincapié et al., 1998). Pygmy sperm whales are also found in the Gulf of Mexico (Hysmith, 1976; 
Gunter et al., 1955; Baumgartner et al., 2001) and in the Caribbean (MacLeod and Hauser, 2002). 

The northern range of the dwarf sperm whale is largely unknown; however, multiple stranding records 
exist on the eastern coast of the U.S. as far north as North Carolina (Hohn et al., 2006) and Virginia 
(Morgan et al., 2002; Potter, 1979). Records of strandings and incidental captures indicate the dwarf 
sperm whale may range as far south as the Northern Antilles in the northern Atlantic (Muñoz-Hincapié 
et al., 1998); although records continue south along Brazil in the southern Atlantic (Muñoz-Hincapié et 
al., 1998). Dwarf sperm whales occur in the Caribbean (Caldwell et al., 1973; Cardona-Maldonado and 
Mignucci-Giannoni, 1999) and the Gulf of Mexico (Davis et al., 2002; Jefferson and Schiro, 1997). 

Births have been recorded between December and March for dwarf sperm whales in South Africa (Plön, 
2004); however, the breeding season and locations of specific breeding grounds are unknown. 

GOMEX Study Area Kogia spp. occurrence—Kogia spp. generally occur along the continental shelf 
break and over the continental slope in the Gulf of Mexico (Baumgartner et al., 2001; Fulling and Fertl, 
2003). Data suggest that Kogia spp. may associate with frontal regions along the shelf break and upper 
continental slope in the Gulf of Mexico where higher epipelagic zooplankton biomass may enhance the 
densities of squids, their primary prey (Baumgartner et al., 2001). Kogia spp. are expected to occur 
seaward of the shelf break throughout the Gulf of Mexico year-round (DoN, 2007a). 

GOMEX Study Area Kogia spp. density—The density estimates for the training areas, where HE 
ordnance use may occur in the GOMEX Study Area, are provided in Table 17. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Kogia will 
likely be concentrated in waters near and seaward of the shelf break based on habitat preferences. 
Density estimates may reflect the lower amount of survey effort in offshore waters as well as their 
documented avoidance reactions to ships. Kogia spp. are not expected to occur in UNDET Area E3, 
where underwater detonations occur.  

Table 17 Seasonal Density Estimates for Kogia spp. in the GOMEX Study 
Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.00268 0.00333 0.00268 0.00268 

Source: DoN (2007b)  

 

4.2.13 Pygmy Killer Whale 
The pygmy killer whale is a mid-sized delphinid that reaches 2.6 m in body length (Jefferson et al., 
2008). The pygmy killer whale is often confused with the melon-headed whale and less often with the 
false killer whale. Flipper shape is the best distinguishing characteristic; pygmy killer whales have 
rounded flipper tips (Jefferson et al., 1993). Pygmy killer whales eat predominantly fishes and squids, 
and sometimes take large fish. They are known occasionally to attack other dolphins (Perryman and 
Foster, 1980; Ross and Leatherwood, 1994). 

Status and management—The best estimate of abundance for pygmy killer whales in the northern Gulf 
of Mexico is 323 individuals (Waring et al., 2008). This species is under the jurisdiction of the NMFS. 
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Habitat—Pygmy killer whales generally occupy offshore habitats. Their habitat includes waters 
seaward of the shelf break deeper than 1,500 m (Hansen et al., 1994). 

Distribution—The pygmy killer whale has a worldwide distribution in deep tropical, subtropical, and 
warm temperate oceans. Pygmy killer whales generally do not range north of 40°N or south of 35°S 
(Jefferson et al., 2008). There are few records of this species in the western North Atlantic (Caldwell 
and Caldwell, 1971; Ross and Leatherwood, 1994). Most of the records outside the tropics are 
associated with unseasonable intrusions of warm water (Ross and Leatherwood, 1994). 

Evidence suggests that calving occurs in the summer months (Ross and Leatherwood, 1994). Location 
of breeding is unknown. 

GOMEX Study Area pygmy killer whale occurrence—In the northern Gulf of Mexico, the pygmy 
killer whale is found primarily in deeper waters beyond the continental shelf (Davis and Fargion, 1996a; 
Davis et al., 2000; Würsig et al., 2000) extending out to waters over the abyssal plain (Jefferson, 
2002a). The pygmy killer whale does not appear to be common in the Gulf of Mexico (Davis and 
Fargion, 1996a; Jefferson and Schiro, 1997; Davis et al., 2000; Würsig et al., 2000). There is a seasonal 
peak in strandings during the winter, but there is no evidence to suggest (or refute) seasonal distribution 
changes (Jefferson and Schiro, 1997). Also relevant is the difficulty in distinguishing pygmy killer 
whales and melon-headed whales; often sightings of these two species are lumped together when 
individual species cannot be determined. The pygmy killer whale is expected to occur in the Study Area 
seaward of the shelf break year-round. 

GOMEX Study Area pygmy killer whale density—The density estimates for the training areas, where 
HE ordnance use may occur in the GOMEX Study Area, are provided in Table 18. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Density of the 
pygmy killer whale in the Gulf of Mexico is expected to be concentrated seaward of the shelf break. 
Uniform density across seasons may be indicative of this species suspected year-round occurrence in the 
northern Gulf of Mexico. This species will not occur in UNDET Area E3, where underwater detonations 
occur.  

Table 18 Seasonal Density Estimates for Pygmy Killer Whale in the GOMEX 
Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.00095 0.00095 0.00095 0.00095 

Source: DoN (2007b)  

 

4.2.14 Risso’s Dolphin 
Risso’s dolphins are mid-sized delphinids that can reach as much as 3.8 m length (Jefferson et al., 
2008). Cephalopods are their primary prey (Clarke, 1996). 

Status and management—The best estimate of abundance for Risso’s dolphins in the northern Gulf of 
Mexico is 1,589 individuals (Waring et al., 2008). Risso’s dolphins are under the jurisdiction of the 
NFMS. 

Habitat—Several studies have noted that Risso’s dolphins are found offshore, along the continental 
slope, and over the continental shelf (CETAP, 1982; Green et al., 1992; Baumgartner, 1997; Davis et 

 4-27 October 2008 



Request for Letter of Authorization for the Incidental 
Harassment of Marine Mammals Resulting from Navy Training Chapter 4 – Affected Species 
Operations Conducted within the GOMEX Study Area  Status and Distribution  

al., 1998; Mignucci-Giannoni, 1998; Kruse et al., 1999). Habitat use of the Risso’s dolphin may reflect 
prey distribution (Baumgartner, 1997; Waring et al., 1992). 

Distribution—Risso’s dolphins are distributed worldwide in cool-temperate to tropical waters from 
roughly 60ºN to 60ºS, where SSTs are generally greater than 10ºC (Kruse et al., 1999). In the western 
North Atlantic, this species is found from Newfoundland southward to the Gulf of Mexico, throughout 
the Caribbean, and around the equator (Würsig et al., 2000). In general, U.S. Atlantic Risso’s dolphins 
occupy the mid-Atlantic continental shelf year-round (Payne et al., 1984).  

In the North Atlantic, there appears to be a summer calving peak (Jefferson et al., 1993; Würsig et al., 
2000); however locations of breeding areas are unknown. 

GOMEX Study Area Risso’s dolphin occurrence—There are numerous sighting and stranding records 
for Risso’s dolphins in the Study Area (DoN, 2007a). Jefferson and Schiro (1997) noted a possible 
seasonal increase of this species over the upper continental slope during the spring. Baumgartner (1997) 
hypothesized that the strong correlation between Risso’s dolphin distribution and the steeper portions of 
the upper continental slope in the Gulf is most likely the result of cephalopod distribution in the same 
area. Würsig et al. (2000) identified a general preference among Risso’s dolphins for deep continental 
slope waters, but recent sightings near the Mississippi River Delta near the 200-m isobath may represent 
a shift in distribution. Risso’s dolphins are expected to occur along the shelf break and continental slope 
and in deep waters farther offshore in the Gulf of Mexico year-round.  

GOMEX Study Area Risso’s dolphin density—The density estimates for the training areas, where HE 
ordnance use may occur in the GOMEX Study Area, are provided in Table 19. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Density is not 
expected to be uniform across the BOMBEX Hotbox and associated warning areas. Risso’s dolphins 
will likely be concentrated in waters near and seaward of the shelf break based on habitat preferences. 
Risso’s dolphins are not expected to occur in UNDET Area E3, where underwater detonations occur. 

Table 19 Seasonal Density Estimates for Risso’s Dolphin in the GOMEX 
Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.01207 0.01207 0.01207 0.01207 

Source: DoN (2007b)  

 

4.2.15 Rough-toothed Dolphin 
The rough-toothed dolphin is relatively robust with a cone-shaped head and no demarcation between the 
melon and beak (Jefferson et al., 2008). The rough-toothed dolphin reaches 2.8 m in length (Jefferson et 
al., 2008), and feeds on cephalopods and fish, including large fish such as dorado (Miyazaki and Perrin, 
1994; Reeves et al., 1999; Pitman and Stinchcomb, 2002). 

Status and management—The best estimate of abundance for rough-toothed dolphins in the northern 
Gulf of Mexico is 2,942 individuals (Waring et al., 2008). Rough-toothed dolphins are under the 
jurisdiction of the NMFS. 

Habitat—The rough-toothed dolphin is regarded as an offshore species that prefers deep waters; 
however, it can occur in shallow waters (e.g., Gannier and West, 2005, Banick and Borger, 2005). 
Tagging data for this species from the Gulf of Mexico and western North Atlantic indicate wide-ranging 
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movements over variable bottom depths (<110 m to >4,000 m in depth) (Wells et al., 1999; Manire and 
Wells, 2005; Wells, 2007). 

Distribution—Rough-toothed dolphins are found in tropical to warm-temperate waters globally, rarely 
ranging north of 40°N or south of 35°S (Miyazaki and Perrin, 1994). This species is not a commonly-
encountered species in the areas where it is known to occur (Jefferson, 2002a). Not many records for 
this species exist from the western North Atlantic, but they indicate that rough-toothed dolphins occur 
from Virginia south to Florida, the Gulf of Mexico, the West Indies, and along the northeastern coast of 
South America (Leatherwood et al., 1976; Würsig et al., 2000).  

Seasonality and location of rough-toothed dolphin breeding are unknown. 

GOMEX Study Area rough-toothed dolphin occurrence—In the Gulf of Mexico, the rough-toothed 
dolphin primarily occurs seaward of the shelf break (Davis et al., 1998; Mullin and Fulling, 2004), 
although sighting and tagging data indicate the use of continental shelf waters as well (Wells et al., 
1999; Fulling et al., 2003). Rough-toothed dolphins are expected to occur in the northern Gulf of 
Mexico year-round.  

GOMEX Study Area rough-toothed dolphin density—The density estimates for the training areas, 
where HE ordnance use may occur in the GOMEX Study Area, are provided in Table 20. Methods of 
how the density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). 
Density of this species in the BOMBEX Hotbox and associated warning areas is not expected to be 
uniform. Rough-toothed dolphins may occur in UNDET Area E3, where underwater detonations occur. 

Table 20 Seasonal Density Estimates for Rough-toothed Dolphin in the 
GOMEX Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.00009 0.00009 0.00009 0.00009 

Source: DoN (2007b)  

 

4.2.16 Short-finned Pilot Whale  
Short-finned pilot whales may reach 5.5 m (females) and 7.2 m (males) in length (Jefferson et al., 
2008). The flippers of the short-finned pilot whale are long and sickle-shaped and range in length from 
16 percent (%) to 22% of the total body length (Jefferson et al., 1993). Pilot whale species feed 
primarily on squids but also take fishes (Bernard and Reilly, 1999). 

Status and management—The best estimate of abundance for the short-finned pilot whale in the 
northern Gulf of Mexico is 716 individuals (Waring et al., 2008). The short-finned pilot whale is under 
the jurisdiction of the NMFS.  

Habitat—Pilot whales are found on the continental shelf break, in slope waters, and in areas of high 
topographic relief (Olson and Reilly, 2002). While pilot whales typically occur along the continental 
shelf break, movements over the continental shelf are commonly observed in the northeastern U.S. 
(CETAP, 1982; Payne and Heinemann, 1993). A number of studies in different regions suggest that the 
distribution and seasonal inshore/offshore movements of pilot whales coincide closely with the 
abundance of squid, their preferred prey (Hui, 1985; Payne and Heinemann, 1993; Waring and Finn, 
1995; Bernard and Reilly, 1999).  

 4-29 October 2008 



Request for Letter of Authorization for the Incidental 
Harassment of Marine Mammals Resulting from Navy Training Chapter 4 – Affected Species 
Operations Conducted within the GOMEX Study Area  Status and Distribution  

Distribution—The short-finned pilot whale is found worldwide in tropical to warm-temperate seas and 
usually does not range north of 50°N or south of 40°S (Jefferson et al., 2008). Distribution in the North 
Atlantic Ocean may shift seasonally, moving southward during the colder months of the year (Würsig et 
al., 2000).  

Short-finned pilot whale calving peaks in the northern hemisphere are in the fall and winter for the 
majority of populations (Jefferson et al., 2008). Locations of breeding areas are unknown. 

GOMEX Study Area short-finned pilot whale occurrence—There are many pilot whales in the 
historical records for the northern Gulf of Mexico, but there have been fewer sightings in recent years 
(Jefferson and Schiro, 1997; Würsig et al., 2000). The reason for this apparent decline is not known, but 
Jefferson and Schiro (1997) suggested that abundance or distribution patterns might have changed over 
the past few decades, perhaps due to changes in available prey species. There are no confirmed records 
of long-finned pilot whales (Globicephala melas) in the Gulf of Mexico (Würsig et al., 2000); however, 
many pilot whale specimen records from the Gulf of Mexico and most or all sightings have not been 
shown unequivocally to be of the short-finned pilot whale (Jefferson and Schiro, 1997). Based on 
known distribution and habitat preferences of pilot whales, it is assumed that all of the pilot whale 
records in the northern Gulf of Mexico are of the short-finned pilot whale (Jefferson and Schiro, 1997; 
Würsig et al., 2000). Short-finned pilot whales are expected to occur in the Gulf of Mexico year-round, 
particularly in areas of steep bathymetric relief (DoN, 2007a). 

GOMEX Study Area short-finned pilot whale density—The density estimates for the training areas, 
where HE ordnance use may occur in the GOMEX Study Area, are provided in Table 21. Methods of 
how the density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). 
Density is not expected to be uniform across the BOMBEX Hotbox and associated warning areas. Pilot 
whales will likely be concentrated in waters near and seaward of the shelf break based on habitat 
preferences; however they may also occur in shelf waters in smaller numbers. Pilot whales will not 
occur in UNDET Area E3, where underwater detonations occur. 

Table 21 Seasonal Density Estimates for Short-finned Pilot Whale in the 
GOMEX Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.00553 0.00553 0.00553 0.00553 

Source: DoN (2007b)  

 

4.2.17 Spinner Dolphin 
The spinner dolphin generally has a dark eye-to-flipper stripe and dark lips and beak tip (Jefferson et al., 
2008). This species typically has a three-part color pattern (dark gray cape, light gray sides, and white 
belly). Adults can reach 2.4 m in length (Jefferson et al., 2008). Spinner dolphins feed primarily on 
small mesopelagic fishes, squids, and sergestid shrimps (Perrin and Gilpatrick, 1994). 

Status and management—The best estimate of abundance for spinner dolphins in the northern Gulf of 
Mexico is 1,989 individuals (Waring et al., 2008). Spinner dolphins are under the jurisdiction of the 
NMFS.  

Habitat—Spinner dolphins occur in both oceanic and coastal environments. Most sightings of this 
species have been associated with inshore waters, islands, or banks (Perrin and Gilpatrick, 1994). 
Spinner dolphin distribution in the Gulf of Mexico and off the northeastern U.S. coast is primarily in 
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offshore waters. Along the northeastern U.S. and Gulf of Mexico, they are distributed in waters with a 
bottom depth greater than 2,000 m (CETAP, 1982; Davis et al., 1998).  

Distribution—The spinner dolphin is found in tropical and subtropical waters worldwide with different 
geographical forms in various ocean basins. Limits are near 40°N and 40°S (Jefferson et al., 2008). 
Distribution in the Gulf of Mexico appears to be oceanic (Waring et al., 2008). 

