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STATEMENT OF PURPOSE 
 
The Navy Commander, United States (U.S.) Pacific Fleet (COMPACFLT) implemented the Marine 
Resources Assessment (MRA) Program to establish a comprehensive source for information (which could 
include published information and consultations with regional and/or subject matter experts) concerning 
the protected and managed resources found in its various marine operating areas (OPAREAs). The 
information found within a MRA is vital for environmental planning and for use in environmental 
compliance documentation, for example the description of the affected environment. A MRA is not 
intended to be used in the place of a National Environmental Policy Act (NEPA) document. MRAs are 
reviewed by subject matter experts familiar with the region. 
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EXECUTIVE SUMMARY 
 
The Department of the Navy (DoN) is committed to demonstrating environmental stewardship while 
executing its national defense mission. The U.S. Navy (Navy) is responsible for compliance with a suite of 
federal environmental and natural resources laws and regulations that apply to the marine environment, 
including the NEPA, the Marine Mammal Protection Act (MMPA), the Endangered Species Act (ESA), the 
Magnuson-Stevens Fishery Conservation and Management Act/Sustainable Fisheries Act (MSA), and 
Executive Order (EO) 13089 on Coral Reef Protection. The Navy implemented the MRA program to 
develop a comprehensive compilation of data and literature concerning the protected and managed 
marine resources found in its various OPAREAs. The information in this MRA is vital for planning 
purposes and for various types of environmental documentation such as biological and environmental 
assessments that must be prepared in accordance with the NEPA, MMPA, ESA, and MSA. 
 
This MRA documents and describes the marine resources that occur in the Gulf of Alaska OPAREA and 
vicinity. An overview of the marine environment in the Gulf of Alaska illustrates the important physical 
parameters that may affect the occurrence and distribution of protected and managed marine species. 
Detailed information is included on the characteristics and life history of federally protected marine 
mammals, sea turtles, birds, and fishes that may occur in the Gulf of Alaska OPAREA and vicinity. 
Seasonal variations in protected species occurrence patterns have been identified, mapped, and 
described along with the likely causative factors (behavioral, climatic, or oceanographic). 
 
 

 
 
 
The probable distributions of oceanic habitats such as deep-sea corals and artificial habitats are also 
described and mapped. An overview of the fish assemblages associated with the waters of the Gulf of 
Alaska OPAREA as well as fishing activities (commercial, recreational, and tribal) are reviewed and their 
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occurrences noted. Fish species for which essential fish habitat (EFH) has been designated in the Gulf of 
Alaska OPAREA are described in detail, including their status, distribution, and EFH by life history stage. 
Information is provided on such additional considerations as U.S. maritime boundaries, ferry routes, 
navigable waterways, and marine managed areas (MMAs) in proximity to the Gulf of Alaska OPAREA. 
 
Thorough and systematic literature and data searches were conducted, providing as much relevant 
information as possible for this assessment. Sighting, stranding, incidental fisheries bycatch, satellite-
tracking, and haulout data for marine mammals and sea turtles were compiled and interpreted to predict 
the occurrence patterns in the OPAREA for these protected and managed species. Predictions of the 
areas of occurrence for marine mammals and sea turtles are based on available occurrence data (e.g., 
sighting, stranding, and bycatch records) as well as scientific literature and expert opinion. 
 
The geographical representation of marine resource occurrences in the Gulf of Alaska OPAREA and 
vicinity is a major constituent of this MRA. A geographic information system (GIS) was used to store, 
manipulate, analyze, and display the spatial data and information accumulated for the MRA of the Gulf of 
Alaska OPAREA. Over 120 GIS-generated map figures are included in this assessment; data layers 
associated with these maps comprise bathymetry, sea surface temperature (SST), protected and 
managed species’ occurrences, EFH, Navy operating area grids, and maritime boundaries in addition to 
many others. Metadata (documentation of the GIS data) were also prepared for each GIS file associated 
with this MRA report. The MRA report for the Gulf of Alaska OPAREA is provided in both paper and 
electronic form. 
 
REPORT ORGANIZATION 
 
This report consists of nine chapters and five appendices:  
 
Chapter 1 Introduction⎯provides background information on this project, an explanation of its purpose 
and need, a review of relevant environmental legislation, and a description of the methodology used in 
the assessment;  
 
Chapter 2 Physical Environment and Habitats⎯describes the physical environment (e.g., marine 
geology [physiography, bathymetry, and bottom sediments], physical oceanography [circulation and 
currents], hydrography [temperature], and biological oceanography [plankton and primary productivity]) 
and habitats (e.g., nearshore and oceanic) of the Gulf of Alaska OPAREA and vicinity; 
 
Chapter 3 Species of Concern⎯covers federally protected marine mammals, sea turtles, birds, and 
fishes found in the vicinity of the Gulf of Alaska OPAREA, with detailed narratives of their morphology, 
status, habitat preferences, distribution, behavior, life history, acoustics, and hearing; 
 
Chapter 4 Fish and Fisheries⎯investigates fish, fishing activities (commercial, recreational, and tribal), 
and EFH for managed species that occur within the Gulf of Alaska OPAREA; 
 
Chapter 5 Additional Considerations⎯provides information on U.S. maritime boundaries, ferry routes, 
navigable waterways, and MMAs; 
 
Chapter 6 Recommendations⎯suggests future avenues of research that are necessary to fill the data 
gaps identified in this project and prioritizes research needs from a cost/benefit approach;  
 
Chapter 7 List of Preparers⎯lists all individuals who helped prepare the Gulf of Alaska OPAREA MRA 
report;  
 
Chapter 8 Literature Cited⎯lists citations for all peer-reviewed literature referenced in the MRA report; 
 
Chapter 9 Glossary⎯includes definitions of the terms used in the MRA report; 
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Appendix A⎯contains source information for marine mammal and sea turtle data, data confidence 
levels, map projection information, and map figures illustrating the sighting survey effort of aerial and 
shipboard surveys used in the Gulf of Alaska OPAREA MRA; 
 
Appendix B⎯marine mammal occurrence and haulout maps; 
 
Appendix C⎯sea turtle occurrence maps;  
 
Appendix D⎯bird occurrence maps; and  
 
Appendix E⎯EFH maps. 
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1.0 INTRODUCTION 
 
The U.S. Navy Commander, Pacific Fleet contracted this MRA to compile existing data and information 
concerning the protected and commercial marine resources found in the Gulf of Alaska OPAREA. For the 
purposes of this MRA, the Gulf of Alaska OPAREA and surrounding region may also be referred to as the 
“study area” or “study region.” 
 
1.1 PURPOSE AND NEED 
 
The goal of this MRA is to provide a compilation of the most recent data and information on the 
occurrence of marine resources in the Gulf of Alaska OPAREA. This MRA includes a discussion of the 
physical environment, oceanic habitats, and federally protected species found in the OPAREA and near 
vicinity. Also addressed in this assessment are fish, EFH, fisheries, and other areas and activities of 
interest that occur in ocean waters of the Gulf of Alaska. The identification of data gaps and the 
prioritization of recommendations for future research in the OPAREA are additional components of this 
report.  
 
The information assembled in this MRA will serve as a baseline from which the Navy may evaluate its 
operations and their potential impacts on the marine environment, while balancing the requirement to 
provide trained and ready forces with the obligations of sound resource stewardship. Section 4.1.1 of 
Department of Defense (DoD) Instruction 4715.3, “Environmental Conservation Program” states that “All 
DoD conservation programs shall work to guarantee continued access to our land, air, and water 
resources for realistic military training and testing while ensuring that natural and cultural resources are 
sustained in a healthy condition for scientific research, education, and other compatible uses by future 
generations” (DoD 1996). This assessment will contribute to the Fleet’s integrated long-range planning 
process and represents an important component in the Fleet’s ongoing compliance with U.S. federal 
mandates that aim to protect and manage resources in the marine environment. All species and habitats 
potentially affected by the Navy’s maritime exercises and protected by U.S. federal resource laws or EOs 
are considered in this assessment.  
 
A search and review of relevant literature and data was conducted to provide information on important 
features of the marine environment, the occurrence patterns of federally protected species, and the 
distribution of EFH and other Navy concerns in the Gulf of Alaska OPAREA and vicinity. To describe the 
physical environment and habitats of the OPAREA, physiographic, bathymetric, geologic, hydrographic, 
and oceanographic data for the study region were compiled and the locations of deep-sea corals and 
artificial habitats were identified. Comprehensive sighting, stranding, incidental fisheries bycatch, haulout, 
and critical habitat data for marine mammals and sea turtles were collected and analyzed to qualitatively 
predict the areas of occurrence for these protected species in the OPAREA. Marine mammal and sea 
turtle areas of occurrence have been identified, mapped, and described along with the likely causative 
factors (behavioral, climatic, or oceanographic). Other protected species addressed in this assessment 
include federally listed birds. Occurrence maps were also produced for these species and were 
developed from available sighting and habitat data as well as known distributional information (e.g., 
foraging/breeding ranges). Biological characteristics such as habitat preferences, behaviors, and life 
history patterns were researched for all federally protected species potentially occurring in the Gulf of 
Alaska. Also reviewed were fish species and habitats (including EFH); commercial, recreational, and tribal 
fishing activities; U.S. maritime boundaries; commercial shipping lanes and ferry routes; and MMAs.  
 
1.2 LOCATION OF THE GULF OF ALASKA OPAREA 
 
The Gulf of Alaska OPAREA is located in the eastern North Pacific Ocean off the mountainous coast of 
southern Alaska (Figure 1-1). It is situated south of Prince William Sound and the Kenai Peninsula and 
east of Kodiak Island. Covering approximately 82,201 square kilometers (km2) of ocean area, the Gulf of 
Alaska OPAREA spans both coastal and deepwater habitats ranging from 130 meters (m) to over 3,660 
m in depth, and includes Warning Area W-612. Important bathymetric features of this region include the 
continental shelf and slope as well as associated canyons (DoN 2004).  



SEPTEMBER 2006 FINAL REPORT 

1-2 

 Fi
gu

re
 1

-1
. T

he
 G

ul
f o

f A
la

sk
a 

O
PA

R
EA

 is
 lo

ca
te

d 
in

 th
e 

ea
st

er
n 

N
or

th
 P

ac
ifi

c 
O

ce
an

 o
ff 

so
ut

he
rn

 A
la

sk
a'

s 
K

en
ai

 P
en

in
su

la
 a

nd
 K

od
ia

k
Is

la
nd

. T
he

 O
PA

R
EA

 in
cl

ud
es

 W
ar

ni
ng

 A
re

a 
W

-6
12

. S
ou

rc
e 

da
ta

: S
R

S 
Te

ch
no

lo
gi

es
, I

nc
. (

20
03

). 



SEPTEMBER 2006 FINAL REPORT 

1-3 

1.3 APPLICABLE LEGISLATION  
 
The primary environmental laws that govern Navy activities in the marine environment include the 
National Environmental Policy Act, the Marine Mammal Protection Act, the Endangered Species Act, and 
the Magnuson-Stevens Fishery Conservation and Management Act. In addition to these federal acts, 
there are several other federal mandates and EOs that deal with resource conservation and management 
in ocean waters under U.S. jurisdiction. The following is a list of the many laws and regulations that the 
Navy must consider when conducting maritime activities in the Gulf of Alaska OPAREA. 
 
1.3.1 Federal Resource Laws 
 

 The National Environmental Policy Act (NEPA) of 1969 (42 U.S. Code [U.S.C.] §§ 4321 et seq.) 
established national policies and goals for the protection of the environment. NEPA aims to 
encourage harmony between people and the environment, to promote efforts to prevent or eliminate 
damage to the environment and the biosphere, and to enrich the understanding of ecological systems 
and natural resources important to the country. Thus, environmental factors must be given 
appropriate consideration in all decisions made by federal agencies.  

 
NEPA is divided into two sections: Title I outlines a basic national charter for protection of the 
environment, while Title II establishes the Council on Environmental Quality (CEQ). The purpose of 
the CEQ is to monitor the progress made towards achieving the goals set forth in Section 101 of 
NEPA. Other duties of the CEQ include advising the President on environmental issues and providing 
guidance to other federal agencies on compliance with NEPA.  
 
Section 102(2) of NEPA contains "action-forcing" provisions that ensure that federal agencies act 
according to the letter and spirit of the law. Federal agencies are required to give appropriate 
consideration to the environmental effects of their decision-making and must prepare detailed 
environmental assessments (EAs) or environmental impact statements (EISs) evaluating the potential 
impacts of proposed legislation or other major federal actions on the quality of the environment. 
 
Future studies and/or actions requiring federal compliance which may utilize the data contained in this 
MRA should be prepared in accordance with Section 102(2)(c) of NEPA, the CEQ regulations on 
implementing NEPA procedures (40 Code of Federal Regulations [CFR] 1500-1508), and the DoN 
regulations on implementing NEPA procedures (32 CFR 775). As a matter of policy, the DoN 
complies with NEPA for proposed actions that could produce significant effects within 12 nautical 
miles (NM), or 22 kilometers (km), of the U.S. coast.  
 

 The Marine Mammal Protection Act (MMPA) of 1972 (16 U.S.C. §§ 1361 et seq.) established a 
moratorium on the “taking” of marine mammals in waters or on lands under U.S. jurisdiction. Marine 
mammals include cetaceans (whales, dolphins, and porpoises), pinnipeds (seals and sea lions), 
sirenians (manatees and dugongs), sea otters, walruses, and polar bears. The MMPA defines taking 
as “harassing, hunting, capturing, killing, or attempting to harass, hunt, capture, or kill any marine 
mammal” (16 U.S.C. §§ 1362[13]). It also prohibits the importation into the U.S. of any marine 
mammal or parts or products thereof, unless it is for the purpose of scientific research or public 
display, as permitted by the Secretary of the Interior or the Secretary of Commerce. In the 1994 
amendments to the MMPA, two levels of “harassment” were defined. Harassment is defined as any 
act of pursuit, torment, or annoyance that has the potential to injure a marine mammal or marine 
mammal stock in the wild (Level A), or any act that has the potential to disturb a marine mammal or 
marine mammal stock in the wild by disrupting behavioral patterns, including, but not limited to 
migration, breathing, nursing, breeding, feeding, or sheltering (Level B). In 2003, the National 
Defense Authorization Act for Fiscal Year 2004 altered the MMPA’s definition of Level A and B 
harassment in regards to military readiness and scientific research activities conducted by or on 
behalf of the federal government. Under these changes, Level A harassment was redefined as any 
act that injures or has the significant potential to injure a marine mammal or marine mammal stock in 
the wild. Level B harassment was redefined as any act that disturbs or is likely to disturb a marine 
mammal or marine mammal stock in the wild by causing disruption of natural behavioral patterns, 
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including, but not limited to, migration, surfacing, nursing, breeding, feeding, or sheltering, to 
a point where such behavioral patterns are abandoned or significantly altered.  

 
Section 101(a)(5)(A) of the MMPA directs the Secretary of Commerce, upon request, to authorize the 
unintentional taking of small numbers of marine mammals incidental to activities (other than 
commercial fishing) when, after notice and opportunity for public comment, the Secretary: (1) 
determines that total takes during a five year (or less) period have a negligible impact on the affected 
species or stock, and (2) prescribes necessary regulations that detail methods of taking and 
monitoring and requirements for reporting. The MMPA provides that the moratorium on takes may be 
waived when the affected species or population stock is at its optimum sustainable population and will 
not be disadvantaged by the authorized takes (i.e., be reduced below its maximum net productivity 
level). Section 101(a)(5)(A) also specifies that the Secretary has the right to deny permission to take 
marine mammals if, after notice and opportunity for public comment, the Secretary finds: (1) that 
applicable regulations regarding taking, monitoring, and reporting are not being followed, or (2) that 
takes are, or may be, having more than a negligible impact on the affected species or stock.  

 
 The Marine Protection, Research, and Sanctuaries Act (MPRSA; 33 U.S.C. §§ 1401 et seq.), 

often referred to as the “Ocean Dumping Act,” was also enacted in 1972, two days after passage of 
the MMPA. The MPRSA regulates the dumping of toxic materials beyond U.S. territorial waters and 
provides guidelines for the designation and regulation of marine sanctuaries. MPRSA Titles I and II 
prohibit persons or vessels subject to U.S. jurisdiction from transporting any material out of the U.S. 
for the purpose of dumping it into ocean waters without a permit. The term “dumping,” however, does 
not include the intentional placement of devices in ocean waters or on the sea bottom when the 
placement occurs pursuant to an authorized federal or state program.  

 
 The Coastal Zone Management Act (CZMA) of 1972 (16 U.S.C. §§ 1451 et seq.) established a 

voluntary national program through which U.S. states and territories can develop and implement 
coastal zone management plans. The National Oceanic and Atmospheric Administration (NOAA), 
under the Secretary of Commerce, administers this act. States and territories use coastal zone 
management plans “to manage and balance competing uses of and impacts to any coastal use or 
resource” (NOAA 2000). A coastal zone management plan must be given federal approval before the 
state or territory can implement the plan. The plan must include, among other things, defined 
boundaries of the coastal zone, identified uses of the area that the state/territory will regulate, a list of 
mechanisms that will be employed to control the regulated uses, and guidelines for prioritizing the 
regulated uses. Currently, there are 34 U.S. states and territories with federally approved coastal 
zone management plans. These states and territories manage over 153,500 km (99.9%) of U.S. 
shoreline along the Atlantic, Pacific, and Arctic Oceans as well as the Great Lakes. Alaska’s coastal 
zone management program received federal approval from the NOAA in 1979. The Alaska Coastal 
Management Program provides stewardship for Alaska’s rich and diverse coastal resources to ensure 
a healthy and vibrant Alaskan coast that efficiently sustains long-term economic and environmental 
productivity.1,2,3 

 
The CZMA also instituted a federal consistency requirement, which provides federal agencies with 
restrictions concerning their behavior in relation to state and territory managed coastal zones. Federal 
agency actions that affect any land or water use or natural resource of the coastal zone (e.g., military 
operations, offshore oil and gas development, dredging projects, and developments on federal lands 
or in protected areas) must be “consistent to the maximum extent practicable” with the enforceable 
policies of a state or territory’s coastal management program (Coastal Zone Act Reauthorization 
Amendments of 1990). The federal consistency requirement was enacted as a mechanism to address 
coastal effects, to ensure adequate federal consideration of state and territory coastal management 
programs, and to avoid conflicts between states/territories and federal agencies by fostering early 
consultation and coordination (NOAA 2000). Within the coastal zone management plan for each state 
or territory is a list of the federal agency activities for which consistency determinations must be 
prepared. Under certain circumstances, the President is authorized to exempt specific activities from 
the federal consistency requirement if they determine that the activities are in the paramount interest 
of the U.S. The Office of Project Management and Permitting (OPMP), located within Alaska’s 
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Department of Natural Resources (DNR), has regulatory authority over all federal activities, permits, 
licenses, and funding approvals for projects that affect the state’s coastal zone resources.4 

 
 The Endangered Species Act (ESA) of 1973 (16 U.S.C. §§ 1531 et seq.) established protection over 

and conservation of threatened and endangered species and the ecosystems upon which they 
depend. An “endangered” species is a species that is in danger of extinction throughout all or a 
significant portion of its range, while a “threatened” species is one that is likely to become 
endangered within the foreseeable future throughout all or in a significant portion of its range. All 
federal agencies are required to implement protection programs for threatened and endangered species 
and to use their authority to further the purposes of the ESA. The NMFS, also known as the NOAA 
Fisheries Service, and the USFWS jointly administer the ESA and are also responsible for the listing 
(i.e., the labeling of a species as either threatened or endangered) of all “candidate” species. A 
“candidate” species is one that is the subject of either a petition to list or status review, and for which 
the NMFS or USFWS has determined that listing may be or is warranted (NMFS 2004d). The NMFS 
is further charged with the listing of all “species of concern” that fall under its jurisdiction. A “species of 
concern” is one about which the NMFS has some concerns regarding status and threats, but for 
which insufficient information is available to indicate a need to list the species under the ESA (NMFS 
2004d).  

 
A species may be a candidate for listing as a threatened or endangered species due to any of the 
following five factors: (1) current/imminent destruction, modification, or curtailment of its habitat or 
range; (2) overuse of the species for commercial, recreational, scientific, or educational purposes; (3) 
high levels of disease or predation; (4) inadequacy of existing regulatory mechanisms; or (5) other 
natural or human-induced factors affecting its continued existence.  
 
The major responsibilities of the NMFS and USFWS under the ESA include: (1) the identification of 
threatened and endangered species; (2) the identification of critical habitats for these species; (3) the 
implementation of research programs and recovery plans for these species; and (4) the consultation 
with other federal agencies concerning measures to avoid, minimize, or mitigate the impacts of their 
activities on these species (Section 7 of the ESA). Further duties of the NMFS and USFWS include 
regulating “takes” of listed species on public or private land (Section 9) and granting incidental take 
permits to agencies that may unintentionally “take” listed species during their activities (Section 10a).  
 
The ESA allows the designation of geographic areas as critical habitat for threatened or endangered 
species. The physical and biological features essential to the conservation of a threatened or 
endangered species are included in the habitat designation. Designation of critical habitat affects only 
federal agency actions and federally funded or permitted activities. 
 
There are 24 marine mammals (19 cetaceans and 5 pinnipeds), four sea turtles, and a multitude of 
birds, fishes, and invertebrates with known or potential occurrence in the Gulf of Alaska OPAREA. Of 
these, seven marine mammals, four sea turtles, two birds, and five fishes are listed as either 
endangered, threatened, proposed threatened, or species of concern (Table 1-1). For the marine 
mammals, the NMFS has jurisdiction over cetaceans and pinnipeds while the USFWS has jurisdiction 
over sea otters. For the sea turtles, the NMFS has jurisdiction while they are in the water and the 
USFWS has jurisdiction while they are on land (including eggs, hatchlings that are on the beach, and 
nesting females). The USFWS has sole jurisdiction over the birds. The NMFS and USFWS share 
jurisdiction over the fish species, with the NMFS having jurisdiction over individuals in marine 
environments (oceans) and the USFWS having jurisdiction over individuals in freshwater 
environments (streams and rivers). 

 
 The Fishery Conservation and Management Act (FCMA) of 1976 (16 U.S.C. §§ 1801 et seq.), later 

renamed the Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA), 
established a 200 NM fishery conservation zone in U.S. waters and a network of regional Fishery 
Management Councils (FMC). The FMCs are comprised of federal and state officials, including the 
USFWS, which oversee fishing activities within the fishery management zone. The act also 
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Table 1-1. The ESA designated species with known or potential occurrence in the Gulf of Alaska 
OPAREA and surrounding region. 
 
 
Taxon Group Scientific Name ESA Statusa 
 
Marine Mammals 
North Pacific right whale  Eubalaena japonica  E  
Humpback whale  Megaptera novaeangliae  E  
Sei whale  Balaenoptera borealis  E  
Fin whale  Balaenoptera physalus  E  
Blue whale  Balaenoptera musculus  E  
Sperm whale  Physeter macrocephalus  E  
Steller sea lion  Eumetopias jubatus  Tb  
 
Sea Turtles 
Leatherback turtle  Dermochelys coriacea  Ei  
Green turtle  Chelonia mydas  Tc, i  
Loggerhead turtle  Caretta caretta  Ti  
Olive ridley turtle  Lepidochelys olivacea  Tc, i 
 
Birds 
Short-tailed albatross  Phoebastria albatrus  E  
Steller’s eider  Polysticta stelleri  Ti  
 
Fishes 
Chinook salmon  Oncorhynchus tshawytscha  E/T/Cd 
Coho salmon  Oncorhynchus kisutch E/T/PT/Ce 
Chum salmon  Oncoryhnchus keta  Tf 

Sockeye salmon  Oncorhynchus nerka E/Tg 
Steelhead trout Oncorhynchus mykiss  E/T/Ch 
 
a E = Endangered, T = Threatened, PT = Proposed Threatened, C = Species of Concern 
b The species as a whole is listed as threatened; the eastern population is listed as threatened while the western 

population is listed as endangered. Both populations are expected to occur in the Gulf of Alaska OPAREA. 
c Although both species as a whole are listed as threatened, the Eastern Pacific nesting stock of the green turtle and 

the Mexican Pacific nesting stock of the olive ridley turtle are listed as endangered. Since the nesting areas for 
green and olive ridley turtles encountered at sea often cannot be determined, a conservative approach to 
management requires the assumption that all green and olive ridley turtles found in the OPAREA are endangered.  

d  There are 17 chinook salmon evolutionary significant units (ESUs) found along the U.S. Pacific coast, each with its 
own status under the ESA. Of these, two are endangered, seven are threatened, and one is a species of concern.  

e There are seven coho salmon ESUs found along the U.S. Pacific coast, each with its own status under the ESA. 
Of these, one is endangered, two are threatened, one is proposed threatened, and one is a species of concern.  

f There are four chum salmon ESUs found along the U.S. Pacific coast, each with its own status under the ESA. Of 
these, two are threatened.  

g There are seven sockeye salmon ESUs found along the U.S. Pacific coast, each with its own status under the 
ESA. Of these, one is endangered and one is threatened.  

h There are 15 steelhead trout ESUs found along the U.S. Pacific coast, each with its own status under the ESA. Of 
these, two are endangered, eight are threatened, and one is a species of concern. 

i These species are expected to be rare in the Gulf of Alaska OPAREA. Rare is defined as a species that only 
occurs in the area sporadically. 
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establishes national standards (e.g., optimum yield, scientific information, allocations, efficiency, and 
costs/benefits) for fishery conservation and management. In 1977, the multifaceted regional 
management system began allocating harvesting rights, with priority given to domestic enterprises. 
Since a substantial portion of fishery resources in offshore waters was allocated for foreign harvest, 
these foreign allocations were eventually reduced as domestic fish harvesting and processing 
industries expanded under the domestic preference authorized by the MSFCMA. At that time, 
exclusive federal management authority over U.S. domestic fisheries resources was vested in the 
NMFS. 
 
The authority to place observers on commercial fishing and processing vessels operating in specific 
geographic areas is also provided by the MSFCMA. The data collected by the National Observer 
Program, which is overseen by the NMFS, is often the best means to get current data on the status of 
many fisheries. Without observers and observer programs, there would not be sufficient fisheries data 
for effective management. Observer programs also satisfy requirements of the ESA and MMPA by 
documenting incidental fisheries bycatch of federally protected species, such as marine mammals 
and sea turtles.  
 

 In 1977, Congress addressed the heightened concern over water pollution by amending the Federal 
Water Pollution Control Act (FWPCA) of 1948 (33 U.S.C. §§ 1251 et seq.). The 1977 amendments, 
known as the Clean Water Act (CWA), extensively amended the FWPCA. The CWA took the first 
step towards establishing a comprehensive solution to the country’s serious water pollution problems. 
Through standards, technical tools, and financial assistance, the CWA works towards the 
accomplishment of two goals: (1) to make U.S. waters fishable and swimmable and (2) to eliminate 
contaminant discharge into such waters. Under the authority of the Environmental Protection Agency 
(EPA), the CWA sets water quality standards for all pollutants, requires a permit for the discharge of 
pollutants from a point source, and funds sewage treatment plant construction. Section 401 of the 
CWA requires that all applicants for a federal permit or license for activities that may result in a 
discharge to a water body obtain State Water Quality Certification stating that the proposed activity 
will comply with state water quality standards. Section 403 sets out permit guidelines specific to the 
discharge of contaminants into the territorial sea, the contiguous zone, and waters further offshore, 
while Section 404 establishes permit guidelines for the discharge of dredged or fill material into U.S. 
navigable waters at specified disposal sites. The U.S. Army Corps of Engineers (USACE), through 
issuance of CWA Section 401 and 404 permits, is the regulatory agency that approves all discharges 
of dredge or fill material into U.S. waters, especially water bodies with high resource value such as 
wetlands, riparian areas, and headwaters.5,6 
 
In addition to regulating pollution in offshore waters, the CWA, under the amendment known as the 
Water Quality Act of 1987, also requires state and federal agencies to devise programs and 
management plans that aim to maintain the biological and chemical integrity of estuarine waters. In 
estuaries of national significance, the NOAA is permitted to conduct water quality research in order to 
evaluate state and federal management efforts. Sensitive estuarine habitats, such as seagrass beds 
and wetlands, are protected from pollution under this act. 
 

 The Northern Pacific Halibut Act of 1982 (16 U.S.C. §§ 773-773k) calls for the U.S. and Canada to 
implement the 1979 Protocol for the Preservation of the Halibut Fishery of the Northern Pacific Ocean 
and the Bering Sea. The Act provides for the appointment of U.S. Commissioners to the International 
Pacific Halibut Commission (IPHC). In addition, the Act authorizes the Pacific Fishery Management 
Council to develop regulations to limit access regulations and govern the Pacific halibut catch in 
waters off Washington, Oregon, and California. All Council action must be approved and implemented 
by the U.S. Secretary of Commerce. 

 
 In 1984, Congress passed the National Fishery Enhancement Act (NFEA; 33 U.S.C. §§ 2101 et 

seq.) in recognition of the social and economic value of artificial reefs in enhancing fishery resources. 
Under this act, the Secretary of Commerce and the USACE are charged with the responsibility for 
encouraging and regulating artificial reefs in the navigable waters of the U.S. (NOAA 2003). One of 
the primary directives of the NFEA was the preparation of a long-term National Artificial Reef Plan 
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(NARP; 33 U.S.C. §§ 2103). Section 202 of the act recognizes the harmful effects of overfishing on 
fishery resources and proposes that properly designed, constructed, and located artificial reefs could 
enhance the habitat and diversity of these fishery resources. The NARP, which underwent revision in 
2002, was implemented in November 1985 to provide guidance and/or criteria on various aspects of 
artificial reef use, including types of construction materials and planning, siting, designing, permitting, 
installing, maintaining, and managing artificial reefs (NMFS 2002a). One of the most significant 
recommendations in the NARP encouraged the development of state-specific artificial reef plans 
(Gordon 1993).  

 
 The Pacific Salmon Treaty (PST) of 1985 (16 U.S.C. §§ 3631 et seq.) was established between 

Canada and the U.S. to establish a framework for managing salmon populations between the two 
countries. The Treaty principles were to (a) prevent overfishing and provide for optimum production; 
and (b) provide equivalent production benefits from salmon originating from the respective country’s 
waters. The Treaty requires U.S. and Canada to meet international conservation and allocation 
objectives by taking into account ways of reducing interceptions and avoiding disruption of existing 
fisheries and stock abundances.  

 
This Treaty also called for the establishment of the Pacific Salmon Commission (PSC), to oversee the 
implementation of the Treaty. The PSC is comprised of representatives of both countries to provide 
regulatory and technical advice. Fisheries regulation is a shared responsibility of the U.S. and 
Canada. 

 
On June 30, 1999, the following PST provisions were implemented: (a) establish abundance-based 
fishing regimes for Pacific salmon fisheries under the jurisdiction of the PST; (b) create two bilaterally-
based funds to promote cooperation, improve fishery management, and aid stock and habitat 
enhancement. Additionally, the PST includes provisions to enhance bilateral cooperation, improve the 
scientific basis for salmon management, and apply institutional changes to the PSC. 

 
 Like the CWA, the Marine Plastic Pollution Research and Control Act (MPPRCA) of 1987 (33 

U.S.C. §§ 1901 et seq.) also regulates the discharge of contaminants into the ocean. Under this 
federal statute, the discharge of any plastic materials (including synthetic ropes, fishing nets, plastic 
bags, and biodegradable plastics) into the ocean is prohibited. The discharge of other materials, such 
as floating dunnage, food waste, paper, rags, glass, metal, and crockery, is also regulated by this act. 
Ships are permitted to discharge these types of refuse into the water, but they may only do so when 
beyond a set distance from shore, as prescribed by the MPPRCA. An additional component of this 
act requires that all ocean-going, U.S. flag vessels greater than 12.2 m in length, as well as all 
manned, fixed, or floating platforms subject to U.S. jurisdiction, keep records of garbage discharges 
and disposals.7 

 
 Passage of the Oil Pollution Act (OPA) of 1990 (33 U.S.C. §§ 2701 et seq.) further increased the 

protection of our nation’s oceans. In addition to amending the CWA, this act also details new policies 
relating to oil spill prevention and cleanup methods. Any party that is responsible for a vessel, 
offshore facility, or deepwater port that could potentially cause an oil spill must maintain proof of 
financial responsibility for potential damage and removal costs. The act details which parties are 
liable in a variety of oil spill circumstances and what damage and removal costs must be paid. The 
President has the authority to use the Oil Spill Liability Trust Fund to cover these costs when 
necessary. Any cost for which the fund is used must be in accordance with the National Contingency 
Plan, which is an oil and hazardous substance pollution prevention plan established by the CWA. 
Federal, state, Indian tribe, and foreign trustees must assess the natural resource damages that 
occur from oil spills in their trusteeships and develop plans to restore the damaged natural resources. 
The act also establishes the Interagency Coordinating Committee on Oil Pollution Research, whose 
purpose is to research and develop plans for natural resource restoration and oil spill prevention.8 

 
 During the reauthorization of the MPRSA in 1992, Title III of the MPRSA was designated the National 

Marine Sanctuaries Act (NMSA; 16 U.S.C. §§ 1431 et. seq.). Title III authorizes the Secretary of 
Commerce to designate and manage areas of the marine environment with nationally significant 
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aesthetic, ecological, historical, or recreational value as national marine sanctuaries (NMS). The 
primary objective of this law is to protect marine resources, such as coral reefs, sunken historical 
vessels, or unique habitats, while facilitating all compatible public and private uses of these 
resources. Similar to underwater parks, NMS are managed according to management plans, which 
are prepared by the NOAA on a site-by-site basis. The NOAA is the federal agency responsible for 
administering the NMS Program.  

 
 In 1996, the MSFCMA was reauthorized and amended by the Sustainable Fisheries Act (SFA). The 

SFA provides a new habitat conservation tool in the form of the EFH mandate. The EFH mandate 
requires that the regional FMCs, through federal Fishery Management Plans (FMP), describe and 
identify EFH for each federally managed species, minimize to the extent practicable adverse effects 
on such habitat caused by fishing, and identify other actions to encourage the conservation and 
enhancement of such habitats. Congress defines EFH as “those waters and substrate necessary to 
fish for spawning, breeding, feeding, or growth to maturity” (16 U.S.C. §§ 1802[10]). The term “fish” is 
defined in the SFA as “finfish, mollusks, crustaceans, and all other forms of marine animals and plant 
life other than marine mammals and birds.” The regulations for implementing EFH clarify that “waters” 
include all aquatic areas and their biological, chemical, and physical properties, while “substrate” 
includes the associated biological communities that make these areas suitable fish habitats (50 CFR 
600.10). Habitats used at any time during a species’ life cycle (i.e., during at least one of its 
lifestages) must be accounted for when describing and identifying EFH (NMFS 2002b).  
 
Authority to implement the SFA is given to the Secretary of Commerce through the NMFS. The SFA 
requires that the EFH be identified and described for each federally managed species. The 
identification must include descriptive information on the geographic range of the EFH for all 
lifestages, along with maps of the EFH for lifestages over appropriate time and space scales. Habitat 
requirements must also be identified, described, and mapped for all lifestages of each species. The 
NMFS and regional FMCs determine the species distributions by lifestage and characterize 
associated habitats, including habitat areas of particular concern (HAPC). The SFA requires federal 
agencies to consult with the NMFS on activities that may adversely affect EFH. For actions that affect 
a threatened or endangered species, its critical habitat, and its EFH, federal agencies must initiate 
ESA and EFH consultations.  
 
In 2002, the EFH Final Rule was authorized, which simplified EFH regulations (NMFS 2002b). 
Significant changes delineated in the EFH Final Rule are: (1) clearer standards for identifying and 
describing EFH, including the inclusion of the geographic boundaries and a map of the EFH, as well 
as guidance for the FMCs to distinguish EFH from other habitats; (2) more guidance for the FMCs on 
evaluating the impact of fishing activities on EFH and clearer standards for deciding when FMCs 
should act to minimize the adverse impacts; and (3) clarification and reinforcement of the EFH 
consultation procedures. The process by which federal agencies can integrate MSFCMA EFH 
consultations with ESA Section 7 consultations is described in NMFS (2002b).  

 
 In response to the growing harmful algal bloom (HAB) and hypoxia problems, Congress passed the 

Harmful Algal Bloom and Hypoxia Research and Control Act (HABHRCA) of 1998 (Public Law 
[P.L.] 105-383). This statute formed an Inter-Agency Task Force on Harmful Algal Blooms and 
Hypoxia. The task force must compose a national assessment on the ecological and economic 
impacts of HABs, the same type of assessment for hypoxia, and a separate assessment for hypoxia 
in the Gulf of Mexico. All three assessments must also include plans on how to reverse these growing 
problems and detail the socioeconomic consequences of such solutions. The act appropriates a 
certain amount of funds to the Secretary of Commerce to use for the education, research, and 
monitoring needed to carry out the act’s directives. In 2000, the National Science and Technology 
Council Committee on Environment and Natural Resources released its National Assessment of 
Harmful Algal Blooms in U.S. Waters (Luttenberg et al. 2000). 

 
 The Migratory Bird Treaty Act (MBTA) of 1918 (16 U.S.C. §§ 703 et seq.) prohibits the taking, 

transporting, and harming of migratory birds and their parts, eggs, nests, and young unless permitted 
by federal regulations. This act implements provisions from the 1916 convention between the U.S. 
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and Great Britain that addressed the protection of migratory birds. Provisions from later conventions 
with Mexico, Japan, and the Soviet Union are also implemented as amendments to the MBTA. The 
USFWS has the authority to enforce the act’s provisions, which includes determining periodically 
when the taking of migratory birds may occur. State governments may pass laws that increase 
migratory bird protection as long as open seasons do not extend beyond those set at the national 
level. 

 
In 2000, Congress furthered the protection of migratory birds by passing the Neotropical Migratory 
Bird Conservation Act (16 U.S.C. §§ 6101 et seq.). The act sets aside funds used to finance 
projects that assist in the conservation of North American migratory birds in the U.S., Latin America, 
and the Caribbean. Project proposals are submitted to the Secretary of the Interior, who uses a set of 
criteria to determine which projects will receive federal funding. Not more than 25% of the project’s 
funds can come from the federal government. At least 75% of the funds allocated for this act, which is 
$5 million a year until 2005, must be used on projects outside the U.S. 
 

 In 2000, the Shark Finning Prohibition Act (16 U.S.C. § 1857(1)(P)) amended the MSFCMA to 
prohibit any person under U.S. jurisdiction from engaging in the finning of sharks, possessing shark 
fins aboard a fishing vessel without the corresponding carcass, and landing sharks without the 
corresponding carcass. This act also requires NMFS to issue regulations to implement the Act. The 
final rule published on February 11, 2002, prohibits any foreign fishing vessels from engaging in shark 
finning in U.S. Exclusive Economic Zone (EEZ), from landing shark fins without the corresponding 
carcass into a U.S. port, and from transshipping shark fins in U.S. EEZ.  
 

1.3.2 Executive Orders and Presidential Proclamations 
 

 EO 12114 on Environmental Effects Abroad of Major Federal Actions (32 CFR 187) was enacted 
in 1979 to further environmental objectives consistent with U.S. foreign and national security policies 
by extending the principles of NEPA to the international stage. Under EO 12114, federal agencies 
that engage in major actions that significantly affect a non-U.S. environment must prepare an EA of 
the action’s effects on that environment. This is similar to an EIS or EA developed under NEPA for 
actions conducted in areas under U.S. jurisdiction. Certain actions, such as intelligence activities, 
disaster and emergency relief actions, and actions that occur in the course of an armed conflict, are 
exempt from this order. Such exemptions do not apply to major federal actions that significantly affect 
an environment that is not within any nation’s jurisdiction, unless permitted by law. The purpose of the 
order is to force federal agencies to consider the effects their actions have on international 
environments.  

 
 EO 12962 on Recreational Fisheries (60 Federal Register [FR] 30769) was enacted in 1995 to 

ensure that federal agencies strive to improve the “quantity, function, sustainable productivity, and 
distribution of U.S. aquatic resources” so that recreational fishing opportunities nationwide can 
increase. The overarching goal of this order is to promote the conservation, restoration, and 
enhancement of aquatic systems and fish populations by increasing fishing access, education and 
outreach, and multi-agency partnerships. The National Recreational Fisheries Coordination Council 
(NRFCC), co-chaired by the Secretaries of the Interior and Commerce, is charged with overseeing 
federal actions and programs that are mandated by this order. The specific duties of the NRFCC 
include: (1) ensuring that the social and economic values of healthy aquatic systems, which support 
recreational fisheries, are fully considered by federal agencies; (2) reducing duplicative and cost-
inefficient efforts among federal agencies; and (3) disseminating the latest information and 
technologies to assist in the conservation and management of recreational fisheries. In June 1996, 
the NRFCC developed a comprehensive Recreational Fishery Resources Conservation Plan 
(RFRCP) specifying what member agencies would do to achieve the order’s goals. In addition to 
defining federal agency actions, the plan also ensures agency accountability and provides a 
comprehensive mechanism to evaluate achievements. A major outcome of the RFRCP has been the 
increased utilization of artificial reefs to better manage recreational fishing stocks in U.S. waters.9,10 
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 EO 13089 on Coral Reef Protection (63 FR 32701) was issued in 1998 “to preserve and protect the 
biodiversity, health, heritage, and social and economic value of U.S. coral reef ecosystems and the 
marine environment.” This EO directs all federal agencies to protect coral reef ecosystems to the 
extent feasible and instructs particular agencies to develop coordinated science-based plans to 
restore damaged reefs as well as mitigate current and future impacts on reefs, both in the U.S. and 
around the globe (Agardy 2000). This order also establishes the interagency U.S. Coral Reef Task 
Force, which is co-chaired by the Secretary of the Interior and the Secretary of Commerce through 
the Administrator of the NOAA.  
 

 EO 13158 on Marine Protected Areas (MPAs; 65 FR 34909) was put into law in 2000 and is a 
furtherance of EO 13089. It created the framework for a national system of MPAs. The term MPA is 
defined in this EO as “any area of the marine environment that has been reserved by federal, state, 
territorial, tribal, or local laws or regulations to provide lasting protection for part or all of the natural 
and cultural resources therein.” Since its enactment, this EO has strengthened governmental 
interagency cooperation in protecting the marine environment. It also calls for improving the 
management of existing MPAs, the creation of new MPAs, and the prevention of harm to marine 
ecosystems by federally approved, conducted, or funded activities (Agardy 2000). Currently, the 
NOAA is redefining the criteria used to designate MPAs and has recently reclassified all existing 
MPAs as “marine managed areas.” A more in-depth discussion on the NOAA’s process of redefining 
MPAs is included in Chapter 5.  

 
 EO 13186 on the Responsibilities of Federal Agencies to Protect Migratory Birds (66 FR 3853) 

was enacted in 2001 to support the efforts of the MBTA and other acts. This order directs executive 
departments and agencies that detrimentally affect migratory birds to increase their protection of 
these birds. Each department or agency must develop and implement a Memorandum of 
Understanding (MOU) through the USFWS. The MOU must incorporate a variety of efforts set out in 
the order that promote the conservation of migratory bird populations. These efforts include restoring 
migratory bird habitats and preventing pollution in environments that affect migratory birds. The 
departments and agencies have two years to implement their MOUs, but the order encourages them 
to implement the order’s policies immediately. Such practices can be implemented through activities 
already established or incorporated into new plans. The order also formed the interagency Council for 
the Conservation of Migratory Birds, which administers the order.   

 
1.4 METHODOLOGY 
 
1.4.1 Literature and Data Search 
 
Prior to the production of this report, a thorough and systematic search for relevant scientific literature and 
data was conducted. Information, data, and literature that were deemed vital to the production of this 
MRA were identified, obtained, reviewed, and then catalogued. Of the available scientific literature (both 
published and unpublished), the following types of documents were utilized in the assessment: journals, 
periodicals, bulletins, monographs of scientific and professional societies, theses, dissertations, 
symposium proceedings, project reports, threatened and endangered species recovery plans, stock 
assessment reports, EAs, EISs, FMPs, integrated natural resource management plans (INRMPs), and 
other technical reports published by government agencies, private businesses, or consulting firms. A 
multitude of individuals, agencies, and databases were consulted during the search for data and 
information on the occurrence of marine resources in the Gulf of Alaska OPAREA (all of which are 
mentioned below).  
 
To investigate the physical environment and habitats of the OPAREA; to summarize the occurrence 
patterns of federally protected species; to determine the locations of EFH; to describe the region’s 
commercial, recreational, and tribal fisheries; and to ascertain the distribution of U.S. maritime 
boundaries, commercial shipping lanes, ferry routes, and MMAs, data and information were either 
received or requested from the following sources:  
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 Academic and educational/research institutions (Blue Ocean Institute, Cascadia Research Collective 
[CRC], Center for Whale Research, LGL Limited Environmental Research Associates, Marine 
Conservation Biology Institute, North Gulf Oceanic Society, Oregon State University, Pacific WildLife 
Foundation [formerly West Coast Whale Research Foundation], San Diego State University, Scripps 
Institution of Oceanography, Texas A&M University, Texas A&M University at Galveston, Universidad 
Autónoma de Baja California, University of Alaska at Anchorage, University of Alaska at Fairbanks, 
University of British Columbia, University of California at Santa Barbara, University of Washington, 
Vancouver Aquarium [includes the British Columbia Cetacean Sightings Network], Wider Caribbean 
Sea Turtle Conservation Network (WIDECAST), WiLDCOAST);  

 
 The Internet, including various databases and related websites (Allen Press, Blackwell-Science, 

Elsevier, FR, FishBase, Food and Agriculture Organization [FAO], Google, National Sea Grant 
Library, NMFS, NOAA, North Pacific Fishery Management Council [NPFMC], Ocean Biogeographic 
Information System - Spatial Ecological Analysis of Megavertebrate Populations [OBIS-SEAMAP], 
Pacific Coast Fisheries Information Network [PacFIN], Pacific Fishery Management Council [PFMC], 
Recreational Fisheries Information Network [RecFIN], ReefBase, Science Direct, seaturtle.org, 
University of Florida Sea Turtle Bibliography, and U.S. Geological Survey [USGS]);  

 
 U.S. federal agencies and commissions (DoD: DoN, Department of the Air Force [DoAF]; Department 

of Energy [DoE]: Oak Ridge National Laboratory, Pacific Northwest National Laboratory; Department 
of the Interior [DoI]: Bureau of Land Management [BLM] - Minerals Management Service [MMS], 
USFWS, USGS; Department of Transportation [DoT]; Marine Mammal Commission; National 
Aeronautic and Space Administration [NASA]; NOAA: National MPA Center, National Ocean Service 
[NOS], National Weather Service, Office of Restoration and Response; NMFS: Alaska Fisheries 
Science Center [NMFS-AFSC], Alaska Regional Office [NMFS-AKR], National Marine Mammal 
Laboratory [NMFS-NMML] and Library, Northwest Fisheries Science Center [NMFS-NWFSC], 
Northwest Regional Office [NMFS-NWR], NPFMC, Office of Habitat Protection, Office of Protected 
Resources, PFMC, PMEL, NMFS-SWFSC, Southwest Regional Office [NMFS-SWR]; Pacific States 
Marine Fisheries Commission);  

 
 U.S. state agencies and commissions (Alaska DNR, Exxon Valdez Oil Spill Trustee Council); and  

 
 International agencies and commissions (Canada Department of Fisheries and Oceans [DFO], IPHC, 

United Nations Environment Programme-World Conservation Monitoring Centre [UNEP-WCMC]).  
 
1.4.2 Spatial Data Representation⎯Geographic Information System  
 
The geographical representation of marine resource occurrences in the Gulf of Alaska OPAREA and 
vicinity was a major constituent of this MRA report. The marine resources data and information 
accumulated for this project were accessed from a wide variety of sources, were in disparate formats, 
covered a broad range of time periods, and represented differing levels of accuracy as well as quality 
assurance. The spatial or geographical component that was common to all data sets allowed the widely 
dissimilar data to be visualized in a meaningful manner. Without this common data characteristic, 
graphical display of such disparate data would have been difficult, if not impossible, to achieve. 
 
A GIS was used to store, manipulate, analyze, and display the spatial data and information accumulated 
for the Gulf of Alaska OPAREA. For this project, Environmental Systems Research Institute, Inc.'s (ESRI) 
ArcView® version 8.3 GIS software was used to create the majority of the map figures and metadata. 
ArcView® was chosen for this project due to its widespread use, ease of operation, and its ability to create 
multiple views and layouts within the same project file.  
 
The geographic locations of important marine resources in the Gulf of Alaska OPAREA and vicinity were 
derived from four types of sources (in order of reliability): source data, scanned source maps, source 
information, and information adapted from published maps. The “source data,” containing geographic 
coordinates or GIS shapefiles, were scrutinized to ascertain their data quality. If the data were in 
coordinate form, they were then converted to decimal degrees if necessary and text fields were renamed 
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or added for ease of manipulation. Once standardized, the source data were imported into the GIS 
software. Some of the data were only available as graphical representations or “source maps.” These 
data were scanned, imported into ArcView®, and geo-referenced, after which significant information was 
digitized into a shapefile format. Materials acquired as Adobe® portable document format (PDF) files were 
also treated as scanned source maps (i.e., they were geo-referenced and pertinent information was 
digitized), since they were already in a digital form. A third type of source, “source information,” 
encompasses information that was neither taken from a scanned map nor was available in coordinate 
form. For example, maps displaying non-coordinate data, information given via personal communication, 
or information extracted from a literature description are referenced as source information. In certain 
cases, source maps and/or information had to be interpreted to be usable in the GIS environment. Maps 
displaying geographic information that was interpreted or altered from the original source map/information 
are noted in the figure caption as being “adapted from” with a corresponding source name.  
 
The source type and associated references for all marine resource data presented in the map figures are 
listed in each figure’s caption. The full reference citations for map source data or information may be 
found in the Literature Cited chapter of the MRA. The two primary types of spatial information used in the 
Gulf of Alaska OPAREA MRA were coordinate data and scanned maps. These two source types are 
associated with differing levels of data reliability or confidence (Appendix A-1 contains a further 
explanation of data confidence). Numerical or authentic data are associated with the highest level of 
reliability while data obtained by scanning source maps are less reliable.  
 
Source data were not always in a standard format, there was often no standard naming convention for 
species names, and some data sets included missing or unlabeled data fields. To mitigate these 
difficulties, many steps were taken to standardize and ensure the quality of the numerical data, especially 
for the marine mammal and sea turtle data. Therefore, prior to using the data, a master database was 
created in Microsoft® Access where the data format was standardized so that the data could be merged 
and later used in the GIS. To accomplish this, data were manipulated so that records were matched with 
a set of standard field names. In some cases, the latitude and longitude had to be converted to decimal 
degrees with accuracy to the fourth decimal place. Species’ common names were added to the database 
to replace the multiple species codes that accompanied the original data. The codes or names used to 
identify species were not always consistent from one data set to the next. Compiling a comprehensive list 
of species names increased the chances of plotting all sightings for a given species on the map figures. 
To maintain integrity of the original data, all fields and records were kept without alteration. When 
necessary, fields were created to store supplemental information or data that was altered from the original 
source. No original data fields were deleted and all added fields are signified by the “GMI_” prefix (GMI: 
Geo-Marine, Inc.). For example, the field that was added to the main dataset to indicate the origin 
(source) of the data is indicated by the field name “GMI_source.” 
 
GIS data are displayed as layers for which scale, extent, and display characteristics can be specified. 
Multiple themes are represented on an individual map figure. Throughout the project, data imported into 
ArcView® had to be maintained in the most universal, least transformed manner in order to avoid conflict 
between theme coordinate systems and projections. In the GIS, the most flexible spatial data format is 
the unprojected geographic coordinate system, which uses decimal-degree latitude and longitude 
coordinates (Appendix A-2 contains more information on map projections). The decimal-degree format is 
the only coordinate system format that allows unlimited, temporary, custom projection and re-projection in 
ArcView® and is therefore the least restrictive spatial data format. The printed maps and electronic GIS 
map data for this MRA report are unprojected and are therefore not as spatially precise (in terms of 
distance, area, and shape) as a projected map. Consequently, the maps should not be used for 
measurement or analysis and an appropriate projection should be selected when using the GIS data.  
 
Once the marine resource data were imported and stored in the GIS, maps were created representing 
multiple layers of either individual or combined data. The maps in this MRA report are presented in 
kilometers and nautical miles. The majority of maps in this report are presented in one of two forms: a 
display that includes two seasonal maps per page or a display that includes one full-page map. Maps of 
each display type are often presented at the same approximate scale. Seasons throughout the report are 
defined as either summer (May through October) or winter (November through April). These divisions are 
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based on general oceanographic conditions in the study region, which are summarized in Wilson and 
Overland (1986) and Stabeno et al. (2004).  
 
The ability to display and analyze multiple data themes or layers simultaneously is one of the advantages 
to using a GIS rather than other graphic software. Customizations were made to the software in ESRI’s 
ArcObjects™ proprietary language to automate the more repetitive map-making tasks as well as the 
processing and analysis of large volumes of data. 
 
1.4.2.1 Maps of the Physical Environment and Habitats  
 
Bathymetry—The bathymetry data used in this MRA represent a single level of sampling resolution. 
Bathymetric data from Scripps Institution of Oceanography11 were sampled and extracted at 2-minute 
(min) resolution. Highly detailed vector bathymetry or depth contours (isobaths) were prepared with 
contour intervals of 10 m for depths shallower than 100 m while depths deeper than 100 m were 
contoured at 100 m intervals. Selected isobaths from the resulting two-dimensional (2D) contours are 
shown on the bathymetry figures and on various maps throughout the MRA report. 
 
To illustrate the three-dimensional (3D) bathymetry of the Gulf of Alaska OPAREA, triangular irregular 
networks (TIN), which interpolate intermediate data values between surveyed data points, were created 
using the available bathymetry data and processing those data in the ArcGIS® 3D Analyst extension. The 
2 min bathymetric sounding data sampled from Scripps Institution of Oceanography11 were used to create 
the TIN, which depicts the 3D bathymetry of the Gulf of Alaska OPAREA and vicinity (Figure 2-1). The 
TINs were viewed in the ArcGIS® 8.3 ArcScene™ extension to model the 3D display. ArcScene® allows 
the 3D display to be manipulated (i.e., rotated, tilted, zoomed, classified, and overlaid with data). The 
most authentic display was exported directly from an ArcScene® view as a graphic file (.tif), which was 
then imported into ArcView® for the final map layout.  
 
The true or natural continental shelf break for the Gulf of Alaska OPAREA was derived using the detailed 
vector bathymetry contours that were adapted from the Scripps Institution of Oceanography11 raster 
dataset. The bathymetric contours were transformed into a 0.004-decimal degree grid of water depths. 
This grid was created using the Zevenbergen and Thorn (1987) algorithm (ZTA), which is a complex 
series of equations used to model elevation data. The ZTA analysis is based on a rectangular grid of 
evenly spaced depths that covers the OPAREA. An analytical unit composed of 3 grid cells by 3 grid cells 
was repetitively analyzed throughout the rectangular depth grid to derive a digital depth model. ArcView 
3.3® was then employed to evaluate the gridded digital depth-model against the quartic formula (the 
ultimate of the ZTA equations). The resulting grid of depth gradient values was visualized as 50 
continental shelf break classes (50 was an arbitrary value and represented neither too large nor too small 
a set of depth classes). The true continental shelf break was identified from within the 50 classes of grid 
cell values. The shelf-break class representing the grid cell value of 100 was determined to be the 
location of the true continental shelf break. The value of 100 best matched the gradient change 
associated with the continental shelf break as defined by Kennett (1982) where the depth changes from 
the gradient of 1:1000 on the continental shelf to 1:30 on the continental slope. The grid cells for the 
associated depth model were reclassified into two values: 1 (original depth values ≤100 m) and 0 (original 
depth values >100 m) to isolate the continental shelf break. The grid model was converted into polygons, 
which were then converted to line topology, removing all extraneous lines. The isolated shelf break line 
was then splined to smooth the 90° angles characteristic of grid cells. The model of the continental shelf 
break was then evaluated in conjunction with the detailed isobaths to determine positional accuracy. The 
resulting line feature represents the model of the “true” continental shelf break and is not representative of 
one depth but varies in depth. 
 
Satellite Data—Seasonal averages of SST were compiled from weekly averaged Advanced Very High-
resolution Radiometer (AVHRR) satellite data, which contain multi-channel SST pixel data.12 Seasons 
were defined with the same monthly derivations used throughout the MRA report (summer: May through 
October, winter: November through April). Data for the OPAREA were collected from 1981 to 2001; these 
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data were extracted from the global dataset and the pixel values were converted to SST using MATLAB® 
with the following function:  
 
 SST (°C) = 0.15 ∗ DN - 2.1 
 
where DN is the pixel value. 
 
Day and night SST values were averaged and the data were parsed into seasons. The seasonal data 
were then converted to a grid with cell sizes of 0.12 km by 1.09 km and interpolated to produce a 
smoother image. In the GIS environment, the range of SST values for the OPAREA (presented in 
degrees Celsius [°C]) are associated with a color spectrum grading from red (warmest) to blue (coldest). 
 
Seasonal averages of chlorophyll a (chl a) concentrations were compiled from monthly averaged Coastal 
Zone Color Scanner (CZCS) satellite data to provide a proxy for primary productivity in the OPAREA.13 
Pixel data for the OPAREA extent from 1978 to 1986 were extracted and converted to chl a values using 
MATLAB® and the provided function: 
 
 chl a (mg/m3) = 10 (DN ∗ 0.012) - 1.4   
 
where DN is the pixel value.  
 
The chlorophyll data were parsed into seasons, converted to grid cell sizes of 0.12 km by 1.09 km, and 
interpolated. On the MRA map figures, the seasonal range of chl a concentrations (in milligrams per cubic 
meter [mg/m3]) is presented as a color spectrum with chl a concentrations increasing from blue to red. 
 
Habitat Data—Multiple sources of data and information were used in the creation of maps for the coastal 
and oceanic habitats of the Gulf of Alaska OPAREA and vicinity. The maps displaying deep-sea corals 
and artificial habitats are examples of multiple data sources used in the creation of a single map. These 
maps were created using images, coordinate data, GIS shapefiles, and other information available from 
the scientific literature, technical reports, GIS databases, and federal agency websites.  
 
1.4.2.2 Biological Resource Maps⎯Species of Concern 
 
Marine mammal and sea turtle occurrence data were accumulated from every available source; however, 
it was impossible to obtain every data source in existence for the Gulf of Alaska OPAREA. An overview of 
known marine mammal and sea turtle data sources for the Gulf of Alaska is found in Appendix A-3. 
Marine mammal and sea turtle data that were provided for use in this MRA are listed in Table A-1 and are 
displayed on the occurrence maps in Appendices B and C. The data described in Table A-1 include 
occurrence data from aerial and shipboard (sighting) surveys, stranding records, incidental fisheries 
bycatch records, and other sources (e.g., opportunistic sighting programs and species occurrence 
databases). Sighting, stranding, and bycatch records available from the scientific literature or through 
personal communications with regional experts were also used in this MRA. The combined source data 
mentioned above were vital to the determination of areas of occurrence for marine mammals and sea 
turtles potentially occurring in the Gulf of Alaska OPAREA. Of greatest utility were sightings collected 
during NMFS aerial and shipboard surveys of the OPAREA and near vicinity.  
 
Several assumptions were made regarding the marine mammal and sea turtle data collected for this 
MRA. First, it was assumed that the species identifications given in each dataset were correct. This 
assumption was necessary since the reliability of species identifications from one dataset to the next was 
not always known. Marine mammals and sea turtles are often difficult to distinguish to species when they 
are young (i.e., small size classes), during poor sighting conditions, and when those who observe them 
do not have a high level of identification experience. Correct species identification is highly dependent on 
the skill level of the observer. Sighting data presented in this MRA range from those collected by 
experienced professionals during dedicated surveys (e.g., NMFS surveys) to those collected 
opportunistically and/or by less experienced observers. For the sake of consistency, reliability of species 
identification was not considered in the plotting of any marine mammal or sea turtle records.  
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Although it was assumed that the species identifications provided in each dataset were correct, it could 
not always be assumed that the locations of the occurrence records, when provided, were also correct. 
Problems were often encountered when original geographic coordinates were plotted and animals were 
shown to occur in unexpected locations or in areas far from the dedicated survey coverage. Occurrence 
records that were obviously erroneous were omitted if they could not be corrected through consultation 
with the data provider. It should be noted that some of the marine mammal and sea turtle datasets lacked 
geographic coordinates entirely. As a result, determination of the locations where the records occurred 
required educated predictions based upon physical descriptions of the locales. 
 
In conjunction with the NMFS, regional experts, and hired subcontractors, marine mammal and sea turtle 
areas of occurrence were defined and then drawn for each species known to occur in the OPAREA. The 
areas of occurrence are based upon expert opinion (i.e., many years of survey experience in the area), 
known habitat preferences and distribution patterns of the animals, and the available sighting, stranding, 
bycatch, and haulout data. Four types of occurrence information may be displayed on each marine 
mammal or sea turtle species map: areas of primary occurrence (areas and habitats where a species is 
primarily found), areas of secondary occurrence (areas and habitats where a species may be found, 
especially during anomalous environmental conditions [e.g., El Niño events] or seasonal migrations), 
areas of rare occurrence (areas and habitats where a species is not expected to be found with any 
regularity), and areas of no systematic survey effort (areas and habitats that have not been adequately 
surveyed). An underlying premise used during the map creation process was that a conservative 
approach to delineating the areas of occurrence for marine mammals and sea turtles was necessary 
since all four sea turtle species and several of the marine mammal species are listed as either threatened 
or endangered under the ESA. The occurrence maps for marine mammals and sea turtles are displayed 
by season. 
 
As a supplement to the seasonal occurrence maps and species-specific discussions, maps were also 
created to depict known movement patterns and critical habitats for certain marine mammals and sea 
turtles that potentially occur within the OPAREA. Section 3.1 of this MRA includes migration maps for the 
humpback and gray whales, which are summaries of the vast amount of data and information that have 
been collected on long distance movement patterns of these whale species in the North Pacific Ocean. In 
addition, a satellite-tracking map was prepared for an Alaska Resident killer whale (and its pod) that 
transited between Prince William Sound and the Gulf of Alaska OPAREA over the course of a week in 
2004. Section 3.1 also includes maps of marine mammal critical habitats that have either been proposed 
or designated by the NMFS. In the eastern North Pacific Ocean, critical habitat has been proposed for the 
southern resident killer whale and has been designated for the North Pacific right whale and Steller sea 
lion.  
 
Section 3.2 of this MRA includes a map summarizing the developmental migration path of loggerhead 
turtles from nesting beaches in the western Pacific to juvenile developmental habitats in the eastern 
Pacific to adult foraging/breeding areas in the western Pacific. This map allows the reader to better 
visualize and understand the life history and migration patterns of this species in the North Pacific Ocean.  
 
Section 3.3 refers to maps that display important habitat and occurrence data on endangered and 
threatened species of birds. Species-specific occurrence maps, presented in Appendix D, are syntheses 
of all available information on distribution patterns, survey sightings, foraging habitats, and seasonal 
migrations. The sighting data presented on these maps were compiled from the North Pacific Pelagic 
Seabird Database (NPPSD) for Alaska, provided for use in this MRA by Drs. John Piatt and Gary Drew of 
the USGS-Alaska Science Center. An in-depth review of the NPPSD project, including a summary of its 
goals and accomplishments, can be found in Drew and Piatt (2005).  
 
Section 3.4 contains maps displaying distribution and critical habitat data for the five federally protected 
species of salmon known to occur in the Gulf of Alaska. The critical habitat maps were prepared using 
GIS shapefiles produced by the NMFS, while the distribution map for all salmon species was constructed 
using information from the scientific literature and a salmon research program website. 
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1.4.2.3 Biological Resource Maps⎯Fish and Fisheries  
 
Maps displaying the EFH for all lifestages of Pacific salmon, weathervane scallops, and groundfish found 
within the Gulf of Alaska OPAREA and vicinity were created from maps prepared under Alternative 3 (the 
preferred alternative) of the Final Environmental Impact Statement for Essential Fish Habitat Identification 
and Conservation in Alaska (NMFS-AKR 2005).  
 
EFH designations can include the entire water column or a subsection of the water column (e.g., benthic, 
surface, or from 50 m to 250 m). The subsection of the water column where EFH is designated has been 
included in parentheses after the lifestage category. If there are no parentheses after the lifestage, then 
EFH is designated for the entire water column. 
 
1.4.2.4 Maps of Additional Considerations 
 
Information regarding the locations of U.S. maritime boundaries, navigable waterways, and MMAs in the 
Gulf of Alaska OPAREA was gathered from a wide array of sources. Maps displaying the major 
commercial shipping lanes, ferry routes, and MMAs off the Gulf of Alaska region were created primarily 
from data available at U.S. federal and state agency websites. Federal sites currently listed in the NOAA’s 
MMA Inventory, and for which GIS shapefiles were available, were displayed on the MMA map.  
 
1.4.2.5 Metadata 
 
The creation of metadata (or information about the GIS data) documentation files was a large component 
of the GIS work completed for this assessment. Every GIS file used in the creation of the map figures 
within this MRA has a metadata file associated with it. When possible, metadata were obtained along with 
GIS data used in this MRA; those data are included in the metadata documentation. Often documentation 
information, especially on the accuracy or reliability of the associated data, was not available. 
 
Metadata for geographical data should include the data source, creation date, format, projection, scale, 
resolution, accuracy, and reliability with regard to some standard. Metadata also consist of properties and 
process documentation. Properties are derived from the data source, while documentation is entered 
manually. ESRI ArcCatalog® creates metadata in extensible markup language (XML) format, so the same 
metadata can be viewed in many different ways using different styles. Metadata created to accompany 
this MRA report are provided in both XML and hyper text markup language (HTML) formats, so that the 
metadata can be viewed in many types of viewers and are accessible within the GIS environment by 
other users. 
 
1.4.3 Limitations of Marine Survey Sighting Data  
 
When attempting to use sighting data from aerial and shipboard surveys as a major indicator of a species’ 
occurrence, it is necessary to first recognize the inherent biases associated with each survey type. One of 
the main drawbacks of surveys in the marine environment is that shipboard and aerial surveys count only 
the number of animals at the water’s surface, where species such as marine mammals and sea turtles 
spend relatively little time. Sea turtles often spend over 90% of their time underwater (e.g., Byles 1988; 
Renaud and Carpenter 1994; Mansfield and Musick 2003). As a result, it has been postulated that marine 
surveys undersample (underestimate) the total number of sea turtles in a given area by as much as an 
order of magnitude (Shoop and Kenney 1992). While scientists have devised mathematical formulas to 
account for animals not seen at the surface, the diving behavior of one animal may be different from that 
of other members of the same species. Even though marine mammals and sea turtles are obligated to 
come to the surface to breathe, many individuals will not surface within an observer’s field of view. This is 
of particular concern when attempting to sight species that dive for extended periods of time; do not 
possess a dorsal fin; and are known to exhibit cryptic behavior, such as beaked whales, Kogia spp., and 
sperm whales (e.g., Würsig et al. 1998; Barlow 1999). Beaked whales are often solitary individuals, which 
makes their sightability much different from a species that regularly occurs in large groups, such as 
dolphins in the genus Stenella (e.g., Scott and Gilbert 1982). 
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Sighting conditions also affect the sightability of marine mammals and sea turtles. Sighting frequencies 
vary due to the amount of sun glare on the water’s surface, the sea state, weather, and the water clarity. 
Both sea state and glare have statistically significant effects on sighting frequency (e.g., Scott and Gilbert 
1982; Thompson 1984). When water clarity is poor, animals are difficult to sight below the water’s 
surface, and only those animals at the water’s surface that are extremely close to the observer are 
usually identifiable. 
 
Problems also arise when attempting to select an optimal and efficient survey method for sampling 
marine mammals and sea turtles. Since most sighting surveys target multiple species, the sampling 
designs, although likely cost- and labor-efficient, cannot be considered optimal for each species (Scott 
and Gilbert 1982). The altitude at which marine mammal aerial surveys are flown is much higher than is 
desirable to sight sea turtles (which are typically much smaller than cetaceans). Shipboard surveys 
designed for sighting marine mammals are adequate for detecting large sea turtles but usually not the 
smaller-sized turtles. Their size, diving behavior, and startle responses to vessels make smaller sea 
turtles difficult to sight or visually observe from a ship. The youngest age-classes of sea turtles, which 
often inhabit waters far from land, are extremely difficult to spot. There have been no shipboard surveys 
in the Atlantic or Pacific Oceans designed to specifically address information needs relative to sea turtles. 
Other difficulties with marine surveys include weather, time, and logistical constraints. For example, the 
operating cost for a research vessel is approximately $10,000 per day (Forney 2002). 
 
In addition, seasonal occurrence of marine mammals and sea turtles in extremely large areas, such as 
the North Pacific Ocean, is unknown since no seasonal surveys have been conducted. The occurrence of 
marine mammals and sea turtles in an area often changes on a seasonal basis in response to changes in 
water temperature, the movement and availability of prey, or an individual’s life history requirements, such 
as reproduction. Therefore, the number of sightings on a specific date over a specific trackline may not be 
representative of the number of individuals occurring in the entire area over the course of an entire 
season. As a result, sighting frequency is often a direct result of the level of survey effort expended in a 
given area. 
 
1.4.4 Limitations of Stranding Data  
 
How closely the distribution of marine mammal and sea turtle stranding records mirrors the actual 
occurrence of a species in a given region is often not known. Sick animals may strand well beyond their 
normal range and carcasses may travel long distances before being noticed by observers. Stranding 
frequency in a given area is as much a function of nearshore and offshore current regimes and coastal 
zone patrol efforts as it is a function of the stranded species’ actual pattern of occurrence in that area. 
Since coastal species will strand more frequently than oceanic species, due to their closer proximity to 
shore, stranding frequencies should not be used when attempting to compare the occurrence of a coastal 
versus an oceanic stock in a certain area. Comparisons cannot be made between species of differing 
sizes and social structures, as strandings of large-bodied species and groups of individuals are much 
more likely to be reported than strandings of small-bodied species or single individuals. An additional 
problem with the use of stranding data involves the inability of reporters to identify carcasses as a certain 
species. For example, only the most experienced marine mammal scientists are able to differentiate 
between the several species of beaked whales in the genus Mesoplodon. 
 
1.5 REPORT ORGANIZATION 
 
This report consists of nine major chapters and five associated appendices. Chapter 1⎯Introduction 
provides background information on this project, an explanation of its purpose and need, a review of 
relevant environmental legislation, and a description of the methodology used in the assessment. Chapter 
2⎯Physical Environment and Habitats describes the physical environment of the OPAREA, including the 
marine geology (physiography, bathymetry, and bottom sediments), physical oceanography (circulation 
and currents), hydrography (surface temperature and salinity), biological oceanography (plankton), and 
habitat complexity. It also discusses the distribution of deep-sea corals and artificial habitats (e.g., 
shipwrecks, moorings, and buoys) in the OPAREA and vicinity. Chapter 3⎯Species of Concern covers all 
protected species found in the Gulf of Alaska OPAREA: marine mammals, sea turtles, two species of 
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birds, and five species of fish. For these species, detailed narratives of their morphology, status, habitat 
preferences, distribution (including migratory patterns), behavior, life history, and acoustics and hearing (if 
known) have been provided. Chapter 4⎯Fish and Fisheries investigates fish, EFH, and fishing activities 
(commercial, recreational, and tribal) that occur within the OPAREA. Chapter 5⎯Additional 
Considerations provides information on U.S. maritime boundaries, commercial shipping lanes and ferry 
routes, and MMAs. Chapter 6⎯Recommendations suggests future avenues of research that may fill the 
data gaps identified in this project and prioritizes research needs from a cost-benefit approach. Chapters 
7, 8, and 9 are the List of Preparers, Literature Cited, and Glossary, respectively. Appendix A includes 
supplementary materials referred to in Chapter 1 (including the marine mammal and sea turtle data 
sources) while Appendices B, C, and D contain occurrence map figures that are described or referenced 
in the marine mammal, sea turtle, and bird sections (3.1, 3.2, and 3.3, respectively) of Chapter 3. 
Appendix E includes maps for all fish species that have designated EFH (for at least one lifestage) within 
the OPAREA.  
 
This report is written in a format and reference style similar to that found in The Chicago Manual of Style, 
14th Edition. Citations for all peer-reviewed literature referenced in this MRA are included in Chapter 8, 
while a list of websites accessed appears at the end of each chapter except in Chapter 3, Species of 
Concern, where they appear at the end of each section. 
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2.0 PHYSICAL ENVIRONMENT OF THE GULF OF ALASKA OPAREA 
 
2.1 INTRODUCTION 
 
The Gulf of Alaska forms a large, semicircular bight opening southward into the North Pacific Ocean 
(Royer and Muench 1977; Stabeno et al. 2004; Figures 2-1 and 2-2). The region is bounded by the 
mountainous coast of Alaska to the west, north, and east and encompasses watersheds of the Alaskan 
Peninsula from 176ºW to the Canadian mainland on Queen Charlotte Sound (127.5ºW; Mundy and 
Olsson 2005). The Gulf is characterized by a broad and deep continental shelf containing numerous 
troughs and ridges, and the region receives high amounts of freshwater input, experiences numerous 
storms, and undergoes intense variability in waters overlying the continental shelf (Whitney et al. 2005).  
 
2.2 CLIMATE/WEATHER 
 
The climate in the Gulf of Alaska is extreme (Royer and Muench 1977). One of the most active 
meteorological regions on the planet, the Gulf of Alaska is dominated by the passage of storms and 
extratropical cyclones (Hood 1986; DoN 2004; Mundy and Olsson 2005). In general, the region 
experiences mild winters and cool summers (Rosenberg 1972). Mean temperatures in the summer are 
9ºC over the western expanses of the Gulf of Alaska (DoN 2004); winter temperatures are often below 
0ºC, with average temperatures of 0 to 3ºC from December to March (Brower et al. 1977; ADFG1). During 
the winter months, wind chill in the region is typically below -30ºC (Brower et al. 1977). 
 
Fog covers the Gulf of Alaska throughout the year. Ocean temperatures are often higher than the 
surrounding land masses, resulting in persistent fog coverage of the region (Hood 1986; DoN 2004). The 
Gulf of Alaska is almost always cloud covered (Wilson and Overland 1986). Cloud cover of 75% occurs 
over the northern Gulf more than 60% of the time (Brower et al. 1977; Weingartner 2005), and cloud 
cover of less than 25% occurs 15% of the time, usually in the winter months (Wilson and Overland 1986; 
Weingartner 2005). Meteorology of the region is determined by three semi-permanent atmospheric 
features: the Aleutian Low, the east Pacific High, and the Siberian High (Wilson and Overland 1986; 
CD/GEO/EAR and JOI/USSSP 2003).  
 
The seasonal variability in precipitation in the coastal regions of the Gulf of Alaska features a prominent 
rainy period from September through November and a relatively dry period during the months of June and 
July (Stabeno et al. 2004). Annual mean precipitation in coastal areas of the Gulf of Alaska range from 
200 to 400 cm; it is estimated that less than half this amount falls in the central regions of the gulf (Royer 
1979; Wilson and Overland 1986; Spencer 1993; Stabeno et al. 2004; Weingartner 2005). Rainfall 
exceeding 700 cm has been reported in some coastal areas (CD/GEO/EAR and JOI/USSSP 2003). 
Because precipitation occurs as snow during the winter and as rain in the summer, which aids in the 
melting of snow and ice in coastal watersheds, the coast experiences a stronger seasonal signal in runoff 
than in precipitation. 
 
2.2.1 Seasons 
 
The Gulf of Alaska experiences two sharply defined oceanographic seasons (Stabeno et al. 2004). 
Summer extends from May through October, while winter spans from November through April (Wilson 
and Overland 1986; Stabeno et al. 2004). 
 
2.2.2 Winds 
 
In the Gulf of Alaska, winds tend to be highly episodic in nature and offshore wind direction shifts 
depending on geographical location (Ladd et al. 2005a). In the eastern reaches, winds are predominantly 
from the south; in the northeastern regions, winds are from the east. The Gulf of Alaska OPAREA is 
located within a portion of the western Gulf of Alaska nearest the Aleutian Islands; in this area, the winds 
tend to blow from the west (Wilson and Overland 1986). Nearshore wind flow is highly variable due to the 
presence of the high mountain barrier preventing onshore flow; this can result in wind jets, gap winds, and 
katabatic winds (Wilson and Overland 1986). 
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Seasonal variation in wind stress is strong (Weingartner 2005). In the western Gulf of Alaska, wind 
intensity is greatest during the winter months (October through April) with the mean winter winds blowing 
to the west (Royer and Muench 1977; Livingstone and Royer 1980; Wilson and Overland 1986; 
Weingartner 2005). These winds force an onshore surface transport of water from the Gulf of Alaska over 
the shelf, which causes downwelling along the coast (Stabeno et al. 2004; Weingartner 2005). During the 
remainder of the year, the Aleutian Low is displaced by the East Pacific High (Royer 1975; Wilson and 
Overland 1986) resulting in a weakening of the easterlies over the region (Royer and Muench 1977; 
Livingstone and Royer 1980; Stabeno et al. 2004). Accompanying this period of weakened winds are 
intermittent periods of upwelling along the coast (Livingstone and Royer 1980; Stabeno et al. 2004). 
 
2.2.3 Storms 
 
The Gulf of Alaska is frequented by ocean storms (Hood 1986); storm prediction is complicated, but 
during winter, an average of one storm crosses the Gulf (from west to east) every four or five days. A 
broad peak in the number of storms in the region occurs from October through March (Wilson and 
Overland 1986; Stabeno et al. 2004). These storms are generated by the position of the Aleutian Low, 
which forms storms with southeasterly winds and are as severe as any that occur in the northern 
hemisphere (Danielsen et al. 1957; Brower et al. 1977; Schumacher et al. 1978). Accompanying the 
winds are wave heights of 15 m, continuous cloud cover, and winds up to 40 m/sec. 
 
The Gulf of Alaska is the terminus of the Pacific storm track, and many storms stall for days and/or 
dissipate in the Gulf (Hood 1986; Stabeno et al. 2004). Even though these storm systems are generally in 
the latter stages of their lifecycles, they are so prevalent that the Gulf experiences mean wind speeds of 
gale-force with a frequency that is similar to that of the western and central North Pacific (Stabeno et al. 
2004). The coastal mountains bordering the Gulf causes storms to linger (Wilson and Overland 1986). 
Local terrain inhibits the eastward progression of the storms, can intensify the winds, and causes large 
amounts of precipitation in coastal watersheds (some coastal areas can be classified as extratropical rain 
forests; Hood 1986; Wilson and Overland 1986). The individual storms that constitute the atmospheric 
forcing have characteristic time scales of a few days, while their frequency and intensity vary on time 
scales of weeks to decades. 
 
2.2.3.1 Cyclones 
 
Cyclones in the region often form well to the south and east of the Gulf of Alaska over the warm waters of 
the central North Pacific Ocean. These storms then propagate to the northwest into the cooler waters of 
the Gulf of Alaska (Wilson and Overland 1986; Luick et al. 1987). Associated with these storms are large 
offshore-directed, low-level pressure gradients. These gradients can produce strong winds parallel to the 
coastline or downslope (offshore-directed) wind events (Macklin et al. 1988).  
 
In addition to storms entering the Gulf of Alaska, the region can be an area of active cyclogenesis, 
particularly in the winter when cold air flows southward over the Bering Sea, the Alaska mainland, or both. 
Regardless of origin, these storms strengthen as they track eastward across the North Pacific. Maximum 
strength occurs in the western and central Gulf of Alaska (Weingartner 2005). Once in the Gulf, these 
storms will eventually make landfall in south-central or southeast Alaska where further progress is 
impeded by the extreme terrain of coastal mountain ranges (Mundy and Olsson 2005). Russian mariners 
and weather forecasters often refer to the northeastern Gulf of Alaska as the “graveyard of lows” or 
“Coffin Corner” (Mundy and Olsson 2005). 
 
2.2.4 Alterations in Climate 
 
The Gulf of Alaska is influenced by a variety of modes of climate variability, ranging in time scales from 
interannual to interdecadal shifts (CD/GEO/EAR and JOI/USSSP 2003; Mundy and Cooney 2005). 
Teleconnections between the North Pacific and the Tropical Pacific can periodically strongly influence 
levels of coastal and interior precipitation. Changing patterns in precipitation can alter the expression of 
the Alaska Coastal Current, which is largely driven by runoff (Royer 1981). Periodically changing weather 
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patterns such as El Niño Southern Oscillations (ENSO) and the Pacific Decadal Oscillation (PDO) can 
profoundly alter the circulation and biology of the Gulf of Alaska (see section 3.2.2.3; Stabeno et al. 2004; 
Mundy and Cooney 2005; Mundy and Olsson 2005). For example, tree-ring width records from the North 
American Pacific coast reveal that the PDO has been an important component of North Pacific climate for 
over 400 years (Wiles et al. 1998; Gedalof et al. 2002; CD/GEO/EAR and JOI/USSSP 2003). The PDO, 
ENSO, and other patterns of climate variability (e.g. the Pacific North American Pattern) combine to give 
the Gulf of Alaska a variable and sometimes severe climate that serves as the incubator for the winter 
storms that sweep across the North American continent (Wilson and Overland 1986). 
 
2.2.5 El Niño 
 
El Niño (the little boy or Christ Child in Spanish) was originally defined by fisherman from the western 
coast of South America. The ENSO results from interannual changes in sea level pressures between the 
eastern and western hemispheres of the tropical Pacific (Conlan and Service 2000). These events can 
initiate large shifts in global climate, atmospheric circulation, and oceanographic processes (Jacobs et al. 
1994). El Niño conditions typically last 6 to 18 months although they can persist for longer periods of time 
(Barber and Chavez 1983; Lynn et al. 1998; Durazo et al. 2001; Schwing et al. 2002); they are the main 
signs of global change over time scales of months to years (Philander 1983).  
 
El Niño conditions occur when unusually high atmospheric pressure develops over the equatorial Pacific 
and Indian Oceans and low sea level pressures develop in the southeastern Pacific (Trenberth 1997; 
Conlan and Service 2000; Mundy and Olsson 2005). The trade winds weaken in the central and west 
Pacific; thus, the normal east to west surface water transport and upwelling along South America 
decreases. This causes the SST to increase across the mid to eastern Pacific (Donguy et al. 1982). In the 
western equatorial Pacific, SST decreases (Kubota 1987) and rainfall patterns shift eastward across the 
Pacific resulting in increased (sometimes extreme) rainfall across the southern U.S. and Peru and 
drought conditions in the western Pacific (Conlan and Service 2000). Historically, strong El Niño events 
have been documented in 1940, 1958, 1983, 1992, and 1997 to 1998 (Hayward 2000). 
 
La Niña is the opposite phase of El Niño in the Southern Oscillation cycle.3 La Niña is characterized by 
strong trade winds that push the warm surface waters back across to the western Pacific (Schwing et al. 
2000). Under these conditions and due to increased upwelling along the eastern Pacific coastline, the 
thermocline in the western Pacific deepens and the thermocline in the eastern Pacific becomes shallower. 
Often with La Niña, the climatic effects are the opposite of those encountered during an El Niño warming 
event.3 
 
On three to seven year time scales, ENSO can be an important influence on the Gulf of Alaska, although 
to a lesser extent than the PDO (CD/GEO/EAR and JOI/USSSP 2003; Stabeno et al. 2004). El Niño 
events in this region are typically accompanied by positive anomalies in wintertime air temperature, 
precipitation, along-shore wind (i.e., downwelling favorable), and sea level. La Niña events in the region 
tend to include negative anomalies (Stabeno et al. 2004). El Niño events have affected the Gulf of Alaska 
in 1977, 1987, and 1998 which featured warmer, wetter winters in the northern regions (Freeland 2000; 
Stabeno et al. 2004). The El Niño of 1998 was followed by an equally strong La Niña event in 1999 
(Childers et al. 2005; NOAA3). 
 