Breeding occurs across all seasons with calving peaks that may range from late spring to fall for 
different populations (Jefferson et al., 2008); however location of breeding areas is unknown. 

GOMEX Study Area spinner dolphin occurrence—Spinner dolphins occur year-round in deep waters 
of the Gulf of Mexico. Mullin and Fulling (2004) noted that the vast majority of spinner dolphin 
sightings were over the continental slope in the northeastern Gulf of Mexico. Würsig et al. (2000) also 
noted that sightings of spinners in the Gulf of Mexico come primarily from east and southeast of the 
Mississippi River Delta. Spinners typically occur in water depths greater than 100 m (Würsig et al., 
2000). Davis et al. (2002) noted the presence of spinner dolphins at intermediate depths along the 
continental slope; they venture farther offshore than oceanic bottlenose dolphins but not as far as other 
stenellids (Clymene, striped, and pantropical spotted dolphins). Previous studies noting spinner dolphins 
in shallower waters (<200 m) (Fritts et al. 1983) likely misidentified this species (Jefferson and Schiro, 
1997; Würsig et al., 2000). It is probable that these dolphins were actually Atlantic spotted dolphins 
(Jefferson, 2006). 

GOMEX Study Area spinner dolphin density—The density estimates for the training areas, where HE 
ordnance use may occur in the GOMEX Study Area, are provided in Table 22. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Spinner 
dolphin density is not expected to be uniform across the BOMBEX Hotbox and associated warning 
areas. They are expected to be concentrated over the continental slope and shelf break based on their 
habitat preferences. Spinner dolphins are not expected to occur in UNDET Area E3, where underwater 
detonations occur. 

Table 22 Seasonal Density Estimates for Spinner Dolphin in the GOMEX 
Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.20251 0.20251 0.20251 0.20251 

Source: DoN (2007b)  

 

4.2.18 Striped Dolphin 
The striped dolphin is uniquely marked with black lateral stripes from eye to flipper and eye to anus. 
There is also a light gray spinal blaze originating above and behind the eye and narrowing below and 
behind the dorsal fin (Jefferson et al., 2008). This species reaches 2.6 m in length. Small, mid-water 
fishes, particularly myctophids or lanternfish, and squids are the dominant prey (Perrin et al., 1994b; 
Ringelstein et al., 2006). 

Status and management—The best estimate of abundance for striped dolphins in the northern Gulf of 
Mexico is 3,325 individuals (Waring et al., 2008). Striped dolphins are under the jurisdiction of the 
NMFS. 
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Habitat—Striped dolphins are usually found beyond the continental shelf, typically over the continental 
slope out to oceanic waters; they prefer areas of oceanographic variability including convergence and 
upwelling zones (Au and Perryman, 1985). They are also associated with seasonal changes in SST and 
thermocline depth (Perrin et al., 1994b) and appear to avoid waters with SST of less than 20°C (Van 
Waerebeek et al., 1998). 

Distribution—The striped dolphin occurs in tropical, sub-tropical and temperate waters of all major 
ocean basins (Rice, 1998; Würsig et al., 2000; Reeves et al., 2002). In the western North Atlantic, this 
species ranges from Newfoundland southward to the Caribbean, the Gulf of Mexico, and Brazil (Würsig 
et al., 2000).  

Information from Pacific populations suggests that breeding occurs seasonally with peaks in calving 
rates during the summer and the winter (Perrin et al., 1994b). In the western North Atlantic, breeding 
times and locations are largely unknown. 

GOMEX Study Area striped dolphin occurrence—The striped dolphin is an oceanic species and is 
expected to occur seaward of the shelf break in the Gulf of Mexico year-round. Würsig et al. (2000) 
noted a higher concentration of this species in the vicinity of the DeSoto Canyon east of the Mississippi 
River Delta. There is probably no seasonal difference in distribution (Jefferson and Schiro, 1997) 
although in other areas of the world, striped dolphins are known to follow migrating convergence zones 
(Perrin et al., 1994b). Fritts et al. (1983) recorded many sightings of striped dolphins over the 
continental shelf off southern Florida, but these were probably all misidentifications of Atlantic spotted 
dolphins (Jefferson and Schiro, 1997; Würsig et al., 2000). 

GOMEX Study Area striped dolphin density—The density estimates for the training areas, where HE 
ordnance use may occur in the GOMEX Study Area, are provided in Table 23. Methods of how the 
density estimates were derived are detailed in the GOMEX NODE report (DoN, 2007b). Density of 
striped dolphins is not expected to be uniform across the BOMBEX Hotbox and associated warning 
areas. Based on habitat preferences, striped dolphins are expected to occur seaward of the shelf break 
and may occur in greater densities near the DeSoto Canyon. Striped dolphins are not expected to occur 
in UNDET Area E3, where underwater detonations occur.  

Table 23 Seasonal Density Estimates for Striped Dolphin in the GOMEX 
Study Area where HE Ordnance Use Occurs 

Density (animals/km2) 
Training Area Winter Spring Summer Fall 

(Dec, Jan, Feb) (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) 
BOMBEX Hotbox 0.06161 0.06161 0.06161 0.06161 

Source: DoN (2007b)  
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CHAPTER 5 TAKE AUTHORIZATION REQUESTED 

A LOA for the incidental taking of marine mammals is requested pursuant to § 101 (a)(5)(A) of the 
MMPA. The request is for a 5-yr period commencing upon issuance of the permit. The term “take,” as 
defined in § 3 (16 U.S.C. 1362) of the MMPA, means “to harass, hunt, capture, or kill, or attempt to 
harass, hunt, capture, or kill any marine mammal.” “Harassment” was further defined in the 1994 
amendments to the MMPA, which provided two levels of “harassment,” Level A (potential injury) and 
Level B (potential disturbance). 

The National Defense Authorization Act of Fiscal Year 2004 (PL 108-136) amended the definition of 
harassment as applied to military readiness activities or scientific research activities conducted by or on 
behalf of the federal government, consistent with § 104(c)(3) [16 U.S.C. 1374 (c)(3)]. The Fiscal Year 
2004 National Defense Authorization Act adopted the definition of “military readiness activity” as set 
forth in the Fiscal Year 2003 National Defense Authorization Act (PL 107-314). Military training and 
operational activities within the GOMEX Study Area constitute military readiness activities as that term 
is defined in PL 107-314 because training and operational activities constitute “training and operations 
of the Armed Forces that relate to combat” and constitute “adequate and realistic testing of military 
equipment, vehicles, weapons, and sensors for proper operation and suitability for combat use.” For 
military readiness activities, the relevant definition of harassment is any act that: 

• Injures or has the significant potential to injure a marine mammal or marine mammal stock in 
the wild (“Level A harassment”). 

• Disturbs or is likely to disturb a marine mammal or marine mammal stock in the wild by 
causing disruption of natural behavioral patterns including, but not limited to, migration, 
surfacing, nursing, breeding, feeding, or sheltering to a point where such behavioral patterns are 
abandoned or significantly altered (“Level B harassment”) [16 U.S.C. 1362 (18)(B)(i)(ii)]. 

Modeling results from the analysis predict no Level A mortalities for marine mammals from use of 
explosive ordnance in BOMBEX activities. These modeling results do not take into account the 
mitigation measures (detailed in Chapter 11) that lower the potential for mortalities to occur given 
standard range clearance procedures and the likelihood that these species can be readily detected (e.g., 
small animals move quickly throughout the water column and are often seen riding the bow wave of 
large ships or in large groups).  

Modeling results for use of explosive ordnance in BOMBEX predict that for this LOA request, one 
pantropical spotted dolphin and one spinner dolphin could be exposed to pressure in excess of PTS 
indicative of Level A injury; however, given standard mitigation measures presented in Chapter 11, 
and the increased likelihood that these species can be readily detected (e.g., small animals move quickly 
throughout the water column and are often seen riding the bow wave of large ships or in large groups), 
Level A exposures to these species are less likely to occur. Actual numbers of Level A exposures would 
likely be lower than the modeling results predicted. 

Modeling results for use of explosive ordnance in BOMBEX predict Level B behavioral reaction 
without TTS exposures for 3 Atlantic spotted dolphins, 13 bottlenose dolphins, 6 Clymene dolphins, 1 
melon-headed whale, 27 pantropical spotted dolphins, 2 Risso’s dolphins, 1 short-finned pilot whale, 28 
spinner dolphins, and 8 striped dolphins. These estimates are probably over estimates as they do not take 
into account the mitigation measures discussed in Chapter 11. Given the implementation of the 
measures, the actual exposures would likely be lower than the predicted amount. 
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CHAPTER 6 NUMBERS AND SPECIES TAKEN 

The GOMEX Range Complex EIS/OEIS analyzed the stressors associated with proposed exercises in 
the GOMEX Study Area. The EIS/OEIS concluded that HE use associated with BOMBEX and the 
underwater detonations associated with GUNEX were the training and operational activities with the 
potential to result in Level A or Level B harassment or mortality of marine mammals. Vessel strikes 
were also determined to have the potential to affect marine mammals. Consequently, only the use of 
explosive ordnance under these exercises and vessel strikes are addressed in this analysis.  

6.1 Vessel Strikes 
Collisions with commercial and Navy ships can result in serious injury and may occasionally cause 
fatalities to cetaceans and West Indian manatees. Although the most vulnerable marine mammals may 
be assumed to be slow-moving cetaceans or those that spend extended periods of time at the surface in 
order to restore oxygen levels within their tissues after deep dives (e.g., sperm whale), fin whales are 
actually struck most frequently (Laist et al., 2001). West Indian manatees are also particularly 
susceptible to vessel interactions and collisions with watercraft constitute the leading cause of mortality 
(USFWS, 2007). Smaller marine mammals such as bottlenose and Atlantic spotted dolphins move more 
quickly throughout the water column and are often seen riding the bow wave of large ships. Marine 
mammal responses to vessels may include avoidance and changes in dive pattern (NRC, 2003). 

Laist et al. (2001) reviewed historical, stranding, and anecdotal records on the occurrence of collisions 
between motorized vessels and large whales (baleen and sperm whales) to quantify the frequency of 
these collisions as well as the characteristics (speed, size) of vessels that may be more likely to result in 
mortality. After reviewing these records (including stranding records from the U.S., Italy, France, South 
Africa and anecdotal records from mariners around the world) for evidence of ship strikes involving 
baleen and sperm whales, Laist et al. (2001) found that accounts of large whale ship strikes involving 
motorized boats in the area date back to at least the late 1800s with approximately 15 incidents of a 
vessel colliding with a large whale between 1877 and 1950. Ship collisions with large whales remained 
infrequent until the 1950s, after which point reports became increasingly more frequent. Laist et al. 
(2001) report that both the number and speed of motorized vessels have increased over time for trans-
Atlantic passenger services. They concluded that most strikes occur over or near the continental shelf, 
that ship strikes likely have a negligible effect on the status of most whale populations, but that for small 
populations (such as the North Atlantic right whale) or segments of populations the impact of ship 
strikes may be significant. 

Although ship strike mortalities may represent a small proportion of whale populations, Laist et al. 
(2001) also concluded that, when considered in combination with other human-related mortalities in the 
area (e.g., entanglement in fishing gear), these ship strikes may present a concern for whale populations. 

Of 11 species known to be hit by ships, fin whales are struck most frequently; right whales, humpback 
whales, sperm whales, and gray whales are all hit commonly (Laist et al., 2001). In some areas, one-
third of all fin whale and right whale strandings appear to involve ship strikes. Sperm whales spend long 
periods (typically up to 10 min; Jacquet et al., 1998) "rafting" at the surface between deep dives. This 
could make them exceptionally vulnerable to ship strikes. Berzin (1972) noted that there were “many” 
reports of sperm whales of different age classes being struck by vessels, including passenger ships and 
tug boats. There were also instances in which sperm whales approached vessels too closely and were cut 
by the propellers (NMFS, 2006b).  

In the Gulf of Mexico, sperm whales are of particular concern. Sperm whales spend extended periods of 
time at the surface in order to restore oxygen levels within their tissues after deep dives. In addition, 
some baleen whales such as the North Atlantic right whale seem generally unresponsive to vessel sound, 
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making them more susceptible to vessel collisions (Nowacek et al., 2004a). In comparison with other 
regions of the U.S., the Gulf of Mexico is the least common area for ship strikes of large whales (Jensen 
and Silber, 2003). Between 1972 and 1999, eight confirmed or possible large whale ship strikes were 
recorded in the Gulf of Mexico, including two that collided with Navy vessels; four of these resulted in 
mortality of the animal (Jensen and Silber, 2003) and one resulted in extensive damage to a Navy vessel 
(Laist et al., 2001). It is not known whether the shipstrikes involving Navy vessels resulted in the 
mortality of the animal (Laist et al., 2001; Jensen and Silber, 2003). 

Accordingly, the Navy has adopted mitigation measures to reduce the potential for collisions with 
surfaced marine mammals (for more details refer to Chapter 11). These measures include the 
following: 

• Using lookouts trained to detect all objects on the surface of the water, including marine 
mammals. 

• Implementing reasonable and prudent actions to avoid the close interaction of Navy assets and 
marine mammals. 

• Maneuvering to keep away from any observed marine mammal. 

Navy shipboard lookouts (also referred to as "watchstanders") are highly qualified and experienced 
observers of the marine environment. Their duties require that they report all objects sighted in the 
water to the Officer of the Deck (OOD) (e.g., trash, a periscope, marine mammals, sea turtles) and all 
disturbances (e.g., surface disturbance, discoloration) that may be indicative of a threat to the vessel and 
its crew. There are personnel serving as lookouts on station at all times (day and night) when a ship or 
surfaced submarine is moving through the water. Navy lookouts undergo extensive training in order to 
qualify as a lookout. This training includes on-the-job instruction under the supervision of an 
experienced lookout, followed by completion of the Personal Qualification Standard program, certifying 
that they have demonstrated the necessary skills (such as detection and reporting of partially submerged 
objects).  

The Navy includes marine species awareness as part of its training for its bridge lookout personnel on 
ships and submarines. Lookouts are trained on how to look for marine species, and report sightings to 
the OOD so that action may be taken to avoid the marine species or adjust the exercise to minimize 
effects to the species. Marine Species Awareness Training (MSAT) was updated in 2006, and the 
additional training materials are now included as required training for Navy ship and submarine 
lookouts. Additionally, all Commanding Officers (COs) and Executive Officers (XOs) of units involved 
in training exercises are required to undergo marine species awareness training. This training addresses 
the lookout's role in environmental protection, laws governing the protection of marine species, Navy 
stewardship commitments, and general observation information to aid in avoiding interactions with 
marine species. 

West Indian manatees are particularly susceptible to vessel collisions due to their propensity for very 
shallow waters and their inability to move with haste (Calleson and Frohlich, 2007; Haubold et al., 
2006; Runge et al., 2007; USFWS, 2001c; 2007m). Vessel collisions are the largest known source of 
human-caused mortality to adult West Indian manatees (USFWS, 2007m), accounting for 
approximately 25% of all manatee deaths recorded in Florida since 1976 (Calleson and Frohlich, 2007). 
The large percentage of West Indian manatees in Florida that bear scars from previous collisions 
indicates that sub-lethal effects of vessel traffic are also a concern. Non-lethal injuries may reduce the 
breeding success of wounded females and may permanently remove some animals from the breeding 
population (Haubold et al., 2006). 

Based on the implementation of Navy mitigation measures and the relatively low density (180 steaming 
days/year) of Navy ships in the GOMEX Study Area, the likelihood that a vessel strike would occur is 
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very low. Vessel collisions may affect baleen whales in the GOMEX Study Area, but any potential 
effect may be discounted due to the low occurrence of these species in the area. Vessel collisions may 
affect sperm whales in the GOMEX Study Area.  

The probability of a West Indian manatee encountering a Navy vessel in the offshore waters of the 
GOMEX Study Area is extremely low based on a combination of factors. West Indian manatees are not 
expected to occur more than 12 nm offshore or in relatively deep waters of the GOMEX Study Area 
where most of the vessel movements occur. West Indian manatee occurrence becomes less common 
north and west of peninsular Florida (Fertl et al., 2005). No vessel operations occur in areas that provide 
foraging habitat for the West Indian manatee. In addition, the Navy has adopted mitigation measures to 
reduce the potential for collisions with marine mammals. These measures are described in detail in 
Chapter 11. The low probability of West Indian manatee and Navy vessel co-occurrence outside of 12 
nm and the use of mitigation measures indicate that vessel collisions are extremely unlikely to occur. 
Therefore, vessel collisions would have no effect on West Indian manatees in the offshore waters of the 
GOMEX Study Area.  

West Indian manatees are expected to occur in the nearshore zone and may be affected by vessel 
collisions associated with shallow water training in the GOMEX Study Area (i.e., MESG and CNIC 
harbor security group) that occurs within 12 nm of the shoreline. The boats associated with this training 
are small (<30 m) and have the ability to travel at high speeds. Vessels transiting to and from ports to 
the offshore portion of the GOMEX Study Area also pose a hazard to West Indian manatees. The risk to 
West Indian manatees from vessel collision increases nearer to shore (due to higher likelihood of 
manatee occurrence) and at higher vessel speeds (USFWS, 2001). Vessels in transit to and from ports as 
well as small boat use associated with MESG in the UNDET Area E3 and CNIC training in the Panama 
City OPAREA (Harbor Security Machine Gun Area) may affect West Indian manatees; however, the 
low probability of West Indian manatee and Navy vessel co-occurrence and the use of mitigation 
measures (Chapter 11) indicate that vessel collisions are unlikely to occur.  

6.2 Analytical Framework for Assessing Marine Mammal Response to 
Anthropogenic Sound 

Marine mammals respond to various types of anthropogenic sounds introduced in the ocean 
environment. Responses may be as subtle as shorter surfacings, shorter dives, fewer blows per 
surfacing, longer intervals between blows (breaths), ceasing or increasing vocalizations, shortening or 
lengthening vocalizations, and changing frequency or intensity of vocalizations (NRC, 2005); however, 
it is not known how these responses relate to significant effects (e.g., long-term effects or population 
consequences) (NRC, 2005). Assessing whether a sound may disturb or injure a marine mammal 
involves understanding the characteristics of the acoustic sources, the marine mammals that may be 
present in the vicinity of the sound, and the effects that sound may have on the physiology and behavior 
of those marine mammals. The Navy enlisted the expertise of the NMFS as the cooperating agency in 
the preparation of this LOA; the NMFS provided expert review of the document as well as consultation 
pursuant to the ESA for the marine mammals with the potential to occur in the GOMEX Study Area.  

In estimating the potential for marine mammals to be exposed to an acoustic source, the following 
actions were completed:  

• Evaluation of potential effects within the context of existing and current regulations, thresholds, 
and criteria.  

• Identification of all acoustic sources that will be used during Navy training and operational 
activities. 

• Identification of the location, season, and duration of the action to determine which marine 
mammal species are likely to be present. 
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• Determination of the estimated number of marine mammals (i.e., density) of each species that 
will likely be present in the respective OPAREAs during the Navy training and operational 
activities.  

• Application of the appropriate acoustic threshold criteria to the predicted sound exposures from 
the proposed activity. The results of this effort are then evaluated to determine whether the 
predicted sound exposures from the acoustic model might be considered harassment.  

• Consideration of potential harassment within the context of the affected marine mammal 
population, stock, and species to assess potential population viability. Particular focus on 
recruitment and survival are provided to analyze whether the effects of the action can be 
considered to have negligible effects to species’ populations.  

The following flow chart (Figure 4) is a representation of the general analytical framework utilized in 
applying the specific thresholds discussed in this section. The framework presented in the flow chart is 
organized from left to right and is compartmentalized according to the phenomena that occur within 
each. These include the physics of sound propagation (Physics), the potential physiological processes 
associated with sound exposure (Physiology), the potential behavioral processes that might be affected 
as a function of sound exposure (Behavior), and the immediate effects these changes may have on 
functions the animal is engaged in at the time of exposure (Life Function – Proximate). These 
compartmentalized effects are extended to longer-term life functions (Life Function – Ultimate) and into 
population and species effects. Throughout the flow chart, dotted and solid lines are used to connect 
related events. Solid lines designate those effects that “will” happen; dotted lines designate those that 
“might” happen but must be considered (including those hypothesized to occur but for which there is no 
direct evidence). 

Some boxes contained within the flow chart (Figure 4) are colored according to how they relate to the 
definitions of harassment under the MMPA. Red boxes correspond to events that are injurious. By prior 
ruling and usage, these events would be considered as Level A harassment under the MMPA. Yellow 
boxes correspond to events that have the potential to qualify as Level B harassment under the MMPA. 
Based on prior ruling, the specific instance of TTS is considered as Level B harassment. Boxes that are 
shaded from red to yellow have the potential for injury and behavioral disturbance. 

The analytical framework outlined within the flow chart acknowledges that physiological responses 
must always precede behavioral responses (i.e., there can be no behavioral response without first some 
physiological effect of the sound) and an organization where each functional block only occurs once and 
all relevant inputs/outputs flow to/from a single instance. 
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6.2.1 Physics 
Starting with a sound source, the attenuation of an emitted sound due to propagation loss is determined. 
Uniform animal distribution is overlaid onto the calculated sound fields to assess if animals are 
physically present at sufficient received sound levels to be considered “exposed” to the sound. If the 
animal is determined to be exposed, two possible scenarios must be considered with respect to the 
animal’s physiology– effects on the auditory system and effects on non-auditory system tissues. These 
are not independent pathways and both must be considered since the same sound could affect both 
auditory and non-auditory tissues. Note that the model does not account for any animal response; rather 
the animals are considered stationary, accumulating energy until the threshold is tripped. The 
assumption of a stationary animal makes the model inherently more conservative due to the fact that a 
stationary individual likely would accumulate energy more quickly than would an individual that is 
mobile and able to move away from a sound source. 

6.2.2 Physiology 
Potential impacts to the auditory system are assessed by considering the characteristics of the received 
sound (e.g., amplitude, frequency, duration) and the sensitivity of the exposed animals. Some of these 
assessments can be numerically based (e.g., TTS, PTS, perception). Others will be necessarily 
qualitative, due to lack of information, or will need to be extrapolated from other species for which 
information exists.  

Potential physiological responses to the sound exposure are ranked in descending order, with the most 
severe impact (auditory trauma) occurring at the top and the least severe impact occurring at the bottom 
(the sound is not perceived).  

1. Auditory trauma represents direct mechanical injury to hearing related structures, including 
tympanic membrane rupture, disarticulation of the middle ear ossicles, and trauma to the inner 
ear structures such as the organ of Corti and the associated hair cells. Auditory trauma is always 
injurious but could be temporary and not result in PTS. Auditory trauma is always assumed to 
result in a stress response.  

2. Auditory fatigue refers to a loss of hearing sensitivity after sound stimulation. The loss of 
sensitivity persists after, sometimes long after, the cessation of the sound. The mechanisms 
responsible for auditory fatigue differ from auditory trauma and would primarily consist of 
metabolic exhaustion of the hair cells and cochlear tissues. The features of the exposure (e.g., 
amplitude, frequency, duration, temporal pattern) and the individual animal’s susceptibility 
would determine the severity of fatigue and whether the effects were temporary (TTS) or 
permanent (PTS). Auditory fatigue (PTS or TTS) is always assumed to result in a stress 
response. 

3. Sounds with sufficient amplitude and duration to be detected among the background ambient 
noise are considered to be perceived. This category includes sounds from the threshold of 
audibility through the normal dynamic range of hearing (i.e., not capable of producing fatigue). 
To determine whether an animal perceives the sound, the received level, frequency, and 
duration of the sound are compared to what is known of the species’ hearing sensitivity.  

Since audible sounds may interfere with an animal’s ability to detect other sounds at the same 
time, perceived sounds have the potential to result in auditory masking. Unlike auditory fatigue, 
which always results in a stress response because the sensory tissues are being stimulated 
beyond their normal physiological range, masking may or may not result in a stress response, 
depending on the degree and duration of the masking effect. Masking may also result in a 
unique circumstance where an animal’s ability to detect other sounds is compromised without 
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the animal’s knowledge. This could conceivably result in sensory impairment and subsequent 
behavior change; in this case, the change in behavior is the lack of a response that would 
normally be made if sensory impairment did not occur. For this reason, masking also may lead 
directly to behavior change without first causing a stress response.  

The features of perceived sound (e.g., amplitude, duration, temporal pattern) are also used to 
judge whether the sound exposure is capable of producing a stress response. Factors to consider 
in this decision include the probability of the animal being naïve or experienced with the sound 
(i.e., what are the known/unknown consequences of the exposure).  

4. The received level is not of sufficient amplitude, frequency, and duration to be perceptible by 
the animal. By extension, this does not result in a stress response (not perceived). 

Potential impacts to tissues other than those related to the auditory system are assessed by considering 
the characteristics of the sound (e.g., amplitude, frequency, duration) and the known or estimated 
response characteristics of nonauditory tissues. Some of these assessments can be numerically based 
(e.g., exposure required for rectified diffusion [acoustic pressure fluctuations could cause a pre-existing 
gas bubble in a liquid medium to oscillate, resulting in the diffusion of dissolved gas into the bubble and 
a net increase in the bubble’s mass and size. Rectified diffusion of gas into a pre-existing bubble occurs 
above a certain acoustic threshold; below this threshold, the net diffusion is out of the bubble, resulting 
in the dissolution of the bubble.]). Others will be necessarily qualitative, due to lack of information. 
Each of the potential responses may or may not result in a stress response. 

1. Direct tissue effects – Direct tissue responses to sound stimulation may range from tissue 
shearing (injury) to mechanical vibration with no resulting injury. Any tissue injury would 
produce a stress response, whereas noninjurious stimulation may or may not. 

2. Indirect tissue effects – Based on the amplitude, frequency, and duration of the sound, it must 
be assessed whether exposure is sufficient to indirectly affect tissues. For example, the 
hypothesis that rectified diffusion occurs is based on the idea that bubbles that naturally exist in 
biological tissues can be stimulated to grow by an acoustic field. Under this hypothesis, one of 
three things could happen: (1) bubbles grow to the extent that tissue hemorrhage occurs (injury); 
(2) bubbles develop to the extent that a complement immune response is triggered or nervous 
tissue is subjected to enough localized pressure that pain or dysfunction occurs (a stress 
response without injury); or (3) the bubbles are cleared by the lung without negative 
consequence to the animal. The probability of rectified diffusion, or any other indirect tissue 
effect, will necessarily be based on what is known about the specific process involved. 

3. No tissue effects – The received sound is insufficient to cause either direct (mechanical) or 
indirect effects to tissues. No stress response occurs. 

6.2.3 The Stress Response 
The acoustic source is considered a potential stressor if, by its action on the animal, via auditory or 
nonauditory means, it may produce a stress response in the animal. The term “stress” has taken on an 
ambiguous meaning in the scientific literature, but with respect to Figure 4 and the later discussions of 
allostasis and allostatic loading, the stress response will refer to an increase in energetic expenditure that 
results from exposure to the stressor and which is predominantly characterized by either the stimulation 
of the sympathetic nervous system (SNS) or the hypothalamic-pituitary-adrenal (HPA) axis (Reeder and 
Kramer 2005). The SNS response to a stressor is immediate and acute and is characterized by the 
release of the catecholamine neurohormones: norepinephrine and epinephrine (i.e., adrenaline). These 
hormones produce elevations in the heart and respiration rate, increase awareness, and increase the 
availability of glucose and lipids for energy. The HPA response is ultimately defined by increases in the 
secretion of the glucocorticoid steroid hormones, predominantly cortisol in mammals. The amount of 
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increase in circulating glucocorticoids above baseline may be an indicator of the overall severity of a 
stress response (Hennessy et al. 1979). Each component of the stress response is variable in time; e.g., 
adrenalines are released nearly immediately and are used or cleared by the system quickly, whereas 
cortisol levels may take long periods of time to return to baseline. 

The presence and magnitude of a stress response in an animal depends on a number of factors. These 
include the animal’s life history stage (e.g., neonate, juvenile, adult), the environmental conditions, 
reproductive or developmental state, and experience with the stressor. Not only will these factors be 
subject to individual variation, but they will also vary within an individual over time. In considering 
potential stress responses of marine mammals to acoustic stressors, each of these should be considered. 
For example, is the acoustic stressor in an area where animals engage in breeding activity? Are animals 
in the region resident and likely to have experience with the stressor (i.e., repeated exposures)? Is the 
region a foraging ground or are the animals passing through as transients? What is the ratio of young 
(naïve) to old (experienced) animals in the population? It is unlikely that all such questions can be 
answered from empirical data; however, they should be addressed in any qualitative assessment of a 
potential stress response as based on the available literature. 

The stress response may or may not result in a behavioral change, depending on the characteristics of 
the exposed animal; however, provided a stress response occurs, we assume that some contribution is 
made to the animal’s allostatic load. Allostasis is the ability of an animal to maintain stability through 
change by adjusting its physiology in response to both predictable and unpredictable events (Mcewen 
and Wingfield 2003). The same hormones associated with the stress response vary naturally throughout 
an animal’s life, providing support for particular life history events (e.g., pregnancy) and predictable 
environmental conditions (e.g., seasonal changes). The allostatic load is the cumulative cost of allostasis 
incurred by an animal and is generally characterized with respect to an animal’s energetic expenditure. 
Perturbations to an animal that may occur with the presence of a stressor, either biological (e.g., 
predator) or anthropogenic (e.g., construction), can contribute to the allostatic load (Wingfield 2003). 
Additional costs are cumulative and additions to the allostatic load over time may contribute to 
reductions in the probability of achieving ultimate life history functions (e.g., survival, maturation, 
reproductive effort and success) by producing pathophysiological states. The contribution to the 
allostatic load from a stressor requires estimating the magnitude and duration of the stress response, as 
well as any secondary contributions that might result from a change in behavior. 

If the acoustic source does not produce tissue effects, is not perceived by the animal, or does not 
produce a stress response by any other means, Figure 4 assumes that the exposure does not contribute to 
the allostatic load. Additionally, without a stress response or auditory masking, it is assumed that there 
can be no behavioral change. Conversely, any immediate effect of exposure that produces an injury (i.e., 
red boxes on the flow chart in Figure 4) is assumed to also produce a stress response and contribute to 
the allostatic load. 

6.2.4 Behavior 
Acute stress responses may or may not cause a behavioral reaction; however, all changes in behavior are 
expected to result from an acute stress response. This expectation is based on the idea that some sort of 
physiological trigger must exist to change any behavior that is already being performed. The exception 
to this rule is the case of auditory masking. The presence of a masking sound may not produce a stress 
response, but may interfere with the animal’s ability to detect and discriminate biologically relevant 
signals (NRC, 2003). The inability to detect and discriminate biologically relevant signals hinders the 
potential for normal behavioral responses to auditory cues and is thus considered a behavioral change 
(NRC, 2003). 

Impulsive sounds from explosions have very short durations as compared to other sounds like sonar or 
ship noise. Additionally the explosive sources analyzed in this LOA are used infrequently and the 
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training events are typically of short duration. Therefore, the potential for auditory masking is unlikely 
and no impacts to marine mammals due to auditory masking are anticipated due to implementing the 
proposed action.  

Numerous behavioral changes can occur as a result of stress response, and Figure 4 lists only those that 
might be considered the most common types of response for a marine animal. For each potential 
behavioral change, the magnitude in the change and the severity of the response needs to be estimated. 
Certain conditions, such as stampeding (i.e., flight response) or a response to a predator, might have a 
probability of resulting in injury. For example, a flight response, if significant enough, could produce a 
stranding event. Under the MMPA, such an event would be considered a Level A harassment. Each 
altered behavior may also have the potential to disrupt biologically significant events (e.g., breeding or 
nursing) and may need to be qualified as Level B harassment. All behavioral disruptions have the 
potential to contribute to the allostatic load. This secondary potential is signified by the feedback from 
the collective behaviors to allostatic loading. 

Special considerations are given to the potential for avoidance and disrupted diving patterns. Due to past 
incidents of beaked whale strandings associated with Navy operations, specifically sonar operations, 
feedback paths are provided between avoidance and diving and indirect tissue effects. This feedback 
accounts for the hypothesis that variations in diving behavior and/or avoidance responses can possibly 
result in nitrogen tissue supersaturation and nitrogen off-gassing, possibly to the point of deleterious 
vascular bubble formation. Although hypothetical in nature, the potential process is currently popular 
and hotly debated. 