2.2.6 Pacific Decadal Oscillation 
 
The PDO, the leading mode of variability in the North Pacific, is a long-term climatic pattern capable of 
altering the SST, surface winds, and sea level pressure (SLP) (Mantua 2002; Mantua and Hare 2002; 
Stabeno et al. 2004). The PDO is often described as a long-lived El Niño-like pattern of Pacific climate 
variability with both warm (positive) and cool (negative) phases (Mantua 2002; Mantua and Hare 2002; 
Minobe et al. 2004). However, the PDO possesses three characteristics that distinguish it from ENSO 
events and El Niño. First, PDO events can persist for 20 to 30 years, in contrast to the relatively short 
duration of the ENSO (typically up to 18 months; Minobe 1997, 1999; Hare and Mantua 2000; Mantua 
and Hare 2002). Second, climatic effects of the PDO are more prominent in ecosystems outside the 
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tropics (Hare and Mantua 2000). Third, the mechanisms controlling the PDO are unknown, while those 
forces creating ENSO variability have been well resolved (Mantua and Hare 2002). 
 
Every 20 to 30 years, the surface waters of the central and northern Pacific Ocean shift several degrees 
from the mean. These shifts in the mean surface temperatures have occurred 5 times in the last century 
and are linked to the 10 to 20 year variability of the Aleutian Low Pressure System. The location and 
intensity of the Aleutian Low is not constant. When the low is intense, local weather is stormy with 
increased precipitation in the coastal mountains along with and elevated sea levels and warmer water 
temperatures in the eastern Gulf of Alaska. Under these conditions, the positive phase of the PDO, wind-
induced cross-shelf transport increases, as does flow in the Alaska Coastal Current (Mantua et al. 1997; 
Mundy and Cooney 2005). During the opposite phase of the PDO, cooler seas prevail in the region 
(Mundy and Olsson 2005). Positive PDOs dominated the Gulf of Alaska region from 1925 to 1946 and 
from 1977 to about 1999. Negative PDOs occurred from 1890 to 1924, 1947 to 1976, and 1999 to present 
(Mantua et al. 1997; Minobe 1997; Childers et al. 2005). 
 
2.3 GEOLOGICAL OCEANOGRAPHY 
 
2.3.1 Geologic Setting 
 
The high latitude and geological history of the Gulf of Alaska and adjacent landmasses greatly influence 
the regional meteorology, oceanography, and sedimentary environment of present day (Weingartner 
2005). Approximately 20 percent (%) of the regional watershed is covered by glaciers (Royer 1982) 
making the region and vicinity the third greatest glacial field on the planet (Meier 1984). These glaciers 
reflect both the subpolar maritime climate, and the regional distribution of mountains, or orography, of the 
Gulf of Alaska. In addition, the evolution of the Gulf of Alaska basin has been greatly influenced by 
tectonic events (e.g., the Great Alaskan Earthquake of 1964; Hood 1986). 
 
2.3.2 Physiography and Bathymetry 
 
The bathymetry of the Gulf of Alaska reflects the diverse and complex processes that have affected the 
region during the past few million years. The shelf topography in the northern Gulf of Alaska is extremely 
complex due to the tectonic and glacial processes that affect this region. Glacial ice extended to the shelf 
break at least once during the Pleistocene Era, covering the majority of the shelf with a sheet of ice that 
sculpted broad flat banks and deep troughs from the surrounding terrain (Hood 1986). Numerous troughs 
and canyons, many of which transect the continental shelf, are readily visible along the shelf seafloor 
(Royer and Muench 1977; Schumacher et al. 1978; Childers et al. 2005; Weingartner 2005). Submarine 
banks and ridges are also common in the region and are a result of subsidence, uplift, and glacial 
moraines (deposits of rock debris transported by a glacier; Weingartner 2005). These geological 
processes have also impacted the formation of the complicated coastline that includes fjords, 
embayments, capes, and island groupings (Reed and Schumacher 1986; Coyle and Pinchuk 2003, 2005; 
Weingartner 2005). 
 
The abyssal plain in the Gulf of Alaska gradually shoals from a 5,000 m depth in the southwestern Gulf of 
Alaska to less than 3,000 m in the northeastern expanses of the Gulf (Weingartner 2005). Maximal 
depths exceed 7,000 m near the central Aleutian Trench along the continental slope south of the Aleutian 
Islands (Mueter 2004; Weingartner 2005). Numerous seamounts, remnants of submarine volcanoes, are 
scattered across the central basin (Figures 2-1 and 2-2). Several of the seamounts rise to within a few 
hundred meters of the sea surface. 
 
2.3.2.1 Continental Margins 
 
The Gulf of Alaska shoreline is bordered by a deep continental shelf subject to persistent coastal 
downwelling (Coyle and Pinchuk 2003). Bottom depths along the shelf range from 150 to 200 m across 
the entire shelf (Coyle and Pinchuk 2005; Mundy and Olsson 2005). The continental shelf area 
encompasses approximately 3.7 x 105 km2 of ocean floor and amounts to 12.5% of the total continental 
shelf of the U.S. (McRoy and Goering 1974; Weingartner 2005). The Gulf of Alaska continental margin is 
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extremely irregular, having been extensively shaped by the forces of glaciers, plate tectonics, and ocean 
currents (Hampton et al. 1986; Hood 1986). 
 
The width of the continental shelf varies greatly along the western Gulf of Alaska and within the Gulf of 
Alaska OPAREA (Figure 2-2). East of Prince William Sound, the shelf is narrow, ranging from 5 to 80 km 
wide, resulting in mid-shelf and deeper waters to impede close to the coastline (Sambrotto and Lorenzen 
1986; Cooney 2005; Mundy and Cooney 2005; Weingartner 2005). Also, north of Kodiak Island, the shelf 
widens to about 200 km (Cooney 2005; Coyle and Pinchuk 2005; Ladd et al. 2005a; Weingartner 2005). 
Although out of the Gulf of Alaska OPAREA, the shelf along the Aleutian Islands becomes extremely 
narrow or absent as the ocean floor descends rapidly (Mundy and Cooney 2005; Weingartner 2005). 
 
2.3.3 Bottom Substrate 
 
The northern extension of the Cascade Range, with mountains ranging in altitude from 3,000 to 6,000 m, 
rings the coast from British Columbia to south-central Alaska (Royer 1982). The Aleutian Range spans 
the Alaska Peninsula in the western Gulf of Alaska and contains peaks exceeding 1,000 m in elevation. 
These mountains are geologically young and provide plentiful sources of sediment to the marine 
environment (Weingartner 2005). Glacial scouring of the underlying bedrock also provides an abundance 
of fine-grained sediments to the Gulf of Alaska shelf and basin (Hampton et al. 1986). The major inputs of 
glacial sediment to the Gulf of Alaska are the Bering and Malaspina glaciers, the Alsek and Copper 
Rivers in the northern Gulf, and the Knik, Matanuska, and Susitna Rivers that feed Cook Inlet (Hampton 
et al. 1986).  
 
Large embayments along the eastern coastline of the Gulf of Alaska collect thick deposits of sediment 
that have been delivered by local streams and glaciers. The coarse sediment delivered from rivers that 
feed into Cook Inlet is deposited near the head of Cook Inlet and, along with the glacial sediment in the 
remainder of the inlet, is reworked by strong tidal currents. As a result, large fields of sand have 
developed. The fine sediment from the rivers is transported farther south, down the inlet, and is deposited 
as a sediment blanket throughout the Shelikof Strait. Ocean currents rework the glacial debris, leaving 
course-grained deposits on the shallow banks and fine-grained sediment in the troughs of the Kodiak 
shelf (Figure 2-3). This glacial debris is common along the continental shelf and is primarily composed of 
a grey to brown mud; traces of sand and pebbles may be interspersed in the mud (Wright 1972; Hampton 
et al. 1986). Ocean currents in the region carry the sediment to the west and much of this sediment is 
deposited near the shoreline and in the submarine canyons; however, some of the sediment is delivered 
to Prince William Sound and Shelikof Strait (Hampton et al. 1986). 
 
2.3.4 Submarine Canyons 
 
The continental shelf of the northern Gulf of Alaska is complex, with many deep canyons intruding onto 
the continental shelf (Coyle and Pinchuk 2003; Stabeno et al. 2004). From west to east, the major 
canyons are Sitkinak Trough, Kiliuda Trough, Chiniak Trough, Stevenson Trough, Amatuli Trough, 
Hinchinbrook Seavalley, Egg Island Trough, Kayak Trough, Bering Trough, Pamplona Troughs, Yakutat 
Valley, Alsek Valley and Yakobi Valley. The morphology of most of these troughs or valleys caused by 
glacial processes (Carlson et al. 1982; Figure 2-4). A description of several of the main canyons located 
in the northern Gulf of Alaska is given below. 
 

Troughs located along the Kodiak Island shelf—The troughs on the eastern edge of Kodiak Island 
(Sitkinak, Kiliuda, Chiniak, Stevenson, and Amatuli; Figure 2-4) are similar to troughs along the 
northeastern coast of the Gulf of Alaska (described below). They are broad, U-shaped valleys that 
extend from near the shoreline to the shelf break. All of the troughs are relatively straight, running in a 
northwest to southeast orientation and are often located between two broad submarine banks (Ladd 
et al. 2005a). The exception is Kiliuda Trough, which curves southward as it approaches the shelf 
edge. The troughs along Kodiak Island range in depth from 150 m to 300 m in depth (Hampton et al. 
1986; Ladd et al. 2005a). The slope of the ocean floor in these troughs is gradual, rarely exceeding 
2º. The exception is Sitkiniak Trough, in which the slope can exceed 10º is some locations. 
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Hinchinbrook Seavalley—Hinchinbrook Seavalley is a U-shaped valley that extends to the southwest 
from Hinchinbrook Entrance at Prince William Sound along the northeastern edge of Montague 
Island. The canyon descends south to the edge of the continental shelf west of Middleton Island. The 
total length of this valley is 110 km and the width ranges from 12 km near Seal Rocks to about 25 km 
west of Middleton Island (Carlson et al. 1982). The canyon has depths of about 200 m and is 
potentially an important conduit by which continental slope waters can communicate directly with 
Prince William Sound. 
 
Egg Island Trough—Egg Island Trough, also a U-shaped channel about 200 km long and 15 km in 
average width, extends in an east/west orientation across the entire front of the Copper River delta. 
Egg Island Trough is approximately 110 m deep, except at the west end where it joins Hinchinbrook 
Seavalley at a depth of 200 m and at the east end where it intersects Kayak Trough at 160 m depth 
(Carlson et al. 1982). 
 
Kayak Trough—Kayak Trough is a deep, scoop-shaped depression approximately 20 km wide and 45 
km long. It parallels the west side of Kayak Island (Figure 2-4) and extends past the mid-point of the 
continental shelf. The greatest depth in Kayak Trough is approximately 240 m, and the height of the 
canyon walls range from 125 to 150 m (Carlson et al. 1982). 
 
Bering Trough—Bering Trough can be described as a broad U-shaped trough directly seaward of the 
Bering Glacier. The trough begins approximately 5 km offshore and extends 55 km to the southeast 
where it intersects the edge of the continental shelf. The trough is approximately 25 km wide; a large 
depression is located near the middle of the trough, with maximum water depth reaching 321 m. The 
wall height of Bering Trough varies from 50 to 174 m and is highest along the northern edge of the 
trough (Carlson et al. 1982). 
 
Pamplona Troughs—Not as elongate as the other troughs in the northeastern Gulf of Alaska, the 
Pamplona Troughs (2) are each over 20 km long and 10 to 15 km wide. The troughs have a relief of 
200 to 400 m. These submarine troughs are different from the other canyons and troughs in the 
region in that they are completely incorporated into the continental slope and do not extend to the 
shoreline (Carlson et al. 1982). 
 
Yakutat Valley—While the majority of shelf valleys in the Gulf of Alaska are somewhat linear, the 
Yakutat Valley is severely curved. The valley begins seaward of Yakutat in 140 m of water and has a 
northwest orientation for the first 75 km. The valley then bends southward and continues across the 
shelf to the upper slope. The total length of this valley is approximately 110 km, and the average 
width is approximately 25 km. The heights of the canyon walls range from 75 to 150 m. At the 
seaward end of the valley, the canyon opens into a large bathymetric depression with a maximum 
depth approaching 355 m (Carlson et al. 1982). 
 
Alsek Valley—Alsek Valley is a straight narrow shelf valley. It begins 5 km seaward of the Alsek River 
at a depth of 75 m and extends nearly 100 km to the southwest where it intersects the edge of the 
continental shelf. Alsek Valley varies in width from nearly 20 km at the shoreward end to 30 km at the 
edge of the shelf break. The walls of the valley range from 75 to 125 m in height, and the valley floor 
is relatively flat and devoid of any significant depressions (Carlson et al. 1982). 
 
Yakobi Valley—Yakobi Valley begins at Cross Sound as a deep, narrow irregular channel (>300 m 
deep in several locations). The valley then extends seaward 15 km where it widens from 10 to 25 km. 
The widened Valley extends across the continental shelf 40 km, and terminates at the shelf break. 
The canyon walls of the Yakobi Valley range in height from 125 to 150 m (Carlson et al. 1982). 

 
2.3.5 Trenches 
 
Along the margin of the Pacific Ocean, ocean trenches are the dominant physiographic feature of the 
ocean floor. In these regions, older lithospheric material is subducted as new lithosphere is produced 
along the ridges and rises elsewhere in the ocean. In the Pacific, trenches range in depth from 7,000 m to 
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over 11,000 m (i.e., Mariana Trench). The Aleutian Trench runs along the shelf margin of the Gulf of 
Alaska and is one of the deepest portions of the eastern North Pacific (Royer 1998). The overall length of 
the trench approaches 3,700 km; the Aleutian Trench has an average width of 50 km and a maximum 
depth of 7,700 m (Thurman 1997; Weingartner 2005). 
 
2.3.6 Seismic Activity 
 
The Gulf of Alaska is one of the most seismically and tectonically active regions on earth because it lies 
within the converging boundaries of the Pacific and North American tectonic plates (Hood 1986; Jacob 
1986; Weingartner 2005). The motions of these plates control the seismicity, tectonics, volcanism, and 
much of the morphology of the Gulf of Alaska (Hood 1986; Jacob 1986; Weingartner 2005). As much as 
15 m of uplift occurred over portions of the shelf during the Great Alaska Earthquake of 1964 (von Huene 
et al. 1972; Weingartner 2005). The Pacific plate is outlined along the Aleutian Trench by seismic zones 
that dip to 250 km beneath the Alaskan Peninsula, Cook Inlet, and Prince William Sound. Movements of 
the Pacific Plate manifest themselves in numerous earthquakes, with great earthquakes recurring at any 
given plate-boundary segment about once a century (Hood 1986; Jacob 1986). 
 
2.3.6.1 Earthquakes 
 
The Great Alaskan Earthquake of 1962 (M = 9.2) occurred along the Aleutian Trench and remains one of 
the largest earthquakes ever recorded worldwide (Hood 1986; Jacob 1986). Local devastation caused by 
shaking, subsidence, landslides, and avalanches was accompanied by tsunamis that struck as far away 
as California, Hawaii, and Japan (Hood 1986). 
 
Moderate shallow earthquakes occur on a more regular basis in the Alaskan region. However, except in 
localized cases, these shallow earthquakes are less damaging to man-made structures in the region. 
 
2.3.6.2 Tsunamis 
 
A tsunami is a series of waves most commonly caused by violent movements of the sea floor.4 It is 
characterized by high speed (up to 950 kilometers per hour [kph]), long wavelengths (up to 193 km), long 
periods between successive crests, and low wave amplitude in the open ocean. Seafloor movements that 
generate tsunamis may include faulting (earthquakes), landslides, submarine volcanic eruptions, or 
anthropogenic inputs. Undersea earthquakes around the Pacific Rim, where colliding plates lead to an 
unusually high level of seismic activity, generate more than 80% of the tsunamis worldwide (Koenig 2001; 
NERC4). Most tsunamis, like the majority of earthquakes, are small and are only observed instrumentally. 
Earthquakes causing tsunamis are generally characterized by slow faulting (Kanamori 1972; Kanamori 
and Kikuchi 1993; Polet and Kanamori 2000). Landslides can also cause tsunamis; these can originate 
either under the sea or above sea level (and slide into the ocean). An example of a volcanically induced 
tsunami is the violent explosion of the island volcano Krakatoa in 1883; it produced tsunami waves 40 m 
high on the shores of Sumatra and Java. The high degree of volcanism and seismic instability in and 
around the Pacific Ocean has led to a long history of tsunami occurrences.  
 
Tsunami waves are imperceptible in the open ocean; in deep water, a large tsunami wave may measure 
less than 0.3 m high but may span 50 to 100 km (Curtis 1998). The characteristics of tsunami waves are 
dependent upon water depth. For example, as water depth decreases, the speed at which a tsunami 
travels decreases, the wavelength between crests is shortened, and the height of the wave increases 
because the energy is crowded into less area (Curtis 1998).  
 
In the coastal regions of Alaska, tsunamis often cause more damage than that associated with large 
earthquakes (Jacob 1986). An earthquake in 1964 induced a tsunami that resulted in maximum run-up 
heights of 5 m in Shelikof Strait to 60 m in Port Valdez Inlet (Jacob 1986). The Alaska Subduction Zone is 
also among the most dangerous generator of tsunamis for other regions of the Pacific, including Hawaii 
and the U.S. west coast (Koenig 2001). 
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2.4 CHEMICAL OCEANOGRAPHY 
 
2.4.1 Hydrography 
 
Hydrography pertains to the scientific investigation of the measurement and description of the physical 
features of the oceans. The following sections describe the temperature of water at the ocean surface, 
and the distribution of the salinity in the Gulf of Alaska OPAREA and vicinity. 
 
2.4.1.1 Sea Surface Temperature 
 
Generally, two surface temperature regimes characterize the northern expanses of the Gulf of Alaska 
throughout the year (Figure 2-5). Relatively warm surface water occurs over the continental shelf, while 
colder water is found farther offshore beyond the shelf break (Royer and Muench 1977). On the inner 
shelf the mean monthly SSTs range from approximately 3.5°C in March to 14°C in August. The overall 
difference in annual temperature diminishes with depth, with the annual range being only 1°C at deeper 
than 150 m (Weingartner 2005). Across the shelf changes in SST are generally small (approximately 
2°C). Surface temperatures within the Alaska Current vary by approximately 10°C throughout the year. 
(Weingartner 2005). Temperatures within the coastal inlets (e.g., Cook Inlet) also fluctuate with the tidal 
cycle; SST decreases during the flood tide as colder shelf and basin water enter the coastal embayments 
(Okkonen and Howell 2003). 
 
Interannual variability in cloud cover, especially in summer, can affect SST in the region. Anomalously 
warm surface waters were observed in the summer and fall of 1997 and were likely due to the unusually 
low cloud cover and mild winds (Hunt et al. 1999). The characteristic cloud cover is so heavy during a 
typical year that the effective use of passive microwave sensors, such as AVHRR and Sea-viewing Wide 
Field of view Sensor (SeaWiFS), are hindered (Weingartner 2005). However, a general trend of 
increasing SST in the region has been observed over the past few decades (Whitney et al. 1999; Cooney 
2005). 
 
Warmer SST anomalies are often associated with El Niño events in the Gulf of Alaska (Whitney et al. 
1999). The 1997 event resulted in local SSTs nearly three standard deviations higher than the average 
(Royer and Weingartner 1999). However, the onset of El Niño events do not always result in an 
immediate shift in SST in the North Pacific Ocean (Freeland 1990; Bailey et al. 1995; Brodeur et al. 
1996); SST anomalies were detected in the region one year following the onset of the 1976, 1982, 1986, 
and 1992 ENSO events (Bailey et al. 1995; Royer 2005). During positive PDOs, the Gulf of Alaska 
experiences above-average SSTs while the central and western Pacific Ocean undergoes below-normal 
surface temperatures (Mundy and Olsson 2005; Royer 2005). Opposite SST regimes dominate during 
negative PDOs (Mundy and Olsson 2005). Following the 1977 regime shift to the warm PDO state, 
summer SSTs increased by 0.6ºC (Hare and Mantua 2000). 
 
2.4.1.2 Salinity 
 
The entire North Pacific is less saline than the North Atlantic due to complex and poorly understood 
processes. In contrast to the more saline North Atlantic, the presence of fresh water in the North Pacific 
has inhibited the development of deep water masses, with important consequences for oceanic heat 
transport (Weaver et al. 1999; CD/GEO/EAR and JOI/USSSP 2003). On an annual average the 
freshwater influx is enormous (approximately 23,000 m3/sec); this discharge, approximately 20% greater 
than the mean annual Mississippi River discharge, accounts for nearly 40% of the freshwater flux into the 
Gulf of Alaska. This runoff enters the shelf mainly through many small drainage systems, rather than from 
several large rivers. The discharge reaches a maximum in the early fall and decreases rapidly through 
winter, when precipitation is stored as snow (Royer 2005; Weingartner 2005; Weingartner et al. 2005). 
There is a secondary runoff peak in spring and summer because of snowmelt in the region (Royer 1982). 
The phasing and magnitude of this freshwater flux is important, because salinity primarily affects 
horizontal and vertical densities gradients in the northern Gulf of Alaska (Royer 1998; Stabeno et al. 
2004; Weingartner 2005; Weingartner et al. 2005). 
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Seasonal variability in the upper layers of the offshore Alaska Gyre reflects the effects wind-induced 
mixing and heat exchange with the atmosphere. During the winter, salinities range from 32.5 to 32.8 
practical salinity units (psu) (Weingartner 2005). The upper layer is fresher and colder in the northern Gulf 
of Alaska and more saline the southern Gulf of Alaska. The layer gradually freshens and warms in the 
spring, as wind speeds decrease and solar heating increases; salinities reach a minimum of 
approximately 25 psu in the month of August (Weingartner 2005). Decreasing wind speeds allow for the 
intrusion of high salinity waters from the oceanic regions of the Gulf of Alaska onto the shelf (Okkonen 
and Howell 2003; Stabeno et al. 2004; Ladd et al. 2005a). 
 
The summer mixed layer includes a weak secondary halocline, centered at approximately 30 m depth. As 
atmospheric cooling and wind-mixing increase in fall, the seasonal pycnocline erodes rapidly and the 
physical properties of the upper layer revert to winter conditions (Weingartner 2005). 
 
The vertical salinity structure of the Gulf of Alaska and Alaska Gyre consists of a seasonally varying upper 
layer extending from the surface to approximately 100 m depth, a halocline that extends from 100 m to 
200 m depth across which the salinity increases from 33 to 34 psu, and a deep layer, extending to 
approximately 1,000 m where the salinity increases slowly to 34.4 psu (Tully and Barber 1960). Beneath 
the deep layer, the salinity increases gradually to a maximum value of approximately 34.7 psu at the 
ocean bottom. The halocline is a permanent feature of the subarctic North Pacific Ocean and represents 
the deepest limit over which winter mixing occurs. The halocline is formed by the high rates of 
precipitation and runoff in conjunction with large-scale circulation processes occurring over the North 
Pacific (Warren 1983; Van Scoy et al. 1991; Musgrave et al. 1992). The strong density gradient of the 
halocline limits vertical exchange between the saline and nutrient-rich deep water and the upper layer 
(Weingartner 2005). 
 
2.5 PHYSICAL OCEANOGRAPHY 
 
2.5.1 Water Masses, Currents, and Circulation 
 
The ocean circulation in the Gulf of Alaska is defined by the cyclonic motion of the Pacific subpolar gyre 
(also referred to as the Alaska Gyre) which is composed of the North Pacific Current, the Alaska Current, 
and the Alaskan Stream (Melsom et al. 2003; Mueter 2004). Circulation patterns along the shelf divide the 
region into the inner shelf (or Alaska Coastal Current domain), the mid-shelf, and the outer shelf including 
the shelf break (Stabeno et al. 2004). 
 
2.5.1.1 Surface Currents 
 
The general ocean circulation in the Gulf of Alaska is dominated by the cyclonic Alaska Gyre, which is 
part of the more extensive subarctic gyre of the North Pacific Ocean (Melsom et al. 1999; Weingartner 
2005). The center of the gyre is located at approximately 52 to 53ºN and 145 to 155ºW (Goes et al. 2004; 
Weingartner 2005). The gyre includes the Alaska Current and Alaskan Stream and the eastward-flowing 
North Pacific Current along the southern expanses of the Gulf of Alaska (Weingartner 2005; Figure 2-6). 
Nearshore flow is dominated by the Alaskan Coastal Current and is less organized than the flow found 
along the shelf break and slope (Stabeno et al. 2004; Ladd et al. 2005a). 
 
The northwestern Gulf of Alaska also includes several prominent geological features that influence the 
regional oceanography. For example, Kayak Island extends 50 km across the continental shelf to the east 
of the Copper River. This island can deflect shelf waters farther offshore delivering high concentrations of 
suspended sediment to the outer shelf (Ahlnäs et al. 1987). 
 
During winter months, intense circulation over the Gulf of Alaska produces easterly coastal winds and 
downwelling, both of which result in a well-mixed water column. During the summer, stratification 
develops due to decreased winds, increased freshwater discharge, and increased solar radiation. Under 
summer and fall conditions, the shelf waters are stratified with the upper water column temperatures at 
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Figure 2-6. Surface circulation of the Pacific Ocean and outline of the NPSG. Source information: 
Karl (1999). Map adapted from: Pickard and Emery (1982). 
 
 
their maximum and salinities at their minimum (Royer 2005). On longer time scales, there is evidence of 
interannual variation in the circulation patterns within the Gulf of Alaska. These variations result from the 
climatic variability of the ENSO and the PDO (Royer 2005).  
 

 North Pacific Current—The North Pacific Current (NPC), also referred to as the West Wind Drift, flows 
along the southern boundary of the Gulf of Alaska at a rate ranging from 5 to 15 cm/sec (Reed and 
Schumacher 1986; Weingartner 2005; Figure 2-7). The NPC is a trans-Pacific current originating at 
the confluence of the northward-flowing Kuroshio Current and the southward-flowing Oyashio Current 
in the western Pacific. The NPC bifurcates off of the western coast of North America; the northward 
flow feeds into the Alaska Current and constitutes the eastern limb of the Alaskan Gyre, and the 
southward branch enters the California Current (Chelton and Davis 1982; Qiu 2002; Stabeno et al. 
2004; Weingartner 2005). Along the Aleutian Islands, some water from the Alaskan Stream 
recirculates into the North Pacific Current; however the strength and location of this recirculation is 
poorly understood and extremely variable. 

 
 Alaska Current—The ocean circulation of the Gulf of Alaska is dominated by a cyclonic boundary 

current, the Alaska Current (Royer and Muench 1977); the Alaska Current forms the northern leg of 
the Alaskan Gyre (Schumacher et al 1978) and is formed by the bifurcation of the NPC (Figure 2-7). 
The Alaska Current is broad (100 to 400 km), highly variable, and forms the dominant transport 
system of surface waters in the Gulf. It flows adjacent to the coast of North America and sweeps 
poleward, offshore of the continental shelf, at velocities between 30 and 100 cm/sec (Hood 1986; 
Beamish et al. 2005; Childers et al. 2005). The Alaska Current is rich in eddies and meanders and 
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supports an energetic open ocean mesoscale circulation (Kelly et al. 1993; Bograd et al. 1999; 
Stabeno et al. 2004; Ladd et al. 2005a; Miller et al. 2005). At the head of the Gulf of Alaska, the 
current follows the curve of the shoreline and forms the Alaskan Stream (Stabeno et al. 2004). Shifts 
in regional climate can also play a role in the transport of the Alaskan Current. During an El Niño 
event, the Alaskan current destabilizes, creating a higher level of variability in flow volume and 
direction (Melsom et al. 1999). 
 
Because the Alaska Current has its origins in the oceanic Subarctic Current, marine pollution and 
floating refuse from as far away as Asia, or originating from deliberate deep-ocean dumping or 
accidents at sea, can be swept north and westward around the shelf edge in the Gulf of Alaska. Trash 
from the international fishing industry operating 200 miles offshore is commonly found on beaches in 
the region (Weingartner 2005).  
 

 Alaskan Coastal Current—The Alaskan Coastal Current is the most prominent aspect of shelf 
circulation in the Gulf of Alaska (Weingartner 2005; Weingartner et al. 2005). Hugging the inner third 
of the continental shelf (typically within 35 km of the shore; Figure 2-7), the Alaskan Coastal Current 
provides a sizeable and ecologically important transition zone between the nearshore and oceanic 
communities (Johnson et al. 1988; Mundy and Spies 2005; Weingartner 2005). The Alaska Coastal 
Current is a persistent circulation feature that flows to the west throughout the year. This current 
originates along the shelf of British Columbia; however, in some years the current may start as far 
south as the Columbia River (Royer 1998). 

 
The Alaskan Coastal Current is narrow (<40 km) and acts as a “river in the sea”; it is fed by winds, 
runoff from glaciers, snowmelt, rainfall, and freshwater discharge (Royer 1981; Stabeno et al. 2004; 
Childers et al. 2005; Mundy and Cooney 2005; Weingartner et al. 2005). Freshwater output is about 
one-and-a-half times the discharge of the Mississippi River (Dinnel and Wiseman 1986; Stabeno et al. 
2004; Mundy and Cooney 2005). The width, speed and depth of the Alaskan Coastal Current vary 
with location along the coast. Maximum transport occurs in the late fall and early winter due to 
accumulated freshwater discharge and strong winds; this transport can exceed 3.0 x 106 m3/sec 
(Stabeno et al. 1995; Stabeno and Hermann 1996; Bond and Stabeno 1998; Stabeno et al. 2004; 
Childers et al. 2005) with current velocities occasionally exceeding 100 cm/sec (Stabeno et al. 1995; 
Royer 1998). Minimum transport occurs in the early summer prior to the spring melt when local wind 
stress is weak (Childers et al. 2005). 
 

 Alaskan Stream—The Alaskan Stream is the extension of the Alaska Current (Reed and Schumacher 
1986). Whereas the Alaska Current is a broad, slow flowing current, the Alaskan Stream is a narrow 
(100 km) and swift (45 to 123 cm/sec) affecting the upper 500 m of the water column (Reed and 
Schumacher 1981, 1986; Reed and Stabeno 1999; Weingartner 2005). The Alaskan Stream flows 
westward along the Alaska Peninsula and Aleutian Islands, forming the northern (westward) 
boundary current of the North Pacific Subarctic Gyre (NPSG) (Reed and Schumacher 1981; Onishi 
and Ohtani 1999; Reed and Stabeno 1999; Qiu 2002; Stabeno et al. 2004). The current weakens 
west of 180ºW (Weingartner 2005). The Alaskan Stream has a mean annual volume transport of 25 
to 27.5 x 106 m3/sec, and although seasonal transport variations appear small, interannual transport 
variations may be as great as 30% (Reed et al. 1980; Reed and Schumacher 1981; Royer 1981; 
Reed and Stabeno 1999). 

 
Strengthening of the Aleutian Low results in increased velocities of the Alaskan Stream northeast of 
Kodiak Island and a decrease in velocity southwest of the island. The strengthening is so intense in 
the northwest Gulf of Alaska that an inertial recirculation occurs southeastward of the Alaskan Stream 
(Miller et al. 2005). 
 

 Kenai Current—From about 145ºW to Shelikof Strait, a distinct, narrow coastal flow exists throughout 
the year. This current, the Kenai Current, is usually located within 30 km of the coastline and is 
present throughout the year, but transport and current velocity increases markedly in the fall months 
when freshwater runoff is at its peak (Schumacher and Reed 1980; Reed and Schumacher 1981). 
The only exception is near Yakutat, where highest velocities tend to occur in the winter (Lagerloef et 
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al. 1981). During most of the year, transport values of 3 x 105 m3/sec and speeds approach 25 
cm/sec are typical; in October, transports exceed 10 x 105 m3/sec and speeds exceeding 100 cm/sec 
are common (Schumacher and Reed 1980). 

 
2.5.1.2 Eddies 
 
The ocean circulation in the interior of the Gulf of Alaska is influenced by eddies. Large eddies with 
anticyclonic motion are abundant in this region (Tabata 1982; Thomson and Gower 1998; Melsom et al. 
1999; Murray et al. 2001), and have been implicated as an important mechanism for cross-shelf 
exchange in the Gulf of Alaska (Niebauer et al. 1981; Musgrave et al. 1992; Thomson and Gower 1998; 
Stabeno et al. 2004). It has been estimated that during summer months, mesoscale eddies cover an area 
between 20,000 and 60,000 km2 in the Gulf of Alaska (Crawford 2002; Whitney et al. 2005). These eddies 
can influence the cross-shelf transport in two ways: by entraining and trapping shelf water in their interior 
and the subsequent transport off of the shelf, and by interacting with the nearshore circulation resulting in 
cross-shelf transport. Eddies formed in this region are typically long-lived and may have lifespans of more 
than one year (Tabata 1982; Okkonen et al. 2001).  
 
Three major groupings of eddies have been identified in the Gulf of Alaska (Haida, Sitka, and Yakutat 
eddies) and are primarily distinguished by their formation region (Gower 1989; Okkonen et al. 2001). 
These groups share many common features, including anticyclonic rotation, ~200 km diameters, 
formation along the eastern boundary, and westward propagation across the Gulf of Alaska (Ladd et al. 
2005b). 
 

 Haida eddies—Haida eddies are formed during the winter near the Queen Charlotte Islands by the 
merging of several smaller eddies (~130 to 135ºW; Crawford 2002; Di Lorenzo et al. 2005). The 
number generated in any given year and the size of these eddies varies with wind strength and 
localized flows (Di Lorenzo et al. 2005). These eddies carry warm, fresh, nutrient-rich coastal water 
into the basin and can persist for several years (Crawford 2002; Whitney and Robert 2002). Once in 
the Gulf of Alaska, these eddies extend to a depth of at least 1,000 m and have diameters ranging 
from 150 to 300 km (Di Lorenzo et al. 2005). Haida eddies have been observed to carry shelf-origin 
zooplankton species as far as 1,000 km into the basin, potentially providing ‘‘seed populations’’ to 
isolated offshore seamounts (Mackas and Galbraith 2002; Whitney and Robert 2002; Ladd et al. 
2005a). Haida eddies also influence the distribution of phytoplankton both through local processes (by 
entraining higher nutrient levels within the eddies) and through the delivery of chlorophyll from the 
shelf to the basin (Crawford et al. 2005). El Niño years tend to result in the formation of eddies with 
larger than average diameters (Di Lorenzo et al. 2005). 

 
 Sitka eddies—Sitka eddies are formed near Sitka, Alaska (~137 to 139ºW). Sitka eddies tend to 

propagate directly into the basin at an average speed of 1.3 cm/sec (Matthews et al. 1992; Crawford 
2002; Ladd et al. 2005a); some studies have suggested that eddies formed near Sitka can move 
toward the northwest and become imbedded in the Alaskan Stream (Crawford et al. 2000). 
Mechanisms that may be important to the formation of Sitka eddies include the interaction between 
the Alaska Current and the local bathymetry (Swaters and Mysak 1985) and abrupt shifts of the 
prevailing southerly winds (Thomson and Gower 1998).  

 
 Yakutat eddies—Yakutat eddies have the northernmost formation region of the three Gulf of Alaska 

eddy types and form near Yakutat, Alaska (~141 to 144ºW; Ladd et al. 2005b; Ladd et al. 2005a). 
Yakutat eddies tend to stay close to the shelf-break as they propagate westward, in contrast to Haida 
and Sitka eddies that tend to move into the deep basin (Crawford et al. 2000; Okkonen et al. 2001; 
Crawford 2002; Whitney and Robert 2002). By late spring, Yakutat eddies are located east of Kodiak 
Island; these eddies often remain in the region for several months (Ladd et al. 2005a). Because they 
spend a large portion of time in the nearshore region, Yakutat eddies have the potential to influence 
cross-shelf exchange over a larger portion of their lifecycles than the more southern eddies (Ladd et 
al. 2005b). 
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In addition to these large eddies, small, transient eddies frequent the Gulf of Alaska shelf waters. These 
eddies influence local nutrient distributions by the transport and mixing of the water column (Childers et 
al. 2005). Eddy formation within the nearshore region is most active in late winter and early spring as 
poleward winds weaken. Meanders of the alongshore Alaska Current pinch off and form fresh-core, 
anticyclonic eddies. Once these eddies form, they tend to propagate westward at average speeds of 1 to 
2 km/day (Mackas and Coyle 2005). 
 
Interannual variability in eddy activity for the region is predominantly controlled by regional atmospheric 
forcings (Melsom et al. 2003). Shifts in the regional climate can also play a role in eddy formation and 
propagation. Eddies tend to be more frequent in the Gulf during El Niño years (Crawford et al. 1999). This 
is in part due to the fact that northward transport along the Canadian and Alaskan coasts is enhanced 
and El Niño events destabilize the Alaska Current. This destabilization results in the formation of 
anticyclonic eddies along the coast (Crawford et al. 1999; Melsom et al. 1999). El Niño events also 
influence the intensity of eddies formed and enhance the export of coastal waters into the deeper oceanic 
region of the Gulf of Alaska (Whitney et al. 2005). La Niña events have the opposite effect, resulting in 
fewer, weaker eddies in the Gulf of Alaska (Melsom et al. 1999). Shifts in the PDO do not appear to affect 
the mean eddy flows in the Gulf of Alaska (Miller et al. 2005). 
 
2.5.1.3 Thermocline 
 
The thermocline is located between the surface and deepwater circulation zones; it is a transition region 
where water temperatures change rapidly from warmer surface waters to colder deep waters. In the Gulf 
of Alaska, the inner shelf and Prince William Sound stratify first, and the stratification of the water column 
gradually spreads offshore through ocean processes (Weingartner 2005). Solar heating provides 
additional surface buoyancy by warming the upper layers uniformly across the shelf. Thermal stratification 
remains weak until late May or June, then strong stratification persists through the summer months 
(Stabeno et al. 2004; Weingartner 2005). As winds intensify in the fall, stratification dissipates, due to 
stronger vertical mixing and increased downwelling, surface waters sink along the coast, and the 
thermocline deepens throughout the region. 
 
Depth of the thermocline varies. Along the continental shelf and within the coastal fjords, waters are often 
highly stratified by both salinity and temperature; an intense thermocline occurs at approximately 25 m 
(Stabeno et al. 2004; Mackas and Coyle 2005). Farther offshore in the Alaskan Stream, maximal 
stratification occurs between depths of 100 and 300 m and is associated primarily with a permanent 
halocline in the Gulf of Alaska. 
 
2.5.1.4 Deepwater Currents/Water Masses 
 
The deep waters of the Gulf of Alaska contain the most developed oxygen minimum zone in the world’s 
oceans and the highest concentrations of dissolved nitrate, silicate, and phosphorus; the depth of the 
oxygen minimum zone varies in the Gulf and domes towards the center of the Gulf of Alaska (Mantyla 
and Reid 1983; Reeburgh and Kipphut 1986). The deep water masses in the Gulf of Alaska are created 
as the slow circulation of deep waters from other oceans eventually enters the Gulf of Alaska (Hood 
1986). The three main sources of these waters are: (1) from the west along the Aleutian Trench, (2) from 
the southwest through the Emperor Seamount Chain, and (3) from the southeast of the Hawaiian Islands 
(Mantyla and Reid 1983; Warren and Owens 1985). 
 
No deep waters are formed in the North Pacific (Warren 1983); the predominant low-salinity waters near 
the surface reduce density and prevent the sinking of water to great depths. Thus, the Gulf of Alaska 
contains the oldest abyssal waters in the world as these waters have traveled the greatest distance from 
where they were formed (Reeburgh and Kipphut 1986). However, Pacific Intermediate Water is formed 
during winter convection and can be recognized as a cold low-salinity tongue centered at 300 to 600 m in 
the southern Gulf of Alaska (Reeburgh and Kipphut 1986). 
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2.5.1.5 Upwelling 
 
Upwelling is a wind driven, dynamic process that brings nutrient-rich deep water to the surface and 
nutrient-poor surface waters offshore through the interaction of currents, density, or bathymetry (Mann 
and Lazier 1991). In wind driven upwelling, warmer surface waters are transported perpendicular to the 
direction of the wind. Deep, cold water moves vertically into the euphotic zone to replace the nutrient-poor 
surface water that was transported offshore (Burtenshaw et al. 2004). Coastal upwelling can set the 
physical context for marine ecosystems as upwelling zones are among the most productive regions in the 
ocean (Mote and Mantua 2002). 
 
The Gulf of Alaska shelf is predominantly a downwelling system (Ladd et al. 2005a). The shelf is deep 
and downwelling occurs when the dominant easterly winds compress the surface waters near the shore 
(Hood 1986; Coyle and Pinchuk 2003). Cyclonic winds force an onshore surface transport over the shelf 
creating a region of downwelling along the coast. Although downwelling dominates the coastal regions 
over all months, downwelling favorable winds are strongest during the winter months and can result in 
downwelling rates of 116 m3/sec/100 m of coastline (Livingstone and Royer 1980; Ladd et al. 2005a; 
Mackas and Coyle 2005; Weingartner 2005). 
 
Despite the dominance of downwelling along the coast, short reversals of wind can occur and lead to brief 
periods of intense upwelling in the Gulf of Alaska (Livingstone and Royer 1980). During the summer 
months downwelling winds relax and periods of upwelling have been recorded (Bailey et al. 1995; 
Stabeno et al. 2004; Childers et al. 2005; Ladd et al. 2005a; Whitney et al. 2005). Transport of water over 
submarine canyons, banks, and additional bathymetric features can also induce upwelling in localized 
regions along the Gulf of Alaska coast (Freeland and Denman 1982). 
 