6.2.5 Life Function 
6.2.5.1 Proximate Life Functions 
Proximate life history functions are the functions that the animal is engaged in at the time of acoustic 
exposure. The disruption of these functions, and the magnitude of the disruption, is something that must 
be considered in determining how the ultimate life history functions are affected. Consideration of the 
magnitude of the effect to each of the proximate life history functions is dependent upon the life stage of 
the animal. For example, an animal on a breeding ground which is sexually immature will suffer 
relatively little consequence to disruption of breeding behavior when compared to an actively displaying 
adult of prime reproductive age. 

6.2.5.2 Ultimate Life Functions 
The ultimate life functions are those that enable an animal to contribute to the population (or stock, or 
species, etc.). The impact to ultimate life functions will depend on the nature and magnitude of the 
perturbation to proximate life history functions. Depending on the severity of the response to the 
stressor, acute perturbations may have nominal to profound impacts on ultimate life functions. For 
example, unit-level use of sonar by a vessel transiting through an area that is utilized for foraging, but 
not for breeding, may disrupt feeding by exposed animals for a brief period of time. Because of the 
brevity of the perturbation, the impact to ultimate life functions may be negligible. By contrast, weekly 
training over a period of years may have a more substantial impact because the stressor is chronic. 
Assessment of the magnitude of the stress response from the chronic perturbation would require an 
understanding of how and whether animals acclimate to a specific, repeated stressor and whether 
chronic elevations in the stress response (e.g., cortisol levels) produce fitness deficits. 

The proximate life functions are loosely ordered in decreasing severity of impact. Mortality (survival) 
has an immediate effect, in that no future reproductive success is feasible and there is no further addition 
to the population resulting from reproduction. Severe injuries may also lead to reduced survivorship 
(longevity) and prolonged alterations in behavior. The latter may further affect an animal’s overall 
reproductive success and reproductive effort. Disruptions of breeding have an immediate impact on 
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reproductive effort and may impact reproductive success. The magnitude of the effect will depend on 
the duration of the disruption and the type of behavior change that was provoked. Disruptions to feeding 
and migration can affect all of the ultimate life functions; however, the impacts to reproductive effort 
and success are not likely to be as severe or immediate as those incurred by mortality and breeding 
disruptions. 

6.2.6 Application of the Framework 
For each species in the region of a proposed action, the density and occurrence of the species in the 
region relative to the timing of the proposed action will be determined. The probability of exposing an 
individual will be based on the density of the animals at the time of the action and the acoustic 
propagation loss. Based upon the calculated exposure levels for the individuals, or proportions of the 
population, an assessment for auditory and nonauditory responses will be made. Based on the available 
literature on the bioacoustics, physiology, dive behavior, and ecology of the species, Figure 4 will be 
used to assess the potential impact of the exposure to the population and species. 

6.3 Explosive Ordnance Exposure Analysis 
The effects of an underwater explosion on a marine mammal depend on many factors, including the 
size, type, and depth of both the animal and the explosive charge; the depth of the water column; and the 
standoff distance between the charge and the animal, as well as the sound propagation properties of the 
environment. Potential impacts can range from brief acoustic effects (such as behavioral disturbance), 
tactile perception, physical discomfort, slight injury of the internal organs and the auditory system, to 
death of the animal (Yelverton et al., 1973; O'Keefe and Young, 1984; DoN, 2001). Non-lethal injury 
includes slight injury to internal organs and the auditory system; however, delayed lethality can be a 
result of individual or cumulative sublethal injuries (DoN, 2001). Immediate lethal injury would be a 
result of massive combined trauma to internal organs as a direct result of proximity to the point of 
detonation (DoN, 2001).  

The exercises that use explosives are BOMBEX (BOMBEX Hotbox) and GUNEX (UNDET Area E3). 
Table 24 summarizes the number of events (per year by season) and specific areas where each occurs 
for each type of explosive ordnance used. There is no difference in how many events take place between 
the different seasons. Fractional values are a result of evenly distributing the annual totals over the four 
seasons. For example, there is one BOMBEX event per year that can take place in the BOMBEX 
Hotbox during any season, so there are 0.25 events modeled for each season. 

Table 24 Number of Explosive Events within the GOMEX Study Area 
Location Ordnance Annual Totals 

MK-83 BOMBEX Hotbox 1* (415.8 lbs NEW) 

M3A2 anti-swimmer concussion 
grenade UNDET Area E3 6 

(0.5 lbs NEW) 

*One event using MK-83 bombs consists of 4 bombs being dropped in succession. Therefore, since there is 1 
event, there will be a total of 4 bombs dropped in the BOMBEX Hotbox per year. 

 

6.3.1 Thresholds and Criteria for Impulsive Sound 
Criteria and thresholds for estimating the exposures from a single explosive activity on marine 
mammals were established for the Seawolf Submarine Shock Test Final EIS (FEIS) (“Seawolf”) and 
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subsequently used in the USS Winston S. Churchill (DDG-81) Ship Shock FEIS (“Churchill”) (DoN, 
1998 and 2001). NMFS adopted these criteria and thresholds in its final rule on unintentional taking of 
marine animals occurring incidental to the shock testing (NMFS, 2001). Since the ship-shock events 
involve only one large explosive at a time, additional assumptions were made to extend the approach to 
cover multiple explosions for BOMBEX. In addition, this section reflects a revised acoustic criterion for 
small underwater explosions (i.e., 23 pounds per square inch [psi] for peak pressure instead of previous 
acoustic criterion of 12 psi for peak pressure), which is based on the final rule issued to the Air Force by 
NMFS (NMFS, 2005b). Figure 5 depicts the acoustic impact framework used in this assessment. 

 

Figure 5 Physiological and Behavioral Acoustic Effects Framework for 
Explosives  

 
 

Metrics  
Several standard acoustic metrics are used for underwater pressure waves in this document; textbooks 
on underwater sound (e.g., Urick, 1983) should be consulted for details. Four metrics are especially 
important for this analysis: 

• Energy flux density (EFD). For plane waves, as assumed here, EFD is the time integral of the 
squared pressure divided by the impedance. It has International Standard (SI) units of Joules per 
square meter (J/m2  ) (but inch-pounds per square inch [in.-lb/in.2] is also used in CHURCHILL). 
EFD levels have units of decibels referenced to 1 square micropascal-second (dB re: 1 μPa2-s) 
(using the usual convention that the reference impedance is the same as the impedance at the 
field point).  

• 1/3-Octave EFD. This is the energy flux density in a 1/3-octave frequency band. A 1/3-octave 
band has upper and lower frequency limits with a ratio of 21/3. Hence, the bandwidth is about 
25% of center frequency. 
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• Positive impulse. This is the time integral of the pressure over the initial positive phase of an 
arrival. SI units are pascal-seconds (Pa-s), but psi-ms are also used. There is no decibel analog 
for impulse. 

• Peak pressure. This is the maximum positive pressure for an arrival. Units used here are psi and 
decibel levels with the usual underwater reference of one micropascal (dB re: 1 μPa). 

6.3.1.1 Thresholds and Criteria for Injurious Physiological Effects 
Single Explosion 
For injury, the Navy uses dual criteria: eardrum rupture (i.e., tympanic-membrane [TM] rupture) and 
onset of slight lung injury. These criteria are considered indicative of the onset of injury. The threshold 
for TM rupture corresponds to a 50% rate of rupture (i.e., 50% of animals exposed to the level are 
expected to suffer TM rupture); this is stated in terms of an Energy Flux Density Level (EL) value of 
1.17 in.-lb/in.2 (about 205 dB re: 1 μPa2-s). This recognizes that TM rupture is not necessarily a serious 
or life-threatening injury, but is a useful index of possible injury that is well correlated with measures of 
permanent hearing impairment (Ketten [1998] indicates a 30% incidence of PTS at the same threshold).  

The threshold for onset of slight lung injury is calculated for a small animal (a dolphin calf weighing 
26.9 lbs), and is given in terms of the “Goertner modified positive impulse,” indexed to 13 psi-
millisecond (ms) (DoN, 2001). This threshold is conservative since the positive impulse needed to cause 
injury is proportional to animal mass, and therefore, larger animals require a higher impulse to cause the 
onset of injury. This analysis assumed the marine species populations were 100% small animals. The 
criterion with the largest potential impact range (most conservative), either TM rupture (energy 
threshold) or onset of slight lung injury (peak pressure threshold), will be used in the analysis to 
determine injurious physiological (MMPA – Level A) exposures. 

For mortality, the Navy uses the criterion corresponding to the onset of extensive lung injury. This is 
conservative in that it corresponds to a 1% chance of mortal injury, and yet any animal experiencing 
onset severe lung injury is counted as a lethal exposure. For small animals, the threshold is given in 
terms of the Goertner modified positive impulse, indexed to 30.5 psi-ms. Since the Goertner approach 
depends on propagation, source/animal depths, and animal mass in a complex way, the actual impulse 
value corresponding to the 30.5 psi-ms index is a complicated calculation. To be conservative, the 
analysis used the mass of a calf dolphin (at 26.9 lbs) for 100% of the populations.  

Multiple Explosions 
For this analysis, the use of multiple explosions only applies to the MK-83 bombs used in BOMBEX. 
Since BOMBEX events require multiple explosions, the Churchill approach had to be extended to cover 
multiple sound events at the same training site. For multiple exposures, accumulated energy over the 
entire training time is the natural extension for energy thresholds since energy accumulates with each 
subsequent shot (explosion); this is consistent with the treatment of multiple arrivals in Churchill. For 
positive impulse, it is consistent with Churchill to use the maximum value over all impulses received.  

6.3.1.2 Thresholds and Criteria for Non-Injurious Physiological Effects  
The Navy criterion for non-injurious harassment is TTS — a slight, recoverable loss of hearing 
sensitivity (DoN, 2001). For this assessment, there are dual criteria for TTS, an energy threshold and a 
peak pressure threshold. The criterion with the largest potential impact range (most conservative), either 
the energy threshold or peak pressure threshold, will be used in the analysis to determine non-injurious 
TTS (MMPA – Level B) exposures.  
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Single Explosion –TTS-Energy Threshold 
The first threshold is a 182 dB re: 1 μPa2-s maximum EL in any 1/3-octave band at frequencies above 
100 Hertz (Hz) for toothed whales/sea turtles and in any 1/3-octave band above 10 Hz for baleen 
whales. For large explosives, as in the case of the Churchill FEIS, frequency range cutoffs at 10 and 100 
Hz make a difference in the range estimates. For small explosives (<1500-lb NEW), as what was 
modeled for this analysis, the spectrum of the shot arrival is broad, and there is essentially no difference 
in impact ranges for toothed whales/sea turtles or baleen whales.  

The TTS energy threshold for explosives is derived from the Space and Naval Warfare Systems Center 
(SSC) pure-tone tests for TTS (Schlundt et al., 2000; Finneran and Schlundt 2004). The pure-tone 
threshold (192 decibels [dB] as the lowest value) is modified for explosives by (a) interpreting it as an 
energy metric, (b) reducing it by 10 dB to account for the time constant of the mammal ear, and (c) 
measuring the energy in 1/3-octave bands, the natural filter band of the ear. The resulting threshold is 
182 dB re: 1 μPa2-s in any 1/3-octave band. The energy threshold usually dominates and is used in the 
analysis to determine potential non-injurious exposures (MMPA-Level B) for single explosion 
ordnance. 

Single Explosion –TTS-Peak Pressure Threshold 
The second threshold applies to all species and is stated in terms of peak pressure at 23 psi (about 225 
dB re: 1 μPa). This criterion was adopted for Precision Strike Weapons (PSW) Testing and Training by 
Eglin Air Force Base in the Gulf of Mexico (NMFS, 2005b). It is important to note that for small shots 
near the surface (such as in this analysis), the 23-psi peak pressure threshold generally will produce 
longer impact ranges than the 182-dB energy metric. Furthermore, it is not unusual for the TTS impact 
range for the 23-psi pressure metric to actually exceed the behavioral impact range (without TTS) for 
the 177-dB energy metric. 

Multiple Explosions –TTS 
For multiple explosions, accumulated energy over the entire training time is the natural extension for 
energy thresholds since energy accumulates with each subsequent shot/detonation. This is consistent 
with the energy argument in Churchill. For peak pressure, it is consistent with Churchill to use the 
maximum value over all impulses received.  

6.3.1.3 Thresholds and Criteria for Behavioral Effects 
Single Explosion 
For a single explosion, to be consistent with Churchill, TTS is the criterion for physiological exposure. 
In other words, because behavioral disturbance for a single explosion is likely to be limited to a short-
lived startle reaction, use of the TTS criterion is considered sufficient protection and therefore, 
behavioral effects (without TTS) are not considered for single explosions.  

Multiple Explosions—Without TTS 
For this analysis, the use of multiple explosions only applies to BOMBEX. Because multiple explosions 
would occur within a discrete time period (four bombs per exercise at an interval of three to nine 
minutes between bombs), a new acoustic criterion-behavioral disturbance (without TTS) is used to 
account for behavioral effects significant enough to be judged as harassment, but occurring at lower 
noise levels than those that may cause TTS.  

The threshold is based on test results published in Schlundt et al. (2000), with derivation following the 
approach of the Churchill FEIS for the energy-based TTS threshold. The original Schlundt et al. (2000) 
data and the report of Finneran and Schlundt (2004) are the basis for thresholds for behavioral 
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disturbance (without TTS). As reported by Schlundt et al. (2000), instances of altered behavior 
generally began at lower exposures than those causing TTS; however, there were many instances when 
subjects exhibited no altered behavior at levels above the onset-TTS levels. Regardless of reactions at 
higher or lower levels, all instances of altered behavior were included in the statistical summary.  

The behavioral disturbance (without TTS) threshold for tones is derived from the SSC tests, and is 
found to be 5 dB below the threshold for TTS, or 177 dB re 1 μPa2-s maximum EL in any 1/3-octave 
band at frequencies above 100 Hz for toothed whales/sea turtles and in any 1/3-octave band above 10 
Hz for baleen whales. As stated previously for TTS, for small explosives (<1500-lb NEW), as what was 
modeled for this analysis, the spectrum of the shot arrival is broad, and there is essentially no difference 
in impact ranges for toothed whales/sea turtles or baleen whales. For BOMBEX involving MK-83 
bombs, behavioral disturbance (without TTS) (177 dB re: 1 μPa2-s) is the criterion that dominates in the 
analysis to determine potential behavioral exposures (MMPA-Level B) due to the use of multiple 
explosions.  

6.3.2 Summary of Thresholds and Criteria for Impulsive Sounds 
Table 25 summarizes the effects, criteria, and thresholds used in the assessment for impulsive sounds. 
The criteria for behavioral effects without physiological effects used in this analysis are based on use of 
multiple explosives that only take place during a BOMBEX event. 

Table 25 Effects, Criteria, and Thresholds for Impulsive Sounds 
Effect Criterion Metric Threshold 

Mortality Onset of 
Extensive Lung 
Injury 

Goertner modified positive impulse indexed to 30.5 psi-ms 
(assumes 100% small 
animal at 26.9 lbs) 

2Injurious 
Physiological  

50% Tympanic 
Membrane 
Rupture 

Energy flux density 1.17 in.-lb/in.  (about 205 
dB re: 1 μPa2-s) 

MMPA - Level A 

Injurious 
Physiological  

Onset Slight 
Lung Injury 

Goertner modified positive impulse indexed to 13 psi-ms 
(assumes 100% small 
animal at 26.9 lbs) MMPA - Level A 

Non-injurious 
Physiological 
MMPA - Level B 

TTS  Greatest EL in any 1/3-octave band (above 
100 Hz for toothed whales/sea turtles and 
above 10 Hz for baleen whales) - for total 
energy over all exposures 

182 dB re: 1 μPa2-s 

Non-injurious 
Physiological 
MMPA - Level B 

TTS Peak pressure for any single exposure 23 psi  

Non-injurious 
Behavioral 
MMPA - Level B 

Behavioral 
Disturbance 
without TTS  

Greatest energy flux density level in any 1/3-
octave (above 100 Hz for toothed 
whales/sea turtles and above 10 Hz for 
baleen whales) - for total energy over all 
exposures (multiple explosions only) 

177 dB re: 1 μPa2-s 

MMPA - Marine Mammal Protection Act 
TTS - Temporary Threshold Shift 

 

6.3.3 Acoustic Environment 
Sound propagation (the spreading or attenuation of sound) in the oceans of the world is affected by 
several environmental factors: water depth, variations in sound speed within the water column, surface 
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roughness, and the geo-acoustic properties of the ocean bottom. These parameters can vary widely with 
location.  