Farther offshore, deep waters are upwelled along the continental shelf break and in the Alaska Gyre 
(Cooney 2005; Mundy and Spies 2005; Weingartner 2005); the open-ocean interior of the Gulf of Alaska 
is generally considered to be an upwelling region (Miller et al. 2005). However, this upwelling is weak, on 
the order of 1 m per day (Sugimoto 1993; Xie and Hsieh 1995). In addition, thermohaline circulation 
carries nutrient-rich waters into the North Pacific forcing weak and deep upwelling throughout the region 
(Stommel and Arons 1960b, 1960a; Reid 1981). These rates are very low when compared to the coastal 
upwellings experienced off of Peru or Oregon (Cooney 2005). 
 
Climate shifts can play an important role in the intensity of downwelling events. For example, El Niño 
events in the winters of 1952 to 1953, 1957 to 1958, 1965 to 1966, and 1982 to 1983 have been 
associated with strong downwelling anomalies (Bailey et al. 1995). The second winter following these 
events also resulted in enhanced levels of downwelling along the coast. 
 
2.5.1.6 Fronts 
 
Ocean fronts are narrow zones of enhanced horizontal gradients of physical, chemical, and biological 
properties separating broad areas of differing stratification. Fronts are crucial in various processes in the 
ocean and at the ocean interfaces with the atmosphere, sea ice, and ocean bottom (Belkin et al. 2003).  
 
Fronts in the Gulf of Alaska have strong interannual and annual variability. In the late fall and winter, a 
shelf-slope front is observed in the northern and northwestern Gulf of Alaska (between 140 and 165°W). 
During this time, the front does extend to the eastern Gulf but due to its lower intensity it is not readily 
observed and may be completely absent in January. Intensity of the front peaks in February through April 
as the front extends from the Queen Charlotte Islands in the eastern Gulf to the Shumagin Islands of the 
Aleutian Chain in the west. In the eastern Gulf this front is associated with the Alaskan Stream (e.g., 
Reed and Schumacher 1986), and during the winter, the Alaskan Stream appears to be bounded by two 
parallel fronts (Belkin et al. 2003).  
 
The shelf-slope front seems to form a large meander off of Kodiak Island. From May through July, the 
Gulf of Alaska contains numerous short frontal segments that lack a true pattern. During this season the 
upper mixed layer is thin and the density difference across the seasonal thermocline is small; hence, the 
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upper layer and seasonal thermocline can be easily mixed by a storm. Any fronts that appear in the new 
upper mixed layer are typically short-lived. In August and September, a “horseshoe” front east of Kodiak 
Island is prominent and persists through November. The horseshoe front consists of two distinct 
segments: a zonal front along 59°N, and an outer shelf-slope front along the shelf break and upper slope 
(Belkin et al. 2003). The front bounds the relatively warm inshore waters and is diluted by runoff from the 
Kenai Peninsula.  
 
2.5.1.7 Tides 
 
Tides are the most predictable oceanic motions; the gravitational pull of the moon (and to a lesser extent 
of the sun) creates "bulges" of water on opposite sides of the earth (Thurman 1997). Each region of the 
earth passes through these bulges twice a day, resulting in semi-diurnal (half daily) components to the 
tidal cycle. Furthermore, the moon and the sun do not generally lie over the equator; this displacement 
creates one tidal bulge larger than the other, thus leading to a diurnal (daily) component to the tides. 
 
Alterations in the tidal range result from the relative position of the moon and the sun; when the moon is 
in new and full phases, the moon and the sun act together to produce larger "spring" tides. When the 
moon is in its first or last quarter, smaller than average "neap" tides occur. The cycle of spring to neap 
tides and back is half of the 29-day lunar cycle. 
 
The tides in the Gulf of Alaska are of the mixed type with a dominant semi-diurnal tide; in general, the 
diurnal tide is of secondary dominance (Weingartner 2005). The tides are of great importance to the 
oceanographic dynamics of the continental shelf, accounting for 20 to 80% of the circulation energy (Ladd 
et al. 2005a). Tidal amplitudes and velocities are strongly influenced by the complex shelf and slope 
bathymetry of the Gulf of Alaska; therefore, tidal variability along the coastline is large. For example, 
Anchorage has the largest tidal amplitudes in the northern Gulf of Alaska, with a semi-diurnal tidal range 
of approximately 7.2 m and a diurnal tidal range of 1.4 m (Weingartner 2005). Whereas, semi-diurnal 
tides range from 3.1 to 3.2 m at Yakut, Seward, Kodiak Island, and Middleton Island (Rosenberg 1972; 
Weingartner 2005). 
 
2.6 BIOLOGICAL OCEANOGRAPHY 
 
2.6.1 Plankton 
 
Plankton are organisms that float or drift in the water column and are unable to maintain their position 
against the movement of water masses (Parsons et al. 1984); they are at the mercy of the currents in the 
local aquatic environment. Planktonic assemblages include bacterioplankton (bacteria), zooplankton 
(animals) including ichthyoplankton (larval fish), and phytoplankton (plant-like). In general, plankton are 
very small or microscopic although there are exceptions. For example, jellyfish and pelagic Sargassum 
are considered part of the plankton group due to their inability to move against surrounding currents even 
though some jellyfish can grow to 3 m in diameter. 
 
2.6.1.1 Primary Production and Photosynthesis 
 
Primary production is a rate at which the biomass of organisms change and is defined as the amount of 
carbon fixed by organisms in a fixed volume of water through the synthesis of organic matter using 
energy derived from solar radiation or chemical reactions (Thurman 1997). The major process through 
which primary production occurs is photosynthesis (Valiela 1995). The intensity and quality of light, the 
availability of nutrients, and seawater temperature all influence primary productivity as generated through 
photosynthesis.  
 
Photosynthesis is a chemical reaction that converts solar energy from the sun into chemical energy 
stored within organic molecules by combining water, carbon dioxide, and light energy to form sugar and 
oxygen. In the ocean, the majority of photosynthesis is carried out in the shallowly lit photic zone by 
phytoplankton utilizing a suite of light harvesting compounds to convert solar energy into chemical 
energy, the most common being chl a (Thurman 1997). In oceanic waters, rates of photosynthetic 
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production can vary from between less than 0.1 gram (g) of carbon (C) per square meter (m2) per day in 
oligotrophic regions, such as the western equatorial Pacific, to more than 10 gC/m2/day in eutrophic 
regions (Thurman 1997). The Gulf of Alaska is one of the most productive ocean regions (Hood 1986; 
Mundy and Cooney 2005). Primary production in the Gulf of Alaska OPAREA and vicinity has been 
estimated at 100 to 170 gC/m2/yr (Hood 1986). Closer inshore, annual rates can approach 200 to 300 
gC/m2/yr (Goering et al. 1973; Hood 1986; Sambrotto and Lorenzen 1986).  
 
2.6.1.2 Phytoplankton 
 
Phytoplankton photosynthesize to convert light energy into chemical energy; thereby, in the oceans, they 
comprise the lowest level of the food web and can be considered the most important group of organisms 
in the ocean. A vast majority of organisms in the oceans depend either directly or indirectly on 
phytoplankton for survival. Growth and distribution of phytoplankton are influenced by several factors 
including temperature (Eppley 1972), light (Yentsch and Lee 1966), nutrient concentration (Goldman et al. 
1979), pH, and salinity (Parsons et al. 1984). In general, the distribution of phytoplankton is patchy, 
occurring in regions with the optimal conditions for growth. The concentration of chlorophyll measured in 
the water column or at the sea surface can be used as a proxy for phytoplankton; regions of enhanced 
chlorophyll concentrations are indicative of high phytoplankton abundance (Figure 2-8). In general, the 
concentration of phytoplankton (chl a) decreases with increased distance from the shore and water depth.  
 
2.6.1.2.1 Continental shelf and nearshore waters 
 
Although the predominance of downwelling conditions in the Gulf of Alaska limits the supply of nutrients 
to the shelf, it remains a highly productive region (Ladd et al. 2005b). Frequent storms, high tidal energy, 
persistent storms, and localized upwelling appear to be the primary mechanisms that enhance vertical 
mixing along the coastal shelf (Hood 1986; Sambrotto and Lorenzen 1986; Mundy and Spies 2005). Shelf 
and coastal waters host a traditional phytoplankton community composed of nanoplankton (2 to 20 
microns [µm]) and microplankton (20 to 200 µm); large and small diatoms and dinoflagellates tend to 
dominate the region (Cooney 1986b; Sambrotto and Lorenzen 1986; Sherr et al. 2005). When production 
is high, diatoms commonly account for more than 80% of the phytoplankton (Whitney et al. 2005). 
 
In the Gulf of Alaska, the annual production cycle is characterized by well-defined spring (and sometimes 
fall) blooms of large diatom species (most are larger than 50 µm; Cooney 2005). These blooms typically 
begin in late March and early April in response to a seasonal stabilization of the winter-conditioned deep 
mixed layer, and increased ambient light (Stabeno et al. 2004; Cooney 2005; Mundy and Cooney 2005). 
High rates of photosynthesis typically last only four to six weeks before being controlled by nutrient 
depletion, sinking, and zooplankton grazing (Goering et al. 1973; Mundy and Cooney 2005). The timing, 
duration, and intensity of blooms are controlled largely by the physical structure of the water column. 
Depending on the variable conditions of any given spring, the plant bloom may be early or late by as 
much as three weeks; strong periods of wind, tidal mixing, or both during the bloom can prolong bloom 
events (Cooney 2005; Mundy and Cooney 2005; Weingartner 2005). When the phytoplankton bloom is 
prolonged in this way, its intensity is lessened.  
 
In the late spring and early summer, large diatom-dominated spring blooms decline as nutrient supplies 
are diminished; dinoflagellates and other smaller forms are the dominant taxa under these conditions 
(Cooney 2005). In Prince William Sound, dominance in the phytoplankton bloom was shared by the large 
chain-forming diatoms including Skeletonema, Thalassiosira, and Chaetoceros. Later in June, when 
nutrients become more restrictive to growth, phytoplankton are dominated by smaller diatoms (e.g., 
Rhizosolenia) and tiny flagellates. Regions southeast of Kodiak Island have higher standing stocks during 
the summer than shelf regions to the northeast where fewer submarine canyons and troughs are located. 
It is believed that intrusion of nutrient-rich waters in these troughs and the subsequent mixing of these 
nutrients into the euphotic zone support this phytoplankton assemblage (Ladd et al. 2005a). 
 
In some years, a nearshore or inshore fall bloom of diatoms occurs in September and October in 
response to a deepening wind-mixed layer and enhanced nutrient levels (Cooney 2005). A fall 
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phytoplankton bloom occasionally can be detected in Prince William Sound. The ecological importance of 
this late-season production and the physical forces responsible are not yet understood (Mundy and 
Cooney 2005). 
 
2.6.1.2.2 Offshore and the Alaskan gyre 
 
The basin of the Gulf of Alaska is a high-nutrient, low-chlorophyll (HNLC) environment (Ladd et al. 
2005b). Winter mixing combined with advection supply phytoplankton in the center of the basin with 
sufficient nutrients for growth (Wheeler 1993). However, due to iron limitation, concentrations of 
chlorophyll remain low (approximately 0.3 mg chl/m3) throughout the year and production does not reach 
the levels seen in coastal regions (Sambrotto and Lorenzen 1986; Martin et al. 1989; Boyd et al. 1995). 
The phytoplankton community comprising the oceanic euphotic zone is dominated year round by very 
small phytoplankton including small diatoms, naked flagellates, and cyanobacteria (Sambrotto and 
Lorenzen 1986; Booth 1988). Most of these organisms are smaller than 10 µm in size. The smallest of 
these phytoplankton include phototrophic bacteria, coccoid cyanobacteria, and picoplankton (<1 to 3 µm); 
these classes are considered to be the most important phytoplankton in open ocean gyres (Sherr et al. 
2005). Unlike the coastal regions of the Gulf of Alaska, the outer shelf and deep ocean regions do not 
undergo seasonal blooms in phytoplankton abundance (Cooney 2005; Mundy and Cooney 2005). 
 
2.6.1.2.3 Climate effects 
 
Alterations in the climate of the region have variable effects on the phytoplankton communities and 
primary productivity of the Gulf of Alaska. During the El Niño of 1997 and 1998, the mixed layer 
shallowed; this resulted in a decrease in primary production by at least 50% (Freeland 2000). However, 
no strong shift in the composition of the phytoplankton community was detected along the downwelling 
ecosystems of the continental shelf (Zamon and Welch 2005). Warm phases of the PDO also coincide 
with periods of enhanced coastal productivity in the Gulf of Alaska; decreased production is observed 
during the cool phase (Hare et al. 1999). 
 
2.6.1.3 Zooplankton 
 
Shelf waters in the Gulf of Alaska host a traditional plankton community in which large phytoplankton 
(diatoms and dinoflagellates) are grazed upon by copepods (Cooney 1986b; Sambrotto and Lorenzen 
1986; Incze et al. 1997; Coyle and Pinchuk 2003; Cooney 2005; Coyle and Pinchuk 2005). The dominant 
zooplankters that inhabit the Gulf of Alaska are copepods and cnidarians, and abundance and species 
composition is largely driven by local salinity (Coyle and Pinchuk 2003). In addition to copepods, larger 
micronektonic species (e.g., euaphausiids, amphipods, and some shrimp species) can be important 
zooplankton components in the diets of local fish and large predators (Coyle and Paul 1992; Incze et al. 
1997; Boldt and Haldorson 2003). Highest levels of biomass tend to occur in the summer months of May 
(copepods) and August (cnidarians); lowest values tend to occur in February (Coyle and Pinchuk 2003; 
Zamon and Welch 2005). Cross-shelf distribution of zooplankton is influenced by their depth preferences, 
migration behavior, salinity and temperature preferences, and water movement. A mid-shelf transition 
region also can be identified where the zooplankton community is composed of a mixture of neritic and 
oceanic species (Coyle and Pinchuk 2005). 
 
Grazing by the larger mesozooplankton (i.e., copepods) accounts for only a small percentage of 
phytoplankton mortality in the Alaska Gyre (Mackas and Tsuda 1999). Rather, production of 
phytoplankton in the oceanic regions of the Gulf of Alaska is thought to be controlled by an assemblage of 
microzooplankters and microconsumers, represented by abundant ciliate protozoans and small 
flagellates, rather than by large copepods (Miller et al. 1991a; Miller et al. 1991b; Booth et al. 1993; Dagg 
1993; Frost 1993). Because the growth rates of these grazers are higher than those of the phytoplankton, 
it is hypothesized that these consumers are capable of efficiently tracking and limiting the overall oceanic 
productivity by eating the primary producers (Banse 1982; Taniguchi 1999). Oceanic zooplankton in the 
upper layers of the water column exhibit marked seasonality. In the late winter, biomass of zooplankton in 
the region increased five to one-hundred fold (values increase from 5 to 20 mg/m3 in the winter to 100 to 
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500 mg/m3 in the mid-summer). During this increase, copepods dominate the zooplankton community 
(Cooney 1986a, 1986b; Hood 1986; Cooney 2005). 
 
Many of the zooplankton inhabiting the Gulf of Alaska migrate diurnally over 100 m or more. These 
migrations may interact with vertical or horizontal currents in ways that create localized swarms and 
patches of plankton in the region (Mundy and Cooney 2005; Weingartner 2005). 
 
El Niño events have little effect on the phytoplankton composition within the shelf waters of the Gulf of 
Alaska (Coyle and Pinchuk 2003; Zamon and Welch 2005). Horizontal expansion of zooplankton stocks 
occurs during warm periods of the PDO along the coast. Both El Niño and the PDO affect the 
phytoplankton assemblage in the oceanic regions. Following the shift to a positive (warm) PDO regime in 
the late 1970s, zooplankton biomass doubled in the offshore regions of the Gulf of Alaska (Brodeur and 
Ware 1992; McFarlane and Beamish 1992; Brodeur et al. 1996; Francis and Hare 1997). During an El 
Niño event, a shallower mixed layer restricts the supply of nutrients to the ocean surface. In turn, the 
entire Gulf of Alaska experiences extreme nitrate depletion and decreased levels of primary production. 
Zooplankton become depleted as their food source is not in as abundant of supply (Freeland 2000). 
 
2.6.1.4 Harmful Algal Blooms 
 
Along the U.S. Pacific coast, paralytic shellfish poisoning (PSP) is a recurrent annual problem along the 
coasts of California, Oregon, Washington, and Alaska, affecting more coastline than any other harmful 
algal bloom problem (Boesch et al. 1997). These blooms can be either localized in distribution (i.e., 
restricted to the fjords of Alaska) or wide spread along the Pacific coast. Along the Pacific coast, 
relaxation events or downwelling, brought about by a change in wind speed or direction, carry established 
Alexandrium populations (A. catenella, A. tamarense, and A. fundyense) toward shore, resulting in rapid 
increases in toxicity in nearshore shellfish (Boesch et al. 1997; Scholin and Anderson 1998; Trainer 
2002).  
 
The immense coastal areas of Alaska make testing for PSP impossible in all regions where shellfish and 
crabs are harvested. As such, testing for PSP is limited to areas of commercial operations (Trainer 2002); 
the cost of a PSP outbreak to the commercial fisheries, recreation harvest, and aquaculture can surpass 
$10 million per year (RaLonde 1996). Between 1973 and 1994 143 people in Alaska were believed to 
have become ill due to PSP; from 1995 to 2000 at least 51 illnesses were reported. It is likely that the 
actual number of PSP-induced illness may be 10 to 30 times higher as the majority of cases go 
unreported. Most illnesses are reported during the months of May and June (RaLonde 1996; Trainer 
2002). The majority of outbreaks are reported along the Kodiak Island, the Aleutian Islands, and 
southeastern Alaska. No outbreaks of PSP have been reported in Cook Inlet (Trainer 2002). Generally, 
PSP toxin levels are low in the spring, while summer and early winter are times in which higher levels of 
the toxins are observed. 
 
2.7 HABITAT 
 
Habitat can be defined as (1) the area or type of environment within a biological zone in which an 
organism, population, or community normally lives or occurs, (2) the sum total of environmental conditions 
of a specific place that is occupied by an organism, population or community, or (3) the particular 
preferred environment of an organism (Proctor et al. 1980). Habitats of the Gulf of Alaska are demarcated 
based upon their inhabitant components, including plants, invertebrates, fishes, birds, and mammals. 
These inhabitants generally have geographical distributions that coincide with major oceanographic shifts, 
such as the bifurcation of currents or the intersection of two bodies of water (Airamé et al. 2003).  
 
Habitat and species composition is strongly influenced by the dominant forms of vegetation, tidal 
influence, depth, and type of substrate (Proctor et al. 1980). The habitats described herein have been 
identified and described based upon the habitat classification scheme developed by Greene et al. (1999) 
which was modified after Cowardin et al. (1979). Descriptions of habitats have been organized as mega-, 
meso-, macro-, and microhabitats. Megahabitats have dimensions ranging from kilometers to tens of 
kilometers and lie within major physiographic provinces (e.g., continental shelf, slope and abyssal plain). 
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Mesohabitats are of meters to a kilometer in scope and include small seamounts, canyons, banks, rocky 
reefs, mass wasting (landslide) fields, gravel, pebble and cobble fields, caves, overhangs and bedrock 
outcrops. Macrohabitats range from 1 to 10 m and include seafloor materials and features such as 
boulders, and biogenic structures such as sea pen colonies and corals (solitary and reef-building). 
Microhabitats include individual biogenic structures such as solitary gorgonian corals (e.g., Primnoa spp), 
basket sponges (e.g., Spongia spp) and sea anemones (e.g., Metridium spp) that are centimeters in size 
and smaller (Greene et al. 1999). 
 
The Gulf of Alaska region has four representative habitat types: watersheds, intertidal and subtidal area, 
Alaska Coastal Current, and offshore areas (the continental shelf break and the Alaska Gyre; Mundy and 
Spies 2005). The Gulf of Alaska OPAREA is at least 3 NM offshore and includes primarily offshore 
habitats including continental shelf, slope, and abyssal plain regions, which are influenced by both the 
Alaska Coastal Current and the Alaska Gyre. The Gulf of Alaska is one of the world’s most productive 
ocean regions and the habitats associated with these cold and turbulent waters contain identifiable 
collections of macrohabitats that sustain resident and migratory species including seabirds, marine 
mammals, invertebrates, and fishes (e.g., salmon and groundfish; Mundy and Cooney 2005; Mundy and 
Spies 2005); these habitats support some of the largest fisheries in the U.S. (Heifetz et al. 2003). Alaska 
leads all other states in pounds of fish landed and their dockside value. In 1995, the dockside value of 
Alaska's living marine resources (salmon, groundfish, and shellfish) totaled more than $1.4 billion.7 Many 
of these living marine resources utilize benthic habitat; therefore, the majority of fisheries use fishing gear 
that disturbs benthic habitat (i.e., bottom trawls, longlines, pots, and dredges; Heifetz et al. 2003). 
 
2.7.1 Benthos 
 
The variety of bottom substrates and the complicated system of water circulation and bathymetry in the 
Gulf of Alaska results in a complex benthos (Chikuni 1985). The distribution of the benthos in the Gulf of 
Alaska is primarily a function of depth (i.e., light penetration, temperature, and wave action) and substrate 
(i.e., availability and type of substrate and movement and accumulation of sediments; Maragos 2000).  
 
In addition, the distribution, diversity, and abundance of the benthos of the Gulf of Alaska are strongly 
influenced by the Alaska Coastal Current in conjunction with heavy sediment loads that originate from 
glacial meltwater. The Gulf of Alaska has a relatively wide shelf (up to 100 km) with several banks 
bisected by submarine canyons. Most regions of the Gulf of Alaska shelf experience high sedimentation 
rates of clayey silt that results in poorly consolidated sediments; however, in some relatively shallow 
areas, few sediments accumulate because of scouring by strong bottom currents and frequent winter 
storm waves. The megahabitats of the Gulf of Alaska OPAREA include the continental shelf (<200 m), 
upper slope (~200 to 3,000 m), submarine canyons (200 to 400 m), and abyssal plain (~3,000 to 5,000 
m). Over 400 infaunal invertebrate taxa, representing 11 phyla, and approximately 180 epifaunal species, 
representing ten phyla, have been described along the continental shelf. Over the entire shelf of the Gulf 
of Alaska, the mean diversity and species richness was highest on banks and at the shelf break (Feder 
and Jewett 1986). The more offshore areas of the Gulf of Alaska, the continental slope and abyssal plain, 
are characterized as having substrata with large grain sizes (e.g., boulders, cobble) that provide 
macrohabitats to support a diversity of organisms including groundfish and rich epifaunal communities 
(e.g., coral, sponges, anemones, bryozoans). Since many deepwater areas are characterized by stable 
environments dominated by long-lived species, the potential impacts of fishing on these areas can be 
substantial (NMFS-AKR 2005). 
 
2.7.1.1 Continental Shelf 
 
Much of the continental shelf is covered with sand, mud, silt, bits of broken shell, and other fine materials 
that are often inhabited by organisms living within the upper layers of the seafloor (infauna) or on the 
surface of these seafloor substrates (epifauna). The benthic invertebrate fauna of the Gulf of Alaska 
differs markedly as a function of bottom type. Epifauna live attached to or rove over the sediment surface 
wherever suitable substrate occurs. For example, sponges, barnacles, anthozoans, soft corals, ascidians, 
sea whips, sea pens, mussels, and bryozoans are distributed throughout the continental shelf of the Gulf 
of Alaska, many of which provide important structure to the soft sediment seafloor. Infaunal invertebrates 
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such as polychaetes, clams, nematodes, and amphipods burrow into sand and mud bottoms and stabilize 
the sediments. These benthic invertebrates serve as prey for mobile epibenthic invertebrates and for 
demersal fishes. In the Gulf of Alaska, common predatory invertebrates include sea stars (e.g., leather 
and sunflower star), crabs (e.g., helmet, Dungeness, king, snow, and Tanner crabs) shrimp (Carangon 
and Pandalus shrimps), gastropods, and some scavenging invertebrates (AMCC and ASG 2003; 
Peterson 2005).  
 
The shelf of the Gulf of Alaska OPAREA is a complex and dynamic geologic environment characterized 
by banks, patchy rocky substrate, and patchy bottom sediments. Banks are exposed to both wave and 
current action (particularly during winter storms) that continually resuspend bottom sediments. Bottom 
material such as sand, gravel, boulders, and broken shells are most characteristic of the banks while finer 
sediment accumulates in the depressions and the troughs of the region. Sessile suspension feeders are 
most abundant at the shelf edge with the biomass exceeding 3,000 g/m2 in some regions. Mobile 
suspension feeders occur mainly in two areas: 1) on the plateau-like surfaces of the shelf in areas with 
smooth relief and predominance of sand sediments and 2) on the sides of troughs and canyons. Selective 
deposit-feeders comprise 15% of the total biomass of the shelf and are most common between 52 and 
158 m on bottoms covered with fine-grained sand or muddy sediments that are characterized by a 
smooth relief (Feder and Jewett 1986). 
 
In the Gulf of Alaska OPAREA, the benthos of Portlock Bank was surveyed from about 50 to 750 m. The 
seafloor is generally flat and covered with small boulders, cobble, and gravel. The most common epifauna 
were crinoids, small non-burrowing sea anemones, glass sponges, stylasterid corals, and brittlestars. The 
glass sponges and stylasterid corals found attached to the boulders were larger than those observed on 
the surrounding seafloor (Heifetz et al. 2003).  
 
Sponges—The distribution of sponges (Phylum Porifera) in the Gulf of Alaska OPAREA is patchy. 
However, there are four common sponges found in the Gulf of Alaska OPAREA. The barrel sponge 
(Halichondria panicea) is a large, thick-walled colony. Although highly variable in shape, the barrel 
sponge can reach a maximum height of 30 cm. The cloud sponge (Aphrocallistes vastus) is an upright 
sponge that grows to 30 cm in height. The hermit sponge (Suberites ficus) is a small sponge (less than 15 
cm in height) that grows over snail shells. The tree sponge (Mycale loveni) forms a hard, tree-like 
skeleton surrounded by soft sponge and attains a maximum height of 25 cm (NMFS-AKR 2005). Sponges 
provide prime habitat for red king crab (Paralithodes camtschaticus), rockfish, and Atka mackerel (AMCC 
and ASG 2003). 
 
Bryozoans—Bryozoans are small colonial animals that are common on hard substrates (i.e., rock, live 
and dead bivalve and gastropod shells, and crab shells). Roughly two-thirds of the known species in the 
region are low-profile encrusting forms. In the Gulf of Alaska OPAREA, the bryozoans, Flustrella sp. and 
Dendrobeania spp., have been associated with the largest catches of juvenile red king crab, suggesting 
that bryozoans provide prime habitat for these crabs (NMFS-AKR 2005). 
 
Hydroids—Hydroids are small, mostly colonial, cnidarians; in the Gulf of Alaska, approximately 200 
species have been identified. Most hydroids are erect, tree-like, and grow no taller than 15 cm; other 
hydroids encrust on mollusk shells, rock, and other hard surfaces. In the Gulf of Alaska OPAREA, 
hydroids are considered to be the main food source of juvenile red king crab (NMFS-AKR 2005). 
 
Ascidians—Ascidians, small sedentary marine invertebrates with a saclike body, include members of the 
genus Boltenia (sea onions), Styela (sea potato), and Halocynthia (sea peach). In the Gulf of Alaska 
OPAREA, sea onions, sea potatoes, anemones, and sponges typically cover the sandy seafloor at depths 
of 25 to100 m (AMCC and ASG 2003; NMFS-AKR 2005). Sea onions are stalked, solitary ascidians with 
a white or pinkish bulb-like body that floats in the water column and is tethered to the bottom by a stalk; 
the entire animal reaches up to 30 cm or more in length. Two species of sea onions, B. ovifera and B. 
villosa, are commonly found in the Gulf of Alaska OPAREA. Compound ascidians, bryozoans, and 
hydroids frequently attach to the stems and holdfasts of sea onions. Sea onions and associated attached 
invertebrates are known to provide habitat to small juvenile red king crab. Sea potatoes are dark brown 
and have a potato-shaped body that can reach a maximum size of 10 cm. They grow in clumps that 
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permanently attach to snail, clam, or other invertebrate shells. The sea peach, H. aurantium, is a large 
(up to 18 cm), ascidian that is often found in groups. It has a smooth or wrinkled red-orange outer 
covering with a barrel-shaped body that attaches directly to the substrate (NMFS-AKR 2005).  
 
Anthozoans—Anthozoans, are a large taxonomic group that include sea raspberries (Gersemia sp.), a 
soft coral whose groups of small polyps, when inflated, form thick, soft, red lobes in colonies that can 
reach a height of 25 cm. When contracted, the colony has a “brain-like” appearance and is considerably 
smaller. Two species of sea raspberries that are found in the Gulf of Alaska OPAREA, G. rubiformis and 
G. fruticosa, have the widest temperature and substrate preference range of all Alaskan soft corals 
(AMCC and ASG 2003). Anthozoans also include sea anemones, sea pens, sea whips, and corals, all of 
which can form dense concentrations in the Gulf of Alaska OPAREA (NMFS-AKR 2005).  
 

 Sea whips and sea pens—Some of the most distinctive groups of long-lived, habitat-forming 
organisms are the sea whips and sea pens (order Pennatulacea). Sea whips and sea pens can 
reach a length of one and a half meters or more and can be found on soft substrates at depths 
greater than 8 m but are more common at greater depths and have been found in depths as great 
as 91 m (NMFS-AKR 2005). However, several genera are typically collected most frequently at 
depths exceeding 1000 m world wide and known from 500 to 1000 m in the Gulf of Alaska 
OPAREA., e.g. Anthoptilium spp. (B. Wing, NMFS-AFSC, pers. comm. 1 August 2006). In the 
OPAREA, the sea whips, Protoptilum sp. and Halipteris willemoesi, have been found in densities 
as high as 10 individuals per m2 and sea pens, such as Ptilosarcus gurneyi, have been found in 
dense aggregations at depths less than 30 m (NMFS-AKR 2005).  

 
Stands of sea whips and sea pens provide vertical relief to otherwise flat habitats and shelter for 
many organisms including, gadids (e.g., pollock), rockfish, crab, and the Pacific ocean perch, 
Sebastes alutus (AMCC and ASG 2003; NMFS-AKR 2005). A clear relationship exists between 
sea whip and sea pen abundance and the diversity of marine life. For example, worms, bivalves, 
sea cucumbers, basket stars, shrimps, several species of flatfishes, small octopuses, and squids 
are often found in sea whip and sea pen habitats (AMCC and ASG 2003).  

 
 Coral communities—Etnoyer and Morgan (2003; 2005) synthesized data on the occurrence of 

habitat-forming deep-sea corals in the Northeast Pacific Ocean. Deep-sea corals are typically 
found from the edge of the continental shelf to the continental rise, on banks, and on seamounts 
(Freiwald et al. 2004). While the mean depth range of deep-sea corals in the Northeast Pacific 
Ocean is 265 to 1,262 m, deep-sea corals are known to occur in the Gulf of Alaska from the 
shoreline to the upper slope (1 to 845 m water depth range; Heifetz 2002; MCBI 2003; Etnoyer 
and Morgan 2005). 

 
True deep-sea coral communities live in complete darkness, in temperatures as low as 4°C and 
in waters as deep as 6,000 m; therefore, they are also known as “cold-water coral reefs” 
(Freiwald et al. 2004; CoRIS8). Deep-sea corals lack the symbiotic zooxanthellae found in tropical 
reef-building corals. Thus, deep-sea corals do not benefit from a carbon supply provided by 
symbiotic algae but rather survive solely on suspension feeding. The biological diversity of deep-
sea corals communities is high; from an economic perspective, this diversity creates valuable 
habitat for several commercially fished species (Witherell et al. 2000; Gass 2003).  

 
Deep-sea coral communities usually consist of sessile stony corals (Order Scleractinia), soft 
corals (Sub Class Octocorallia), black corals (Order Antipatharia), and lace corals (Order 
Stylasterina; Freiwald et al. 2004; Hain and Corcoran 2004; Roberts and Hirshfield 2004). These 
corals can build very large 3D structures in deep-sea environments that are comparable in size 
and complexity with coral reefs that occur in shallow tropical waters. Deep-sea coral 
assemblages provide habitat to thousands of species including sponges, polychaetes (or bristle 
worms), crustaceans (crabs and lobsters), mollusks (clams, snails, octopuses), echinoderms 
(starfish, sea urchins, brittle stars, feather stars), bryozoans (sea moss), and fish (Freiwald et al. 
2004). Yet, much like shallow-water corals, deep-sea corals are fragile and slow growing: thus, 
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they are vulnerable to human-induced physical impacts (Andrews et al. 2002; Roberts and 
Hirshfield 2003; Freiwald et al. 2004; Roberts and Hirshfield 2004).  

 
The overall size of deep-sea coral communities can range from patches of small solitary corals to 
massive reef structures (mounds, banks, and forests) several meters to tens of kilometers across 
and a meter to tens of meters high (Tucker and Wright 1990; Cairns 1994). The red tree coral, 
Primnoa pacifica, found in the Gulf of Alaska (10 to 800 m water depth), can reach 3 m in height 
and 7 m in width and achieve over 100 years of age (Heifetz 2000; Andrews et al. 2002; Heifetz 
2002; Cairns and Bayer 2005). Bamboo corals (Family Isididae), found at 700 m water depth in 
the Gulf of Alaska, Warwick Seamount (48°3’N, 132°44’W), were 75 to 208 years old and their 
growth rates ranged from 0.05 to 0.16 mm/yr (Roark et al. 2005)  
 
Trawls and heavy fishing gear used by commercial fishing have caused severe damages to deep-
sea coral communities in many areas of the world including the Gulf of Alaska (Freese et al. 
1999; Roberts and Hirshfield 2004). Deep-sea coral communities are also susceptible to physical 
impacts caused by oil- and gas-related activities, cable laying, seabed aggregate extraction, 
shipping activities, the disposal of waste in deep waters, coral exploitation, mineral exploration, 
and increased atmospheric CO2 (Gass 2003; Freiwald et al. 2004; Roberts and Hirshfield 2004). 
It may take decades to centuries for physically damaged deep-sea coral communities to recover 
(Freiwald et al. 2004; Roberts and Hirshfield 2004). The recovery of the deep-sea corals is 
particularly slow not only because of slow growth rates but also because larvae production is 
positively related to the size of the parent coral colony. Further, some damaged colonies will first 
devote energy to making repairs before sexual reproduction takes place (Andrews et al. 2002). 

 
Regional Composition and Distribution—Corals in Alaskan waters are found in the Gulf of Alaska, 
the Aleutian Islands, and the Bering Sea (Heifetz 2002; MCBI 2003). The known distribution of 
deep-sea corals is contained to water depths that are shallower than 900 m; however, given the 
general distribution of deep-sea corals in the Northeast Pacific Ocean it is likely that deep-sea 
corals occur at greater depths and over a broader geographical extent. In the Gulf of Alaska, the 
distribution of corals may extend beyond the 900 m isobath (Freiwald et al. 2004; Hoff and 
Stevens 2005). In a recent survey of seamounts in the Kodiak-Bowie Seamount Chain (Kodiak 
Seamounts), diverse deep-sea coral communities (including new coral species; tentatively 
belonging to the Primonidae, Isididae, and Antipathidae coral families) and associated 
invertebrates and fishes were documented in the deep-sea coral distribution database; however, 
these recent discoveries have yet to be reported in the peer-reviewed literature (Tsao and 
Morgan 2005). 
 
There are a total of 105 known coral species in Alaskan waters including soft corals, gorgonians, 
sea pens, sea whips, cup corals, black corals, and hydrocorals (Wing and Barnard 2004). The 
locations of fourteen coral taxa mapped in the Gulf of Alaska include antipatharians (Family 
Antipathidae), gorgonians (Families Corallidae, Isididae, Paragorgidae, Primnoidae), and 
hydrozoans (Family Stylasteriidae; Heifetz 2002; MCBI 2003; Figure 2-9). Yet, the most common 
coral taxa encountered in the Gulf of Alaska are cup corals (unidentified scleractinians; 31% of 
coral records) and gorgonians (mostly Callogorgia and Primonoa; ~45% of coral records; Heifetz 
2002). For comparison, there are 43 coral taxa known for the Aleutian Islands and eight coral 
taxa for the Bering Sea. The cup corals found in the Gulf of Alaska are probably of the genera 
Balanophyllia (occurring in waters depth ranging from 0 to 12 m) and Caryophyllia (12 to 4,000 m; 
NMFS-AKR 2005). Black corals (antipatharians) are found throughout the Gulf of Alaska in water 
depths ranging from 400 to 1,000 m (NMFS-AKR 2005). Gorgonians are the most abundant coral 
taxa in the Aleutian Islands, and soft corals are the most abundant in the Bering Sea (Heifetz 
2002). Gorgonians and cup corals occur throughout the Aleutian Islands but have a patchy 
distribution in the Gulf of Alaska, including substantial patches located off the Kenai Peninsula. 
Hydrocorals (Order Stylasterina) and soft corals (Order Alcyonacea) are found in few small 
patches in the Gulf of Alaska (Heifetz 2002). 
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Because of their abundance, size, and longevity, red tree corals form essential habitat for fishes 
and invertebrates. Krieger and Wing (2002) observed colonies of Primnoa spp. in the southeast 
Gulf of Alaska (161 to 365 m water depth) that were used as habitat by rockfish (e.g., rougheye, 
redbanded, shortraker, sharpchin, dusky, and yelloweye), sea stars (e.g., Hippasteria heathi), 
nudibranchs (e.g., Tritonia exulans), crinoids (e.g., Florometra sp.), basket stars (e.g., 
Gorgonocepahlaus eucnemis), golden king crab (Lithodes aquaspina), shrimps, snails, 
anemones (e.g., Cribinopsis spp., Stomphia spp., and Tealia spp.), and sponges. Seastars, 
nudibranchs, and snails found on the Primnoa colonies were feeding upon and damaging coral 
polyps. Crinoids, basket stars, anemones, and sponges used Primnoa as a substrate for 
attachment in an effort to filter feed while suspended off the surrounding seafloor. Rockfish, 
shrimp and crabs sought refuge within the branches of the Primnoa colonies (Krieger and Wing 
2002). In the Gulf of Alaska, Primnoa colonies have been harvested for jewelry (200 kg/yr) from 
1997 to 2001 (Krieger and Wing 2002). Deep-sea corals, including colonies of Primnoa, were 
accidentally but indiscriminately destroyed by commercial bottom trawling (Krieger and Wing 
2002; Etnoyer and Morgan 2005). Increased use and geographic expansion of bottom-impacting 
fishing gear are likely to negatively impact deep-sea coral habitats and associated species. The 
regulation of fisheries by regional fishery management councils can protect deep-sea coral 
ecosystems that are currently impacted and prevent the destruction of unexploited areas by using 
science-based information (surveys and mapping) to implement an ecosystem-based approach 
(Freese et al.; Witherell et al. 2000; Andrews et al. 2002; Frame and Gillelan 2005).  
 
Gulf of Alaska OPAREA—Corals in the Gulf of Alaska OPAREA are known in water depths 
ranging from 1 to 845 m (MCBI 2003; Figure 2-9). As noted earlier they occur in deeper water 
and over a broader expanse potentially including Dall Seamount found within the Gulf of Alaska 
OPAREA. Known corals in the Gulf of Alaska OPAREA include antipatharians (Family 
Antipathidae), gorgonians (Families Corallidae, Isididae, Paragorgidae, and Primnoidae), and 
hydrozoans (Family Sytlasteriidae; MCBI 2003; Figure 2-9). However, this area has not been 
fully sampled and deep-sea corals are likely occur in deeper water and over a broader expanse 
within the Gulf of Alaska OPAREA (MCBI 2003; Figure 2-9). 

 
2.7.1.2 Continental Slope 
 
In addition to substrate, the species composition of the benthos in the Gulf of Alaska changes significantly 
with water depth. The bottom substrate of the continental slope is typically covered with silts, clays, and 
fine sediments; however, there is the occasional hardbottom substratum (e.g., rocky outcroppings, rubble, 
talus, vertical wall, and seamounts) that supports a diverse assemblage of deep-sea invertebrates and 
fishes. Bottom substrate type governs the abundance and diversity of deep-sea organisms. Abundance 
and diversity are generally higher on hard, irregular substrates than on smooth, hard surfaces (Lissner 
1988). Although there have been many descriptive studies detailing the community assemblages on the 
continental shelf, habitats on the continental slope and deeper are challenging to study because they 
usually lie beyond the range of SCUBA and mechanical sampling is difficult (Airamé et al. 2003). 
Therefore, the outer continental shelf and the continental slope are not well studied in the Gulf of Alaska 
system. There has been some description of the mobile epibenthic communities and the demersal fish 
communities (Feder and Jewett 1986); however, most sampling of the continental slope habitats involves 
trawling and focuses on the commercial fisheries of crabs, shrimps, and demersal fishes. The continental 
shelf represents key fishing ground in the Gulf of Alaska and has correspondingly high value to humans. 
Because trawling can dramatically modify and damage the community structure of benthic biogenic 
habitats such as sponges and soft corals, this human activity is an object of concern (Peterson 2005).  
 
2.7.1.2.1 Submarine canyon communities 
 
The Gulf of Alaska continental shelf and slope is highly dissected by numerous submarine canyons. 
Submarine canyons contain various habitats, including vertical cliffs, ledges, talus, cobble and boulder 
fields, and soft mud. Generally, rocky substrate lines steep canyon walls; whereas, the bottom of the 
canyon is formed of a gently sloping bottom that accumulates sediments to form the soft substrate (e.g., 
silt and mud). The organisms that live in submarine canyon habitats must be able to withstand extreme 
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conditions; with depths in excess of 500 m, little or no light, cold water temperature, and tremendous 
pressure (up to 318 atm; Airamé et al. 2003).  
 
Some of the production associated with submarine canyons is introduced via adjacent habitats. Drift 
macroalgae and other organic matter produced in shallow or surface waters may settle and accumulate at 
the mouth and along the slopes of submarine canyons. This detritus may be washed down into the 
canyon during storms, contributing to productivity in the deep sea. In addition, the soft substrate at the 
base of the canyons supports a diverse invertebrate community. The complex structure of rocky substrate 
in submarine canyons provide cover for numerous fish species (e.g., groundfish) and can help to protect 
these species from over-fishing because they tend to be difficult to locate and target. However, submarine 
canyons are vulnerable to human activities; they extend across a range of depths and may be heavily 
influenced by the deposition of sediments and pollutants that is associated with coastal development 
(Airamé et al. 2003). 
 