Four types of data are used to define the acoustic environment for each analysis site: 

Seasonal Sound Velocity Profiles (SVP) – Plots of propagation speed (velocity) as a function of depth, 
or SVPs, are a fundamental tool used for predicting how sound will travel. Seasonal SVP averages were 
obtained for each training area.  

Seabed Geo-acoustics – The type of sea floor influences how much sound is absorbed and how much 
sound is reflected back into the water column.  

Wind Speeds – Several environmental inputs, such as wind speed and surface roughness, are necessary 
to model acoustic propagation in the prospective training areas.  

Bathymetry Data – Bathymetry data are necessary to model acoustic propagation and were obtained 
for each of the training areas.  

6.3.4 Acoustic Effects Analysis 
The acoustic effects analysis for BOMBEX is presented in the following section. A more in-depth 
effects analysis may be found in Appendix A. There was no acoustic modeling conducted for GUNEX. 

BOMBEX 
Modeling was completed for four explosive sources (sequential detonation of four bombs per event) 
involved in BOMBEX with an assumed detonation depth of 1 m. The NEW used in simulations of the 
MK83 is 415.8 lbs.  

Determining the zone of influence (ZOI) for the thresholds in terms of total EFD, impulse, peak 
pressure and 1/3-octave bands EFD must treat the sequential explosions differently than the single 
detonations. For the MK-83, two factors are involved for the sequential explosives that deal with the 
spatial and temporal distribution of the detonations as well as the effective accumulation of the resultant 
acoustics. In view of the ZOI determinations, the sequential detonations are modeled as a single point 
event with only the EFD summed incoherently:  

)10/(

1
10 10log10

iEFDn

i
dbEFDTotal ∑

=

=
 

The multiple explosion energy criterion was used to determine the ZOI for the Level B without TTS 
exposure analysis.  

Table 26 shows the ZOI results of the model estimation. The ZOI, when multiplied by the animal 
densities (see Chapter 4) and total number of events (Table 24), provides the exposure estimates for 
that animal species for the given bomb source.  

BOMBEX is restricted to one location (BOMBEX Hotbox). In addition to other mitigation measures 
(see Chapter 11), aircraft will survey the target area for marine mammals and sea turtles before and 
during the exercise. Ships will not fire on the target until the area is surveyed and determined to be free 
of marine mammals. The exercise will be suspended if any marine mammals enter the buffer area 
(5,100-yard [yd] [4,663-m] radius around target). The implementation of mitigation measures like these 
effectively reduce exposures in the ZOI. 

GUNEX 
There was no acoustic modeling done for M3A2 anti-swimmer concussion grenades due to the very low 
NEW (0.5-lb) associated with this ordnance. In a previous Biological Opinion, the NMFS calculated the 
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potential range within which sea turtles may be affected (‘safe range’) based on an analysis from Young 
(1991). The calculations in Young (1991) make several assumptions to ensure that there is no impact to 
protected species within the ‘safe range’. That is, the ‘safe range’ as adapted by Young (1991) is 
designed for zero injury to species within the calculated range. The ‘safe range’ for marine mammals for 
M3A2 grenades may be calculated as the cube-root of the NEW multiplied by a specific value 
depending on the size of the animal. For an adult delphinid, the ‘safe range’ is 114 yd; for a large whale 
(20 ft), this safe range is 86 yd. Young (1991) indicates a detonation depth of 200 ft (61 m), but M3A2 
grenades in the UNDET Area E3 will detonate at a depth of no more than 9 m. Due to the significantly 
shallower detonation depth of M3A2 grenades in the UNDET Area E3, the safe range for marine 
mammals will be less than that calculated by Young (1991). For marine mammals at or very near the 
surface, the ‘safe range’ is a 100-yd (91-m) radius from the point of detonation. This range is extremely 
conservative because (1) the actual distance from the point of detonation at which a marine mammal 
would experience harm or harassment is much less than the ‘safe range’ and (2) the UNDET Area E3 is 
very small and will be monitored visually during operations.  

Table 26 Estimated ZOIs (km2) Used in Exposure Calculations for BOMBEX 
Estimated ZOI (km2) 

@ 177 dB re: 1 μPa2-s 
(multiple detonations only) 

Estimated ZOI (km2) Estimated ZOI (km2) 
@ 205 dB re: 1 μPa2-s or 

13 psi-msec 
@ 30.5 psi-msec Area Ordnance 

Win Spr Sum Fall Win Spr Sum Fall Win Spr Sum Fall 
MK-83 BOMBEX 

Hotbox (415.8 lbs 
NEW) 

98.93 115.93 161.39 173.27 4.84 4.84 4.84 4.98 <0.01 <0.01 <0.01 <0.01 

*ZOIs for MK-83 bombs are modeled as multiple detonations (4 bombs dropped at same location). The ZOI at 177 
dB re: 1 μPa2-s for behavioral disruption was much larger than that for TTS, and therefore was used to calculate 
potential Level B exposures. 
 

6.3.5 Summary of Potential Exposures from Explosive Ordnance Use 
Explosions that occur in the GOMEX Study Area are associated with training exercises that use HE 
ordnance, such as BOMBEX. Explosive ordnance use is limited to specific training areas. Within the 
GOMEX Study Area, explosive use occurs in the BOMBEX Hotbox. Underwater detonations that occur 
in the GOMEX Study Area are associated with training exercises that use smaller charges (less than 5 
lbs), such as GUNEX. Underwater detonation use is limited to specific training areas. Within the 
GOMEX Study Area, underwater detonation use occurs in the UNDET Area E3.  

BOMBEX 
An explosive analysis was conducted to estimate the number of marine mammals that could be exposed 
to impacts from explosive ordnance use associated with BOMBEX. Table 27 provides a summary of 
the explosive analysis results. Exposure estimates could not be calculated for several species (blue 
whale, fin whale, humpback whale, North Atlantic right whale, sei whale, and minke whale) because 
density data could not be calculated for the GOMEX Study Area due to the limited available data for 
these species; however, the likelihood of exposure for species not expected to occur in the GOMEX 
Study Area should be even lower than for the species with occurrence frequent enough for densities to 
be calculated. In addition to the low likelihood of exposure, the mitigation measures presented in 
Chapter 11 will be implemented prior to release of ordnance. Lookouts will monitor the area before 
ordnance is used. Sperm whales will have high detections rates at the surface because of their large body 
size and pronounced blows; however, sperm whales are long, deep divers and may be submerged, and 
thus not visually detectable, for over an hour. It is likely that lookouts would detect Atlantic spotted 
dolphins, bottlenose dolphins, Clymene dolphins, pantropical spotted dolphins, Risso’s dolphins, 
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spinner dolphins and striped dolphins due to their gregarious nature and active surface behavior. 
Implementation of mitigation measures will reduce the likelihood of exposure and potential effects. 

Table 27 Summary of Potential Exposures (per year) from Explosive 
Ordnance Use Associated with BOMBEX for Marine Mammals in the GOMEX 

Study Area 
Potential Exposures Potential Exposures Potential 

Species/Training Operation @ 177 dB @ 205 dB Exposures @ 2 2re: 1 μPa re: 1 μPa-s (multiple -s or 13 30.5 psi-ms detonations only) psi-ms 
Sperm whale 
 BOMBEX training 0 0 0 
Atlantic spotted dolphin 
 BOMBEX training 3 0 0 
Beaked whales 
 BOMBEX training 0 0 0 
Bottlenose dolphin 
 BOMBEX training 13 0 0 
Bryde’s whale 
 BOMBEX training 0 0 0 
Clymene dolphin 
 BOMBEX training 6 0 0 
False killer whale 
 BOMBEX training 0 0 0 
Fraser’s dolphin 
 BOMBEX training 0 0 0 
Killer whale 
 BOMBEX training 0 0 0 
Kogia spp. 
 BOMBEX training 0 0 0 
Melon-headed whale 
 BOMBEX training 1 0 0 
Pantropical spotted dolphin 
 BOMBEX training 27 1 0 
Pygmy killer whale 
 BOMBEX training 0 0 0 
Risso’s dolphin 
 BOMBEX training 2 0 0 
Rough-toothed dolphin 
 BOMBEX training 0 0 0 
Short-finned pilot whale 
 BOMBEX training 1 0 0 
Spinner dolphin 
 BOMBEX training 28 1 0 
Striped dolphin 
 BOMBEX training 8 0 0 
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GUNEX 
There was no acoustic modeling done for M3A2 anti-swimmer concussion grenades due to the very low 
NEW (0.5-lb) associated with this ordnance. These detonations occur in very shallow water areas (<30 
m) and detonate at a depth of no greater than 9 m. Although the majority of marine mammal species that 
may occur in the western Gulf of Mexico are associated with waters over the outer continental shelf, 
shelf break, slope, and abyssal plain, there is still the potential for many of them to occur in UNDET 
Area E3. There are also several species that are known and expected to occur in waters with depths of 
less than 30 m.  

Visual mitigation (Chapter 11) will help to minimize potential impacts to marine mammals in UNDET 
Area E3. For marine mammals at or very near the surface, the ‘safe range’ is a 100-yd (91-m) radius 
from the point of detonation. Although visual mitigation may be limited at higher vessel speeds (i.e., 
observers on fast-moving boats may fail to detect marine mammals within the detonation area), visual 
mitigation will be effective in covering the ‘safe range’ because this range is extremely conservative. 
This ‘safe range’ is conservative because (1) the actual distance from the point of detonation at which a 
marine mammal would experience harm or harassment is much less than the ‘safe range’ and (2) the 
UNDET Area E3 is very small and will be monitored visually during operations. Therefore, we do not 
anticipate any exposures and are not requesting takes for any species. 

6.3.6 Potential Effects of Exposures to Explosives 
Effects from exposure to explosives vary depending on the level of exposure. Animals exposed to levels 
that constitute MMPA Level B may experience a behavioral disruption from the use of explosive 
ordnance. Behavioral responses can include shorter surfacings, shorter dives, fewer blows per surfacing, 
longer intervals between blows (breaths), ceasing or increasing vocalizations, shortening or lengthening 
vocalizations, and changing frequency or intensity of vocalizations (NRC, 2005); however, it is not 
known how these responses relate to significant effects (e.g., long-term effects or population 
consequences) (NRC, 2005). In addition, animals exposed to levels that constitute MMPA Level B may 
experience a TTS, which may result in a slight, recoverable loss of hearing sensitivity (DoN, 2001).  

Exposures that reach MMPA Level A may result in long-term injuries such as PTS. The resulting 
injuries may limit an animal’s ability to find food, communicate with other animals, and/or interpret the 
environment around them. Impairment of these abilities can decrease an individual’s chance of survival 
or impact their ability to successfully reproduce. MMPA Level A harassment will have a long-term 
impact on an exposed individual. 

Mortality of an animal will remove the animal entirely from the population as well as eliminate any 
future reproductive potential. 

Based on best available science the Navy concludes that exposures to explosive ordnance would result 
in only short-term effects to most individuals exposed and would likely not affect annual rates of 
recruitment or survival of the species. The mitigations presented in Chapter 11 will further reduce the 
potential for exposures. 
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CHAPTER 7 IMPACTS TO MARINE MAMMAL SPECIES OR 
STOCKS 

Consideration of negligible impact is required for the NMFS to authorize incidental take of marine 
mammals. By definition, an activity has a “negligible impact” on a species or stock when it is 
determined that the total taking is not likely to reduce annual rates of adult survival or recruitment (i.e., 
offspring survival, birth rates). Overall, the conclusions in this analysis find that effects to marine 
mammal species and stocks would be negligible for the following reasons: 

• Most exposures are within the non-injurious TTS or behavioral effects zones (MMPA Level B 
harassment).  

• Although the numbers presented in Table 27 represent estimated harassment and mortality 
under the MMPA, the model calculates harassment without taking into consideration standard 
mitigation measures and is not indicative of a likelihood of either injury or harm. 

• Additionally, the mitigation measures described in Chapter 11 are designed to reduce exposure 
of marine mammals to potential impacts to achieve the least practicable adverse effect on 
marine mammal species or stocks. 

The Navy concludes that Atlantic Fleet training in the GOMEX Study Area would result in no 
exposures to the following marine mammal species: 

• Sperm whale 
• Beaked whale 
• Bryde’s whale 
• False killer whale 
• Fraser’s dolphin 
• Killer whale 
• Kogia spp. 
• Pygmy killer whale 
• Rough-toothed dolphin 

The Navy concludes that exposures to the following marine mammal species due to Atlantic Fleet 
training in the GOMEX Study Area would result in only short-term effects to most individuals exposed 
and would likely not affect annual rates of recruitment or survival: 

• Atlantic spotted dolphin 
• Bottlenose dolphin 
• Clymene dolphin 
• Melon-headed whale 
• Pantropical spotted dolphin 
• Risso’s dolphin 
• Short-finned pilot whale 
• Spinner dolphin 
• Striped dolphin 

The following species are predicted to have MMPA Level A exposures. Given the implementation of 
the mitigation measures discussed in Chapter 11, it is anticipated that actual numbers of exposures 
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would be lower than those predicted. The actual level of exposures would likely not affect annual rates 
of recruitment or survival. 

• Pantropical spotted dolphin 
• Spinner dolphin 

No exposures resulting in mortality are predicted. 
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CHAPTER 8 IMPACTS ON SUBSISTENCE USE 

Potential impacts resulting from the proposed action would be limited to individuals of marine mammal 
species located in the Gulf of Mexico and would not affect Arctic marine mammals that are harvested 
for subsistence use. Therefore, the proposed action would not have an unmitigable adverse impact on 
the availability of marine mammals for subsistence use identified in the MMPA § 101(a)(5)(A)(i). 
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CHAPTER 9 IMPACTS TO MARINE MAMMAL HABITAT AND 
RESTORATION LIKELIHOOD 

Sources from Atlantic Fleet training and operational activities that may affect marine mammal habitat 
include changes in water quality, the introduction of sound into the water column, and temporary 
changes to prey distribution and abundance. There is no critical habitat designated in the GOMEX Study 
Area. 

9.1 Water Quality 
The GOMEX EIS/OEIS analyzed the potential effects to water quality from expendable and training 
items associated with the various exercises taking place. Training and operational activities would 
introduce constituents into the water column. Based on the analysis, these constituents would be 
released in quantities and at rates that would not result in a violation of any water quality standard or 
criteria. Quantities of constituents that have potential to be released during military training and 
operational activities are so negligible that they will have no short or long term impact on water quality.  

Equipment used by military organizations within the GOMEX Study Area, including ships and other 
marine vessels, aircraft, and other equipment, are also potential sources of constituents. All equipment is 
properly maintained in accordance with applicable Navy or legal requirements. All such operating 
equipment meets federal water quality standards, where applicable. 

Military training and operational activities in the GOMEX Study Area involving the use of high 
explosives are potential sources of water quality constituents. Initial concentrations of explosion by-
products are not expected to be hazardous to marine life (DoN, 2001) and would not accumulate in the 
training area because exercises are spread out over time and chemicals rapidly disperse in the ocean. 
Any potential impacts to water quality from combustion products are localized and temporary. The 
water quality in the area would not be substantially affected by these products and would be expected to 
immediately return to the original state.  

9.2 Sound in the Water Column 
Various activities and events, both natural and anthropogenic, above and below the water’s surface, 
contribute to oceanic ambient or background noise. Anthropogenic noise attributable to military training 
and operational activities in the GOMEX Study Area emanates from multiple sources including naval 
ship power plants, military aircraft, surface or airborne targets, bombs, small arms, and underwater 
detonations. Sound produced from military sources in the GOMEX Study Area is temporary and 
transitory. The sounds produced during training and operational activities can be widely dispersed or 
concentrated in small areas for varying periods. Any anthropogenic noise attributed to training and 
operational activities in the GOMEX Study Area would be temporary and the affected area would be 
expected to immediately return to the original state when these training and operational activities cease.  

9.3 Prey Distribution and Abundance 
Physical effects from pressure waves generated by underwater detonations of explosives might affect 
fish within proximity of the source. In particular, the rapid oscillation between high and low-pressure 
peaks has the potential to burst the swim bladders and other gas-containing organs of fish (Keevin and 
Hemen, 1997). Sublethal effects, such as changes in behavior of fish, have been observed in several 
occasions as a result of noise produced by explosives (Wright, 1982; NRC, 2003). The abundances of 
various fish and invertebrates near the detonation point could be altered for a few hours before animals 
from surrounding areas repopulate the area; however these populations would be replenished as waters 
near the detonation point are mixed with adjacent waters. 
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Any training item (ex. bomb casings, etc.) left behind during exercises would result in minor, but long-
term changes to benthic habitat. Similar to an artificial reef structure, the structure would be colonized 
overtime by benthic organisms that prefer hard substrate and would provide structure that could attract 
some species of fish. 
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CHAPTER 10 IMPACTS TO MARINE MAMMALS FROM LOSS OR 
MODIFICATION OF HABITAT 

Based on discussions in Chapter 9, marine mammal habitat will not be lost; however, it may be 
modified (i.e., water quality, sound in the water column, and prey distribution and abundance). 
Modifications to the water column would be short-term in nature while modifications to the seafloor 
may be longer-term. Potential impacts to marine mammal habitat are not anticipated to alter the function 
of the habitat; therefore, will have little to no impact on marine mammal species. 

 10-1 October 2008 



Request for Letter of Authorization for the Incidental  Chapter 10 – Impacts to Marine 
Harassment of Marine Mammals Resulting from Navy Training  Mammals from Loss or 
Operations Conducted within the GOMEX Study Area  Modification of Habitat 

THIS PAGE INTENTIONALLY LEFT BLANK

 10-2 October 2008 



Request for Letter of Authorization for the Incidental   
Harassment of Marine Mammals Resulting from Navy Training   
Operations Conducted within the GOMEX Study Area  Chapter 11 – Mitigation Measures 

CHAPTER 11 MITIGATION MEASURES  

Introduction 
 
Effective training in the GOMEX Study Area dictates that ship, submarine, and aircraft participants 
utilize their sensors and exercise weapons to their optimum capabilities as required by the mission. As 
discussed in Chapter 6, the Navy recognizes that the proposed action has the potential to impact some 
marine mammals in the vicinity of training, This chapter describes the Navy’s overall mitigation 
approach as well as specific mitigation measures that would be implemented to protect marine mammals 
and other resources during training activities. Some of these measures are generally applicable and 
others are designed to apply to certain geographic areas and/or for specific types of Navy training. Due 
to the nature of the proposed action analyzed in this LOA, mitigation measures for many elements of the 
action have been established through previous environmental analyses, consultation, and/or permitting 
processes. 

Section 11.1 presents those measures that are taken by Navy personnel on a regular basis are known as 
“Standard Operating Procedures.” Section 11.2 contains information for coordination with the local 
NMFS Stranding Coordinator. Section 11.3 presents those measures that would be taken in addition to 
standard naval operating procedures.  

Approach 
Mitigation of impacts is defined in the Council of Environmental Quality (CEQ) regulations (40 CFR 
1508.20) to include avoidance, minimization, rectification, reduction/elimination over time, and 
compensation. Given the nature of the proposed action of the preferred alternative and potential impacts 
analyzed here, the Navy believes that a comprehensive approach to mitigation for the GOMEX Study 
Area requires focus on: (1) mitigation by avoidance, in which adverse impacts are avoided altogether by 
altering the location, design, or other aspect of an activity, and (2) minimization of impacts when 
avoidance is not feasible. An important complement to the avoidance and minimization of impacts is 
monitoring to track compliance with take authorizations, impacts on protected resources, and 
effectiveness of mitigation measures. Taken together, these three elements – avoidance, minimization, 
and monitoring – comprise the Navy’s integrated approach to addressing potential environmental 
impacts.  

Avoidance. Avoidance of geographic areas of particular sensitivity has been integrated into the 
proposed action where feasible. Mitigation measures discussed later in this chapter involve avoidance of 
sensitive areas. Planning for training and operational activities takes into consideration whether/how 
training locations could be planned to avoid sensitive areas (e.g., those known to have a high density of 
protected species or the presence of a protected species of particular concern). Consideration is also 
given to avoiding smaller scale habitats (e.g., Sargassum rafts, a known sea turtle habitat) as they are 
encountered during an activity. Avoidance measures that require an ongoing evaluation of conditions or 
awareness during an activity are listed later in this chapter. 

Minimization. In some cases, avoiding environmentally sensitive locations altogether is not possible. 
In these instances, mitigation measures have been designed to minimize the potential for impact on the 
resources of concern. These minimization measures are also listed in this chapter.  

Monitoring. A well-designed monitoring program can provide important feedback for validating 
assumptions made in analyses and allow for adaptive management. Since monitoring will be a 
requirement for compliance with the final rule issued for this proposed action under the MMPA, details 
of the monitoring program will be developed in coordination with the NMFS through the regulatory 
process. A description of the monitoring program framework is provided in Chapter 13. 
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It is important to note that discussions with resource agencies as part of consultation and permitting 
processes may result in changes to the mitigation as described in this document. These changes may 
include additional mitigation or monitoring measures beyond those addressed in this LOA. 

11.1 General Maritime Measures 
11.1.1 Personnel Training – Watchstanders and Lookouts  
The use of shipboard lookouts is a critical component of all Navy standard operating procedures. Navy 
shipboard lookouts (also referred to as “watchstanders”) are highly qualified and experienced observers 
of the marine environment. Their duties require that they report all objects sighted in the water to the 
OOD (e.g., trash, a periscope, marine mammals, sea turtles) and all disturbances (e.g., surface 
disturbance, discoloration) that may be indicative of a threat to the vessel and its crew. There are 
personnel serving as lookouts on station at all times (day and night) when a ship or surfaced submarine 
is moving through the water.  

1. All COs, XOs, lookouts, OODs, junior OODs (JOODs), maritime patrol aircraft aircrews, and 
mine warfare (MIW) helicopter crews will complete the NMFS-approved MSAT by viewing 
the U.S. Navy MSAT digital versatile disk (DVD). MSAT may also be viewed on-line at 
https://mmrc.tecquest.net. All bridge watchstanders/lookouts will complete both parts one and 
two of the MSAT; part two is optional for other personnel. This training addresses the lookout’s 
role in environmental protection, laws governing the protection of marine species, Navy 
stewardship commitments and general observation information to aid in avoiding interactions 
with marine species. 

2. Navy lookouts will undertake extensive training to qualify as a watchstander in accordance with 
the Lookout Training Handbook (NAVEDTRA 12968-B). 

3. Lookout training will include on-the-job instruction under the supervision of a qualified, 
experienced watchstander. Following successful completion of this supervised training period, 
lookouts will complete the Personal Qualification Standard Program, certifying that they have 
demonstrated the necessary skills (such as detection and reporting of partially submerged 
objects).  

4. Lookouts will be trained in the most effective means to ensure quick and effective 
communication within the command structure to facilitate implementation of protective 
measures if marine species are spotted. 

5. Surface lookouts would scan the water from the ship to the horizon and be responsible for all 
contacts in their sector. In searching the assigned sector, the lookout would always start at the 
forward part of the sector and search aft (toward the back). To search and scan, the lookout 
would hold the binoculars steady so the horizon is in the top third of the field of vision and 
direct the eyes just below the horizon. The lookout would scan for approximately five seconds 
in as many small steps as possible across the field seen through the binoculars. They would 
search the entire sector in approximately 5° steps, pausing between steps for approximately 5 s 
to scan the field of view. At the end of the sector search, the glasses would be lowered to allow 
the eyes to rest for a few seconds, and then the lookout would search back across the sector with 
the naked eye. 

6. At night, lookouts would not sweep the horizon with their eyes because eyes do not see well 
when they are moving. Lookouts would scan the horizon in a series of movements that would 
allow their eyes to come to periodic rests as they scan the sector. When visually searching at 
night, they would look a little to one side and out of the corners of their eyes, paying attention to 
the things on the outer edges of their field of vision.  
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11.1.2 Operating Procedures & Collision Avoidance 
1. Prior to major exercises, a Letter of Instruction, Mitigation Measures Message or Environmental 

Annex to the Operational Order will be issued to further disseminate the personnel training 
requirement and general marine species protective measures. 

2. COs will make use of marine species detection cues and information to limit interaction with 
marine species to the maximum extent possible consistent with safety of the ship. 

3. While underway, surface vessels will have at least two lookouts with binoculars; surfaced 
submarines will have at least one lookout with binoculars. Lookouts already posted for safety of 
navigation and man-overboard precautions may be used to fill this requirement. As part of their 
regular duties, lookouts will watch for and report to the OOD the presence of marine mammals 
and sea turtles. 

4. On surface vessels equipped with mid-frequency active sonar (MFAS), pedestal mounted “Big 
Eye” (20x110) binoculars will be properly installed and in good working order to assist in the 
detection of marine mammals and sea turtles in the vicinity of the vessel. 

5. Personnel on lookout will employ visual search procedures employing a scanning methodology 
in accordance with the Lookout Training Handbook (NAVEDTRA 12968-B). 

6. After sunset and prior to sunrise, lookouts will employ Night Lookouts Techniques in 
accordance with the Lookout Training Handbook (NAVEDTRA 12968-B). 

7. While in transit, naval vessels will be alert at all times, use extreme caution, and proceed at a 
“safe speed” so that the vessel can take proper and effective action to avoid a collision with any 
marine animal and can be stopped within a distance appropriate to the prevailing circumstances 
and conditions. 

8. When whales have been sighted in the area, Navy vessels will increase vigilance and take 
reasonable and practicable actions to avoid collisions and training and operational activities that 
might result in close interaction of naval assets and marine mammals. Actions may include 
changing speed and/or direction and are dictated by environmental and other conditions (e.g., 
safety, weather). 

9. Naval vessels will maneuver to keep at least 1,500 ft (460 m) away from any observed whale 
and avoid approaching whales head-on. This requirement does not apply if a vessel’s safety is 
threatened, such as when change of course will create an imminent and serious threat to a 
person, vessel, or aircraft, and to the extent vessels are restricted in their ability to maneuver. 
Restricted maneuverability includes, but is not limited to, situations when vessels are engaged 
in dredging, submerged operations, launching and recovering aircraft or landing craft, 
minesweeping operations, replenishment while underway and towing operations that severely 
restrict a vessel’s ability to deviate course. Vessels will take reasonable steps to alert other 
vessels in the vicinity of the whale. 

10. Where feasible and consistent with mission and safety, vessels will avoid closing to within 200 
yd (183 m) of sea turtles and marine mammals other than whales (whales addressed above). 

11. Floating weeds, algal mats, Sargassum rafts, clusters of seabirds, and jellyfish are good 
indicators of sea turtles and marine mammals. Therefore, increased vigilance in watching for 
sea turtles and marine mammals will be taken where these are present. 

12. Navy aircraft participating in exercises at sea will conduct and maintain, when operationally 
feasible and safe, surveillance for marine species of concern as long as it does not violate safety 
constraints or interfere with the accomplishment of primary operational duties. Marine mammal 
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detections will be immediately reported to assigned Aircraft Control Unit for further 
dissemination to ships in the vicinity of the marine species as appropriate where it is reasonable 
to conclude that the course of the ship will likely result in a closing of the distance to the 
detected marine mammal. 

13. All vessels will maintain logs and records documenting training operations should they be 
required for event reconstruction purposes. Logs and records will be kept for a period of 30 
days following completion of a major training exercise. 

11.2 Coordination and Reporting Requirements 
The Navy will coordinate with the local NMFS Stranding Coordinator for any unusual marine mammal 
behavior and any stranding, beached live/dead, or floating marine mammals that may occur at any time 
during or within 24 hours (hr) after completion of training and operational activities. Additionally, the 
Navy will follow internal chain of command reporting procedures as promulgated through Navy 
instructions and orders.  

11.3 Measures for Specific At-Sea Training Events 
The measures in the following sections are standard operating procedures currently in place and will be 
used in the future for all training and operational activities being analyzed in this LOA request.  

11.3.1 Air-to-Surface At-Sea Bombing Exercises (MK-83, 415.8-pound Net 
Explosive Weight) 

This activity occurs in the BOMBEX Hotbox of the GOMEX Study Area. The location was established 
to be far enough from shore to reduce civilian encounters (e.g., diving and recreational fishing), while 
remaining within the 150 nm from shore-based facilities (the established flight distance restriction for 
F/A-18 jets during unit level training events).  

1. BOMBEX using explosive ordnance will only be conducted in the BOMBEX Hotbox. 

2. If surface vessels are involved, lookouts will survey for Sargassum rafts, which may be 
inhabited by immature sea turtles. Ordnance shall not be targeted to impact within 5,100 yd of 
known or observed Sargassum rafts or coral reefs. 

3. A buffer zone of 5,100-yd (4,663-m) radius will be established around the intended target zone. 

4. At-sea BOMBEX using explosive ordnance will occur during daylight hours only. 

5. Aircraft will visually survey the target and buffer zone for marine mammals and sea turtles prior 
to and during the exercise. The survey of the impact area will be made by flying at 1,500 ft 
altitude or lower, if safe to do so, and at the slowest safe speed. Release of ordnance through 
cloud cover is prohibited: aircraft must be able to actually see ordnance impact areas. Survey 
aircraft should employ most effective search tactics and capabilities.  

6. The exercises will be conducted only if the buffer zone is clear of sighted marine mammals and 
sea turtles. 

11.3.2 Surface-to-Surface Gunnery Exercises (M3A2, 0.5-pound Net Explosive 
Weight) 

1. Anti-swimmer concussion grenades used during GUNEX will only be deployed inside UNDET 
Area E3. 

2. Navy lookouts will conduct surveys of the area prior to the use of explosive ordnance. 
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3. Observers will survey the estimated range of influence, a 100-yd (91-m) radius from detonation 
location, for marine mammals and sea turtles from all participating vessels during the entire 
operation. 

4. GUNEX activities using explosive ordnance will occur during daylight hours only. 

5. The exercises will be conducted only if the buffer zone is visible and clear of sighted marine 
mammals and sea turtles. 
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CHAPTER 12 MINIMIZATION OF ADVERSE EFFECTS ON 
SUBSISTENCE USE 

Based on the discussion in Chapter 8, there are no impacts on the availability of species or stocks for 
subsistence use. 
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CHAPTER 13 MONITORING AND REPORTING MEASURES 

The Navy is committed to demonstrating environmental stewardship while executing its National 
Defense mission and is responsible for compliance with a suite of Federal environmental laws and 
regulations that apply to the marine environment. A number of monitoring plans are currently being 
developed for protected marine species (primarily marine mammals and sea turtles) as part of the 
environmental planning and regulatory compliance process associated with a variety of training actions 
and range complexes. The purpose of these monitoring plans is to assess the effects of training and 
operational activities on marine species. The primary focus of these monitoring plans will be on effects 
to individuals but data may also support investigation of potential population-level trends in marine 
species distribution, abundance, and habitat use in various range complexes and geographic locations 
where Navy training occurs.  

The Navy is developing an Integrated Comprehensive Monitoring Program (ICMP) for marine species 
in order to establish the overarching framework and oversight that will facilitate the collection and 
synthesis of information and data from the various monitoring efforts being implemented. The Program 
will compile data from range-specific monitoring efforts as well as research and development (R&D) 
studies that are fully or partially Navy-funded. While the ICMP is not a regulatory requirement, it will 
facilitate the synthesis of information across multiple monitoring efforts and help to coordinate the most 
efficient use of limited resources in order to address monitoring concerns Navy-wide. Although the 
ICMP is intended to apply to all Navy training, use of MFAS in training, testing, and research, 
development, test, and evaluation (RDT&E) will comprise a major component of the overall program.  