2.7.1.3 Abyssal Plain 
 
In the Gulf of Alaska, the abyssal plain extends from the bordering continental rises to the south and the 
mid oceanic ridge to the west; it is a relatively flat expanse of sea floor that is 3,000 to 5,000 m below sea 
level. In the Gulf of Alaska OPAREA, there is abyssal plain habitat that occurs at the base of the 
continental slope and extends eastward into the Gulf of Alaska basin with a deepest depth of 
approximately 5,000 m. Abyssal plains are covered with fine particles that constantly rain down from the 
overlying water column. These particles, fine, clay-sized sediments and the remains of marine life, drift 
slowly downward filling in depressions on the irregular rocky ocean floor. They have accumulated to make 
up the 5,000 m thick sediment bed that constitutes the largest portion of the ocean basin (Airamé et al. 
2003). Because of this thick layer of sediment, abyssal plains are among the smoothest surfaces on the 
planet, with less than 5 ft of vertical variation for every mile. In a few places, extinct volcanoes or 
seamounts, disrupt the monotony of the abyssal plain (Wilson 1976; Beaulieu 2001a, 2001b; Cunha and 
Wilson 2003; O'Dor 2003). The abyssal plain is regarded as the true ocean floor and is characterized by 
extremely cold water, no light, and extremely diverse marine inhabitants (e.g., deep sea isopods, 
polychaetes, worms, sponges, crustaceans, and sea stars) that are adapted to near freezing 
temperatures and immense pressure (Smith 1991). The deep sea is one of the largest and least explored 
ecosystems on Earth and is a major reservoir of biodiversity and evolutionary novelty. 
 
Significant physical, chemical, and biological interactions occur between the upper ocean and the deep 
benthos on time scales of days to millennia (Airamé et al. 2003). Benthic communities that live within, 
upon, or associated with the ocean bottom rely upon the input of detritus (e.g., marine snow) from the 
surface waters; this sinking detritus provides the primary source of nutrients for bathypelagic and deep-
sea communities. On average, less than 3% of primary production sinks through the water column to the 
deep sea; however, in the northeastern Pacific waters, where production is particularly high, 
approximately 5 to 15% of the surface production eventually reaches the deep sea. Deep benthic fauna 
living on or in the benthos grow more slowly, live longer, have smaller broods than animals living in 
shallow waters, and although consumption is slow, once organic matter reaches the sea floor, it is almost 
entirely consumed; a very small portion of the organic matter may dissolve or become buried in sediments 
(Grassle 1991). 
 
In spite of these extreme conditions, the deep sea supports a remarkable diversity of organisms (Airamé 
et al. 2003). Due to the unpredictable and patchy supply of food, organisms in the deep sea use a variety 
of foraging strategies. Many deep-sea animals are “sit-and-wait” predators, while others are active 
scavengers that break down carcasses on the sea floor, attracting slower-moving animals, such as 
mollusks, sea stars, brittlestars (ophiuroids), and sea cucumbers. In many areas of the deep sea, 
ophiuroids are the dominant megafauna; they are often found around sea pen (Pennatulacea) beds and 
are so abundant that their feeding behavior and high activity levels can alter the ecology of benthic 
softbottom communities.9 
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2.7.1.4 Seamounts 
 
Seamounts are isolated mountains rising from 900 to 3,000 m above the surrounding bottom. Seamounts 
are found in all oceans but are more numerous in the Pacific Ocean, with over 2,000 having been 
identified (Thompson et al. 1993). Very little research has been conducted on seamounts; they are 
among the least understood habitats in the ocean-basins (Rogers 1994). Seamounts provide a unique 
habitat for both deep-sea and shallow water organisms due to the large ranges of depth, hard substrate, 
steep vertical gradients, cryptic topography, variable currents, clear oceanic waters, and geographic 
isolation that characterize seamount habitats (Rogers 1994). Thus, seamounts are capable of supporting 
a wide range of organisms (Wilson and Kaufmann 1987). The most common invertebrates found on 
seamounts worldwide are cnidarians and the most common fishes are scorpaenids and morids (Wilson 
and Kaufmann 1987). The abundant and diverse benthic fauna consists of a wide array of sponges 
(including large brilliant-yellow barrel sponges that have been known to support intrinsic communities), 
coral (including large gorgonians and huge golden coral sea fans), brittlestars, crinoids, clams, seastars, 
polychaetes, crabs, tunicates, sea urchins, sea cucumbers, and octopi (Rogers 1994). Seamounts attract 
various predators, including fishes and marine mammals as a result of this relatively high biomass.  
 
A total of 597 invertebrate species have been recorded from seamounts in studies that have been 
conducted worldwide (Wilson and Kaufmann 1987). A rich and diverse benthic fauna with a high degree 
of endemism exists on seamounts. In one study, levels of endemism among 850 macro- and megafaunal 
species (including fish) were as high as 29 to 34% (Richer de Forges et al. 2000). Thus, seamounts can 
function ecologically as island groups or chains, leading to localized species distributions with apparent 
speciation. Dispersal of organisms from the seamounts is likely an active and a passive process; 
seamounts appear to provide “stepping stones” for trans-oceanic dispersal of animals in both the Atlantic 
and Pacific Oceans (Richer de Forges et al. 2000; Johnston and Santillo 2004). Few studies have 
investigated the interaction between seamount inhabiting organisms and the surrounding abyssal plain, 
nearshore area, and other seamounts habitats.  
 
Seamount communities are extremely vulnerable to the impacts of fishing. Some seamount fish and 
benthos are already known to have been seriously impacted by fishing activities (Johnston and Santillo 
2004); their recovery is complicated by the limited fixed habitat, the extreme longevity of many species 
(on the order of 100 years and more), and the slow or limited recruitment between seamounts (Richer de 
Forges et al. 2000). The global status of seamount benthic communities is unknown; however, the limited 
distribution of seamount biota greatly increases the threat of extinction. The conservation and protection 
of seamount communities is necessary and requires action to be taken on a local scale (O'Dor 2003). 
 
There is one known seamount located in the Gulf of Alaska OPAREA, the Dall seamount (Figure 2-4). 
The coral and rocky relief that are associated with the Dall seamount is known to provide shelter for adult 
and juvenile rockfish, greenlings, and ling cod and attachment substrates for hydrocorals and red tree 
corals. With further explorations some undiscovered pinnacles and seamounts will undoubtedly be 
identified; this exploration will help to unveil their ecological value to the surrounding ocean habitats. For 
example, deep-sea explorers of seamounts in the Gulf of Alaska have discovered that lingcod spawn in 
very deep water at the base of pinnacles and seamounts and giant spider crabs have been discovered 
that span over seven feet across. Some pinnacles, such as the Albatross Pinnacle south of Kodiak Island, 
come close to the surface and provide a substrate for kelp that in turn provide essential rearing habitat for 
juvenile fish. These pinnacles are known to be covered with sponges, anemones, hydroids, tunicates, 
barnacles, crabs, worms, snails, chitons, and other invertebrates and algae (AMCC and ASG 2003). 
 
2.7.1.5 Chemosynthetic Ecosystem 
 
In a normal marine ecosystem, the primary producers (e.g., phytoplankton and seagrasses) produce 
energy through photosynthesis (a photosynthetic ecosystem). In environments rich in methane and 
sulfides, chemolithoautotrophic bacteria (i.e., sulfur-oxidizing bacteria, methane-oxidizing bacteria, and 
sulfide-reducing bacteria) create the energy that can be used by the organisms in the environment (a 
chemosynthetic ecosystem; Hessler and Lonsdale 1991; Hashimoto et al. 1995; Galkin 1997). Of the 
benthic fauna associated with chemosynthetic ecosystems, some house symbiotic chemosynthetic 



SEPTEMBER 2006 FINAL REPORT 

2-36 

bacteria inside their bodies to obtain essential nutrients (Nybakken 2001). Chemosynthetic communities 
are a significant source of biological productivity on the deep-sea floor. In some locations, vast fields of 
hydrothermal vents can support benthic communities (Fisher et al. 2000; Lanoil et al. 2001; Reed et al. 
2002). In other locations, gas hydrates in the sediments support extensive chemosynthetic communities 
(Fujikura et al. 2002). 
 
Chemosynthetic habitats are formed by a variety of geological and biological processes on continental 
margins, and despite their location in the deep sea, have high biomasses maintained by chemosynthetic 
bacterial production (Hessler and Lonsdale 1991; Hashimoto et al. 1995; Galkin 1997; Smith et al. 2003) 
Natural whale falls, hydrothermal vents, cold seeps, and wood falls provide specific habitat duration and 
each of these chemosynthetic habitats appears to foster a characteristic fauna (Fujikura et al. 2002; 
Smith et al. 2003). In general, chemosynthetic communities in the Gulf of Alaska OPAREA are 
characterized by tubeworms, giant white clams, mussels, gastropods, and sponges (Anderson et al. 
1993).  
 
2.7.1.5.1 Cold seeps 
 
A cold seep (sometimes referred to as a cold vent) is a region of the seafloor that releases hydrogen 
sulfide, methane, and other hydrocarbon-rich fluids (Hashimoto et al. 1989; Kvenvolden 1993). Cold seep 
communities depend upon chemolithoautotrophic production associated with the emission of reducing 
chemicals from “cold” hypersaline brines or other hydrocarbon seeps such as methane hydrates (Airamé 
et al. 2003). Chemolithoautotrophic bacteria oxidize the reduced chemicals to form organic matter from 
carbon dioxide. Typically, cold seeps originate from relatively young sediments and are common along 
basin margins (Kvenvolden 1993). However, in recent years many seep communities have been reported 
in tectonically passive margins, active regions of plate collision, and along marginal basins (Schmidt 
2004).  
 
Cold seeps have formed along much of the Gulf of Alaska where the water is cold and the pressure is 
sufficient to support formation; although, they are not known to occur in the Gulf of Alaska OPAREA, in 
the Gulf of Alaska region, two seep microhabitats were observed at 4,413 to 4,443 m. These seep areas 
were populated by dense aggregations of Calyptogena phaseoliformis (clams), Siboglinidae 
(pogonophorans), and galatheid crabs (Levin and Michener 2002). 
 
2.7.1.5.2 Whale falls 
 
The chemosynthetic communities associated with whale falls are probably the least known of the 
chemosynthetic ecosystems. Studies of whale falls has revealed that chemolithoautotrophic bacteria 
reside in, on, and around whale falls (Smith and Baco 2003). Sulfide diffuses out of the bone and 
provides the energy source for the chemolithoautotrophic bacteria (Bennett et al. 1994; Butman et al. 
1995; Smith and Baco 2003). Whale carcasses on the seafloor support a high abundance of organisms 
commonly found near seeps, vents, and other deep-sea hard substrates (Smith and Baco 2003). It has 
been estimated that at any given time there may be in excess of 500,000 sulfide-rich whale skeletons on 
the deep-sea floor (Smith et al. 2003). Whale falls promote high species diversity by providing hard 
substrates for settling, organic enrichment, and free sulfides on a typically organic-poor, sediment 
covered sea floor (Smith et al. 2003); these whale falls can support productive communities of 
chemosynthetic organisms for decades. The falls of large whales (30 to 160t adult body weight) yield 
massive pulses of labile organic matter to the deep-sea floor (Smith et al. 2003). 
 
Although whales have been much reduced throughout the world’s oceans, Smith (1992) estimates that 
such sulfide-rich whale falls may have an average spacing of one per 25 km in the North Pacific and may 
give credence to the hypothesis that such falls may be the stepping stones that permit the sulfide-based 
communities to disperse over vast distances between the vent systems (Bohnsack et al. 1991). 
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2.7.1.6 Artificial Habitat 
 
Artificial habitats (shipwrecks, artificial reefs, jetties, pontoons, docks, and other man-made structures) 
are physical alterations to the naturally occurring marine environment. In addition to artificial structures 
intentionally or accidentally placed on the seafloor, fish aggregating devices (FAD) are suspended in the 
water column and anchored on the seafloor to attract fish (Fager 1971; Bohnsack et al. 1991). Artificial 
structures provide a substrate upon which a marine community can develop (Ritter et al. 1999). 
Navigational, meteorological, and oceanographic buoys suspended in the water column potentially 
function like artificial habitats.  
 
When solid, hard objects with numerous and varied surfaces are introduced to the seafloor, artificial 
substrates are provided for the settlement and colonization of epibenthic organisms (e.g., algae, sponges, 
barnacles, mussels, amphipods, soft corals, sea anemones, and hydroids; Ambrose and Swarbrick 1989; 
DeMartini et al. 1994). The initial colonization of artificial habitats works to build communities that increase 
marine production by providing an attachment substrate and a biotope suitable for larger motile 
organisms (e.g., starfish, lobster, crabs, fishes; Ritter et al. 1999).  
 
Artificial habitat sites are often important nearshore locations for human activities including commerce, 
navigation, aquaculture, and recreation (Baine 2001). Fishermen often target these artificial habitats as 
they tend to provide food, shelter, and nurseries for a variety of demersal and pelagic fishes (including 
sport fishes) and many invertebrates (Seaman and Jensen 2000). Under optimal conditions, artificial 
habitats benefit benthic communities and offshore/onshore economies. The benefits experienced by 
marine biological communities increase with time (Ambrose and Swarbrick 1989; DeMartini et al. 1994). 
There are a significant number of artificial habitats available for the marine communities in the Gulf of 
Alaska including shipwrecks, buoys and moorings (Figure 2-10); however, in the Gulf of Alaska 
OPAREA, moorings and buoys are the only artificial habitats. 
 
2.7.1.6.1 Shipwrecks 
 
Despite the addition of many navigational aids, the Pacific Northwest remains one of the most 
treacherous regions for ships to navigate. The combination of fog, rain, sleet, snow, wind, and ocean 
currents have all contributed to the almost 4,500 wrecks documented for the region (Gibbs 1957). These 
shipwrecks provide substrate for attachment for many benthic macrofauna and macroflora; this, in turn, 
provides important habitat. On the other hand, the groundings of ships can also create numerous hazards 
for navigation or the environment including the formation of large scars through seagrass beds or coral 
reefs, blockage of entry into ports or harbors, and the release of engine oil and fuel into the surrounding 
waters (NOAA 2004). Shipwrecks in the Gulf of Alaska are the result of navigational hazards (storms, 
reefs and/or shoals), human errors (nautical equipment breakdowns, fire/explosions, strandings, 
foundering, groundings, and collisions), and intentional sinkings (artificial reefs). 
 
Although there are no shipwrecks located within the Gulf of Alaska OPAREA, perhaps the most famous 
shipwreck, ever, occurred in the Gulf of Alaska. In 1989, after grounding on Bligh Reef in Prince William 
Sound, the Exxon Valdez released a minimum of 11 million gallons of Alaskan crude oil into one of the 
largest and most productive estuaries in North America and, henceforth, the Exxon Valdez became the 
most vilified U.S.-flag ship in modern times.12 The resulting spill has been the worst in U.S. history and the 
ensuing cleanup and legal battle caused immense environmental and social damage.12 The Alaska 
Department of Environmental Conservation (ADEC) estimated that 149 km of shoreline in Prince William 
Sound were heavily oiled and 459 km were at least lightly oiled during the summer of that 1989.13 One 
year later, in 1990, oiling had decreased 73%. In 1991, two years later, a survey estimated only 1.4 km of 
shoreline was heavily oiled. By 1992 the estimate of heavily oiled shoreline was reduced to only 0.2 km.13 
After 3 years of intense clean-up efforts it is expected that natural processes will disperse any remaining 
oil. However, clean-up efforts and research into the future effects of the spill still remain.  
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2.7.1.6.2 Buoys and moorings 
 
A buoy is a floating platform used for navigational purposes or supporting scientific instruments that 
measure environmental conditions. Moorings are floating blocks used for scientific study of a particular 
area; instruments are usually fastened along the line, which is fixed firmly to the seafloor. Both buoys and 
moorings can act as a substrate for attachment and aggregation locations for pelagic fish. Currently, two 
buoys and twelve moorings are located in the Gulf of Alaska OPAREA (Figure 2-10). 
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3.0 SPECIES OF CONCERN 
 
This chapter provides detailed information for marine mammals, sea turtles, and endangered, threatened, 
and species of concern birds. These species are of particular interest to the Navy due to their protected 
status.  
 
Marine mammals, which include cetaceans (whales, dolphins, and porpoises), pinnipeds (seals, fur seals, 
and sea lions), and sea otters, are the taxon group with the largest number of federally protected species 
in the Gulf of Alaska OPAREA. Section 3.1 of this chapter provides information on the 24 marine mammal 
species with potential occurrence in the Gulf of Alaska OPAREA and vicinity. All marine mammals are 
protected by the MMPA; seven of these species are also listed as threatened or endangered under the 
ESA: six cetacean and one pinniped species. An overview of marine mammals, as well as a brief 
introduction to acoustics and hearing, which is useful in consideration of any potential anthropogenic 
impacts to these animals, is included. A detailed narrative has been prepared for each marine mammal 
species, consisting of a species’ description, status, habitat preferences, distribution (including a focus on 
the Gulf of Alaska OPAREA and vicinity), behavior and life history, and an account of its vocalizations and 
hearing capabilities (when available). Maps depicting the seasonal occurrence records and predicted 
areas of occurrence for each marine mammal species in the OPAREA and vicinity are found in Appendix 
B (Figures B-1 through B-25).  
 
Four sea turtle species are known or have the potential to occur in the Gulf of Alaska OPAREA and all 
are either threatened or endangered. Section 3.2 of this chapter consists of an overview on sea turtle 
biology and life history and provides basic information on the hearing capabilities of these animals. Each 
of the sea turtle species is then described in detail by its physical description, status, habitat preferences, 
distribution (including a focus on the Gulf of Alaska OPAREA and vicinity), and behavior and life history. 
Maps depicting the seasonal occurrence records and predicted areas of occurrence for each sea turtle 
species in the OPAREA and vicinity are found in Appendix C (Figures C-1 through C-5). 
 
Ten bird species of concern may potentially occur in the Gulf of Alaska OPAREA and vicinity. One bird 
species is endangered and one bird species is threatened. Section 3.3 of this chapter provides 
information about the physical description, status, habitat preferences, distribution (including a focus on 
the Gulf of Alaska OPAREA and vicinity), and behavior and life history of these species. Maps depicting 
the occurrence records and predicted distributions (e.g., foraging habitats) of each bird species in the 
OPAREA and vicinity are found in Appendix D (Figures D-1 through D-9).  
 
There are five threatened and endangered fish species with probable occurrence in the Gulf of Alaska 
OPAREA and vicinity. Section 3.4 of this chapter includes a discussion of the physical description, status, 
habitat preferences, distribution (including a focus on the Gulf of Alaska OPAREA and vicinity), and 
behavior and life history of each species. Maps depicting the distribution and/or critical habitats for these 
fish species in the OPAREA and vicinity are embedded in this section (Figures 3-8 through 3-13). 
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3.1 MARINE MAMMALS 
 
3.1.1 Introduction 
 
More than 120 species of marine mammals occur worldwide (Rice 1998). The term “marine mammal” is 
purely descriptive, referring to mammals that carry out all or a substantial part of their foraging in marine 
or, in some cases, freshwater environments. Marine mammals as a group are comprised of various 
species from three orders (Cetacea, Carnivora, and Sirenia). 
 
The majority of the 24 marine mammal species with confirmed or possible occurrence in the Gulf of 
Alaska OPAREA are cetaceans (whales and dolphins). Cetaceans are divided into two major suborders: 
Mysticeti and Odontoceti (baleen and toothed whales, respectively). Toothed whales use teeth to capture 
prey, while baleen whales use baleen plates to filter their food from the water. Beyond contrasts in 
feeding methods, there are also life history and social organization differences between baleen and 
toothed whales (Tyack 1986). Pinnipeds are divided into three families: Phocidae (the “true” or earless 
seals); Otariidae (sea lions and fur seals); and Odobenidae (walruses). Of the pinnipeds, only phocids 
and otariids are expected to occur in the study area. Relative to otariids, phocids are more streamlined 
and better adapted to an aquatic lifestyle. Some of the more obvious distinctions of phocids are that they 
lack external ears; are unable to rotate the pelvis to position the hind limbs under the body, leading to 
relatively poor terrestrial locomotion; use pelvic flippers for underwater propulsion; and have small 
pectoral appendages which are used for steering (Riedman 1990). Beyond the physical differences, there 
are also life history differences (e.g., Riedman 1990). Interesting to note is that in most pinniped species 
whose reproductive physiologies have been studied, once the egg has been fertilized, development 
proceeds for only 7 to 10 days and then stops for several weeks or months. The pause in embryonic 
development that occurs between the time of fertilization and the time at which the blastocyst attaches to 
the uterine wall is generally called “delayed implantation.” This allows for synchronization of reproductive 
activity by seal species and also likely provides the seal pups with the greatest opportunity for abundant 
prey. 
 
3.1.1.1 Adaptations to the Marine Environment:  Sound Production and Reception 
 
Marine mammals display a number of anatomical and physiological adaptations to an aquatic 
environment that are discussed in detail by Pabst et al. (1999). Sensory changes from the basic 
mammalian scheme have also taken place in response to the different challenges an aquatic environment 
imposes. Sound travels faster and further in water than in air and is, therefore, an important sense. Touch 
and sight are also well-developed in whales and dolphins (Wartzok and Ketten 1999). Pinnipeds are 
faced with two different environments (terrestrial and aquatic). As a result, they have compromised full 
underwater or full terrestrial adaptation to allow for functional vision and hearing in both media (Wartzok 
and Ketten 1999). The vibrissae (whiskers) of pinnipeds are extensively developed and provide the 
animal with information about contour and texture (Wartzok and Ketten 1999). A recent study has 
demonstrated that the whiskers of harbor seals are highly sensitive to water movements, and may be an 
important mechanism for seals hunting in the dark (or in murky waters) to detect water movements 
generated by fish (Dehnhardt et al. 2001; Vester et al. 2001). 
 
Marine mammal vocalizations often extend both above and below the range of human hearing; 
vocalizations with frequencies lower than 18 Hertz (Hz) are labeled as infrasonic and those higher than 
20 kiloHertz (kHz) as ultrasonic. Baleen whales primarily use the lower frequencies, producing tonal 
sounds in the frequency range of 20 to 3,000 Hz depending on the species. Clark and Ellison (2004) 
suggested that baleen whales use low frequency sounds not only for long-range communication, but also 
as a simple form of echo ranging, using echoes to navigate and orient relative to physical features of the 
ocean. The toothed whales produce a wide variety of sounds which include species-specific broadband 
“clicks” with peak energy between 10 and 200 kHz, individually variable “burst pulse” click trains, and 
constant frequency or frequency-modulated (FM) whistles ranging from 4 to 16 kHz (Wartzok and Ketten 
1999). The general consensus is that the tonal vocalizations (whistles) produced by toothed whales play 
an important role in maintaining contact between dispersed individuals, while broadband clicks are used 
during echolocation (Wartzok and Ketten 1999). Burst pulses have also been strongly implicated in 
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communication, with some scientists suggesting that they play an important role in agonistic encounters 
(McCowan and Reiss 1995), while others have proposed that they represent “emotive” signals in a 
broader sense, possibly representing graded communication signals (Herzing 1996). Sperm whales, 
however, are known to produce only clicks, which are used for both communication and echolocation 
(Whitehead 2003).  
 
Sounds produced by pinnipeds include airborne and underwater vocalizations (Thomson and Richardson 
1995). Calls include grunts, barks, and growls in addition to the more conventional whistles, clicks, and 
pulses. The majority of pinniped sounds are in the sonic range (20 Hz to 20 kHz; Ketten 1998; Wartzok 
and Ketten 1999). In general, phocids are far more vocal underwater than are otariids. Phocid calls are 
commonly between 100 Hz and 15 kHz, with peak spectra less than 5 kHz, but can range as high as 40 
kHz (Ketten 1998; Wartzok and Ketten 1999). There is no evidence that pinnipeds echolocate 
(Schusterman et al. 2000). 
 
Data on the hearing abilities of cetaceans are sparse, particularly for the larger cetaceans such as the 
baleen whales. The auditory thresholds of some of the smaller odontocetes have been determined in 
captivity. It is generally believed that cetaceans should at least be sensitive to the frequencies of their 
own vocalizations. Comparisons of the anatomy of cetacean inner ears and models of the structural 
properties and the response to vibrations of the ear’s components in different species provide an 
indication of likely sensitivity to various sound frequencies. The ears of small toothed whales are 
optimized for receiving high-frequency sound, while baleen whale inner ears are best in low to infrasonic 
frequencies (Ketten 1992, 1997). 
 
In comparison with toothed whales, pinnipeds tend to have lower best frequencies, lower high-frequency 
cutoffs, and poorer sensitivity at the best frequency (Richardson et al. 1995). However, some pinnipeds 
(especially phocids) may have better sensitivity at low frequencies (<1 kHz) than do toothed whales 
(Richardson et al. 1995). The pinniped ear appears to have been constrained during its evolution by the 
necessity of functioning in two acoustically dissimilar media (air and water). The patterns of air and water 
hearing sensitivity appear to correspond to the patterns of life history of the pinniped species (Kastak and 
Schusterman 1998). Comparisons of the hearing characteristics of otariids and phocids suggest two 
types of pinniped ears, with phocids being better adapted for underwater hearing (Richardson et al. 1995; 
Kastak and Schusterman 1998; Ketten 1998; Wartzok and Ketten 1999). In phocids tested, peak 
sensitivities ranged between 10 and 30 kHz, with a functional high frequency limit of about 60 kHz 
(Richardson et al. 1995; Ketten 1998; Wartzok and Ketten 1999). 
 
General reviews of cetacean and pinniped sound production and hearing may be found in Richardson et 
al. (1995), Edds-Walton (1997), Wartzok and Ketten (1999), Au et al. (2000), and Hildebrand (2005). For 
a discussion of acoustic concepts, terminology, and measurement procedures and underwater sound 
propagation, Urick (1983) and Richardson et al. (1995) are recommended. 
 
3.1.1.2 Marine Mammal Distribution—Habitat and Environmental Associations 
 
Marine mammals inhabit most marine environments, from deep ocean canyons to shallow estuarine 
waters. They are not randomly distributed. 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). Most information on marine mammal distribution has been obtained 
from shipboard and aerial observations which provide a very limited perspective on their life at or near the 
surface and little insight into their behavior under the water where they spend up to 90% of their time 
(e.g., Costa 1993). 
 
Our knowledge of marine mammal habitats is often quite limited. Poor definition of spatiotemporal scales 
is the primary cause for confusion and disagreement among studies about factors that associate with 
marine mammal (in particular, cetacean) distribution (e.g., Jaquet 1996; Jaquet et al. 1996; Gregr and 
Trites 2001; Hamazaki 2002; Ferguson 2005). Marine mammals may not respond to instantaneous 
changes in ocean conditions. Instead, there might be a time lag between the change of oceanographic 
conditions and top-level predator responses. As noted by Ferguson (2005), time lags are particularly 
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important when proxies such as chlorophyll data are used to indicate toothed whale habitat. It is not the 
primary producers themselves that the whales eat, but the squid and mesopelagic fishes several trophic 
levels higher up. Time lapses before energy and nutrients from the primary producers climb up the food 
chain to cetacean prey species. For baleen whales feeding on zooplankton, which are trophically close to 
primary production, this lag may be on the order of several weeks, whereas the lag might be considerably 
greater for sperm whales where the primary prey (cephalopods) are removed from primary production by 
approximately four months (Gregr and Trites 2001). Integrated approaches are underway in some areas 
to examine the temporal and spatial relationship of marine mammals to the structure and variability of 
their habitat (e.g., Croll et al. 1998). Efforts are also underway in habitat modeling, which predicts 
potential habitat in unsurveyed areas based on the relationships between species’ presence and the 
environmental parameters observed in surveyed areas (e.g., Gregr and Trites 2001; Hamazaki 2002; 
Ferguson 2005; Hastie et al. 2005; Redfern et al. 2006). 
 
Even in the best-studied marine mammal species, determining the fundamental reasons behind the 
linkage between habitat variables and distribution can be problematic and often requires extensive 
datasets (e.g., Forney 2000; Gregr and Trites 2001; MacLeod and Zuur 2005). For example, although 
topography might increase primary productivity and, as a result, provide a local increased availability of 
prey, not every marine mammal species is necessarily concentrated in that area. Additional factors may 
be involved, such as habitat segregation between other species that share the same ecological niche 
(MacLeod and Zuur 2005). The degree of similarity in diet between two or more predators that occur in 
the same habitat will affect the level of competition between these predators. Competition between 
predators can result in the exclusion of one or more of them from a specific habitat. For example, 
MacLeod et al. (2003) suggested that an example of niche segregation in the North Atlantic might be that 
Mesoplodon spp. occupy a separate dietary niche from bottlenose whales (Hyperoodon) and Cuvier’s 
beaked whales (Ziphius) although these species share the same distribution. In contrast, Hyperoodon 
and Ziphius appear to occupy very similar dietary niches but have geographically segregated 
distributions, with Hyperoodon occupying cold-temperate to polar waters and Ziphius occupying warm-
temperate to tropical waters. 
 
Movements are often related to feeding or breeding activity (Stevick et al. 2002). A migration is the 
periodic movement of all or significant components of an animal population from one habitat to one or 
more other habitats and back again. Migration is an adaptation that allows an animal to monopolize areas 
where favorable environmental conditions exist for feeding, breeding, and/or other phases of the animal’s 
life history. Some baleen whale species, such as humpback whales, 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). These 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 at low latitudes (Corkeron and Connor 1999; Stern 2002). The timing of migration is 
often a function of age, sex, and reproductive class. Females tend to migrate earlier than males and 
adults earlier than immature animals (Stevick et al. 2002; Craig et al. 2003). Pregnant females are 
believed to lead the migration to and from northern feeding grounds. However, not all baleen whales 
migrate. Some individual gray, fin, Bryde’s, minke, and blue whales may stay year-round in a specific 
area.  
 
Cetacean movements can also reflect the distribution and abundance of prey (Gaskin 1982; Payne et al. 
1986; Kenney et al. 1996). Cetacean movements have also been linked to indirect indicators of prey, 
such as temperature variations, sea-surface chlorophyll a concentrations, and features such as bottom 
depth (Fiedler 2002). Oceanographic conditions such as upwelling zones, eddies, and turbulent mixing 
can create regionalized zones of enhanced productivity that are translated into zooplankton 
concentrations, and/or entrain prey as density differences between two different water masses aggregate 
phytoplankton and zooplankton (Etnoyer et al. 2004). High concentrations of fish and invertebrate larvae 
along with high rates of primary productivity are associated with shelf break and pelagic frontal features 
(Roughgarden et al. 1988; Munk et al. 1995). Frontal features along the Pacific coast tend to be 
ephemeral in space and time, shifting to the north and south by 10 to 1,000 km depending on the season, 
the year, and the state of the El Niño (Etnoyer et al. 2004). 
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Since most toothed whales do not have the fasting capabilities of the baleen whales, toothed whales 
probably follow seasonal shifts in preferred prey or are opportunistic feeders, taking advantage of 
whatever prey happens to be in the area. Small-scale hydrographic fronts may act as convergence zones 
(Etnoyer et al. 2004). Bottlenose dolphins have demonstrated a spatial association with the area near the 
surface features of tidal intrusion fronts, which could be related to increased foraging efficiency resulting 
from the accumulation of prey in the frontal region (Mendes et al. 2002).  
 
Long-ranging movements are quite common in pinnipeds; hooded seals and northern elephant seals are 
both good examples, since they make extensive movements. Pinniped movements depend on the 
abundance of prey, its energy content, and the seasonality of prey distribution (Forcada 2002). 
Additionally, the pinniped reproductive cycle mandates that individuals return to land or ice to pup (give 
birth), nurse, and rear their offspring and molt. Pinnipeds will also haul out for resting, thermoregulation, 
and to escape predators. As with migrating cetaceans, there are variations in the timing of these 
movements and in the patterns between age classes (Forcada 2002). 
 
Occurrence of cetaceans outside the area with which they are usually associated may reflect fluctuations 
in food availability. Some studies have correlated shifts in the distribution of some baleen whale and 
toothed whale populations with ecological shifts in prey patterns after intense fishing efforts by 
commercial fisheries in the western North Atlantic (Payne et al. 1986; 1990; Kenney et al. 1996). 
DeMaster et al. (2001) predicted, based upon current data on human population growth and marine 
mammal fisheries interactions, that in the future, the most common type of competitive interaction would 
be ones in which a fishery has an adverse effect on one or more marine mammal populations without 
necessarily overfishing the target species of the fishery. 
 
Pinniped movements, as noted earlier, are a reflection of both foraging ecology and the need to return to 
land for the purpose of breeding and molting. Like cetaceans, pinnipeds are often associated with either 
transient (oceanographic features such as frontal systems) or non-transient physical features that serve 
to concentrate prey. Individual seal foraging behavior is probably related to oceanographic features in the 
water column, such as thermal discontinuities that act to concentrate prey species (Field et al. 2001). 
McConnell and Fedak (1996) hypothesized that seals out in the open ocean may be influenced by 
mesoscale frontal systems with locally enhanced prey abundance. Thompson et al. (1991) observed that 
the spatial and temporal occurrence of feeding harbor seals was in response to fish distribution which 
also shifts spatially and temporally, with concentrations over trenches and holes more than 10 m deep 
during daylight hours. 
 
All pinniped species leave the water periodically to haul out on land or ice to molt, sleep, mate, pup, or 
avoid marine predators (Riedman 1990). Seasonal changes in oceanographic conditions and ice cover 
condition affect the distribution of pinnipeds in the pack ice (Forcada 2002). Haul out by ice-associating 
pinnipeds seems to be affected by both weather and time of day during breeding and molting periods 
(Moulton et al. 2000). The incidence, biological significance, and controlling factors for haul out at other 
times of the year, when weather is coldest, are essentially unknown (Moulton et al. 2000). For harbor 
seals, tidal stage has a significant effect on haulout behavior (Schneider and Payne 1983). Human 
disturbance can affect haulout behavior by causing seals to return to the water, thereby reducing the 
amount of time mothers spend nursing pups (Schneider and Payne 1983; Moulton et al. 2000). 
 
Climatic fluctuations have produced a growing concern about the effects of climate change on marine 
mammal populations (MacGarvin and Simmonds 1996; IWC 1997; Evans 2002; Würsig et al. 2002). 
Responses of marine mammals to climate change are difficult to interpret due to the confounding effects 
of natural responses and human influences. Additionally, the time scale on which marine mammals 
respond to direct or indirect effects of climate change may be diluted or muted. Large-scale climatic 
events and long-term temperature change may affect the distribution and abundance of marine mammal 
species, either impacting them directly or indirectly through alterations of habitat characteristics and 
distribution or prey availability (Kenney et al. 1996; IWC 1997; Harwood 2001; Greene and Pershing 
2004). The impacts on pinnipeds and other marine mammals during the 1982/1983 El Niño event differed 
from region to region but generally included a diminished food supply for the species. Reduced foraging 
success, increased nutritional stress, and higher mortality have been reported for various pinniped 
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species during cyclic warming periods (e.g., Feldkamp et al. 1991; Hayward 2000; Le Boeuf and Crocker 
2005). Decreased squid abundance during El Niño events has been attributed to shifts in marine mammal 
distribution and abundance; for example, short-finned pilot whales virtually disappeared from the Santa 
Catalina Island area and were replaced by Risso’s dolphins (Shane 1994, 1995). In Monterey Bay, 
following the onset of El Niño 1997/1998, both the diversity and abundance of toothed whales in 
Monterey Bay increased due an influx of warm-water species coupled with the persistence of temperate 
species typically found off central California (Benson et al. 2002). Cerchio et al. (2005) noted negative 
impacts on individual condition and reproduction for humpback whales, notably, a low reproductive 
success. Climate variation may also influence social organization through changes in prey availability, as 
noted in Pacific Northwest killer whales that tended to occur in smaller groups when there was less 
salmon available (Lusseau et al. 2004). Recent work on common dolphins in the eastern tropical Pacific 
also suggests that animals cross stock boundaries during periods of significant environmental change 
(e.g., El Niño), moving to areas of higher quality habitat when preferred habitat is reduced (Danil and 
Chivers 2005). Additional oceanographic and climatic parameters including the PDO may also have an 
effect on marine mammals in the North Pacific. Please refer to Chapter 2 for further information on El 
Niño, ENSO, PDO, and other oceanographic conditions. 
 
Marine Mammals of the Gulf of Alaska OPAREA 
 
Twenty-nine marine mammal species are known to occur in Alaskan waters (Wynne 1992) of which, 24 
have confirmed or possible occurrence in the Gulf of Alaska OPAREA, including 20 cetacean (whales, 
dolphins, and porpoises) and four pinniped (seals, sea lions, and fur seals; Table 3-1). Neither the sea 
otter (Enhydra lutris), nor the beluga (Delphinapterus leucas) are expected to occur as far offshore as the 
Gulf of Alaska OPAREA (Burn, D., USFWS, pers. comm., 28 June 2005; O’Corry-Crowe, G., NMFS-
SWFSC, pers. comm., 6 October 2005). A pantropical spotted dolphin (Stenella attenuata) carcass was 
found at Cold Bay, Alaska. This is thought to be a fishery discard from the eastern tropical Pacific; 
therefore, this record is considered to be extralimital (Jefferson, T.A., NMFS-SWFSC, pers. comm., 14-18 
March 2005). As a result, none of the three before-mentioned species will be discussed further in this 
MRA.  
 
Several authors have noted the impact of the El Niño events on marine mammal occurrence patterns and 
population dynamics in the waters off the Pacific coast (e.g., Wells et al. 1990; Forney and Barlow 1998; 
Benson et al. 2002; Norman et al. 2004). Temperate and warm-water toothed whales often change their 
distribution and abundance as oceanographic conditions vary both seasonally (Forney and Barlow 1998) 
and internannually (Forney 2000). Forney and Barlow (1998) noted significant north/south shifts in 
distribution for Dall’s porpoises, common dolphins, and Pacific white-sided dolphins, and they identified 
significant inshore/offshore differences for northern right whale dolphins and humpback whales. Unusual 
marine mammal distributions may be observed during incursions of warm water related to ENSO events, 
allowing some species to move temporarily into more northerly latitudes.  
 
The high latitude and geology of the Gulf of Alaska and adjacent landmasses influence the regional 
meteorology, oceanography, and sedimentary environment (Weingartner 2005). Shelf topography in the 
northern Gulf of Alaska is extremely complex due to the tectonic and glacial processes that affect this 
region. Numerous troughs and canyons, many of which transect the continental shelf, are visible along 
the seafloor (Royer and Muench 1977; Schumacher et al. 1978; Childers et al. 2005; Weingartner 2005). 
Submarine banks and ridges are also common in the region and are a result of tectonic and glacial 
processes (Weingartner 2005). 
 
The general circulation in the Gulf of Alaska is dominated by the cyclonic Alaska Gyre, which is part of the 
more extensive subarctic gyre of the North Pacific Ocean (Melsom et al. 1999; Weingartner 2005). The 
prominent geological features of the northwestern Gulf of Alaska also influence the regional 
oceanography. For example, Kayak Island, which extends 50 km across the continental shelf, can deflect 
shelf waters farther offshore and deliver high concentrations of suspended sediment to the outer shelf 
(Ahlnäs et al. 1987). During winter months, intense circulation over the Gulf of Alaska produces easterly 
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Table 3-1. Marine mammal species of the Gulf of Alaska OPAREA and vicinity. Taxonomy follows 
IWC (2005) for cetaceans and Rice (1998) for the other marine mammal species.  
 

 Scientific Name Status Occurrencea 
Order Cetacea 
Suborder Mysticeti (baleen whales) 
 Family Balaenidae (right whales) 
 North Pacific right whale Eubalaena japonica   Endangered Regular 
 Family Balaenopteridae (rorquals) 
 Humpback whale Megaptera novaeangliae Endangered Regular 
 Minke whale Balaenoptera acutorostrata Regular 
 Sei whale Balaenoptera borealis Endangered Regular 
 Fin whale Balaenoptera physalus Endangered Regular 
 Blue whale Balaenoptera musculus Endangered Regular 

Family Eschrichtiidae (gray whale) 
 Gray whale Eschrichtius robustus b Regular 
Suborder Odontoceti (toothed whales) 
 Family Physeteridae (sperm whale) 

Sperm whale Physeter macrocephalus Endangered Regular 
 Family Ziphiidae (beaked whales) 
 Cuvier's beaked whale Ziphius cavirostris Regular 
 Stejneger’s beaked whale Mesoplodon stejnegeri Regular 
 Baird’s beaked whale Berardius bairdii Regular 
 Family Delphinidae (dolphins) 

Pacific white-sided dolphin Lagenorhynchus obliquidens Regular 
Northern right whale dolphin Lissodelphis borealis Rare 
Risso’s dolphin Grampus griseus Rare 
False killer whale Pseudorca crassidens Rare  
Killer whale Orcinus orca c Regular 
Short-finned pilot whale Globicephala macrorhynchus Rare 

 Family Phocoenidae (porpoises) 
 Harbor porpoise Phocoena phocoena Regular 
 Dall’s porpoise Phocoenoides dalli Regular 
Order Carnivora 
Suborder Pinnipedia (seals, sea lions, walruses) 
 Family Phocidae (true seals) 

Harbor seal Phoca vitulina Regular 
Northern elephant seal Mirounga angustirostris Regular 

 Family Otariidae (sea lions and fur seals) 
Northern fur seal Callorhinus ursinus  Regular 
Steller sea lion Eumetopias jubatus Threatenedd Regular 
California sea lion Zalophus californianus  Rare 

 

 
a Regular = A species that occurs as a regular or normal part of the fauna of the area, regardless of how abundant or common it is; Rare = 

A species that only occurs in the area sporadically; Extralimital = A species that does not normally occur in the area, but for which there 
are one or more records that are considered beyond the normal range of the species.  

b Only the population which occurs in the western North Pacific is listed as endangered.  
c Only the Southern Resident Killer Whale population that occurs in the Pacific Northwest is listed as endangered. The species as a whole 

is not listed.  
d The species as a whole is listed as threatened; the eastern population is listed as threatened while the western population is listed as 

endangered. Both populations are expected to occur in the Gulf of Alaska OPAREA. 
 
 
 
coastal winds and downwelling, both of which result in a well-mixed water column. During the summer, 
stratification develops due to decreased winds, increased freshwater discharge, and increased solar 
radiation. See Chapter 2 for further discussions of the circulation and geology of the Gulf of Alaska. 
 
Populations of great whales in the Gulf of Alaska were greatly reduced by commercial whaling efforts in 
this area (e.g., Alaska Geographic Society 1978; Brueggeman et al. 1985; Reeves et al. 1985; 
Brueggeman et al. 1986; Shelden et al. 2005). During the 19th century, a major summer high-seas hunting 
ground was the “Kodiak” or “Northwest Ground,” which formed a broad band extending from Vancouver 
Island across the Gulf of Alaska to the Aleutian Islands (Townsend 1935). Modern whaling stations 
operated at Akutan, Alaska, from 1912 to 1939 and at Port Hobron, Alaska, from 1926 to 1937 (Reeves et 
al. 1985). Takes in the Gulf of Alaska OPAREA were from vessels based out of Port Hobron (see maps in 
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Reeves et al. 1985). Coastal whaling was almost entirely a summer fishery, with operations between 1 
May and 31 October. Coastal whaling (also referred to as shore whaling) included whaling operations 
carried out from shore-based stations, as well as operations from old-style factory ships (which lacked 
slipways for hauling whales on deck). The latter operated from protected anchorages in essentially the 
same fashion as shore stations. Fin and humpback whales were the dominant species taken in Alaskan 
waters at Port Hobron (off eastern Kodiak Island; Reeves et al. 1985). From 1946 to 1976, large numbers 
of whales were killed in the North Pacific (including this area, as well as more offshore waters) by 
Japanese and Soviet pelagic whaling fleets. During the peak years from 1963 through 1967, six pelagic 
fleets (three Japanese and three Soviet) hunted baleen whales and were restricted to May through 
October and limited to an area north of 35°N in the eastern Pacific (Mizroch et al. 2005). Newly-released 
records also reveal that illegal whaling was conducted by the Soviet Union during the 1960s in the North 
Pacific (Brownell et al. 2001; Mizroch et al. 2005).  
 
3.1.1.3 Marine Mammal Occurrences 
 
The distribution of marine mammal records is presented for the summer (defined as May through 
October) and the winter (November through April) in the maps in Appendix B. An occurrence record 
does not reflect the number of marine mammals; due to the social nature of cetaceans, multiple 
individuals of a species are often sighted at the same time at the same location. It should be noted that 
the number of marine mammal observations in this area is partially a function of the level of effort to 
collect this information, rather than just the actual marine mammal abundance in the area. 
 
A listing and description of data sources used to determine each species’ occurrence in the Gulf of Alaska 
OPAREA is found in Appendix A-3, while the process used to create the map figures is described in 
Section 1.4.2.2. On the map figures, various types of shading and terminology designate the occurrence 
of marine mammals in the Gulf of Alaska OPAREA. “Area of primary occurrence” (area shaded in dark 
blue) is defined as the areas and habitats where the species is primarily found. “Area of secondary 
occurrence” (area shaded in medium blue) is the areas and habitats where the species may be found, 
especially during “anomalous” environmental conditions. “Area of rare occurrence” (light blue area) is the 
areas and habitats where the species is not expected to be found regularly. “No systematic survey effort” 
(hatched) is the areas and habitats for which insufficient information is available to establish occurrence 
due to lack of systematic survey effort (best judgment follows then whether the area would be anticipated 
to be of primary or secondary occurrence). 
 
Each marine mammal species is listed below with its description, status, habitat preference, distribution 
(including location and seasonal occurrence in the Gulf of Alaska OPAREA), behavior and life history, 
and information on its acoustics and hearing abilities. Species appearance within the text begins with 
threatened and endangered marine mammals, while the remaining species follow the taxonomic order as 
presented in Table 3-1. Information on acoustics and hearing abilities of the marine mammals occurring 
in the Gulf of Alaska OPAREA is presented in Table 3-2. 
 
3.1.1.4 Threatened and Endangered Marine Mammals of the Gulf of Alaska OPAREA 
 
There are seven marine mammal species with confirmed or possible occurrence in the Gulf of Alaska 
OPAREA that are listed as threatened or endangered under the ESA; these are the North Pacific right 
whale, humpback whale, sei whale, fin whale, blue whale, sperm whale, and the Steller sea lion. A 
combined map of the threatened and endangered cetacean species occurring in the Gulf of Alaska 
OPAREA is located in Appendix B.  
 

 Information Specific to the Gulf of Alaska OPAREA 
 

• Summer—The entire Gulf of Alaska OPAREA is an area of primary occurrence for threatened 
and endangered cetacean species (Figure B-1). 

 
• Winter—Similar occurrence for threatened and endangered cetacean species is anticipated for 

winter as during the summer (Figure B-1). 
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Table 3-2. Acoustics and hearing characteristics of marine mammals in the Gulf of Alaska 
OPAREA. Information compiled primarily from Richardson et al. (1995) and Ketten (1998) (and 
references within). 
 
 

Acoustics Hearing 
Common Name Frequency Range 

(kHz) 
Source Level 

(dB re 1 µPa-m) 
Frequency Range 

(kHz) 
Baleen whales    
North Pacific right 
whale 0.050 - 0.6 Not Available 0.010 - 22 

Humpback whale 0.020 - 10 144 - 192 0.7 - 10 (predicted) 
Minke whale 0.060 - 20 151 - 175 N/A 
Sei whale 1.5 - 3.5 Not Available N/A 
Fin whale 0.010 - 0.75 155 - 186 N/A 
Blue whale 0.012 - 0.4 188 N/A 
Gray whale 0.020 - 20 142 - 185 <2 
Toothed whales    

Sperm whale 0.1 - 30 140 - 236 5 - 20 (measured from 1 
neonatal sperm whale) 

Cuvier's beaked whale 0.3 - 135 214 (maximum) Not Available 
Stejneger’s beaked 
whale Not Available Not Available Not Available 

Baird’s beaked whale 4 - 42 Not Available Not Available 
Pacific white-sided 
dolphin 2 - 80 170 0.075 - 150 

Risso's dolphin 0.1 - 65 222 0.75 - 100 
Northern right whale 
dolphin 1 - 16+ 170 Not Available 

False killer whale 4 - 130 220 - 228 16 - 64 
Killer whale 0.1 - 35 137 - 224 <0.5 - 105 
Short-finned pilot whale 0.5 - >20 180 Not Available 
Harbor porpoise 0.04 - 160 135 - 177 1 - 140 
Dall’s porpoise 0.04 - 160 120 - 175 Not Available 
Pinnipeds    
Harbor seal 0.1 - 150 Not Available 1 - 180 
Northern elephant seal 0.2 - 1 Not Available 0.075 - 45 
Northern fur seal Not Available Not Available 0.5 - 60 

Steller sea lion 0.03 - 3 (female calls 
only) Not Available 1 - 25 

California sea lion 0.25 - 6 Not Available 1 - 28 
 
 
• North Pacific Right Whale (Eubalaena japonica) 

 
Description—Until recently, right whales in the North Atlantic and North Pacific were classified 
together as a single species, referred to as the “northern right whale.” Genetic data indicate that these 
two populations represent separate species: the North Atlantic right whale (Eubalaena glacialis) and 
the North Pacific right whale (Rosenbaum et al. 2000).  
 
Right whales have a robust body shape; overall body color is black, although many individuals also 
have irregular white patches on their undersides (Reeves and Kenney 2003). There is no dorsal fin 
on the broad back. The largest recorded North Pacific right whales were an 18.3 m female and a 16.4 
m male (Omura et al. 1969); North Pacific right whales are larger than their North Atlantic 
counterparts (Reeves and Kenney 2003). The head is nearly one-third of the total body length. The 
jawline is arched and the upper jaw is very narrow in dorsal view. The head is covered with irregular 
whitish patches called “callosities” which have whale lice attached. 
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Status—The North Pacific right whale is one of the world’s most endangered large whale species 
(Perry et al. 1999; IWC 2001). North Pacific right whales are classified as endangered under the ESA. 
Critical habitat was recently designated for the North Pacific right whale, and it includes an area in the 
western Gulf of Alaska and in the southeastern Bering Sea. Neither of these areas are within the 
OPAREA (NMFS 2006b; Figure 3-1). There are insufficient genetic or resighting data to address 
whether there is support for the traditional separation into eastern and western stocks (Brownell et al. 
2001); however, Clapham et al. (2004) noted that north-south migratory movements support the 
hypothesis of two largely discrete populations of right whales in the eastern and western North 
Pacific.  
 
No reliable population estimate presently exists for this species (Angliss and Outlaw 2005). In the 
western North Pacific, the population may number at least in the low hundreds (Brownell et al. 2001; 
Clapham et al. 2004). The population in the eastern North Pacific is considered to be very small, 
perhaps only in the tens of animals (Clapham et al. 2004; NMFS 2005b). An analysis of both photo-
identification and biopsy efforts in 2004 in the Bering Sea revealed 17 individuals (Wade et al. 2005). 
Observers also reported three possible mother/calf pairs as opposed to only one mother/calf pair 
being reported during any previous surveys of the area (Wade et al. 2005). 
 
Habitat Preferences—Feeding habitat for right whales is defined by the presence of sufficiently high 
densities of prey, especially calanoid copepods (Reeves and Kenney 2003). Development of those 
patches is essentially a function of oceanic conditions, such as SST, stratification, bottom topography, 
and currents which concentrate zooplankton, and concentration is probably enhanced by the behavior 
of the organisms themselves (Beardsley et al. 1996; Tynan et al. 2001). The apparent shift in Bering 
Sea right whale occurrences from deep waters in the mid-twentieth century to the mid-shelf region in 
the late 1900s was attributed to changes in the availability of optimal zooplankton patches, possibly 
relating to climatic forcing (variability in oceanic conditions caused by changes in atmospheric 
patterns; Tynan et al. 2001). Sightings in the Bering Sea are clustered in relatively shallow water 
(waters with a bottom depth of 50 m to 80 m; Tynan et al. 2001). Recently, however, a tagged 
individual moved between the middle and outer portions of the continental shelf in the Bering Sea, 
which is consistent with historical distribution patterns (Wade et al. 2006). Additionally, sightings of 
some other right whale individuals during the 2004 survey were made on the outer continental shelf 
(Wade et al. 2006). North Pacific right whales have been sighted in even deeper waters, as 
evidenced by a sighting off California in waters with a bottom depth as deep as 1,700 m (Carretta et 
al. 1994). The IWC (2001) noted a surprising absence of evidence for coastal calving grounds, since 
right whales in the North Atlantic and in the Southern Hemisphere have calving grounds located in 
shallow bays, lagoons, or in waters over the continental shelf. 
 
Distribution—Right whales occur in subpolar to temperate waters. They are generally migratory, with 
at least a portion of the population moving between summer feeding grounds in temperate or high 
latitudes and winter calving areas in warmer waters (Kraus et al. 1986; Clapham et al. 2004). 
 
Right whales were probably never particularly common along the west coast of North America (Scarff 
1986; Brownell et al. 2001). Current distribution patterns and migration routes of the North Pacific 
right whale are not known (Scarff 1986; NMFS 2005b). Historical whaling records provide virtually the 
only information on North Pacific right whale distribution. The North Pacific right whale historically 
occurred across the Pacific Ocean north of 35°N, with concentrations in the Gulf of Alaska, eastern 
Aleutian Islands, south-central Bering Sea, Okhotsk Sea, and the Sea of Japan (Omura et al. 1969; 
Brueggeman et al. 1986; Scarff 1986; Clapham et al. 2004). Presently, sightings are extremely rare, 
occurring primarily in the Okhotsk Sea and the eastern Bering Sea (Brownell et al. 2001; Shelden et 
al. 2005; Shelden and Clapham 2006; Wade et al. 2006). Prior to 1996, right whale sightings were 
very rare in the eastern North Pacific (Scarff 1986; Brownell et al. 2001). Recent summer sightings 
and acoustic detections of right whales in the eastern Bering Sea represent the first reliable, 
consistent observations in this area since the 1960s (LeDuc et al. 2001; Tynan et al. 2001; Wade et 
al. 2006). Right whales have been observed each summer since 1996 in the eastern Bering Sea in 
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roughly the same location (Goddard and Rugh 1998; Moore et al. 2000; Tynan et al. 2001; Wade et 
al. 2006). The area of densest concentration in the Gulf of Alaska is roughly east from 170°W to 
150°W and south to 52°N (Shelden and Clapham 2006). 
 
Clapham et al. (2004) noted the following seasonal movements in their review of North Pacific right 
whale records: a general northward migration in spring from lower latitudes (March through May); 
major concentrations above 40°N in summer (May through August); diminished sightings and 
occurrence further south in fall (September through October); and few animals recorded anywhere 
during winter (November through February). It is unclear whether the entire population undertakes a 
predictable seasonal migration. During the summer, whales were found in the Gulf of Alaska, along 
both coasts of the Kamchatka Peninsula, in the southeastern Bering Sea, and in the Okhotsk Sea 
(Clapham et al. 2004). The whales were most widely dispersed in fall and spring, with whales 
occurring in mid-ocean waters and extending from the Sea of Japan to the eastern Bering Sea. In the 
winter, right whales were found in the Ryukyu Islands (south of Kyushu, Japan), the Bonin Islands, 
the Yellow Sea, and the Sea of Japan. Historical concentrations of sightings in the Bering Sea 
together with the recent sightings indicate that this region remains an important summer foraging 
habitat for eastern North Pacific right whales (Tynan et al. 2001; Shelden et al. 2005). Scarff (1986) 
hypothesized those right whales that summer in the eastern North Pacific may mate, calve, and 
overwinter in the mid-Pacific or in the western North Pacific. 
 
The location of calving grounds for the eastern North Pacific population is unknown (Scarff 1986; 
Clapham et al. 2004; NMFS 2005b), which appears to reflect a true absence of coastal calving 
grounds, at least within historic times (Scarff 1986). Until recently, there were no records of newborn 
or very young calves in the eastern North Pacific, which appears to reflect a true absence of coastal 
calving grounds, at least within historic times (Scarff 1986). Neither the west coast of North America 
nor the Hawaiian Islands constituted a major calving ground for right whales within the last 200 years 
(Scarff 1986). No coastal calving grounds for right whales have been found in the western North 
Pacific either (Scarff 1986). Mid-ocean whaling records of right whales in the winter suggest that right 
whales may have wintered and calved far offshore in the Pacific (Scarff 1986, 1991; Clapham et al. 
2004). Such pelagic calving would appear to be inconsistent with the records of nearshore calving 
grounds in other locales for the other right whale species. There were no records in the last 100 years 
of newborn or very young calves in the eastern North Pacific until 2004 when the presence of at least 
two calves was documented in the eastern Bering Sea (Wade et al. 2006). 
 
Right whales can make long-range movements. For example, radio-tagged North Atlantic right 
whales make extensive movements, traveling into waters with bottom depths as great as 4,200 m 
(Knowlton et al. 1992; Mate et al. 1997). One individually-identified right whale was documented to 
make a two-way trans-Atlantic migration from the eastern coast of the U.S. to a location in northern 
Norway (Jacobsen et al. 2004). 
 

 Information Specific to the Gulf of Alaska OPAREA 
 

• Summer—The highly endangered status of the North Pacific right whale necessitates an 
extremely conservative determination of this species’ occurrence in the Gulf of Alaska 
OPAREA (Clapham, P., NMFS-NMML, pers. comm., 6 October 2005). The entire 
OPAREA is an area of primary occurrence for the right whale during this time of the year 
(Figure B-2). This is based on sighting, whaling catch, and acoustic records from both 
shelf and oceanic waters (Townsend 1935; Shelden et al. 2005; Moore et al. 2006). The 
sighting of a lone North Pacific right whale among humpback whales during an aerial 
survey southeast of Kodiak Island during July 1998 was used to plan acoustic monitoring 
efforts in the area (Waite et al. 2003). There are acoustic detections off the continental 
shelf west of Kodiak Island (Stafford, K., NMFS-NMML, pers. comm., 6 October 2005). 
There is evidence that the Gulf of Alaska was used as a feeding ground, and recent 
surveys suggest that some individuals continue to use the shelf east of Kodiak (outside of 
the OPAREA) as a feeding area (Shelden et al. 2005). Many of the recent sightings of 
right whales here are associated with humpback whales (Wade, P., NMFS-NMML, pers. 
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comm., 6 October 2005). It is not known whether there is an interchange between the 
Bering Sea and Gulf of Alaska areas; for example, an individual right whale that was 
photographed off Kodiak Island did not match to any photographs of individuals seen in 
the Bering Sea (Wade, P., NMFS-NMML, pers. comm., 6 October 2005). 

 
• Winter—The entire OPAREA is an area of secondary occurrence for the right whale 

during this time of the year (Figure B-2). There is sparse survey effort during this time of 
the year, and this species is largely absent in this area during November through April, 
when they should be on their breeding grounds which are likely located further south. 
However, the exact location of the breeding grounds is still unknown (Wade, P., NMFS-
NMML, pers. comm., 6 October 2005). Right whale calls have been detected as late as 
November in southeast Bering Sea waters (Munger et al. 2005). 

 
Behavior and Life History—In the North Pacific, few individuals are observed and they are usually 
alone (Brownell et al. 2001). The only exception is an area of the southeastern Bering Sea where 
small groups of right whales (at least five, and possibly seven individuals, but no calves, until 
recently) have been sighted in several successive years (Tynan et al. 2001). Right whales have been 
observed in association with humpback whales in Hawaiian (Herman et al. 1980; Salden and 
Mickelsen 1999) and Alaskan waters (Waite et al. 2003). 
 
Right whales in the North Pacific probably reach sexual maturity at a body length of 14.5 to 15.5 m for 
males and 15 to 16 m for females, which corresponds to an age of approximately 10 years (Omura et 
al. 1969). Calves are born during December through March after 12 to 13 months of gestation (Best 
1994). Weaning occurs at 8 to 17 months (Hamilton et al. 1995). There is usually a three-year cycle 
(calving interval) between calves in the North Atlantic (Kraus et al. 2001). 
 
North Pacific right whales probably feed almost exclusively on calanoid copepods (Canalus 
marshallae), a type of zooplankton. High concentrations of copepods have been recorded in 
zooplankton samples collected in 1997 and 1999 near right whales in the North Pacific. North Pacific 
right whales have also been observed feeding in an extensive coccolithophore bloom of Emiliania 
huxleyi (Tynan et al. 2001). When feeding, a right whale skims prey from the water (Pivorunas 1979). 
Feeding can occur throughout the water column (Watkins and Schevill 1976, 1979; Goodyear 1993; 
Winn et al. 1995).  
 
There is almost nothing known of North Pacific right whale diving abilities. Dives of 5 to 15 min or 
even longer have been reported for North Atlantic right whales (Winn et al. 1995; Mate et al. 1997; 
Baumgartner and Mate 2003). Baumgartner and Mate (2003) found that the average depth of a North 
Atlantic right whale dive was strongly correlated with both the average depth of peak copepod 
abundance and the average depth of the bottom mixed layer’s upper surface. North Atlantic right 
whale feeding dives are characterized by a rapid descent from the surface to a particular depth 
between 80 m and 175 m, remarkable fidelity to that depth for 5 to 14 min, and then rapid ascent 
back to the surface (Baumgartner and Mate 2003). Longer surface intervals have been observed for 
reproductively active females and their calves (Baumgartner and Mate 2003).  
 
Acoustics and Hearing—North Pacific right whale calls are classified into five categories: (1) up; (2) 
down-up; (3) down; (4) constant; and (5) unclassified (McDonald and Moore 2002). The ‘up’ call is the 
predominant type (McDonald and Moore 2002; Mellinger et al. 2004b). Typically, the ‘up’ call is a 
signal sweeping from about 90 to 150 Hz in 0.7 sec (McDonald and Moore 2002; Wiggins et al. 
2004). Right whales commonly produce calls in a series of 10 to 15 calls lasting 5 to 10 min, followed 
by silence lasting an hour or more. Some individuals do not call for periods of at least four hours 
(McDonald and Moore 2002). This calling pattern is similar to the ‘moan cluster’ reported for North 
Atlantic right whales by Matthews et al. (2001). Vocalization rates of North Atlantic right whales are 
also highly variable, and individuals have been known to remain silent for hours (Gillespie and Leaper 
2001). Baumgartner et al. (2005) noted that downsweep calls by North Atlantic right whales in the 16 
to 160 Hz frequency band exhibited a diel pattern (fewer calls at night) that corresponded strongly to 
the diel vertical migration of zooplankton. 
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Frequencies of these vocalizations are between 50 and 500 Hz (Matthews et al. 2001; Laurinolli et al. 
2003); typical sounds are in the 300 to 600 Hz range with up- and down-sweeping modulations 
(Vanderlaan et al. 2003). Vanderlaan et al. (2003) found that lower (<200 Hz) and higher (>900 Hz) 
frequency sounds are relatively rare. Source levels have been estimated only for pulsive calls of 
North Atlantic right whales, which are 172 to 187 decibels (dB), with a reference pressure of one 
micropascal (µPa) at one meter (dB re 1 uPa-m; Thomson and Richardson 1995; Parks and Tyack 
2005). Other sound types produced by North Atlantic right whales have source levels ranging from 
137 to 162 dB re 1 µPa-m for tonal calls and 174 to 192 dB re 1 µPa-m for broadband gunshot 
sounds that are produced only by males (Parks et al. 2005; Parks and Tyack 2005). 
 
Morphometric analyses of the inner ear of right whales resulted in an estimated hearing frequency 
range of approximately 0.01 to 22 kHz, based on established marine mammal models (Parks et al. 
2004; Parks, S., Woods Hole Oceanographic Institution, pers. comm., 11 January 2006). Research 
by Nowacek et al. (2004) on North Atlantic right whales suggests that received sound levels of only 
133 to 148 dB re 1 µPa-m for the duration of the sound exposure are likely to disrupt feeding 
behavior; the authors did note, however, that a return to normal behavior within minutes of when the 
source is turned off would be expected. 
 

• Humpback Whale (Megaptera novaeangliae) 
 
Description—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). The head is 
larger than in other rorquals. The flukes have a concave, serrated trailing edge; the ventral side is 
variably patterned in black and white. Individual humpback whales may be identified using these 
patterns (Katona et al. 1979). 
 
Status—Humpback whales are classified as endangered under the ESA. There is no designated 
critical habitat for this species in the North Pacific.  
 
Recent information from photo-identification studies and genetic work suggest that there are probably 
three stocks or populations in the North Pacific: the Eastern (the California/Oregon/Washington-
Mexico stock), Central, and Western North Pacific stocks (Baker et al. 1998; Calambokidis et al. 
2001; Carretta et al. 2006). Calambokidis et al. (2001) further suggested that up to six subpopulations 
of humpback whales in the North Pacific Ocean might be recognized. Research indicates that the 
Western and Central North Pacific stocks mix on the summer feeding grounds in the Gulf of Alaska 
and the Bering Sea (Angliss and Outlaw 2005). Therefore, humpback whales from either of these 
stocks may occur in the Gulf of Alaska OPAREA. The minimum population estimates for the Western 
and Central North Pacific stocks are 367 and 3,698 individuals, respectively (Angliss and Outlaw 
2005). 
 
Habitat Preferences—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. 1990; Hamazaki 2002). The habitat requirements of wintering 
humpbacks appear to be determined by the conditions necessary for calving. Breeding grounds are in 
tropical or subtropical waters, generally with shelter created by islands or reefs. Optimal calving 
conditions are warm water (24 to 28°C) and relatively shallow, low-relief ocean bottom in protected 
areas (behind reefs), apparently to take advantage of calm seas, to minimize the possibility of 
predation by sharks, or to avoid harassment by males (Smultea 1994; Clapham 2000; Craig and 
Herman 2000). 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 
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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). 
 
North Pacific humpback whales are distributed primarily in four more-or-less distinct wintering areas: 
the Ryukyu and Ogasawara (Bonin) Islands (south of Japan), the Hawaiian Islands, the Revillagigedo 
Islands off Mexico, and along the coast of mainland Mexico (Calambokidis et al. 2001). There is 
known to be some interchange of whales among different wintering grounds, and matches between 
Hawai’i and Japan and Hawai’i and Mexico have been found (Salden et al. 1999; Calambokidis et al. 
2000; 2001; Figure 3-2). However, it appears that the overlap is relatively small between the Western 
North Pacific humpback whale population and Central and Eastern North Pacific populations (Darling 
and Mori 1993; Calambokidis et al. 2001; Figure 3-2). 
 
There is also some trans-oceanic interchange between the North Pacific and South Pacific breeding 
populations (Medrano-González et al. 2001). Baker et al. (1993) hypothesized that the most likely 
route for such interbreeding of northern and southern humpback whales is the equatorial waters of 
the eastern Pacific Ocean (EPO). This apparently occurs through geographic overlap of some 
individuals from both ocean basins off the Central American coast (Acevedo and Smultea 1995). 
However, this is probably a relatively rare occurrence. 
 
During summer months, North Pacific humpback whales feed in a nearly continuous band from 
southern California to the Aleutian Islands, Kamchatka Peninsula, and the Bering and Chukchi seas 
(Calambokidis et al. 2001; Figure 3-2). There is much interchange of whales among different feeding 
grounds, although some site fidelity is the rule. The Central North Pacific stock migrates between 
breeding grounds near the Hawaiian Islands and feeding grounds in Alaska and British Columbia 
(Baker et al. 1990; Angliss and Outlaw 2005; Figure 3-2). Whales of the Western North Pacific stock 
migrate between breeding grounds in Japan and possibly feeding grounds west of Unimak Pass in 
the Bering Sea and the Aleutian Islands (Angliss and Outlaw 2005). The primary feeding range of the 
Western North Pacific humpback stock is not known. Mark recoveries from whaling operations 
suggest connections with summering areas in the Okhotsk and Bering seas, off Kamchatka, and the 
Aleutian Islands (Nishiwaki 1966; Ohsumi and Masaki 1975). There are recent photo-identification 
matches to the Gulf of Alaska, southeast Alaska, and the Pacific Northwest (Calambokidis et al. 
2001). However, there are also indications of genetic associations of Ogasawara humpbacks with the 
North American coastline (Baker et al. 1998), and some Western North Pacific humpbacks apparently 
feed off British Columbia (Darling et al. 1996; Calambokidis et al. 1997). The paucity of photo-
identification data for the Aleutian Islands, Bering and Okhotsk seas, and Kamchatka waters may be 
somewhat obscuring the true identity of the primary feeding grounds, but this remains to be 
confirmed. Based on photo-identification surveys, there is some overlap between Western North 
Pacific and Central North Pacific stocks between the Kodiak and Shumagin islands in the Gulf of 
Alaska (Waite et al. 1999; Witteveen et al. 2004).  
 
Some humpback whales remain in higher latitude feeding grounds through the breeding season, or 
perhaps individual variability in the timing of migrations results in the presence of some individuals in 
high latitude areas during all months of the year (Straley 1990). 
 
The humpback whale has one of the longest migrations known for any mammal; individuals can travel 
nearly 8,000 km between feeding and breeding areas (Clapham and Mead 1999). Migratory transits 
between the Hawaiian Islands and southeastern Alaska have been documented to take as little as 36 
to 39 days (Gabriele et al. 1996; Calambokidis et al. 2001). Migration speeds up to 150 km/day have 
been recorded for humpback whales migrating towards the Gulf of Alaska from the Hawaiian Islands 
(Mate et al. 1998). 
 

 Information Specific to the Gulf of Alaska OPAREA—Humpback whales occur in the Gulf of 
Alaska year-round (Waite et al. 1999). They are generally found in the following regions of 
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the Gulf of Alaska between April and December: south of Kodiak Island; Albatross and 
Portlock banks (in the OPAREA); Montague Strait in the Prince William Sound region; and 
the inland waters of southeastern Alaska, Stephen’s Passage, and Frederick Sound (Fiscus 
et al. 1976; Brueggeman et al. 1988; Waite et al. 1999). There are also summer feeding 
aggregations of humpback whales throughout the Kodiak archipelago in the western Gulf of 
Alaska, particularly in Marmot and Chiniak bays (Baraff et al. 2005). Humpback whales are 
known to transit across the central Gulf of Alaska to nearshore areas (Consiglieri et al. 1982); 
there is some speculation that important feeding areas are found in the pelagic waters of the 
Gulf of Alaska (MMC 2002). A recent increase in the number of humpback whale 
entanglements in coastal fishing gear suggests that whales may be pursuing prey closer to 
shore.1 
 
Humpback whales are present in the Gulf of Alaska during the beginning of the winter season 
(November through December) but are not as abundant near the Gulf of Alaska between 
January and March (Consiglieri et al. 1982). Some whales may winter in the inland waters of 
southeast Alaska, but most spend the winter months on breeding grounds off Mexico and the 
Hawaiian Islands (Consiglieri et al. 1982). Peak abundance in southeast Alaska occurs in late 
November and early December and slowly declines in January as humpback whales migrate 
to breeding grounds (Straley 1990). However, there are occasional sightings throughout the 
winter (Straley 1990). Humpback whales begin to return to Alaskan feeding grounds in April 
(Consiglieri et al. 1982). 
 
• Summer—The entire Gulf of Alaska OPAREA is an area of primary occurrence for the 

humpback whale (Figure B-3).  
 

• Winter—Occurrence is expected to be similar to the summer (Figure B-3). 
 
Behavior and Life History—Humpback whales are arguably the most social of all the baleen 
whales. Group size can range from single individuals to up to 20 or more whales. These groups are, 
however, typically small and unstable with the exception of mother/calf pairs (Clapham and Mead 
1999). On the feeding grounds, relatively large numbers of humpbacks may be observed within a 
limited area to feed on a rich food source. While large aggregations are often observed, it is not clear 
if there are stable associations between individuals or if this is simply a reflection of a concentration of 
animals brought together by a common interest in locally abundant prey (Clapham 2000). Mean 
group size near Kodiak Island ranges from 2 to 4 individuals; large aggregations have been observed 
near Shuyak and Sitkalidak islands in the Kodiak Archipelago (Wynne et al. 2005). On the breeding 
grounds, small groups of males may occur when competing for access to females (Tyack and 
Whitehead 1983; Baker and Herman 1984; Pack et al. 1998). On rare occasions, competitive groups 
have been observed on the feeding grounds (Weinrich 1995). 
 
Humpback whales feed on a wide variety of invertebrates and small schooling fishes. The most 
common invertebrate prey are euphausiids (krill); the most common fish prey are herring, mackerel, 
sand lance, sardines, anchovies, and capelin (Clapham and Mead 1999). Pollock, capelin, and 
eulachon are common prey species of humpback whales in the Gulf of Alaska (Witteveen 2003). 
These whales are lunge feeders, taking in huge batches of prey items as they lunge laterally, 
diagonally, or vertically through patches of prey (Clapham 2002). Feeding behavior is highly diverse, 
and humpbacks employ unusual behaviors, such as bubble netting, to corral prey (Jurasz and Jurasz 
1979; Weinrich et al. 1992). This is the only species of baleen whale that shows some evidence of 
cooperation when feeding in large groups (D'Vincent et al. 1985). Humpback whales are not typically 
thought to feed on the breeding grounds; however, some feeding behavior has been observed there 
(Salden 1989; Gendron and Urbán R. 1993). 
 
Female humpbacks become sexually mature at 4 to 9 years of age (Clapham 1996). Gestation is 
approximately one year. Calves are weaned before one year of age. Calving intervals are usually two 
to three years, although females occasionally give birth to calves in successive years (Clapham 
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1996). Males compete for access to receptive females by aggressive, sometimes violent interactions, 
as well as vocal displays (Clapham 1996; Pack et al. 1998).  
 
Humpback whale diving behavior depends on the time of year (Clapham and Mead 1999). In 
summer, most dives last less than 5 min; those exceeding 10 min are atypical. In winter (December 
through March), dives average 10 to 15 min; dives of greater than 30 min have been recorded 
(Clapham and Mead 1999). Although humpback whales have been recorded to dive as deep as 500 
m (Dietz et al. 2002), on the feeding grounds they spend the majority of their time in the upper 120 m 
of the water column (Dolphin 1987; Dietz et al. 2002). Humpback whales on the wintering grounds do 
dive deeply; Baird et al. (2000) recorded dives deeper than 100 m.  
 
Acoustics and Hearing—Humpback whales are known to produce three classes of vocalizations:  
(1) “songs”; (2) sounds made within groups on the wintering (calving) grounds; and (3) social sounds 
made on the feeding grounds (Thomson and Richardson 1995). The best-known types of sounds 
produced by humpback whales are songs, which are thought to be breeding displays used only by 
adult males (Helweg et al. 1992). Singing is most common on breeding grounds during the winter and 
spring months but is occasionally heard outside breeding areas and out of season (Mattila et al. 1987; 
Gabriele et al. 2001; Gabriele and Frankel 2002; Clark and Clapham 2004). Humpback song is an 
incredibly elaborate series of patterned vocalizations, which are hierarchical in nature (Payne and 
McVay 1971). There is geographical variation in humpback whale song, with different populations 
singing different songs and all members of a population using the same basic song. However, the 
song evolves over the course of a breeding season but remains nearly unchanged from the end of 
one season to the start of the next (Payne et al. 1983). 
 
Social calls are from 50 Hz to over 10 kHz, with dominant frequencies below 3 kHz (Silber 1986). 
Female vocalizations appear to be simple; Simão and Moreira (2005) noted little complexity. The 
male song, however, is complex and changes between seasons. Components of the song range from 
under 20 Hz to 4 kHz and occasionally 8 kHz, with source levels of 144 to 174 dB re 1 µPa-m, with a 
mean of 155 dB re 1 µPa-m. Au et al. (2001) recorded high-frequency harmonics (out to 13.5 kHz) 
and source level (between 171 and 189 dB re 1 µPa-m) of humpback whale songs. Songs have also 
been recorded on feeding grounds (Mattila et al. 1987; Clark and Clapham 2004). The main energy 
lies between 0.2 and 3.0 kHz, with frequency peaks at 4.7 kHz. “Feeding” calls, unlike song and 
social sounds, are highly stereotyped series of narrow-band trumpeting calls. They are 20 Hz to 2 
kHz, less than 1 sec in duration, and have source levels of 162 to 192 dB re 1 µPa-m. The 
fundamental frequency of feeding calls is approximately 500 Hz (D'Vincent et al. 1985; Thompson et 
al. 1986). 
 
No tests on humpback whale hearing have been made. Houser et al. (2001) produced the first 
humpback whale audiogram (using a mathematical model). The predicted audiogram indicates 
sensitivity to frequencies from 700 Hz to 10 kHz, with maximum relative sensitivity between 2 and 6 
kHz. 

 
• Sei Whale (Balaenoptera borealis) 

 
Description—Adult sei whales are up to 18 m in length and are mostly dark gray in color with a 
lighter belly (Jefferson et al. 1993). There is a single prominent ridge on the rostrum and a slightly 
arched rostrum with a downturned tip (Jefferson et al. 1993). The dorsal fin is prominent and very 
falcate. Sei whales are extremely similar in appearance to Bryde’s whales, and it is difficult to 
differentiate them at sea and, in some cases, even on the beach (Mead 1977). 
 
Status—Sei whales are listed as endangered under the ESA. The International Whaling Commission 
(IWC) designates the entire North Pacific Ocean as one sei whale stock unit (Donovan 1991), 
although some evidence exists for multiple stocks (NMFS 1998b). The minimum population estimate 
for the Eastern North Pacific stock of the sei whale is 35 individuals (Carretta et al. 2006), and the 
best estimate is 56 individuals (Barlow 2003). 
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The taxonomy of the baleen whale group formerly known as sei and Bryde’s whales is currently 
confused and highly controversial. Reeves et al. (2004) provide a recent review; also see the Bryde’s 
whale species account below for further explanation.  
 
Habitat Preferences—Sei whales are most often found in deep, oceanic waters of the cool 
temperate zone. They 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 
zooplankton, especially copepods. On the feeding grounds, the distribution is largely associated with 
oceanic frontal systems (Horwood 1987). In the North Pacific, sei whales are found feeding 
particularly along the cold eastern currents (Perry et al. 1999). Characteristics of preferred breeding 
grounds are unknown. 
 
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 are also 
known for occasional irruptive occurrences in areas followed by disappearances for sometimes 
decades (Horwood 1987; Schilling et al. 1992; Clapham et al. 1997; Gregr et al. 2005).  
 
Sei whales spend the summer months feeding in the subpolar higher latitudes and return to the lower 
latitudes to calve in the winter. There is some evidence from whaling catch data of differential 
migration patterns by reproductive class, with females arriving at and departing from feeding areas 
earlier than males (Horwood 1987; Perry et al. 1999; Gregr et al. 2000). For the most part, the 
location of winter breeding areas remains a mystery (Rice 1998; Perry et al. 1999). 
 
In the North Pacific, sei whales are thought to occur mainly south of the Aleutian Islands. They are 
present all across the temperate North Pacific north of 40°N (NMFS 1998b) and are seen at least as 
far south as 20°N (Horwood 1987). Whaling data suggest that the northern limit for this species is 
about 55°N (Gregr et al. 2000). In the east, the sei whale ranges as far south as Baja California, 
Mexico, and in the west, to at least Japan and Korea (NMFS 1998b).  
 

 Information Specific to the Gulf of Alaska OPAREA 
 

• Summer—Sei whales tend to have occasional irruptive occurrences in areas followed by 
disappearances for sometimes decades. This makes year-to-year predictions of their 
occurrence patterns difficult (Clapham, P., NMFS-NMML, pers. comm., 6 October 2005). 
The sei whale makes irregular appearances in Alaskan waters (COSEWIC 2003). 
Historically, there were high densities of sei whales in the northwestern and northeastern 
portions (i.e., near Portlock Bank) of the Gulf of Alaska during May through August (e.g., 
Fiscus et al. 1976; Masaki 1976; Consiglieri et al. 1982; Calkins 1986), with whaling 
catches during the 1900s. Therefore, the entire OPAREA is an area of primary 
occurrence during the summer (Figure B-4). 

 
• Winter—The entire OPAREA is an area of secondary occurrence during the winter for the 

sei whale (Figure B-4). Consiglieri et al. (1982) noted that there were a few sightings 
during this time of year based on review of the POP database. Historically, there have not 
been many records during this time of year, and, as noted earlier, the location of breeding 
grounds for this species is not known. The endangered status of this species 
necessitates a conservative approach to determination of its occurrence patterns. 

 
Behavior and Life History—Sei whales are typically found in groups of 2 to 5 individuals 
(Leatherwood et al. 1988). The sei whale is atypical of rorquals in that it primarily “skims” its food, 
although it does some “gulping,” as other rorquals do (Pivorunas 1979). In the North Pacific, sei 
whales take a diversity of prey, including calanoid copepods, krill, fish, and squid (Nemoto and 
Kawamura 1977). The dominant food for sei whales off California during June through August is the 
northern anchovy, while in September and October they eat mainly krill (Rice 1977). Sei whales 
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typically follow a reproductive cycle of 2 years: a gestation period of about 10 to 12 months and a 
lactation period of 6 to 9 months (Gambell 1985). 
 
Acoustics and Hearing—Sei whale vocalizations have been recorded only on a few occasions. 
Recordings from the North Atlantic consisted of paired sequences (0.5 to 0.8 sec, separated by 0.4 to 
1.0 sec) of 10 to 20 short (4 milliseconds [msec]) FM sweeps between 1.5 and 3.5 kHz; source level 
was not known (Thomson and Richardson 1995). These mid-frequency calls are distinctly different 
from low-frequency tonal and frequency swept calls recently recorded in the Antarctic; the average 
duration of the tonal calls was 0.45±0.3 sec, with an average frequency of 433±192 Hz and a 
maximum source level of 156±3.6 dB re 1 µPa-m (McDonald et al. 2005).  
 
While no data on hearing ability for this species are available, Ketten (1997) hypothesized that 
mysticetes have acute infrasonic hearing. 

 
• Fin Whale (Balaenoptera physalus) 

 
Description—The fin whale is the second-largest whale species, with adults reaching 24 m in length 
(Jefferson et al. 1993). Fin whales have a very sleek body with a pale, V-shaped chevron on the back 
just behind the head. The dorsal fin is prominent but with a shallow leading edge and is set back two-
thirds of the body length from the head (Jefferson et al. 1993). The head color is asymmetrical, with a 
lower jaw that is white on the right and black or dark gray on the left. Fin and sei whales are very 
similar in appearance and size, which has resulted in confusion about the distribution of both species 
(NMFS 2006f). 
 
Status—Fin whales are classified as endangered under the ESA. There is no designated critical 
habitat for this species in the North Pacific. The NMFS currently recognizes three stocks of fin 
whales: Alaska (Northeast Pacific), California/Oregon/Washington, and Hawaii (Angliss and Outlaw 
2005). An initial estimate of the fin whale population west of the Kenai Peninsula would be 5,703 
individuals (Angliss and Outlaw 2005). This is clearly a minimum estimate, as no estimate is available 
for U.S. waters to the east of the Kenai Peninsula (Angliss and Outlaw 2005). 
 
Habitat Preferences—The fin whale is found in continental shelf, slope, and oceanic waters (Gregr 
and Trites 2001; Reeves et al. 2002). Brueggeman et al. (1989) noted the importance of banks and 
canyons in Alaskan waters to this species. Globally, this species tends to aggregate 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; 1990; Kenney et al. 1997; Notarbartolo-di-Sciara 
et al. 2003). Fin whales in the North Pacific spend the summer feeding along the cold eastern 
boundary currents (Perry et al. 1999). Littaye et al. (2004) determined that fin whale distribution in the 
Mediterranean Sea was linked to frontal areas and upwelling within large zooplankton patches. 
 