The primary objectives of the ICMP are: 

• To monitor Navy training exercises, particularly those involving active sonar and underwater 
detonation, for compliance with the terms and conditions that arise from ESA section 7 
consultations or MMPA authorizations; 

• To minimize exposure of protected species to sound levels from active sonar or sound pressure 
levels from underwater detonations currently considered to result in harassment;  

• To collect data to support estimating the number of individuals exposed to sound levels above 
current regulatory thresholds; 

• To assess the efficacy of the Navy’s current marine species mitigation; 
• To assess the practicality and effectiveness of potential future mitigation tools and techniques; 
• To document trends in species distribution and abundance in Navy training areas through 

focused longitudinal monitoring efforts; 
• To add to the knowledge base on potential behavioral and physiological effects to marine 

species from active sonar and underwater detonations.  

The ICMP will provide a comprehensive structure and serve as the basis for establishing monitoring 
plans for individual range complexes and specific training and operational activities. Specific training 
exercise plans will be focused on short-term monitoring and mitigation for individual training and 
operational activities. Each training event will be evaluated to determine if it represents an appropriate 
monitoring opportunity within the ICMP framework. Due to the scale (spatial, temporal, and 
operational) of various training and operational activities, not every event will present optimum 
opportunity for concentrated monitoring and as a result various levels of effort and resources will be 
associated with individual exercises. The overall approach of the ICMP is to target the majority of 
available monitoring resources on a limited number of opportunities with best potential for high quality 
data collection rather than attempting to apply a thin blanket of monitoring over the entirety of Navy 
training. 
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Data collection methods will be standardized across the program to the extent possible to provide the 
best opportunity for pooling data from multiple regions. Some methods may be universally applicable; 
however, some may be utilized only in specific locations where conditions are most appropriate. For 
example, in Hawaii, there is significant baseline data on odontocetes from tagging, which can be used to 
provide context for tagging data collected during training events. The Navy’s overall monitoring 
approach will seek to leverage and build upon existing research efforts whenever possible.  

By using a combination of monitoring techniques or tools appropriate for the species of concern, the 
type of training and operational activities conducted, sea state conditions, and the appropriate spatial 
extent, the detection, localization, and observation of marine species can be optimized and return on the 
monitoring investment can be maximized in terms of data collection and mitigation effectiveness 
evaluation. The ICMP will evaluate the range of potential monitoring techniques that can be tailored to 
any Navy range or exercise and the appropriate species of concern. The primary tools available for 
monitoring generally include the following: 

• Visual Observations – Surface vessel and aerial survey platforms can provide data on both long 
term population trends (abundance and distribution) as well as occurrence immediately before, 
during, and after training events. In addition, visual observation has the potential to collect 
information related to behavioral response of marine species to Navy training and operational 
activities. Both Navy personnel (watchstanders) and independent visual observers (Navy 
biologists and/or contractors) will be used from a variety of platforms (both Navy and third-
party), as appropriate and logistically feasible.  

• Passive Acoustic Monitoring – Autonomous Acoustic Recorders (moored buoys), High 
Frequency Acoustic Recording Packages (HARPs), sonobuoys, passive acoustic towed arrays, 
shipboard passive sonar, and Navy Instrumented Acoustic Ranges can provide data on 
presence/absence as well as localization, identification and tracking in some cases. Passive 
acoustic observations are particularly important for species that are difficult to detect visually or 
when conditions limit the effectiveness of visual monitoring. Instrumented Navy ranges present 
a unique opportunity to take advantage of infrastructure that would otherwise not be available 
for monitoring such a large area. The Marine Mammal Monitoring on Navy Ranges (M3R) 
program takes advantage of this opportunity and may support long-term data collection at 
specific fixed sites. 

• Tagging is an important tool for examining the movement patterns and diving behavior of 
cetaceans. Sensors can be used that measure location, swim velocity, orientation, vocalizations, 
as well as record received sound levels. Tagging with sophisticated digital acoustic recording 
tags (D-tags) may also allow direct monitoring of behaviors not readily apparent to surface 
observers. D-tags have recently been deployed as part of a behavioral response study (BRS-07) 
initiated at the Atlantic Undersea Test and Evaluation Center (AUTEC) range in the 
Bahamas to begin identifying behavioral mechanisms related to anthropogenic sound exposure. 

• Photo identification and tagging of animals – Photo identification contributes to understanding 
of movement patterns and stock structure which is important to determine how potential effects 
may relate to individual stocks or populations.  

• Oceanographic and environmental data collection – Physical and environmental data related to 
habitat parameters is necessary for analyzing distribution patterns, developing predictive habitat 
and density models, and better understanding habitat use.  

Because data concerning physiological and behavioral effects, as well as long-term modifications of 
habitat use are extremely limited at this time, geographically-fixed longitudinal monitoring sites may be 
incorporated to assess potential effects to marine mammals both at the individual and population level. 
One example of this geographically fixed monitoring approach is the program recently initiated for the 
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proposed Undersea Warfare Training Range (USWTR) in the Atlantic. The Navy contracted with a 
consortium of researchers from Duke University, the University of North Carolina at Wilmington, the 
University of St. Andrews, and the NMFS-Northeast Fisheries Science Center (NEFSC) to conduct a 
pilot study analysis and subsequently develop a survey and monitoring plan that prescribes the 
recommended approach for data collection including surveys (aerial/shipboard, frequency, spatial 
extent, etc.), passive acoustic monitoring, photo identification and data analysis (standard line-transect, 
spatial modeling, etc.) necessary to establish a fine-scale seasonal baseline of protected species 
distribution and abundance. This baseline study will provide the foundation for establishing a 
monitoring program designed to provide meaningful data on potential long term effects to marine 
species that may be chronically exposed to training and operational activities on the USWTR. The 
baseline data collection portion of the program began in June 2007 at the Onslow Bay alternative site 
and includes coordinated aerial, shipboard, and passive acoustic surveys as well as deployment of 
HARPs to supplement the traditional visual surveys. A similar program is currently being initiated at the 
Jacksonville preferred site.  

In addition to the specific monitoring initiative outlined above, the ICMP framework proposes that the 
Navy will continue to collaborate with and incorporate data from studies of behavioral response, 
abundance, distribution, habitat utilization, etc. for species of concern using a variety of methods which 
may include visual surveys, passive and acoustic monitoring, radar and data logging tags (to record data 
on acoustics, diving and foraging behavior, and movements). This work will help to build the collective 
knowledge base on the geographic and temporal extent of key habitats and provide baseline information 
to account for natural perturbations such as El Niño or La Niña events as well as establish baseline 
information to determine the spatial and temporal extent of reactions to Navy operations, or indirect 
effects from changes in prey availability and distribution. Both the Office of Naval Research (ONR) and 
Chief of Naval Operations (CNO) are heavily involved in supporting a variety of ongoing research 
efforts (see Chapter 14), including the recent behavioral response study (BRS-07) conducted at 
AUTEC during the summer of 2007. 

 13-3 October 2008 



Request for Letter of Authorization for the Incidental   
Harassment of Marine Mammals Resulting from Navy Training  Chapter 13 – Monitoring and 
Operations Conducted within the GOMEX Study Area  Reporting Measures  

THIS PAGE INTENTIONALLY LEFT BLANK

 13-4 October 2008 



Request for Letter of Authorization for the Incidental   
Harassment of Marine Mammals Resulting from Navy Training   
Operations Conducted within the GOMEX Study Area  Chapter 14 – Research Efforts  

CHAPTER 14 RESEARCH EFFORTS 

The Navy provides a significant amount of funding and support to marine research. In 2008 the agency 
provided over $26 million to universities, research institutions, Federal laboratories, private companies, 
and independent researchers around the world to study marine mammals. Over the past 5 yr the Navy 
has provided over $100 million for marine mammal research. The Navy sponsors approximately 70% of 
all U.S. research concerning the effects of human-generated sound on marine mammals and 50% of 
such research conducted worldwide. Major topics of Navy-supported research include the following: 

• Better understanding of marine species distribution and important habitat areas, 
• Developing methods to detect and monitor marine species before and during training, 
• Understanding the effects of sound on marine mammals, sea turtles, fish, and birds, and 
• Developing tools to model and estimate potential effects of sound. 

This research is directly applicable to Navy training and operational activities, particularly with respect 
to the investigations of the potential effects of underwater noise sources on marine mammals and other 
protected species. Proposed training and operational activities employ sonar and underwater explosives, 
which introduce sound into the marine environment. 

The Marine Life Sciences Division of the ONR currently coordinates six programs that examine the 
marine environment and are devoted solely to studying the effects of noise and/or the implementation of 
technology tools that will assist the Navy in studying and tracking marine mammals. The six programs 
are as follows:  

1. Environmental Consequences of Underwater Sound, 
2. Non-Auditory Biological Effects of Sound on Marine Mammals, 
3. Effects of Sound on the Marine Environment, 
4. Sensors and Models for Marine Environmental Monitoring, 
5. Effects of Sound on Hearing of Marine Animals, and 
6. Passive Acoustic Detection, Classification, and Tracking of Marine Mammals. 

The Navy has also developed a suite of technical reports synthesizing data and information on marine 
resources throughout Navy OPAREAs including the MRA and the NODE reports. Furthermore, 
population assessment cruises by the NMFS and by academic institutions have regularly received 
funding support from the Navy. For instance, the Navy funded a marine mammal survey in the Marianas 
Islands to gather information to support an environmental study in that region given there had been no 
effort undertaken by NMFS.  

The Navy has sponsored several workshops to evaluate the current state of knowledge and potential for 
future acoustic monitoring of marine mammals. The workshops brought together acoustic experts and 
marine biologists from the Navy and other research organizations to present data and information on 
current acoustic monitoring research efforts and to evaluate the potential for incorporating similar 
technology and methods on instrumented ranges; however, acoustic detection, identification, 
localization, and tracking of individual animals still requires a significant amount of research effort to be 
considered a reliable method for marine mammal monitoring. The Navy supports research efforts on 
acoustic monitoring and will continue to investigate the feasibility of passive acoustics as a potential 
mitigation and monitoring tool. 

At present the Navy-sponsored M3R program represents the most promising effort investigating the 
utility of passive acoustic monitoring specifically associated with Navy instrumented training ranges. 
The main objective of the M3R project is to develop a toolset for passive detection, localization, and 
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tracking of marine mammals using existing Navy undersea range infrastructure. The project is funded 
by the ONR and CNO (N45) as an effort to provide an effective means of studying marine mammals in 
natural, open ocean environments. 

M3R has successfully developed and tested a suite of signal processing tools that can automatically 
detect and track marine mammals in real-time using Navy range facilities at both AUTEC and Southern 
California Offshore Range (SCORE). The M3R toolset allows automated collection of data previously 
unavailable for the long-term monitoring of the acoustic behavior of marine mammals within their 
natural environment. Ongoing research applications of the M3R system include the ability to remotely 
estimate marine mammal abundance, assessment of acoustic behavioral baselines, and evaluation of 
effects of anthropogenic noise by comparison to those baselines. As these capabilities continue to be 
developed and mature they may become integrated components of the overall ICMP framework. 

Overall, the Navy will continue to support and fund ongoing marine mammal research, and is planning 
to coordinate long-term monitoring/studies of marine mammals on various established ranges and 
operating areas. The Navy will continue to research and contribute to university/external research to 
improve the state of the science regarding marine species biology and acoustic effects. These efforts 
include mitigation and monitoring programs; data sharing with NMFS and via the literature for research 
and development efforts; and future research as described previously. 
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CHAPTER 1 INTRODUCTION 

This appendix provides the background information, assumptions, and the details of the impact 
assessment for use of underwater explosives in conjunction with the training outlined in Chapter 2 of 
this LOA. It specifically addresses the potential impact, based upon modeling of potential acoustic 
effects, to marine mammals and sea turtles from underwater explosives used in the BOMBEX in the 
GOMEX Study Area. Assumptions that were made for the analysis include: 

• Exposures were rounded to the nearest whole number using conventional rounding methods 
(<0.5 was rounded down and ≥0.5 was rounded up). 

• Unless otherwise indicated, annual event totals were divided evenly across the four seasons as 
we assume these events can occur at anytime during the year. 

Figure A-1 shows the areas where explosive ordnance (BOMBEX) is used in the GOMEX Study Area 
under the Preferred Alternative (Alternative 2). Explosive ordnance use in the UNDET Area E3 is not 
addressed in this appendix because modeling is not conducted for explosives that area less than 5 lbs.  

Table A-1 summarizes the number of events (per year by season) and specific areas where each occurs 
for each type of explosive ordnance used for the Preferred Alternative. For most of the operations, there 
is no difference in how many events take place between the different seasons. Therefore, fractional 
values are a result of evenly distributing the annual totals over the 4 seasons. For example, there is one 
MK-83 BOMBEX event per year for the Preferred Alternative that can take place in the BOMBEX 
Hotbox during any season, so there are 0.25 events modeled for each season.  
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Figure A-1 Explosive Ordnance (BOMBEX) Areas in the GOMEX Study Area 
under the Preferred Alternative  

Figure A-1 
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Table A-1 Number of Explosive Events within the GOMEX Study Area – 
Preferred Alternative 

Location Ordnance Annual Totals 

MK-83 BOMBEX Hotbox 1* (415.8 lbs NEW) 

M3A2 anti-swimmer concussion 
grenade UNDET Area E3 6 

(0.5 lbs NEW) 

* One event using the MK-83 bombs consists of 4 bombs being dropped in succession. For example, in the 
BOMBEX Hotbox there is 1 MK-83 event, which means that a total of 4 bombs will be dropped per year. 

 

1.1 Thresholds and Criteria for Impulsive Sound  
Criteria and thresholds for estimating the exposures from a single explosive activity on marine 
mammals were established for the Seawolf Submarine Shock Test Final EIS (FEIS) (“Seawolf”) and 
subsequently used in the USS Winston S. Churchill (DDG-81) Ship Shock FEIS (“Churchill”) (DoN, 
1998 and 2001). NMFS adopted these criteria and thresholds in its final rule on unintentional taking of 
marine animals occurring incidental to the shock testing (NMFS, 2001). Since the ship-shock events 
involve only one large explosive at a time, additional assumptions were made to extend the approach to 
cover multiple explosions for BOMBEX. In addition, this section reflects a revised acoustic criterion for 
small underwater explosions (i.e., 23 pounds per square inch [psi] for peak pressure instead of previous 
acoustic criterion of 12 psi for peak pressure), which is based on the final rule issued to the Air Force by 
NMFS (NMFS, 2005b). Figure A-2 depicts the acoustic impact framework used in this assessment. 

 

Figure A-2 Physiological and Behavioral Acoustic Effects Framework for 
Explosives  
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Metrics  
Several standard acoustic metrics are used for underwater pressure waves in this document; textbooks 
on underwater sound (e.g., Urick, 1983) should be consulted for details. Four metrics are especially 
important for this analysis: 

• Energy flux density (EFD). For plane waves, as assumed here, EFD is the time integral of the 
squared pressure divided by the impedance. It has SI units of J/m2 (but inch-pounds per square 
inch [in.-lb/in.2] is also used in CHURCHILL). EFD levels have units of decibels referenced to 
1 micropascal squared second (dB re: 1 μPa2-s) (using the usual convention that the reference 
impedance is the same as the impedance at the field point).  

• 1/3-Octave EFD. This is the energy flux density in a 1/3-octave frequency band. A 1/3-octave 
band has upper and lower frequency limits with a ratio of 21/3. Hence, the bandwidth is about 
25% of center frequency. 

• Positive impulse. This is the time integral of the pressure over the initial positive phase of an 
arrival. SI units are Pa-s, but psi-ms are also used. There is no decibel analog for impulse. 

• Peak pressure. This is the maximum positive pressure for an arrival. Units used here are psi and 
decibel levels with the usual underwater reference of 1 micropascal (dB re: 1 μPa). 

1.2 Thresholds and Criteria for Injurious Physiological Effects 
Single Explosion 
For injury, the Navy uses dual criteria: eardrum rupture (i.e., tympanic-membrane [TM] rupture) and 
onset of slight lung injury. These criteria are considered indicative of the onset of injury. The threshold 
for TM rupture corresponds to a 50% rate of rupture (i.e., 50% of animals exposed to the level are 
expected to suffer TM rupture); this is stated in terms of an Energy Flux Density Level (EL) value of 
1.17 in.-lb/in.2 (about 205 dB re: 1 μPa2-s). This recognizes that TM rupture is not necessarily a serious 
or life-threatening injury, but is a useful index of possible injury that is well correlated with measures of 
permanent hearing impairment (Ketten [1998] indicates a 30% incidence of PTS at the same threshold).  