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). Fin whales are distributed 
across the North Pacific during the summer (May through October) from the southern Chukchi Sea 
(69°N) south to the Subarctic Boundary (approximately 42°N) and to 30°N in the California Current 
(Mizroch et al. 1999). They have been observed during the summer in the central Bering Sea (Moore 
et al. 2000). During the winter (November through April), fin whales are sparsely distributed from 
60°N, south to the northern edge of the tropics, near which it is assumed that mating and calving take 
place (Mizroch et al. 1999). However, some fin whales have been sighted as far north as 60°N all 
winter (Mizroch et al. 1999). Recoveries of marked whales demonstrate long migrations from low-
latitude winter grounds to high-latitude summer grounds and extensive longitudinal movements both 
in-season and between years within and between the main summer concentration areas (Mizroch et 
al. 1999). There is also evidence of a resident population of fin whales in the Gulf of California, 
Mexico (Tershy et al. 1993). Such cases indicate that not all members of the species necessarily 
make the long, north/south migrations that are typical of the species.  
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 Information Specific to the Gulf of Alaska OPAREA—Fin whales are observed year-round in 
waters around Kodiak Island (Baraff et al. 2005; Wynne and Witteveen 2005). They are most 
frequently encountered during April through September. Sightings in the vicinity of the 
OPAREA are along the west coast of Kodiak Island, including Uyak Bay (Wynne and 
Witteveen 2005) and off the northeast coast in Marmot and Chiniak bays (Baraff et al. 2005). 
Acoustic data support the idea that there are large numbers of fin whales in this area 
(Watkins et al. 2000a; Stafford, K., NMFS-NMML, pers. comm., 6 October 2005). 

 
• Summer—The Gulf of Alaska is a large part of the summer feeding range for the fin 

whale. The largest concentrations of fin whales were noted to be in the area of 144° to 
150°W and 56° to 59°N, including part of Portlock Bank (Nemoto and Kasuya 1965; 
Fiscus et al. 1976). The entire Gulf of Alaska OPAREA is an area of primary occurrence 
(Figure B-5). Fin whales are found in both shelf and oceanic waters. This area is an 
important feeding ground for this species. A high density of fin whales was noted at 
Portlock Bank (which straddles the OPAREA boundary) during August 2005 (Wade, P., 
NMFS-NMML, pers. comm., 6 October 2005). 

 
• Winter—Not all fin whales in this area migrate (Mizroch et al. 2005); therefore, the 

occurrence pattern is expected to be similar to that during summer (Figure B-5). 
However, it should be noted that there is much less information available for winter than 
for summer occurrence. Therefore, this determination has more uncertainty. 

 
Behavior and Life History—Fin whales feed by lunge-feeding and “gulping” (Pivorunas 1979). In the 
North Pacific, fin whales appear to prefer krill and large copepods, followed by schooling fish such as 
herring, walleye pollock, and capelin (Nemoto and Kawamura 1977). Fin whales are most commonly 
sighted as single individuals or pairs (e.g., Panigada et al. 2005), but they do gather in groups at 
times, especially when good sources of prey are aggregated. For example, off the west coast of 
Kodiak Island in and around Uyak Bay, groups often consist of 12 to 18 tightly associated individuals 
(Wynne and Witteveen 2005). 
 
Female fin whales in the North Pacific mature at 8 to 12 years of age (Boyd et al. 1999). Peak calving 
is in October through January (Hain et al. 1992), after a gestation period of approximately 11 months. 
Weaning may occur at 6 months (Boyd et al. 1999). The calving interval for fin whales ranges 
between 2 and 3 years (Agler et al. 1993). 
 
Fin whale dives are typically 5 to 15 min long and are separated by sequences of 4 to 5 blows at 10 
to 20 sec intervals (CETAP 1982; Stone et al. 1992; Lafortuna et al. 2003). Kopelman and Sadove 
(1995) found significant differences in blow intervals, dive times, and blows per hour between 
surface-feeding and non-surface-feeding fin whales. Croll et al. (2001) determined that fin whales off 
the Pacific Coast dived to a mean of 97.9 m (standard deviation [S.D.] = ±32.59 m) with a duration of 
6.3 min (S.D. = ±1.53 min) when foraging and to 59.3 m (S.D. = ±29.67 m) with a duration of 4.2 min 
(S.D. = ±1.67 min) when not foraging. Panigada et al. (1999) reported fin whale dives exceeding 150 
m and coinciding with the diel migration of krill. 
 
Acoustics and Hearing—Fin and blue whales produce calls with the lowest frequency and highest 
source levels of all cetaceans. Infrasonic, pattern sounds have been documented for fin whales 
(Watkins et al. 1987; Clark and Fristrup 1997; McDonald and Fox 1999). Fin whales produce a variety 
of sounds with a frequency range up to 750 Hz. The long, patterned 15 to 30 Hz vocal sequence is 
most typically recorded; only males are known to produce these (Croll et al. 2002). The most typical 
fin whale sound is a 20 Hz infrasonic pulse (actually an FM sweep from about 23 to 18 Hz) with 
durations of about 1 sec and can reach source levels of 184 to 186 dB re 1 µPa-m (maximum up to 
200; Thomson and Richardson 1995; Charif et al. 2002). Croll et al. (2002) recently suggested that 
these long, patterned vocalizations might function as male breeding displays, much like those that 
male humpback whales sing. The source depth, or depth of calling fin whales, has been reported to 
be about 50 m (Watkins et al. 1987).  
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While no data on hearing ability for this species are available, Ketten (1997) hypothesized that 
mysticetes have acute infrasonic hearing. 

 
• Blue Whale (Balaenoptera musculus) 

 
Description—Blue whales are the largest living animals. Blue whale adults in the northern 
hemisphere reach 22.9 to 28 m in length (Jefferson et al. 1993). The rostrum of a blue whale is broad 
and U-shaped, with a single prominent ridge down the center (Jefferson et al. 1993). The tiny dorsal 
fin is set far back on the body and appears well after the blowholes when the whale surfaces (Reeves 
et al. 2002). This species is blue-gray with light (or sometimes dark) mottling. 
 
Status—Blue whales are classified as endangered under the ESA. The blue whale was severely 
depleted by commercial whaling in the twentieth century (NMFS 1998c). There is no designated 
critical habitat for this species in the North Pacific. The stock structure of blue whales in the North 
Pacific is uncertain; as many as five populations of blue whales might occur (NMFS 1998b). Acoustic 
data indicate that two populations of blue whales occur in the Gulf of Alaska (Stafford 2003). The 
Eastern North Pacific call is the most prevalent (Stafford 2003). There is a minimum population 
estimate of 1,384 individuals in the Eastern North Pacific blue whale stock (Carretta et al. 2006).  
 
Habitat Preferences—Blue whales inhabit both coastal and oceanic waters in temperate and tropical 
areas (Yochem and Leatherwood 1985). Important foraging areas include the edges of continental 
shelves and upwelling regions (Reilly and Thayer 1990; Schoenherr 1991). Feeding grounds have 
been identified in coastal upwelling zones off the coast of California (Croll et al. 1998; Fiedler et al. 
1998; Burtenshaw et al. 2004) and Baja California, Mexico (Reilly and Thayer 1990). Blue whales off 
the coast of southern California appear to feed exclusively on dense euphausiid schools between 
depths of 100 m and 200 m (Croll et al. 1998; Fiedler et al. 1998). These concentrations form 
downstream from upwelling centers in close proximity to regions of steep topographic relief off the 
continental shelf break (Croll et al. 1999). Migratory movements of the blue whale in California 
probably reflect seasonal patterns and productivity (Croll et al. 2005). Blue whales also feed in cool, 
offshore, upwelling-modified waters in the eastern tropical and equatorial Pacific (Reilly and Thayer 
1990; Palacios 1999). Moore et al. (2002) determined that blue whale call locations in the western 
North Pacific were associated with relatively cold, productive waters and fronts. 
 
Distribution—Blue whales are distributed from the ice edges to the tropics in both hemispheres 
(Jefferson et al. 1993). Blue whales as a species are thought to summer in high latitudes and move 
into the subtropics and tropics during the winter (Yochem and Leatherwood 1985). Data from both the 
Pacific and Indian oceans, however, indicate that some individuals may remain year-round in low 
latitudes, such as over the Costa Rican Dome (Wade and Friedrichsen 1979; Reilly and Thayer 
1990). The productivity of the Costa Rican Dome may allow blue whales to feed during their winter 
calving/breeding season and not fast, like humpback whales (Mate et al. 1999). A discovery tag shot 
into a blue whale by whalers off Vancouver Island in May 1963 was recovered a year later in June 
1964 just south of Kodiak Island, supporting the idea that blue whales taken off British Columbia were 
en route to and from feeding areas in the Gulf of Alaska (COSEWIC 2002). 
 
The range of the blue whale is known to encompass much of the North Pacific Ocean, from 
Kamchatka (Russia) to southern Japan in the west, and from the Gulf of Alaska south to at least 
Costa Rica in the east (NMFS 1998c). Blue whale vocalizations have been detected in many portions 
of the North Pacific (e.g., McDonald et al. 1995; Watkins et al. 2000a; 2000b; Stafford et al. 2001; 
Stafford 2003), even those areas where sighting reports are rare (e.g., central North Pacific; Northrop 
et al. 1971; Thompson and Friedl 1982; McDonald and Fox 1999). Historical areas of concentration in 
Alaska include the eastern Gulf of Alaska, the eastern Aleutians, and the far western Aleutians. 
 
In the North Pacific, blue whales may be found as far north as the Gulf of Alaska, Aleutian Islands, 
Kuril Islands, and the Kamchatka Peninsula during the spring and summer months (Yochem and 
Leatherwood 1985) and as far south as approximately 1,300 km off the coast of Guatemala in the fall 
and winter months. Photographic identification effort has revealed extensive movements from the 
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Gulf of California and the west side of Baja California in late winter and spring to California in summer 
and fall (Calambokidis et al. 1990). Off the coast of southern California, blue whales tend to be more 
common at the western end of the Santa Barbara Channel (Fiedler et al. 1998). Some blue whales 
are found year-round off the coast of California and Baja California (Reilly and Thayer 1990). One 
individual blue whale was photo-identified off the Queen Charlotte Islands in British Columbia and 
resighted off the Santa Barbara Channel in California, representing the first match between California 
and waters further north (COSEWIC 2002). A blue whale photographed south of Prince William 
Sound in the Gulf of Alaska was determined to be an individual identified five previous times in 1995 
and 1998 off southern California (Calambokidis, J., Cascadia Research Collective, pers. comm., 1 
December 2005). Ivashin and Rovnin (1967) reported that a blue whale tagged in the Okhotsk Sea 
was killed approximately four years later in the Gulf of Alaska, east of Kodiak Island (57°42’N, 
147°16’W). Yochem and Leatherwood (1985) noted that this individual was initially labeled as a 
sperm whale, but it was actually a blue whale. Another blue whale marked on 22 May 1958 by the 
Russians moved from Vancouver Island to the southern end of Kodiak Island (Ivashin and Rovnin 
1967; Yochem and Leatherwood 1985). 

 
 Information Specific to the Gulf of Alaska OPAREA—Sighting surveys suggest that blue 

whales are now rare in areas of former abundance in the Aleutian Islands and eastern Gulf of 
Alaska, likely due to overexploitation by whaling in the region (Stewart et al. 1987; Reeves 
and Whitehead 1997; NMFS 1998c). Blue whales are found most frequently along the edges 
of continental shelves and are seldom seen in nearshore Alaska waters. The immediate 
offshore waters of the Gulf of Alaska were a summer feeding ground (Rice and Wolman 
1982). The whaling season in the Gulf of Alaska began in mid-late May and ended in mid-
September to mid-October (Brueggeman et al. 1985). Acoustic detections in the Gulf of 
Alaska are made mid-July to mid-December in waters off the continental shelf (Stafford, K., 
NMFS-NMML, pers. comm., 6 October 2005). There is a strong seasonal pattern for the 
detection of blue whale calls, with peaks in August through November (Stafford 2003; Moore 
et al. 2006).  

 
• Summer—The area of primary occurrence for the blue whale in the Gulf of Alaska 

OPAREA is seaward of the shelf break (Figure B-6). Waters over the shelf are an area of 
secondary occurrence. Three blue whales were sighted during July 2004 during the 
SPLASH 2004 survey; one of these sightings was just outside of the Gulf of Alaska 
OPAREA boundaries (see Figure B-6). As noted earlier, one of the photo-identified blue 
whales is an individual that has been photographed in southern California. Also 
mentioned earlier, a blue whale tagged off Russia was killed in the Gulf of Alaska 
OPAREA (Ivashin and Rovnin 1967; Yochem and Leatherwood 1985).  

 
• Winter—The occurrence patterns for the blue whale are expected to be similar to those of 

summer due to the seasonal categorizations (Figure B-6). There are lower densities in 
the winter (Wade, P., NMFS-NMML, pers. comm., 6 October 2005), evidenced by lower 
acoustic detections during this season (Stafford, K., NMFS-NMML, pers. comm., 6 
October 2005). Brueggeman et al. (1985) reported that one blue whale was taken as a 
whaling catch in April in the Gulf of Alaska. 

 
Behavior and Life History—Blue whales are found singly or in groups of 2 or 3 (Yochem and 
Leatherwood 1985). As noted by Wade and Friedrichsen (1979), apparently solitary whales are likely 
part of a large dispersed group. Blue whales, like other rorquals, feed by “gulping” (Pivorunas 1979) 
almost exclusively on krill (Nemoto and Kawamura 1977). Two species of euphausiids were 
consumed by blue whales in the Channel Islands—Thysanoessa spinifera and Euphausia pacifica, 
with evidence of preference for the former, a larger and more coastal species (Fiedler et al. 1998; 
Larkman and Veit 1998). Female blue whales reach sexual maturity at 5 to 15 years of age (Yochem 
and Leatherwood 1985). There is usually a two-year interval between calves. Calving occurs primarily 
during the winter (Yochem and Leatherwood 1985).  
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Blue whales spend greater than 94% of their time below the water’s surface (Lagerquist et al. 2000). 
Croll et al. (2001) determined that blue whales dived to an average of 140.0 m (S.D. = ±46.01 m) and 
for 7.8 min (S.D. = ±1.89 min) when foraging and to 67.6 m (S.D. = ±51.46 m) and for 4.9 min (S.D. = 
±2.53 min) when not foraging. Calambokidis et al. (2003) deployed tags on blue whales and collected 
data on dives as deep as 300 m. 
 
Acoustics and Hearing—Blue and fin whales produce calls with the lowest frequency and highest 
source levels of all cetaceans. Sounds are divided into two categories: short-duration or long 
duration. Blue whale vocalizations are typically long, patterned low-frequency sounds with durations 
up to 36 sec (Thomson and Richardson 1995) repeated every 1 to 2 min (Mellinger and Clark 2003). 
Their frequency range is 12 to 400 Hz, with dominant energy in the infrasonic range at 12 to 25 Hz 
(Ketten 1998; Mellinger and Clark 2003). These long, patterned, infrasonic call series are sometimes 
referred to as “songs.” The short-duration sounds are transient, frequency-modulated calls having a 
higher frequency range and shorter duration than song notes, and often sweeping down in frequency 
(Di Iorio et al. 2005; Rankin et al. 2005). Short-duration sounds appear to be common; however, they 
are underrepresented in the literature (Rankin et al. 2005). These short-duration sounds are less than 
5 sec in duration (Di Iorio et al. 2005; Rankin et al. 2005) and are high-intensity, broadband (858±148 
Hz) pulses (Di Iorio et al. 2005). Source levels of blue whale vocalizations are up to 188 dB re 1 µPa-
m (Ketten 1998; McDonald et al. 2001). During the Magellan II Sea Test (at-sea exercises designed 
to test systems for antisubmarine warfare) off the coast of California in 1994, blue whale vocalization 
source levels at 17 Hz were estimated in the range of 195 dB re 1 µPa-m (Aburto et al. 1997). 
Vocalizations of blue whales appear to vary among geographic areas (Rivers 1997), with clear 
differences in call structure suggestive of separate populations for the western and eastern regions of 
the North Pacific (Stafford et al. 2001). Stafford et al. (2005) recorded the highest calling rates when 
blue whale prey was closest to the surface during its vertical migration.  
 
While no data on hearing ability for this species are available, Ketten (1997) hypothesized that 
mysticetes have acute infrasonic hearing. 

 
• Sperm Whale (Physeter macrocephalus) 

 
Description—The sperm whale is the largest toothed whale species. Adult females can reach 12 m 
in length, while adult males measure as much as 18 m in length (Jefferson et al. 1993). The head is 
large (comprising about one-third of the body length) and squarish. The lower jaw is narrow and 
underslung. The blowhole is located at the front of the head and is offset to the left (Rice 1989). 
Sperm whales are brownish gray to black in color with white areas around the mouth and often on the 
belly. The flippers are relatively short, wide, and paddle-shaped. There is a low rounded dorsal hump 
and a series of bumps on the dorsal ridge of the tailstock (Rice 1989). The surface of the body behind 
the head tends to be wrinkled (Rice 1989). 
 
Status—Sperm whales are classified as endangered under the ESA. It should be noted that the 
sperm whale’s ESA status as endangered is somewhat political, and the species is actually in no 
immediate danger of global extinction (unlike some species, such as the North Pacific right whale, 
which clearly are). Although many sperm whale populations have been depleted to varying degrees 
by past whaling activities, sperm whales remain one of the more globally common great whale 
species. In fact, in some areas, they are actually quite abundant. As just a single example, there are 
estimated to be about 21,200 to 22,700 sperm whales in the eastern tropical Pacific (Wade and 
Gerrodette 1993). There is no designated critical habitat for this species in the North Pacific. No 
current estimates of abundance are available for the sperm whale in Alaskan waters (Angliss and 
Outlaw 2005). 
 
Habitat Preferences—Sperm whales show a strong preference for deep waters (Rice 1989), 
especially areas with high sea floor relief. Globally, sperm whale distribution is associated with waters 
over the continental shelf break, over the continental slope, and into deeper waters (Hain et al. 1985). 
However, in some areas, such as off New England, on the southwestern and eastern Scotian Shelf, 
or the northern Gulf of California, adult males are reported to quite consistently use waters with 
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bottom depths less than 100 m and as shallow as 40 m (Whitehead et al. 1992; Scott and Sadove 
1997; Croll et al. 1999; Garrigue and Greaves 2001; Waring et al. 2002). Worldwide, females rarely 
enter the shallow waters over the continental shelf (Whitehead 2003). In Alaskan waters, sightings 
have been made over the Aleutian Abyssal Plain and north to the Aleutian Trench over deep basins 
(Forney and Brownell 1996). 
 
Sperm whale concentrations have been correlated with high secondary productivity and steep 
underwater topography (Jaquet and Whitehead 1996). Sperm whales are more frequently found in 
certain geographic areas, which whalers learned to exploit (e.g., whaling “grounds” such as the 
Azores Islands) encompassing 300 to 1,500 km2 (Townsend 1935). These main sperm whaling 
grounds are usually correlated with areas of increased primary productivity caused by upwelling 
(Jaquet et al. 1996). Sperm whales in the Gulf of Mexico aggregate along the continental slope in or 
near cyclonic (cold-core) eddies (Biggs et al. 2000; Davis et al. 2002). These eddies are mesoscale 
features with locally enhanced plankton stocks (Wormuth et al. 2000). Data suggest that sperm 
whales adjust their movements to stay in or near cold-core rings (Davis et al. 2000; 2002). This would 
demonstrate that sperm whales shift their movements in relation to prey concentrations. Off the 
eastern U.S., sperm whales are found in regions of pronounced horizontal temperature gradients 
along the edges of the Gulf Stream and warm-core rings (Waring et al. 1993; Jaquet et al. 1996; 
Griffin 1999). It is likely that these habitats are regions where oceanographic conditions are optimal 
for the aggregation of prey, such as squid. Waring et al. (2003) conducted a deepwater survey south 
of Georges Bank in 2002 and examined fine-scale habitat use by sperm whales. Sperm whales were 
located in waters characterized by a SST of 23.2 to 24.9°C and a bottom depth of 325 to 2,300 m 
(Waring et al. 2003). In the Eastern Tropical Pacific (ETP), sperm whale habitat use is significantly 
related to SST and depth of the thermocline (Polacheck 1987). Gregr and Trites (2001) reported that 
female sperm whales off British Columbia were relatively unaffected by the surrounding 
oceanography. Tynan et al. (2005) reported an increased density of sperm whales with strong 
turbulence associated with rough topography along the slope near Heceta Bank off Oregon. The 
largest accumulation of sperm whales in the southern Gulf of Alaska was in the area of seamounts 
(Ivashin and Rovnin 1967). Rice and Wolman (1982) sighted sperm whales beyond the continental 
shelf in the Gulf of Alaska; Straley et al. (2005) observed that sperm whales feed at the shelf break 
both alone and in association with longline fishing vessels. 
 
Distribution—Sperm whales are found from tropical to polar waters in all oceans of the world, 
between approximately 70°N and 70°S (Rice 1998). Females use a subset of the waters where males 
are regularly found. Females are normally restricted to areas with SSTs greater than approximately 
15°C, whereas males, and especially the largest males, can be found in waters as far poleward as 
the pack ice with temperatures close to 0° (Rice 1998). The thermal limits on female distribution 
correspond approximately to the 40° parallels (50° in the North Pacific; Whitehead 2003). Occasional 
occurrences of females as far north as the Aleutian Islands may be the result of exceptional 
incursions of warm water into high latitudes (Pike and MacAskie 1969). In the North Pacific, males 
are thought to move north in the summer to feed in the Gulf of Alaska, Bering Sea, and waters around 
the Aleutian Islands; however, seasonal movements of sperm whales in the North Pacific are unclear 
at this time (Angliss and Outlaw 2005). Movements of a few individuals have been inferred from 
tagging-recapture studies. Discovery tag mark data from the days of commercial whaling revealed a 
great deal of east-west movement between Alaskan waters and the western North Pacific (Japan and 
the Bonin Islands), with little evidence of north-south movement in the eastern North Pacific (Angliss 
and Outlaw 2005). Three animals were marked off southern California during January 1964, with one 
female captured in the western Gulf of Alaska (southwest of the OPAREA) during April 1964 (Rice, 
D., NMFS-NMML, pers. comm., 22 January 2006). 
 
Sperm whales killed in the Gulf of Alaska during whaling operations were overwhelmingly males 
(Reeves et al. 1985). Additionally, genetic analyses of individuals near longline fishing vessels in the 
eastern Gulf of Alaska has revealed that they were all males (Straley and O'Connell 2005; Straley et 
al. 2005).  
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 Information Specific to the Gulf of Alaska OPAREA—Acoustic data reveal that sperm whales 
are present in the Gulf of Alaska year-round (Mellinger et al. 2004a). They are more common 
during July through September than during January through March (Mellinger et al. 2004a). 
Longline depredation by sperm whales is restricted to Gulf of Alaska waters east of Kodiak 
Island (Hill et al. 1999). The large number of sightings on the upper continental slope in 
Figure B-7 comes from NMFS longline fishery observers. The Southeast Alaska Sperm 
Whale Avoidance Project (SEASWAP) is currently studying these interactions. 

 
• Summer—The area of primary occurrence for the sperm whale is in waters seaward of 

the 500 m isobath (Figure B-7). There is a secondary occurrence between the 200 m 
and 500 m isobaths. A rare occurrence is in waters shallower than the 200 m isobath. 

 
• Winter—Occurrence patterns for the sperm whale during the winter are expected to be 

similar to those during the summer (Figure B-7). 
 

Behavior and Life History—Female sperm whales live a highly social life, while large male sperm 
whales typically occur alone or in pairs, at times joining groups of adult females for breeding 
(Whitehead 2003). Female and immature sperm whales form groups that move together in a 
coordinated fashion over periods of days (Whitehead 2003). Mean group size is approximately 20 to 
30 individuals, although there is much variation (Whitehead 2003). For a review of sperm whale social 
organization, see Whitehead and Weilgart (2000) and Whitehead (2003). Mating behavior is observed 
from winter through summer and calving during spring through fall. Gestation is 14 to 15 months, 
lactation is approximately 2 years, and the typical inter-birth interval is 4 to 7 years. Sperm whales 
have a highly diverse diet, preying on large mesopelagic squid and other cephalopods as well as 
demersal fishes and occasionally benthic invertebrates (Fiscus and Rice 1974; Rice 1989; Clarke 
1996). Demersal fish make up a significant component (67% to 98%) of the diet of sperm whales in 
the Gulf of Alaska (Rice 1989). Historical whaling records revealed that cephalopods were important 
prey in the western Aleutians and in the Bering Sea, but that fish, including blackcod (sablefish) 
became progressively more important towards the eastern Aleutian Islands and into the Gulf of 
Alaska (Okutani and Nemoto 1964). Some sperm whales depredate longlines in this area for 
sablefish (black cod), as well as halibut and rockfish (Hill et al. 1999). 
 
Sperm whales forage during deep dives that routinely exceed a depth of 400 m and 30 min duration 
(Watkins et al. 2002). They are capable of diving to depths of over 2,000 m with durations of over 60 
min (Watkins et al. 1993). Sperm whales spend up to 83% of daylight hours underwater (Jaquet et al. 
2000; Amano and Yoshioka 2003). Males do not spend extensive periods of time at the surface 
(Jaquet et al. 2000). In contrast, females spend prolonged periods of time at the surface (1 to 5 hrs 
daily) without foraging (Whitehead and Weilgart 1991; Amano and Yoshioka 2003). The average 
swimming speed is estimated to be 0.7 m/sec (Watkins et al. 2002). Dive descents averaged 11 min 
at a rate of 1.52 m/sec, and ascents averaged 11.8 min at a rate of 1.4 m/sec (Watkins et al. 2002). 
Typical foraging depth in the Gulf of Alaska is between 200 and 400 m, no closer than 50 m from the 
bottom (Tiemann et al. 2005). 
 
Acoustics and Hearing—Sperm whales produce short-duration (generally less than 3 sec), 
broadband clicks. These clicks range in frequency from 100 Hz to 30 kHz, with dominant energy in 
two bands (2 to 4 kHz and 10 to 16 kHz). Generally, most of the acoustic energy is present at 
frequencies below 4 kHz, although diffuse energy up to past 20 kHz has been reported (Thode et al. 
2002). The source levels can be up to 236 dB re 1 µPa-m (Møhl et al. 2003). Thode et al. (2002) 
suggested that the acoustic directivity (angular beam pattern) from sperm whales must range 
between 10 and 30 dB in the 5 to 20 kHz region. The clicks of neonate sperm whales are very 
different from usual clicks of adults in that they are of low directionality, long duration, and low-
frequency (dominant frequencies around 0.5 kHz) with estimated source levels between 140 and 162 
dB re 1 µPa-m (Madsen et al. 2003). Clicks are heard most frequently when sperm whales are 
engaged in diving/foraging behavior (Whitehead and Weilgart 1991; Miller et al. 2004; Zimmer et al. 
2005b). These may be echolocation clicks used in feeding, contact calls (for communication), and 
orientation during dives. When sperm whales are socializing, they tend to repeat series of clicks 
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(codas), which follow a precise rhythm and may last for hours (Watkins and Schevill 1977). Codas are 
shared between individuals of a social unit and are considered to be primarily for intragroup 
communication (Weilgart and Whitehead 1997; Rendell and Whitehead 2004).  
 
The anatomy of the sperm whale’s ear indicates that it hears high-frequency sounds (Ketten 1992). 
Anatomical studies also suggest that the sperm whale has some ultrasonic hearing but at a lower 
maximum frequency than many other odontocetes (Ketten 1992). The sperm whale may also 
possess better low-frequency hearing than some other odontocetes, although not as extraordinarily 
low as many baleen whales (Ketten 1992). Auditory brainstem response in a neonatal sperm whale 
indicated highest sensitivity to frequencies between 5 and 20 kHz (Ridgway and Carder 2001). 

 
• Steller Sea Lion (Eumetopias jubatus) 

 
Description—The Steller sea lion, or northern sea lion, is the largest eared seal species. Steller sea 
lions are extremely sexually dimorphic. The average male is 2.82 m long and weighs 566 kg. 
Females are quite a bit smaller with an average length and weight of 2.28 m and 263 kg, respectively 
(Loughlin 2002). Adult coloration is pale yellow to light tan on the dorsal side with dark, reddish brown 
shading on the flippers and underside of the body (Jefferson et al. 1993). 
 
Status—The Steller sea lion as a species is listed as threatened under the ESA. There are two 
distinct populations of Steller sea lions, based on genetics and population trends (Loughlin 1997; 
Angliss and Outlaw 2005). The Western U.S. stock (also known as the Western stock) includes 
animals at and west of Cape Suckling, Alaska (144°W), while the Eastern U.S. stock (also known as 
the Eastern stock) includes all the animals east of Cape Suckling (NMFS 1997a; Loughlin 2002; 
Angliss and Outlaw 2005). Recent genetic studies have found evidence that the Western stock may 
be divided into two separate stocks---a western stock that ranges from Prince William Sound west to 
the Commander Islands and an Asian stock which includes rookeries from the Kamchatka Peninsula, 
Kuril Islands, and the Sea of Okhotsk (Baker et al. 2005). However, only the Western and Eastern 
stocks are currently recognized for this species.  
 
In 1997, NMFS reclassified Steller sea lions as two subpopulations, listing the Western stock as 
endangered under the ESA, while maintaining the threatened status for the Eastern stock (NMFS 
1997a). The minimum population estimate for the Western stock is 38,513 individuals, while the 
Eastern stock is estimated at 43,728 individuals (Angliss and Outlaw 2005). Although these 
populations do not migrate, individuals disperse widely outside the breeding season. They are known 
to travel long distances between the Eastern and Western population breeding sites and potentially 
intermix with animals from other areas (Raum-Suryan et al. 2004; Angliss and Outlaw 2005). 
Therefore, both stocks may occur in the Gulf of Alaska OPAREA. 
 
Designated critical habitat includes a 37 km buffer around all major haulout sites and rookeries; 
associated terrestrial, air, and aquatic zones; and three large offshore foraging areas in Alaska 
(NMFS 1997a; Figure 3-3). The 37 km buffer extends into the northern portion of the Gulf of Alaska 
OPAREA. 
 
Habitat Preferences—Foraging habitat is primarily shallow, nearshore and continental shelf waters; 
some Steller sea lions even feed in freshwater rivers (Reeves et al. 1992; Robson 2002). Steller sea 
lions are also known to feed in deep waters seaward of the shelf break (Jefferson, T.A., NMFS-
SWFSC, pers. comm., 14-18 March 2005). Steller sea lions in the Bering Sea regularly haul out on 
pack ice near the ice front during winter. Pack ice offers close proximity to prey and protection from 
terrestrial predators (Riedman 1990). Other haulout and rookery sites are located on isolated islands, 
rocky shorelines, sandy beaches, and jetties throughout their range (Jeffries et al. 2000; NRC 2003; 
Ban and Trites 2005; Call and Loughlin 2005). Most rookeries in Alaska consist of rock/slab or cobble 
beach substrate (Call and Loughlin 2005). 
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Distribution—The range of the Steller sea lion extends throughout most of the North Pacific from 
southern California through the Aleutian and Pribilof Islands to the Kuril Islands and Okhotsk Sea 
(Kenyon and Rice 1961). Major haulout sites and rookeries are centered in the Aleutian Islands and 
at islands and mainland sites in the Gulf of Alaska (Loughlin et al. 1984; Figure 3-3). Seal Rocks, 
which is near the entrance to Prince William Sound, is the northernmost rookery (NMFS 2006g). The 
southernmost rookery is on Año Nuevo Island off central California (NMFS 2006g). 
 

 Information Specific to the Gulf of Alaska OPAREA—Steller sea lions regularly occur in the 
Gulf of Alaska OPAREA year-round. Peak abundance on land occurs during the summer 
breeding season. Steller sea lions are widely distributed along the shelf break and coastal 
waters of the Gulf of Alaska but are also normally found offshore in waters over 2,000 m deep 
(Kenyon and Rice 1961; Fiscus et al. 1976; Bonnell et al. 1983; Kajimura and Loughlin 1988). 
They are frequently found in large numbers near the 200 m isobath throughout the year 
(Consiglieri et al. 1982). Individuals range further offshore during winter months, probably due 
to seasonal changes in prey availability near haulout sites and rookeries (Merrick et al. 1997). 
Telemetry studies indicate that adult females may travel far offshore in waters deeper than 
1,000 m in the winter (Merrick and Loughlin 1997). Steller sea lions often feed 8 to 24 km 
offshore (Fiscus et al. 1976). During the breeding season, adult females generally forage 
within 20 km of the breeding rookery and remain nearshore (Merrick et al. 1997). Steller sea 
lions are also known to feed further offshore (Fiscus et al. 1976). For example, females 
tagged at Chirikof Island traveled over 600 km east to the Patton Seamount area in the 
center of the Gulf of Alaska and foraged there for long periods of time (Merrick et al. 1997). 

 
Steller sea lion haulout sites and rookeries range widely throughout the Gulf of Alaska. 
Eleven rookeries and over 50 haulout sites have been identified for Steller sea lions in this 
area (Calkins and Pitcher 1982). Main rookery sites in the Gulf of Alaska are located on Seal 
Rocks, Outer Island, Marmot Island, Chirikof Island, Chowiet Island, Atkins Island, 
Chernabura Island, Pinnacle Rocks, and Clubbing Rocks (Calkins and Pitcher 1982). Steller 
sea lions regularly move among rookeries and haulout sites and are known to travel long 
distances between the Eastern and Western population breeding sites (Raum-Suryan et al. 
2004). 

 
• Summer—The area of primary occurrence for the Steller sea lion is within a 37 km buffer 

around haulout sites and rookeries (Figure B-8). This buffer takes into consideration that 
sea lions often feed 8 to 24 km offshore (Fiscus et al. 1976) and that critical habitat is 
designated specifically as 37 km from haulout sites and rookeries (Figure 3-3). There is a 
secondary occurrence inshore of the 1,000 m isobath (except around the before-
mentioned haulout sites and rookeries). There is a rare occurrence seaward of the 1,000 
m isobath. As noted earlier, Steller sea lions have been sighted foraging in the middle of 
the Gulf of Alaska (Merrick et al. 1997). 

 
• Winter—Occurrence patterns for the Steller sea lion during the winter are expected to be 

similar to those during the summer (Figure B-8). 
 

Behavior and Life History—In general, Steller sea lions do not migrate but often disperse widely 
during the nonbreeding season (Loughlin 2002). In the Gulf of Alaska, some individuals, particularly 
juveniles and adult males, disperse far from rookeries of birth; nearshore movements from 120 to 
1,785 km have been documented (Calkins and Pitcher 1982; Raum-Suryan et al. 2002; Raum-Suryan 
et al. 2004). Steller sea lions are gregarious animals. They often haul out in large groups. At sea, 
groups usually consist of females and subadult males; adult males are usually solitary while at sea 
(Loughlin 2002). On land, Steller sea lions form large rookeries during late spring, when adult males 
arrive and establish territories (Pitcher and Calkins 1981). Large males aggressively defend prime 
territories while non-breeding males remain at peripheral sites or haulout sites (Pitcher and Calkins 
1981). Females arrive soon after the males and give birth to a single pup within a few days (Pitcher 
and Calkins 1981). Most births occur from mid-May through mid-July, and breeding takes place about 
10 days postpartum (Pitcher and Calkins 1981). Due to delayed implantation, fetal development does 
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not begin until late September or October (Pitcher and Calkins 1981). Most pups are weaned within a 
year (Pitcher and Calkins 1981). Females reach sexual maturity between 3 and 8 years of age; most 
males become sexually mature at the same age but are unable to defend territories until at least 9 
years of age (Loughlin 2002).  

 
Steller sea lions are opportunistic predators, feeding primarily on fishes and cephalopods. They 
typically feed near land or in relatively shallow water (Pitcher and Calkins 1981). The diet varies 
geographically and seasonally (Merrick et al. 1997). In the Gulf of Alaska, Steller sea lion diet mainly 
consists of walleye pollock, Atka mackerel, herring, squid, capelin, sculpin, salmon, and Pacific cod 
(Pitcher 1981; Calkins and Pitcher 1982; NMFS 1992; Merrick et al. 1997; Sinclair and Zeppelin 
2002).  
 
Diving and foraging activity varies by sex, age, and season. During the breeding season, females with 
pups feed mostly at night, while territorial males eat little or no food (Loughlin 2002). In the winter, 
females make long trips of around 130 km and dive deeply to locate prey (Merrick and Loughlin 1997; 
Loughlin 2002). In the summer, trip length is about 17 km and dives are shallower (Loughlin 2002). 
Females usually go to sea to feed and return to nurse their pups in 24- to 48-hour cycles (NRC 2003). 
Steller sea lions typically make shallow dives of less than 250 m but can also make deeper dives. 
Depth and duration of dives likely increase with age until body mass is around that of a 10 year old 
Steller sea lion (Pitcher et al. 2005). Adult females are known to dive to 100 to 250 m in summer, but 
maximum depth in the winter may be greater than 250 m (Loughlin 2002). Juvenile sea lions dive to 
an average of 17 m; maximum depths of 328 m have been documented (Loughlin et al. 2003). Young 
Steller sea lions make shallow (70 to 140 m) and brief dives (one to two min) and do not travel as far 
as adults due to developmental constraints (Merrick and Loughlin 1997; Rehberg et al. 2001). 
Immature Steller sea lions in the eastern Aleutian Islands develop foraging skills in waters less than 
100 m deep and between 5 to 10 NM (9 to 19 m) from shore (Fadely et al. 2005). 
 
Acoustics and Hearing—In-air territorial male Steller sea lion sounds are usually low frequency 
roars, while females vocalize less and at a higher frequency (Schusterman et al. 1970; Loughlin et al. 
1987). Campbell et al. (2002) determined that females have distinctive acoustic signatures. These 
calls range in frequency from 30 to 3000 Hz with peak frequencies from 150 to 1000 Hz; typical 
duration is 1000 to 1500 msec (Campbell et al. 2002). Pups produce bleating sounds. 
 
Underwater sounds are like the in-air signals (Loughlin et al. 1987). The underwater hearing 
sensitivity of two Steller sea lions was recently tested; the hearing thresholds of the male were 
significantly higher than those of the female (Kastelein et al. 2005). The range of best hearing for the 
male was from 1 to 16 kHz, with maximum sensitivity (77 dB re 1 µPa-m) at 1 kHz. The range of best 
hearing for the female was from 16 to above 25 kHz, with maximum sensitivity (73 dB re 1 µPa-m) at 
25 kHz. It is not known whether the differences in hearing sensitivity are due to individual differences 
in sensitivity or due to sexual dimorphism in hearing (Kastelein et al. 2005). 
 

3.1.1.5 Non-Threatened and Non-Endangered Marine Mammal Species of the Gulf of Alaska 
OPAREA 

 
There are 24 non-endangered/non-threatened marine mammal species that occur in this area: 2 baleen 
whale species, 11 toothed whale species, and 4 pinniped species.  
 
• Minke Whale (Balaenoptera acutorostrata) 

 
Description—The minke whale is the smallest balaenopterid species in the North Pacific Ocean, with 
adults reaching lengths of just over 9 m (Jefferson et al. 1993). The head is pointed, and the median 
head ridge is prominent. The dorsal fin is tall (for a baleen whale), falcate, and is located about two-
thirds of the way back from the snout tip (Jefferson et al. 1993). The minke whale is dark gray 
dorsally, white beneath, with streaks of intermediate shades on the sides (Stewart and Leatherwood 
1985). The most distinctive light marking is a brilliant white band across each flipper (Stewart and 
Leatherwood 1985). 
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Status—The IWC recognizes three stocks of minke whales in the North Pacific: one in the Sea of 
Japan/East China Sea, one in the rest of the western Pacific west of 180°N, and one in the remainder 
of the Pacific (Donovan 1991). The NMFS recognizes three stocks of minke whales within the Pacific 
U.S. EEZ: a California/Oregon/Washington stock, an Alaskan stock, and a Hawaiian stock (Carretta 
et al. 2006). No current estimates of abundance are available for the minke whale in Alaskan waters 
(Angliss and Outlaw 2005). 
 
Habitat Preferences—In general, throughout its distribution 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. 2004a). In the 
eastern North Pacific, minke whales are found feeding off California and Washington State in waters 
over the continental shelf (Dorsey et al. 1990; Stern, J., Northeast Pacific Minke Whale Project, pers. 
comm., 31 July 2006). However, based on whaling catches and surveys worldwide, there is also a 
deep-ocean component to the minke whale’s distribution (Slijper et al. 1964; Horwood 1990; Mitchell 
1991; Mellinger et al. 2000; Roden and Mullin 2000). In the western North Pacific, minke whales 
occur extensively in deep waters (Okamura et al. 2001). Most sightings of minke whales in the 
central-eastern Bering Sea occur along the upper slope in waters with a bottom depth of 100 to 200 
m (Moore et al. 2000).  
 
Distribution—Minke whales are distributed in polar, temperate, and tropical waters (Jefferson et al. 
1993); they are less common in the tropics than in cooler waters. Minke whales are present in the 
North Pacific from near the equator to the Arctic (Horwood 1990). The number of sightings of minke 
whales in the Gulf of Alaska is generally sparse (Stern, J., Northeast Pacific Minke Whale Project, 
pers. comm., 31 July 2006). The summer range extends to the Chukchi Sea (Perrin and Brownell 
2002). In the winter, minke whales are found south to within 2° of the equator (Perrin and Brownell 
2002). The distribution of minke whale vocalizations (specifically, “boings”) suggests that the winter 
breeding grounds are the offshore tropical waters of the North Pacific Ocean (Rankin and Barlow 
2005). In the northern part of their range, minke whales are believed to be migratory, although there 
is no obvious migration from low-latitude, winter breeding grounds to high-latitude, summer feeding 
locations in the western North Pacific as there is in the North Atlantic (Horwood 1990). However, 
there are some monthly changes in densities in both high and low latitudes (Okamura et al. 2001). 
Minke whales are seen in several locations year-round in the Eastern North Pacific (Stern, J., 
Northeast Pacific Minke Whale Project, pers. comm., 31 July 2006). 