The threshold for onset of slight lung injury is calculated for a small animal (a dolphin calf weighing 
26.9 lbs), and is given in terms of the “Goertner modified positive impulse,” indexed to 13 psi-
millisecond (ms) (DoN, 2001). This threshold is conservative since the positive impulse needed to cause 
injury is proportional to animal mass, and therefore, larger animals require a higher impulse to cause the 
onset of injury. This analysis assumed the marine species populations were 100% small animals. The 
criterion with the largest potential impact range (most conservative), either TM rupture (energy 
threshold) or onset of slight lung injury (peak pressure threshold), will be used in the analysis to 
determine injurious physiological (MMPA – Level A) exposures. 

For mortality, the Navy uses the criterion corresponding to the onset of extensive lung injury. This is 
conservative in that it corresponds to a 1% chance of mortal injury, and yet any animal experiencing 
onset severe lung injury is counted as a lethal exposure. For small animals, the threshold is given in 
terms of the Goertner modified positive impulse, indexed to 30.5 psi-ms. Since the Goertner approach 
depends on propagation, source/animal depths, and animal mass in a complex way, the actual impulse 
value corresponding to the 30.5 psi-ms index is a complicated calculation. To be conservative, the 
analysis used the mass of a calf dolphin (at 26.9 lbs) for 100% of the populations.  

Multiple Explosions 
For this analysis, the use of multiple explosions only applies to the MK-83 bombs used in BOMBEX. 
Since BOMBEX events require multiple explosions, the Churchill approach had to be extended to cover 
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multiple sound events at the same training site. For multiple exposures, accumulated energy over the 
entire training time is the natural extension for energy thresholds since energy accumulates with each 
subsequent shot (explosion); this is consistent with the treatment of multiple arrivals in Churchill. For 
positive impulse, it is consistent with Churchill to use the maximum value over all impulses received.  

1.3 Thresholds and Criteria for Non-Injurious Physiological Effects  
The Navy criterion for non-injurious harassment is TTS — a slight, recoverable loss of hearing 
sensitivity (DoN, 2001). For this assessment, there are dual criteria for TTS, an energy threshold and a 
peak pressure threshold. The criterion with the largest potential impact range (most conservative), either 
the energy threshold or peak pressure threshold, will be used in the analysis to determine non-injurious 
TTS (MMPA – Level B) exposures.  

Single Explosion –TTS-Energy Threshold 
The first threshold is a 182 dB re: 1 μPa2-s maximum energy flux density level in any 1/3-octave band 
at frequencies above 100 Hertz (Hz) for toothed whales/sea turtles and in any 1/3-octave band above 10 
Hz for baleen whales. For large explosives, as in the case of the Churchill FEIS, frequency range cutoffs 
at 10 and 100 Hz make a difference in the range estimates. For small explosives (<1500-lb net explosive 
weight [NEW]), as what was modeled for this analysis, the spectrum of the shot arrival is broad, and 
there is essentially no difference in impact ranges for toothed whales/sea turtles or baleen whales.  

The TTS energy threshold for explosives is derived from the Space and Naval Warfare Systems Center 
(SSC) pure-tone tests for TTS (Schlundt et al., 2000, Finneran and Schlundt, 2004). The pure-tone 
threshold (192 dB as the lowest value) is modified for explosives by (a) interpreting it as an energy 
metric, (b) reducing it by 10 dB to account for the time constant of the mammal ear, and (c) measuring 
the energy in 1/3-octave bands, the natural filter band of the ear. The resulting threshold is 182 dB re: 1 
μPa2-s in any 1/3-octave band. The energy threshold usually dominates and is used in the analysis to 
determine potential non-injurious exposures (MMPA-Level B) for single explosion ordnance. 

Single Explosion –TTS-Peak Pressure Threshold 
The second threshold applies to all species and is stated in terms of peak pressure at 23 psi (about 225 
dB re: 1 μPa). This criterion was adopted for Precision Strike Weapons (PSW) Testing and Training by 
Eglin Air Force Base in the Gulf of Mexico (NMFS, 2005b). It is important to note that for small shots 
near the surface (such as in this analysis), the 23-psi peak pressure threshold generally will produce 
longer impact ranges than the 182-dB energy metric. Furthermore, it is not unusual for the TTS impact 
range for the 23-psi pressure metric to actually exceed the behavioral impact range (without TTS) for 
the 177-dB energy metric. 

Multiple Explosions –TTS 
For multiple explosions, accumulated energy over the entire training time is the natural extension for 
energy thresholds since energy accumulates with each subsequent shot/detonation. This is consistent 
with the energy argument in Churchill. For peak pressure, it is consistent with Churchill to use the 
maximum value over all impulses received.  

1.4 Thresholds and Criteria for Behavioral Effects 
Single Explosion 
For a single explosion, to be consistent with Churchill, TTS is the criterion for ESA-Harassment. In 
other words, because behavioral disturbance for a single explosion is likely to be limited to a short-lived 
startle reaction, use of the TTS criterion is considered sufficient protection and therefore, behavioral 
effects (without TTS) are not considered for single explosions.  

 A-7 October 2008 



Request for Letter of Authorization for the Incidental   
Harassment of Marine Mammals Resulting from Navy Training   
Operations Conducted within the GOMEX Study Area  Appendix A 

Multiple Explosions—Without TTS 
For this analysis, the use of multiple explosions only applies to BOMBEX. Because multiple explosions 
would occur within a discrete time period, a new acoustic criterion-behavioral disturbance (without 
TTS)-is used to account for behavioral effects significant enough to be judged as harassment, but 
occurring at lower noise levels than those that may cause TTS.  

The threshold is based on test results published in Schlundt et al. (2000), with derivation following the 
approach of the Churchill FEIS for the energy-based TTS threshold. The original Schlundt et al. (2000) 
data and the report of Finneran and Schlundt (2004) are the basis for thresholds for behavioral 
disturbance (without TTS). As reported by Schlundt et al. (2000), instances of altered behavior 
generally began at lower exposures than those causing TTS; however, there were many instances when 
subjects exhibited no altered behavior at levels above the onset-TTS levels. Regardless of reactions at 
higher or lower levels, all instances of altered behavior were included in the statistical summary.  

The behavioral disturbance (without TTS) threshold for tones is derived from the SSC tests, and is 
found to be 5 dB below the threshold for TTS, or 177 dB re 1 μPa2-sec maximum energy flux density 
level in any 1/3-octave band at frequencies above 100 Hz for toothed whales/sea turtles and in any 1/3-
octave band above 10 Hz for baleen whales. As stated previously for TTS, for small explosives (<1500-
lb NEW), as what was modeled for this analysis, the spectrum of the shot arrival is broad, and there is 
essentially no difference in impact ranges for toothed whales/sea turtles or baleen whales. For 
BOMBEX involving MK-83 bombs, behavioral disturbance (without TTS) (177 dB re: 1 μPa2-s) is the 
criteria that dominates in the analysis to determine potential behavioral exposures (MMPA-Level B) due 
to the use of multiple explosions.  

1.5 Summary of Thresholds and Criteria for Impulsive Sounds 
Table A-2 summarizes the effects, criteria, and thresholds used in the assessment for impulsive sounds. 
The criteria for behavioral effects without physiological effects used in this analysis are based on use of 
multiple explosives that only take place during a BOMBEX event. 

Table A-2 Effects, Criteria, and Thresholds for Impulsive Sounds 
Effect Criterion Metric Threshold 

Mortality Onset of 
Extensive Lung 
Injury 

Goertner modified positive impulse indexed to 30.5 psi-ms 
(assumes 100% small 
animal at 26.9 lbs) 

2Injurious 
Physiological  

50% Tympanic 
Membrane 
Rupture 

Energy flux density 1.17 in.-lb/in.  (about 
205 dB re: 1 μPa2-s) 

MMPA - Level 
A 

Injurious 
Physiological  

Onset Slight 
Lung Injury 

Goertner modified positive impulse indexed to 13 psi-ms 
(assumes 100% small 
animal at 26.9 lbs) MMPA - Level 

A 

Non-injurious 
Physiological 
MMPA - Level 
B 

TTS  Greatest EL in any 1/3-octave band (above 
100 Hz for toothed whales/sea turtles and 
above 10 Hz for baleen whales) - for total 
energy over all exposures 

182 dB re: 1 μPa2-s 

Non-injurious 
Physiological 
MMPA - Level 
B 

TTS Peak pressure for any single exposure 23 psi  
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Table A-2 Effects, Criteria, and Thresholds for Impulsive Sounds 
Effect Criterion Metric Threshold 

Non-injurious 
Behavioral 
MMPA - Level 
B 

Behavioral 
Disturbance 
without TTS  

Greatest energy flux density level in any 1/3-
octave (above 100 Hz for toothed whales/sea 
turtles and above 10 Hz for baleen whales) - 
for total energy over all exposures (multiple 
explosions only) 

177 dB re: 1 μPa2-s 

MMPA - Marine Mammal Protection Act 
TTS - Temporary Threshold Shift 

 

CHAPTER 2 ACOUSTIC ANALYSIS FOR UNDERWATER 
EXPLOSIONS ASSOCIATED WITH BOMBEX  

The following material provides an explanation of the marine mammal acoustic effects model used to 
estimate the acoustic impact of explosive ordnance associated with BOMBEX training on marine 
mammals and sea turtles. The best available data were used in combination with an underwater 
explosion model and exercise simulation to predict impacts. The method by which predicted effects 
were quantified is described. Under the Preferred Alternative, BOMBEX training will only take place in 
one location (Hotbox; Figure A-1).  

2.1 Model Description 
The modeling consists of five process components: 

1. An exercise description including the type of weapons and acoustic sources used and their 
associated timelines and characteristics. 

2. A physical oceanographic and geo-acoustic dataset for input to the acoustic propagation model 
for the planned exercise location and time of year. 

3. An acoustic propagation model suitable for the source type to predict energy levels at ranges 
and depths from the source. 

4. Marine animal density data for the test area. 

5. A final calculation to multiply together the acoustic propagation results, the animal densities, 
and the number of operations. 

2.1.1 Exercise Description 
A timeline and sequence of weapon delivery was constructed from these records to form the basis of the 
test simulation. From this information, the order of weapon use, number of weapons fired, and time over 
which the weapons were fired is constructed.  

2.1.2 Environmental Information for the Acoustic Propagation Model 
Oceanographic data representative of the exercise locations were used to estimate propagation of the 
blast and acoustic energy using an analytical time-domain model for underwater explosions. 

Environmental data parameters include bathymetry, sound speed profiles (SSPs), and bottom type 
parameters including sediment characteristics, compressional and shear wave speed, density, and layer 
depth. 
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2.1.2.1 Bathymetry 
The center latitude/longitude of the exercise boxes were used to determine the representative depth for 
each exercise location. The site used for BOMBEX was identified as the BOMBEX Hotbox with given 
latitude and longitude location as 87.03°N, 29.29°W.  

2.1.2.2 Ocean Water Characteristics 
Acoustic propagation at the exercise locations are mostly determined by the SSP due to deep water 
depths. For modeling, the SSP was partitioned into isovelocity water layers in order to calculate and 
predict propagation of blast and acoustic energy. Environmental databases used for this analysis are 
limited to those that were unclassified. The Naval Oceanographic Office online Generalized Digital 
Environment Model, version 2.5 was used to obtain monthly SSPs, which were accessed at 
https://128.160.23.42/gdemv/gdemv.html. Twelve SSPs, the average for each month, were examined for 
the most conservative, which is defined as the profile that results in the best propagation conditions and 
largest zone of influence (ZOI) for the test. The SSP was then partitioned into isovelocity layers so that 
no layer had a change in sound speed greater than 3.28 feet per second (ft/s) (1 meter per second [m/s]) 
for the model input file. 

2.1.2.3 Ocean Sediment Characteristics 
Given a description of the bottom sediment, the sound speed ratio and density were acquired from the 
database of Hamilton (1980). Parameters used in the selected acoustic model to define ocean sediments 
are the sediment velocity ratio and wet density. Specifically, the sediment shear wave velocity is 
calculated from the sediment velocity ratio as a function of the compressional wave velocity, also called 
sediment sound speed. Table A-3 summarizes the data used for the BOMBEX site.  

Table A-3 Water Depth and Sediment Properties for the BOMBEX Exercises 
Site Water Depth  

(m) 
Bottom  

Sediment 
Sound Speed  Density  

Ratio (grams per cubic 
centimeter [g/cm3]) 

BOMBEX 
Hotbox 780 Silty Clay 0.994 1.421 

 

2.1.3 Acoustic Propagation Model 
Only explosive sources were utilized and the Reflection and Refraction Multi-Layered Ocean/Ocean 
Bottoms with Shear Wave Effects (REFMS) model (version 5.06) (Britt et al., 1991) was used for the 
acoustic predictions. REFMS is used to calculate peak maximum and minimum pressures, positive 
impulse, EFD total and 1/3 octave band spectra, and maximum EFD above 10Hz and above 100 Hz 
from underwater detonations. The REFMS model calculates the combined reflected and refracted shock 
wave environment for underwater explosions using a single, generalized model that is based upon 
Cagniard’s linear wave propagation theory (Cagniard, 1962; Britt et al., 1991), convolved with a 
nonlinear similitude source term for each individual source type. In order to predict propagation of the 
underwater explosions, some of the various explosive types are converted to trinitrotoluene (TNT) 
equivalents. 

For the present determination of ZOIs for each mammal threshold, improvements were made to the 
REFMS tool to allow multiple depths and range points concurrently. Two separate case runs of REFMS 
were selected that concentrated points near the sea surface and detonation for impulse thresholds and a 
second distribution set that extended down to the seafloor and further away from the explosive for the 
peak pressure and EFD. The acoustic results of each were combined to yield a larger more 
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comprehensive database for the mammal ZOI determinations. Thus, the discrete points of depth and 
range were; 

Impulse Threshold 
 Depth (m): 0.5, 1.0, 2.0, 5.0, 15.0, 25.0, and 50.0 

 Range (nm): 0.0026, 0.0087, 0.0148, 0.0207, 0.0415, 0.688, 0.1, 0.2, 0.3, 0.4, and 0.5 

Peak Pressure and EFD Thresholds 
 Depth (m): 0.5, 1.0, 2.0, 5.0, 15.0, 50.0, 100.0, 150.0, and 200.0  

 Range (nm): 0.0375, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 2.0, and 3.0 

These two-dimensional (range and depth) distributions give 77 discrete points of REFMS results for 
evaluating the ZOIs of mammal thresholds based on peak positive impulse (psi-ms) and 90 points for 
ZOIs of thresholds in terms of the and peak pressure (psi) and EFD in 1/3-octave bands (dB) and total 
energy (dB).  

2.1.4 Marine Animal Data 
All density estimates that were used in the analysis are presented in the species descriptions located in 
Chapter 4 of this LOA. Once the acoustic propagation model determines the impact areas or ZOIs, then 
they are multiplied by the animal density estimates and the number of events to determine exposure 
estimates.  

2.2 Estimated Impact Areas 
Table A-4 presents the BOMBEX modeling results of the impact areas for the GOMEX Range 
Complex.  

Table A-4 Estimated ZOIs (km2) for BOMBEX 
Estimated ZOI (km2) 

@ 177 dB re: 1 μPa2-s 
(multiple detonations only) 

Estimated ZOI (km2) 
@ 205 dB re: 1 μPa2-s or 

13 psi-msec 

Estimated ZOI (km2) 
@ 30.5 psi-msec Area Ordnance 

Win Spr Sum Fall Win Spr Sum Fall Win Spr Sum Fall 
MK-83 BOMBEX 

Hotbox (415.8 lbs 
NEW) 

98.93 115.93 161.39 173.27 4.84 4.84 4.84 4.98 <0.01 <0.01 <0.01 <0.01 

*ZOIs for MK-83 bombs are modeled as multiple detonations (4 bombs dropped at same location). The ZOI at 177 
dB re: 1 μPa2-s for behavioral disruption was much larger than that for TTS, and therefore was used to calculate 
potential Level B exposures. 
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