 
 Information Specific to the Gulf of Alaska OPAREA 

 
• Summer—Brueggeman et al. (1987) reported 6 sightings in shallow water (<200 m) and 

2 in deep water (>1,000 m). Minke whales are more abundant in the nearshore waters of 
the Aleutian Islands than in the waters of the OPAREA (Wade, P., NMFS-NMML, pers. 
comm., 6 October 2005). Fiscus et al. (1976) noted large numbers of minke whales at 
Portlock and Albatross banks during May, however, NMFS surveys during 1992 and 
1993 found no minke whales (Stern, J. Northeast Pacific Minke Whale Project, pers. 
comm., 31 July 2006). The area of primary occurrence for the minke whale in the Gulf of 
Alaska OPAREA is in waters over the continental shelf and into waters as deep as the 
3,000 m isobath (Figure B-9). The area of secondary occurrence for this species is in 
waters seaward of the 3,000 m isobath.  

 
• Winter—The minke whale is known to be a migratory species; however, the patterns are 

not as well-known or defined as for some other species, such as gray and humpback 
whales. There are no winter sightings of this species in this area; the area of secondary 
occurrence is anticipated to be the entire OPAREA (Figure B-9), due to a shift in the 
density of animals (Wade, P., NMFS-NMML, pers. comm., 6 October 2005). 

 
Behavior and Life History—Minke whales are sighted alone or in small groups (Perrin and Brownell 
2002). Mating is thought to occur in winter or early spring but has never been observed (Stewart and 
Leatherwood 1985). Stern (1992) described a general surfacing pattern of minke whales consisting of 
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about four surfacings interspersed by short-duration dives averaging 38 sec. After the fourth 
surfacing, there was a longer duration dive ranging from approximately 2 to 6 min. Minke whales are 
lunge-feeding “gulpers,” like most other rorquals (Pivorunas 1979). In the North Pacific, major food 
items include krill, Japanese anchovy, Pacific saury, herring, sand lance, and walleye pollock (Perrin 
and Brownell 2002; Stern, J., Northeast Pacific Minke Whale Project, pers. comm., 31 July 2006).  
 
Acoustics and Hearing—Recordings of minke whale sounds indicate the production of both high- 
and low-frequency sounds (range: 0.06 to 20 kHz) (Beamish and Mitchell 1973; Winn and Perkins 
1976; Thomson and Richardson 1995; Mellinger et al. 2000). Minke whale sounds have dominant 
frequency range of 0.06 to greater than 12 kHz, depending on sound type (Thomson and Richardson 
1995). Mellinger et al. (2000) described two basic forms of pulse trains: a “speed-up” pulse train 
(dominant frequency range: 0.2 to 0.4 kHz) with individual pulses lasting 40 to 60 msec, and a less-
common “slow-down” pulse train (dominant frequency range: 50 to 0.35 kHz) lasting for 70 to 140 ms. 
Source levels for this species have been estimated to range from 151 to 175 dB re 1 µPa-m (Ketten 
1998). Source levels for some minke whale sounds have been calculated to range from 150 to 165 
dB re 1 µPa-m (Gedamke et al. 2001). Gedamke et al. (2001) recorded a complex and stereotyped 
sound sequence (“star-wars vocalization”) in the Southern Hemisphere that spanned a frequency 
range of 50 Hz to 9.4 kHz. Broadband source levels between 150 and 165 dB re 1 µPa-m were 
calculated. “Boings” recorded in the North Pacific have many striking similarities to the star-wars 
vocalization in both structure and acoustic behavior. “Boings,” recently confirmed to be produced by 
minke whales and suggested to be a breeding display, consist of a brief pulse at 1.3 kHz followed by 
an amplitude-modulated call with greatest energy at 1.4 kHz, with slight frequency modulation over a 
duration of 2.5 sec (Rankin and Barlow 2005).  
 
While no empirical data on hearing ability for this species are available, Ketten (1997) hypothesized 
that mysticetes are most adapted to hear low to infrasonic frequencies. 
 

• Gray Whale (Eschrichtius robustus) 
 
Description—Gray whales are easily identified by their mottled grayish-brown color and the white to 
orangish patches of whale lice and barnacles attached to their bodies, particularly their heads and 
tails (Jefferson et al. 1993). Instead of a dorsal fin, there is a dorsal hump followed, by a series of six 
to twelve smaller knobs or bumps along the dorsal ridge of the tail stock (Jefferson et al. 1993). The 
flippers are paddle-shaped with pointed tips. The upper jaw is weakly arched, and the head appears 
triangular and narrow when viewed from the top (Jefferson et al. 1993). Adults are 11 to 15 m in 
length and weigh up to 35 metric tons (mt; Jefferson et al. 1993); females are slightly larger than 
males (Leatherwood et al. 1988).  
 
Status—There are two extant populations of gray whales, the western (Korean-Okhotsk) and the 
eastern (California-Chukchi) Pacific populations (LeDuc et al. 2002). The western Pacific population 
is critically endangered and shows no apparent signs of recovery (Weller et al. 2002). The eastern 
population has recovered from overexploitation in the late 1800s and early 1900s and was removed 
from listing under the ESA in 1994. It is not classified as a strategic stock by NMFS. The minimum 
population estimate for the eastern Pacific stock of the gray whale is 17,752 individuals, and the best 
estimate is 18,813 whales (Angliss and Outlaw 2005). The population still appears to be increasing in 
size, despite the 1999 mortality event in which an unusually large number of gray whales stranded 
along the coast from Mexico to Alaska (Gulland et al. 2005). 
 
Habitat Preferences—Gray whales primarily occur in shallow waters over the continental shelf 
(Jones and Swartz 2002). When migrating, they periodically travel near the surface over deep water 
due to changes in bottom contour, such as nearshore submarine canyons (Moore and Ljungblad 
1984; Crane and Lashkari 1996). The feeding grounds are generally less than 68 m deep (Nerini 
1984; Jones and Swartz 2002). The breeding grounds consist of subtropical lagoons, which are 
protected from the open ocean by narrow entrances marked by lines of whitewater over barrier sand 
bars (Jones and Swartz 2002). These warm-water, protected lagoons are more conducive to the 
rearing of calves and mating and offer protection from predation by killer whales (Swartz 1986). 
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Females may also use the shallow lagoons to escape from harassment by courting males, which 
concentrate at the lagoon entrances and outer coastal areas (Jones and Swartz 2002).  
 
Distribution—Gray whales are found only in the North Pacific. The western North Pacific population 
ranges from at least the Straits of Korea and Seto Sea of Japan in the south to the Sea of Okhotsk 
and Kamchatka Peninsula in the north (Jones and Swartz 2002). The eastern North Pacific 
population is found from the upper Gulf of California (Tershy and Breese 1991), south to the tip of 
Baja California and up the Pacific coast of North America to the Chukchi and Beaufort seas (Jefferson 
et al. 1993).  
 
There is a pronounced seasonal north-south migration (Figure 3-4). The eastern Pacific population 
summers in the shallow waters of the northern Bering Sea, Chukchi Sea, and western Beaufort Sea 
(Rice and Wolman 1971). Some individuals spend the summer feeding along the Pacific coast from 
southeastern Alaska to central California (Sumich 1984; Calambokidis et al. 1987; 2002). Photo-
identification studies indicate that gray whales move widely along the Pacific coast and are often not 
sighted in the same area each year (Calambokidis et al. 2002). In October and November, the whales 
begin to migrate southeast through Unimak Pass and circumnavigate the Gulf of Alaska. They follow 
the shoreline south to breeding grounds on the west coast of Baja California and the southeastern 
Gulf of California (Braham 1984; Rugh 1984). The average gray whale migrates 7,500 to 10,000 km 
at a rate of 147 km per day (Rugh et al. 2001; Jones and Swartz 2002). Although some calves are 
born along the coast of California, most are born in the shallow, protected waters on the Pacific coast 
of Baja California from Morro de Santo Domingo (28°N) south to Isla Creciente (24°N; Urbán R. et al. 
2003). The main calving sites are Laguna Guerrero Negro, Laguna Ojo de Liebre, Laguna San 
Ignacio, and Estero Soledad (Rice et al. 1981). Some gray whales are known to deviate from the 
typical migration path/seasons; for example, Moore et al. (2006) documented gray whale calls off 
Barrow, Alaska, in the winter. 
 

 Information Specific to the Gulf of Alaska OPAREA—Gray whales are found along the shore 
in the northern Gulf of Alaska during migrations between breeding and feeding grounds. 
Individuals are expected to occur along the northern coast of the Gulf of Alaska between 
March and November; peak abundance is expected from April through May and in November 
and December (Fiscus et al. 1976). The southbound migration begins in early October, when 
gray whales move from the Bering Sea through the Unimak Pass and along the coast of the 
Gulf of Alaska (Braham 1984). The southbound migration continues into the winter season 
between October and January (Braham 1984). Migration of gray whales past Kodiak Island 
peaks in mid-December (Rugh et al. 2001). During the northbound migration, the peak of 
migration in the Gulf of Alaska is in mid-April (Braham 1984). Although most gray whales 
migrate to the Bering Sea to feed, some whales do not complete the migration north but feed 
in coastal waters in the Gulf of Alaska and the Pacific Northwest (Calambokidis et al. 2004b). 
 
Most gray whales follow the coast during migration and stay within 2 km of the shoreline, 
except when crossing major bays, straits, and inlets from southeastern Alaska to the eastern 
Bering Sea (Braham 1984). However, gray whales are known to move further offshore 
between the entrance to Prince William Sound and Kodiak Island and between Kodiak Island 
and the southern part of the Alaska Peninsula (Consiglieri et al. 1982). Gray whales use the 
nearshore areas of the Alaska Peninsula during the spring and fall migrations and are often 
found within the bays and lagoons, primarily north of the peninsula, during the summer 
(Brueggeman et al. 1989). 

 
• Summer—Primary occurrence extends seaward 15 NM (28 km) from the shoreline 

(Figure B-10). This is the main migratory corridor for gray whales. There is an area of 
secondary occurrence between this primary buffer and the shelf break. Rare occurrence 
is expected seaward of the shelf break. 
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• Winter—The area of primary occurrence extends seaward 25 NM (46 km) from the 
shoreline (Figure B-10). Secondary occurrence is between this primary occurrence area 
and the shelf break. Rare occurrence is seaward of the shelf break.  

 
Behavior and Life History—On the feeding grounds, gray whales are often solitary but may be in 
close proximity to each other at food-rich areas (Leatherwood et al. 1988). Mean group size in the 
Gulf of Alaska has been recorded from around 3 to 27 gray whales, and large feeding aggregations of 
100 to 200 gray whales have been observed at the mouth of Ugak Bay on southeastern Kodiak Island 
(Wynne and Witteveen 2005). During migration, gray whales are predominantly solitary; groups of 
more than six are rare (Rice and Wolman 1971; Leatherwood et al. 1988). The sequence of 
southward migration begins with females in late pregnancy, followed by females that have recently 
ovulated, adult males, immature females, and then immature males (Rice et al. 1984). In the breeding 
lagoons, female-calf pairs and groups of consorting adults and juveniles are most common (Swartz 
1986). Female-calf pairs are concentrated in the inner lagoons and primarily rest, nurse, and move 
about with the changing tides (Swartz 1986). Courting whales congregate near the lagoon inlets and 
are mostly engaged in social activities related to courtship and mating (Swartz 1986). Northward 
migration begins with newly-pregnant females, followed by anestrous females, adult males, and 
immature males and females. Females with calves are the last to leave the lagoons (Rice et al. 
1984). 
 
Males and females both attain sexual maturity at about eight years of age (Rice et al. 1984). The 
gestation period is around 13.5 months (Rice et al. 1984). The calving season is from January 
through March; weaning occurs within nine months (Rice and Wolman 1971). 
 
Gray whales are predominantly bottom feeders. They filter amphipods and other crustaceans by 
sucking-up and engulfing sediments from the sea floor and straining the prey out with their baleen 
plates (Nerini 1984). The whales carry most of the sediment with them when they surface to breathe, 
creating mud plumes in their wake (Rugh and Fraker 1981). Gray whales occasionally engulf fishes 
and skim the surface for prey (Sund 1975; Wellington and Anderson 1978). Although fasting is the 
rule, opportunistic feeding may occur in or near the calving lagoons (Norris et al. 1977) or in the 
shallow coastal waters along the migration route (Sund 1975; Braham 1984).  
 
When foraging, gray whales typically dive to 50 to 60 m for 5 to about 8 min. In the breeding lagoons, 
dives are usually less than 6 min (Jones and Swartz 2002), although dives as long as 26 min have 
been recorded (Harvey and Mate 1984). When migrating, gray whales may remain submerged near 
the surface for 7 to 10 min and travel 500 m or more before resurfacing to breathe. The maximum 
known dive depth is 170 m (Jones and Swartz 2002). 
 
Migrating gray whales sometimes exhibit a unique “snorkeling” behavior in which they surface 
cautiously, exposing only the area around the blow hole, exhale quietly without a visible blow, and 
sink silently beneath the surface (Jones and Swartz 2002).  
 
Acoustics and Hearing—Au (2000) reviewed the characteristics of gray whale vocalizations. Gray 
whales produce broadband signals ranging from 0.1 kHz to 4 kHz (and up to 12 kHz; Dahlheim et al. 
1984; Jones and Swartz 2002). The most common sounds on the breeding and feeding grounds are 
knocks (Jones and Swartz 2002), which are broadband pulses from about 0.1 kHz to 2 kHz (dominant 
frequency range: 0.327 to 0.825 kHz (Thomson and Richardson 1995). The source level for knocks is 
approximately 142 dB re 1 uPa-m (Cummings et al. 1968). During migration, individuals most often 
produce low-frequency (predominantly below 1.5 kHz) bonging sounds and moans (Crane and 
Lashkari 1996).  
 
The structure of the gray whale ear is evolved for low-frequency hearing (Ketten 1992). The ability of 
gray whales to hear frequencies below 2 kHz (as low as 0.8 kHz) has been demonstrated in playback 
studies (Cummings and Thompson 1971; Dahlheim and Ljungblad 1990; Moore and Clarke 2002) 
and in their responsiveness to underwater noise associated with oil and gas activities (Malme et al. 
1986; Moore and Clarke 2002). Gray whale responses to noise in these studies include startle 
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responses (i.e., water disturbances, tail-lobbing); changes in swimming speed and direction to move 
away from the sound source; abrupt behavioral changes from feeding to avoidance, with a 
resumption of feeding after exposure; changes in calling rates and call structure; and changes in 
surface behavior, usually from traveling to milling (e.g., Moore and Clarke 2002). It was determined 
the threshold for inducing feeding interruptions from air gun noise was a received level of 173 dB re 1 
µPa-m, and for continuous industrial noise, the threshold for inducing avoidance was a received level 
of approximately 120 dB re 1 µPa-m (Malme et al. 1986). 
 

• Cuvier’s Beaked Whale (Ziphius cavirostris) 
 
Description—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). This species has a relatively short beak, which along with the curved jaw, resembles a 
goose beak. The body is spindle-shaped, and the dorsal fin and flippers are small, as is typical for 
beaked whales. A useful diagnostic feature is a concavity on the top of the head, which becomes 
more prominent in older individuals. Cuvier’s beaked whales are dark gray to light rusty brown in 
color, often with lighter color around the head. In adult males, the head and much of the back can be 
light gray to white in color, and they also often have many light scratches and circular scars on the 
body (Jefferson et al. 1993). 
 
Status—No current estimates of abundance are available for the Cuvier’s beaked whale in Alaskan 
waters (Angliss and Outlaw 2005). 
 
Habitat Preferences—World-wide, beaked whales normally inhabit continental slope and deep 
oceanic waters (>200 m) (Waring et al. 2001; Cañadas et al. 2002; Pitman 2002; MacLeod et al. 
2004; Ferguson et al. 2006; MacLeod and Mitchell 2006). Beaked whales are only occasionally 
reported in waters over the continental shelf (Pitman 2002). Cuvier’s beaked whales generally are 
sighted in waters with a bottom depth greater than 200 m and are frequently recorded at depths of 
1,000 m or more (Gannier 2000; MacLeod et al. 2004). As noted by MacLeod and D’Amico (2006), in 
many locales, occurrence patterns have been linked to physical features, in particular, the continental 
slope, canyons, and escarpments, and oceanic islands. The authors noted that more research was 
needed to determine how surface and deep water currents, levels of local productivity, and 
distribution of prey species may influence habitat usage. In the eastern tropical Pacific, beaked 
whales are found in waters over the continental slope to the abyssal plain, ranging from well-mixed to 
highly stratified (Ferguson et al. 2006). MacLeod et al. (2004) reported that Cuvier’s beaked whales 
occur in deeper waters than Blainville’s beaked whales in the Bahamas. Beaked whales normally 
inhabit deep ocean waters (>2,000 m) or continental slopes (200 to 2,000 m) and only rarely stray 
over the continental shelf (Pitman 2002). Forney and Brownell (1996) made one sighting of Cuvier’s 
beaked whales during surveys in the Aleutian Islands during 1994 in waters with a bottom depth of 
4,000 to 5,000 m. Rice and Wolman (1982) observed a group of six Cuvier’s beaked whales in about 
5,400 m of water southeast of Kodiak Island. Tynan et al. (2005) reported an association of beaked 
whales with strong turbulence associated with rough topography along the slope near Heceta Bank 
off Oregon. 
 
Distribution—The Cuvier's beaked whale is the most widely distributed of all beaked whale species 
(Heyning 1989). This species occupies almost all temperate, subtropical, and tropical waters, as well 
as subpolar and even polar waters in some areas (MacLeod et al. 2006).  

 
 Information Specific to the Gulf of Alaska OPAREA 

 
• Summer—The area of primary occurrence for the Cuvier’s beaked whale is seaward of 

the shelf break (Figure B-11). There is a secondary occurrence between the 200 m 
isobath and shelf break. There is a rare occurrence in waters shallower than the 200 m 
isobath. 
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• Winter—The occurrence patterns for the Cuvier’s beaked whale are expected to be 
similar to those of summer since there is no evidence of seasonal movements by this 
species (Figure B-11).  

 
Behavior and Life History—Most beaked whales are difficult to approach and tend to actively avoid 
aircraft and vessels (Würsig et al. 1998; Barlow et al. 2006). There are limited data on the life history 
of Cuvier’s beaked whales. Cuvier’s beaked whales are found alone or in groups of up to 15 
individuals (MacLeod and D'Amico 2006). Until recently, it was thought that all beaked whales 
probably feed at or close to the bottom in deep oceanic waters, taking whatever suitable prey was 
encountered or was locally abundant, by suction-feeding (Heyning 1989; Heyning and Mead 1996; 
Santos et al. 2001; MacLeod et al. 2003). However, based on recent tagging data from Cuvier’s and 
Blainville’s beaked whales, Baird et al. (2005b) suggested that feeding might actually occur at mid-
water rather than only at or near the bottom. Stomach contents of Cuvier’s beaked whales primarily 
contain cephalopods and, rarely, fish (MacLeod et al. 2003). Tagged Cuvier’s beaked whale dive 
durations as long as 87 min and dive depths of up to 1,990 m are recorded (Baird et al. 2004; Baird et 
al. 2005b; Tyack, P., Woods Hole Oceanographic Institution, pers. comm., 16 December 2005).  
 
Acoustics and Hearing—Sounds recorded from beaked whales are divided into two categories: 
whistles and pulsed sounds (clicks), with whistles likely serving a communicative function, and pulsed 
sounds being important in foraging and/or navigation (Johnson et al. 2004; Madsen et al. 2005; 
MacLeod and D'Amico 2006). Whistle frequencies are about 2 to 12 kHz, while pulsed sounds range 
in frequency from 300 Hz to 135 kHz, however, as noted by MacLeod and D’Amico (2006), higher 
frequencies may not be recorded due to equipment limitations. Whistles recorded from free-ranging 
Cuvier’s beaked whales off Greece ranged in frequency from 8 to 12 kHz, with an upsweep of about 1 
sec (Manghi et al. 1999). Frantzis et al. (2002) recorded pulsed sounds have a narrow peak 
frequency of 13 to 17 kHz, lasting 15 to 44 sec in duration. An acoustic recording tag attached to two 
Cuvier’s beaked whales in the Ligurian Sea recorded at depth, echolocation clicks with center 
frequencies at around 42 kHz and source levels up to 214 dB re 1 µPa-m peak-to-peak (Zimmer et al. 
2005a). 
 
There are no hearing data available for the Cuvier’s beaked whale. In fact, there is no direct 
information available on the exact hearing abilities of most beaked whales (MacLeod 1999), except 
for some recent information for the Gervais’ beaked whale (Mesoplodon europaeus). A stranded 
juvenile was found to be most sensitive to high frequency signals between 40 and 80 kHz but 
produced smaller evoked potentials to 5 kHz (Cook et al. 2006). Beaked whale ears are 
predominantly adapted to hear ultrasonic frequencies (MacLeod 1999). Based on the anatomy of the 
ears of beaked whales, these species may be more sensitive than other cetaceans to low frequency 
sounds; however, as noted earlier, there is no direct evidence to confirm this idea (MacLeod 1999). 
 

• Stejneger’s Beaked Whale (Mesoplodon stejnegeri) 
 
Description—The Stejneger’s beaked whale reaches lengths of at least 5.3 m (Jefferson et al. 1993). 
Stejneger’s beaked whale has a typical Mesoplodon body shape, but the lower jaw of the adult male 
is highly arched with a large tusk sitting atop each arch (Mead 1989). The coloration is not very 
distinctive, except for some interesting white striations around the base of the tail (Walker and 
Hanson 1999). 
 
Status—No current estimates of abundance are available for the Stejneger’s beaked whale in 
Alaskan waters (Angliss and Outlaw 2005). However, this is probably the most common beaked 
whale in these waters. 
 
Habitat Preferences—The Stejneger's beaked whale appears to prefer cold-temperate and sub-
polar waters (Loughlin and Perez 1985; MacLeod et al. 2006). Off Alaska, this species has been 
observed in waters ranging in bottom depth from 730 to 1,560 m on the steep slope of the continental 
shelf as it drops off into the Aleutian Basin which exceeds 3,500 m in bottom depth (Loughlin et al. 
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1982; Loughlin and Perez 1985). Tynan et al. (2005) reported an association of beaked whales with 
strong turbulence associated with rough topography along the slope near Heceta Bank. 
 
World-wide, beaked whales normally inhabit continental slope and deep oceanic waters (>200 m) 
(Waring et al. 2001; Cañadas et al. 2002; Pitman 2002; MacLeod et al. 2004; Ferguson et al. 2006; 
MacLeod and Mitchell 2006). As noted by MacLeod and D’Amico (2006), in many locales, occurrence 
patterns have been linked to physical features, in particular, the continental slope, canyons, and 
escarpments, and oceanic islands. The authors noted that more research was needed to determine 
how surface and deep water currents, levels of local productivity, and distribution of prey species may 
influence habitat usage. Beaked whales are only occasionally reported in waters over the continental 
shelf (Pitman 2002). 
 
Distribution—Stejneger's beaked whales are found only in the North Pacific, from southern 
California north to the Bering Sea, and south to the Sea of Japan, as far south as the Miyagi 
Prefecture, Japan (Loughlin and Perez 1985; MacLeod et al. 2006).  
 

 Information Specific to the Gulf of Alaska OPAREA 
 

• Summer—The area of primary occurrence for the Stejneger’s beaked whale is seaward 
of the shelf break (Figure B-12). There is a secondary occurrence between the 200 m 
isobath and shelf break. There is a rare occurrence in waters shallower than the 200 m 
isobath. 

 
• Winter—Occurrence of the Stejneger’s beaked whale is expected to be the same as 

during the summer season (Figure B-12). 
 
Behavior and Life History—Observed group sizes for beaked whales are typically small. Stejneger’s 
beaked whales have been observed in groups of 5 to 15 individuals, often containing individuals of 
mixed sizes (Jefferson et al. 1993). Most sightings of beaked whales are brief since these whales are 
often difficult to approach and they actively avoid aircraft and vessels (e.g., Würsig et al. 1998). 
Stejneger’s beaked whale stomach contents include squids and pelagic fish (Nishiwaki and Kamiya 
1958; Walker and Hanson 1999; Yamada and Yamada 1999). Until recently, it was thought that all 
beaked whales probably feed at or close to the bottom in deep oceanic waters, taking whatever 
suitable prey was encountered or was locally abundant, by suction-feeding (Heyning 1989; Heyning 
and Mead 1996; MacLeod et al. 2003). However, based on recent tagging data from Cuvier’s and 
Blainville’s beaked whales, Baird et al. (2005b) suggested that feeding might actually occur at mid-
water rather than only at or near the bottom. Durations of long dives for Mesoplodon species are over 
20 min (Barlow 1999; Baird et al. 2005b; Tyack, P., Woods Hole Oceanographic Institution, pers. 
comm., 16 December 2005). 
 
Acoustics and Hearing—There is no information available for Stejneger’s beaked whale 
vocalizations. Sounds recorded from beaked whales are divided into two categories: whistles and 
pulsed sounds (clicks), with whistles likely serving a communicative function, and pulsed sounds 
being important in foraging and/or navigation (Johnson et al. 2004; Madsen et al. 2005; MacLeod and 
D'Amico 2006). Whistle frequencies are about 2 to 12 kHz, while pulsed sounds range in frequency 
from 300 Hz to 135 kHz, however, as noted by MacLeod and D’Amico (2006), higher frequencies 
may not be recorded due to equipment limitations. 
 
There is no empirical information available on the hearing abilities of Stejneger’s beaked whales 
(MacLeod 1999). In fact, there is no direct information available on the exact hearing abilities of most 
beaked whales (MacLeod 1999), except for some recent information for the Gervais’ beaked whale 
(Mesoplodon europaeus). A stranded juvenile was found to be most sensitive to high frequency 
signals between 40 and 80 kHz but produced smaller evoked potentials to 5 kHz (Cook et al. 2006). 
Beaked whale ears are predominantly adapted to hear ultrasonic frequencies (MacLeod 1999). 
Based on the anatomy of the ears of beaked whales, these species may be more sensitive than other 
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cetaceans to low frequency sounds; however, as noted earlier, there is no direct evidence to confirm 
this idea (MacLeod 1999). 
 

• Baird’s Beaked Whale (Berardius bairdii) 
 
Description—Baird’s beaked whales are the largest beaked whales; males and females can attain 
lengths of 11.9 m and 12.8 m, respectively (Balcomb III 1989). Body weight for an average whale 10 
m in length is 8,000 to 10,000 kg (Balcomb III 1989). Baird’s beaked whales are dark brownish-gray, 
usually heavily scarred, with light scratches or splotches on the back and often on the undersides 
(Jefferson et al. 1993). The body is slender and has a small head, a low rounded dorsal fin, and small 
flippers. There is a pair of V-shaped throat grooves. There is a prominent rounded forehead with a 
long, tube-like beak (Balcomb III 1989). Two pairs of teeth are located near the tip of the lower jaw. 
The forward pair (these teeth are large and triangular) in adults is visible at the tip of the lower jaw, 
even when the mouth is closed, and the second pair is smaller and peg-like in shape (Balcomb III 
1989).  
 
Status—No current estimates of abundance are available for the Baird’s beaked whale in Alaskan 
waters (Angliss and Outlaw 2005). 
 
Habitat Preferences—Baird’s beaked whales appear to occur mainly in deep waters over the 
continental slope, oceanic seamounts and in areas with submarine escarpments (Reeves and 
Mitchell 1993; Willis and Baird 1998; Kasuya 2002; Tynan et al. 2005). They may be seen close to 
shore where deep water approaches the coast (Jefferson et al. 1993) and in shallow waters in the 
central Okhotsk Sea (Kasuya 2002). Forney and Brownell (1996) made one sighting of Baird’s 
beaked whales during surveys in the Aleutian Islands during 1994 in waters with a bottom depth of 
4,000 to 5,000 m. Off Washington State and British Columbia, Baird’s beaked whales have been 
sighted in offshore waters with a bottom depth of 700 to 1,675 m (Wahl 1977; Willis and Baird 1998). 
Whaling catches of this species off British Columbia were centered between approximately 182 m 
and 1,828 m (Reeves and Mitchell 1993). Tynan et al. (2005) reported an association of beaked 
whales with strong turbulence associated with rough topography along the slope near Heceta Bank 
off Oregon. 
 
Distribution—Baird’s beaked whale is found only in the North Pacific and the adjacent seas (Bering 
Sea, Okhotsk Sea, Sea of Japan, and the Gulf of California), mainly north of 34°N in the west and 
28°N in the east (Reeves et al. 2003). The southernmost record is a mass stranding in the southern 
Gulf of California (Balcomb III 1989). The best-known populations occur in the coastal waters around 
Japan since whaling takes place there. Commercial whaling took place in British Columbia waters 
from 1905 to 1967, with occasional catches of Baird’s beaked whales (Pike and MacAskie 1969; 
Nichol et al. 2002). Small catches were also made at central California whaling stations between 
1956 and 1971 (e.g., Rice 1963). Along the U.S. west coast, Baird’s beaked whales are seen 
primarily along the continental slope from late spring to early fall (Green et al. 1992; Carretta et al. 
2006). British Columbia whalers commented that Baird’s beaked whales were most often sighted 
during May through September, with most catches occurring during August (Pike and MacAskie 
1969; Reeves and Mitchell 1993). Baird’s beaked whales are seen less frequently and are presumed 
to be further offshore during the colder water months of November through April (Carretta et al. 
2006). 

 
 Information Specific to the Gulf of Alaska OPAREA 

 
• Summer—The Baird’s beaked whale is considered to be a slope-associated species. The 

area of primary occurrence for the Baird’s beaked whale is between the 500 m and 3,000 
m (Figure B-13). There is a secondary occurrence between the 200 m and 500 m 
isobaths, as well as seaward of the 3,000 m isobath. There is a rare occurrence in waters 
shallower than the 200 m isobath. 
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• Winter—The occurrence patterns for the Baird’s beaked whale are expected to be similar 
to those of summer since there is no evidence of seasonal movements by this species 
(Figure B-13). 

 
Behavior and Life History—Baird’s beaked whales occur in relatively large groups of 6 to 30 
individuals, although groups of up to 50 or more are occasionally observed (Balcomb III 1989). Wade 
et al. (2003) reported a mean group size of around 11 individuals off Alaska. Baird’s beaked whales 
occur in multi-male groups; the large groups observed in this species can consist of adults of both 
sexes (MacLeod and D'Amico 2006). The usual observed behavior for Baird’s beaked whales is of a 
tight group drifting along the surface, spouting low bushy blows for 3 to 10 min and then diving 
(Balcomb III 1989).  
 
Sexual maturity occurs at about 8 to 10 years, with physical maturity at over 20 years (Balcomb III 
1989). Mating generally occurs in October and November, with a gestation period of about 17 
months. There is a calving peak in March and April (Balcomb III 1989).  
 
Analysis of stomach contents from captured and stranded individuals suggests that all beaked whales 
are deep-diving animals, feeding by suction (Heyning and Mead 1996). Baird’s beaked whales feed 
mainly on benthic fishes and cephalopods but occasionally also on pelagic fish such as mackerel, 
sardine, and saury (Kasuya 2002; Walker et al. 2002; Ohizumi et al. 2003). Stomach contents from 
specimens taken in whaling operations off Vancouver Island and off central California included squid, 
octopus, various species of fishes, and skate egg cases (Pike 1953; Rice 1963; Pike and MacAskie 
1969).  
 
Prolonged dives by Baird’s beaked whales for periods of up to 67 min have been reported (Kasuya 
2002), although dives of 25 to 35 m for about 45 min are more typical (Kasuya 1986; Balcomb III 
1989; Von Saunder and Barlow 1999). Baird’s beaked whales in Japan prey primarily on deepwater 
gadiform fishes and cephalopods, indicating that individuals there feed primarily at depths ranging 
from 800 to 1,200 m (Walker et al. 2002; Ohizumi et al. 2003).  
 
Acoustics and Hearing—Sounds recorded from beaked whales are divided into two categories: 
whistles and pulsed sounds (clicks), with whistles likely serving a communicative function, and pulsed 
sounds being important in foraging and/or navigation (Johnson et al. 2004; Madsen et al. 2005; 
MacLeod and D'Amico 2006). Whistle frequencies are about 2 to 12 kHz, while pulsed sounds range 
in frequency from 300 Hz to 135 kHz, however, as noted by MacLeod and D’Amico (2006), higher 
frequencies may not be recorded due to equipment limitations. Both whistles and clicks have been 
recorded from Baird’s beaked whales in the eastern North Pacific Ocean (Dawson et al. 1998). 
Whistles had fundamental frequencies between 4 and 8 kHz, with 2 to 3 strong harmonics within the 
recording bandwidth (Dawson et al. 1998). Pulsed sounds (clicks) had a dominant frequency around 
23 kHz, with a second frequency peak at around 42 kHz (Dawson et al. 1998). The clicks were most 
often emitted in irregular series of very few clicks; this acoustic behavior appears unlike that of many 
species that do echolocate (Dawson et al. 1998).  
 
There is no direct information available on the exact hearing abilities of beaked whales (MacLeod 
1999). In fact, there is no direct information available on the exact hearing abilities of most beaked 
whales (MacLeod 1999), except for some recent information for the Gervais’ beaked whale 
(Mesoplodon europaeus). A stranded juvenile was found to be most sensitive to high frequency 
signals between 40 and 80 kHz but produced smaller evoked potentials to 5 kHz (Cook et al. 2006). 
Beaked whale ears are predominantly adapted to hear ultrasonic frequencies (MacLeod 1999). 
Based on the anatomy of the ears of beaked whales, these species may be more sensitive than other 
cetaceans to low frequency sounds; however, as noted earlier, there is no direct evidence to support 
this idea (MacLeod 1999). 
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• Pacific White-sided Dolphin (Lagenorhynchus obliquidens) 
 
Description—The Pacific white-sided dolphin is dark gray or black on the back and sides, as well as 
on the short beak, the leading edge of the tall strongly recurved dorsal fin, and the pointed flippers. 
Gray, linear dorsal flank blazes, often called “suspender stripes,” project forward from the grayish 
flank patches along the back and disappear above the eyes (Van Waerebeek and Würsig 2002). The 
largest reported male and female specimens from the eastern North Pacific were 2.5 m and 2.36 m, 
respectively (Brownell et al. 1999). The heaviest weights were 145 kg for a female and 198 kg for a 
male (Brownell et al. 1999). Two forms are recognized for the eastern North Pacific. The southern 
form is larger and is thought to range from southern California to Baja California, while the northern 
form ranges from southern California to Alaska (Carretta et al. 2006). Both forms are known to occur 
off southern California (Lux et al. 1997; Carretta et al. 2006). These two forms are not readily 
distinguishable or recognizable in the field (Jefferson, T.A., NMFS-SWFSC, pers. comm., 14-18 
March 2005). 
 
Status—Two management stocks of Pacific white-sided dolphins are recognized within the Pacific 
U.S. EEZ: the California/Oregon/Washington stock and the North Pacific stock (Angliss and Outlaw 
2005). Individuals from the North Pacific stock occur in the Gulf of Alaska OPAREA. The minimum 
population estimate for the North Pacific stock is 26,880 individuals (Angliss and Outlaw 2005).  
 
Habitat Preferences—The Pacific white-sided dolphin is most common in temperate waters over the 
outer continental shelf and slope. Sighting records and captures in pelagic driftnets indicate that this 
species also occurs in oceanic waters well beyond the shelf and slope all the way across the North 
Pacific (Leatherwood et al. 1984).  
 
Distribution—The Pacific white-sided dolphin occurs across the central North Pacific waters to 
latitudes as low as (or lower than) 38°N and northward to the Bering Sea and coastal areas of 
southern Alaska (Leatherwood et al. 1984). Surveys suggest a seasonal north-south movement of 
Pacific white-sided dolphins in the eastern North Pacific, with animals found primarily off California 
during the colder water months and highest densities shifting northward into Oregon and Washington 
State as water temperatures increase during late spring and summer (Green et al. 1992; Forney 
1994; Carretta et al. 2006).  

 
 Information Specific to the Gulf of Alaska OPAREA—Pacific white-sided dolphins regularly 

occur throughout the Gulf of Alaska year-round. They are widely distributed along the shelf 
break, continental slope, and in offshore waters (Consiglieri et al. 1982; Leatherwood et al. 
1984). Inshore movements of Pacific white-sided dolphins have been documented in 
Washington State, British Columbia, and southeast Alaska, but are not common (Stacey and 
Baird 1991b; Dahlheim and Towell 1994; Norman et al. 2004). Peak abundance is between 
July and August, when Pacific white-sided dolphins tend to congregate near the Fairweather 
Grounds in the southeastern Gulf of Alaska and Portlock Banks in the northeast part of the 
OPAREA (Consiglieri et al. 1982).  

 
• Summer—There are not a large number of Pacific white-sided dolphins in this area and 

sightings are not predictable (Wade, P., NMFS-NMML, pers. comm., 6 October 2005). 
The area of secondary occurrence is in waters seaward of the 100 m isobath (Figure B-
14). The area of rare occurrence is in waters inshore of the 100 m isobath since it is 
unusual for this species to be sighted in shallow waters.  

 
• Winter—Occurrence patterns are expected to be similar to those of summer (Figure B-

14). 
 
Behavior and Life History—This is a gregarious species; group sizes range from tens of individuals 
to thousands (Leatherwood et al. 1984). Pacific white-sided dolphins are frequently found in mixed-
species aggregations, often with Risso’s dolphins and northern right whale dolphins (Brownell et al. 
1999). Calving peaks occur during June through August (Heise 1997a). Pacific white-sided dolphins 



SEPTEMBER 2006 FINAL REPORT 

3-43 

in the eastern North Pacific feed primarily on epipelagic fishes and cephalopods (e.g., Schwartz et al. 
1992; Black 1994; Heise 1997b; Brownell et al. 1999; Morton 2000). This does not appear to be a 
deep-diving species. Based on feeding habits, Fitch and Brownell (1968) inferred that Pacific white-
sided dolphins dive to at least 120 m. The majority of foraging dives last less than 15 to 25 sec (Black 
1994; Heise 1997b). 
 
Acoustics and Hearing—Vocalizations produced by Pacific white-sided dolphins include whistles 
and echolocation clicks. Whistles are in the frequency range of 2 to 20 Hz (Thomson and Richardson 
1995). Echolocation clicks range in frequency from 50 to 80 kHz; the peak amplitude is 170 dB re 
1uPa-m (Fahner et al. 2004).  
 
Tremel et al. (1998) measured the underwater hearing sensitivity of the Pacific white-sided dolphin 
from 0.075 kHz through 150 kHz. The greatest sensitivities were from 2 to 128 kHz, while the lowest 
measurable sensitivities were 145 dB at 100 Hz and 131 dB at 140 kHz. Below 8 Hz and above 100 
kHz, this dolphin’s hearing was similar to that of other toothed whales. 

 
• Northern Right Whale Dolphin (Lissodelphis borealis) 

 
Description—The northern right whale dolphin and its congener, the southern right whale dolphin 
(Lissodelphis peronii), are the only members of the Family Delphinidae without a dorsal fin. This 
species is extremely slender, and is mostly black with a small white patch behind the tip of the lower 
jaw and a wide white patch on the chest that narrows behind the flippers and continues along the 
belly (Reeves et al. 2002). The flukes are light gray on top and have large white patches on the 
underside. The beak is short and well-defined with a straight mouthline (Jefferson and Newcomer 
1993). The flippers are small and curved. This species reaches lengths of about 3 m; males tend to 
be a bit larger than females (Leatherwood and Walker 1979). Weights of up to 116 kg have been 
recorded (Jefferson et al. 1994). 
 
Status—Dizon et al. (1994) examined a small sample of specimens to determine whether there were 
different populations along the west coast of North America and in the pelagic waters of the central 
North Pacific. Although they found no evidence of population structuring, the statistical power of their 
analyses to detect differences was not high, and separate stocks are assumed to exist (Carretta et al. 
2006). Northern right whale dolphins from the California/Oregon/Washington State stock may occur in 
the Gulf of Alaska OPAREA. There is a minimum population estimate of 16,417 individuals and a best 
estimate of 20,362 for the California/Oregon/Washington State stock of the northern right whale 
dolphin (Carretta et al. 2006). 
 
Habitat Preferences—This species occurs in oceanic waters and along the outer continental shelf 
and slope, normally in waters colder than 20°C (Leatherwood and Walker 1979). Northern right whale 
dolphins generally move nearshore only in areas where the continental shelf is narrow or where 
productivity on the shelf is especially high (e.g., the California Current System; Smith et al. 1986). 
Leatherwood and Walker (1979) reported sighting this species frequently around prominent banks 
and sea mounts such as Tanner and Cortes banks in southern California. 
 
Distribution—The northern right whale dolphin occurs in cool temperate waters of the North Pacific 
Ocean. It is distributed approximately from 30°N to 55°N and 145°W to 118°E. Occasional 
movements south of 30°N are associated with anomalous cold-water temperatures (Leatherwood and 
Walker 1979). Surveys suggest that, at least in the eastern North Pacific, they make seasonal 
inshore-offshore and north-south movements that are presumably related to prey availability. 
Occurrence patterns in the eastern Pacific generally coincide with peaks in abundance of market 
squid, Loligo opalacens, a major prey item (Leatherwood and Walker 1979).  
 

 Information Specific to the Gulf of Alaska OPAREA—Northern right whale dolphins generally 
prefer cool temperate waters; they are expected to be rare in the Gulf of Alaska OPAREA. 
There are a few historical records of northern right whale dolphins north to the Aleutian 
Islands. Kajimura and Loughlin (1988) reported two records of northern right whale dolphins 
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in the Gulf of Alaska (one just south of Kodiak Island), but these are considered extremely 
rare (see Jefferson and Newcomer 1993). 

 
• Summer—The Gulf of Alaska OPAREA is north of the normal range for the northern right 

whale dolphin so the entire OPAREA is an area of rare occurrence for this species 
(Figure B-15). 

 
• Winter—Occurrence during the winter is expected to be similar to the summer (Figure B-

15). 
 

Behavior and Life History—The northern right whale dolphin is gregarious, traveling in groups as 
large as 2,000 individuals (Leatherwood and Walker 1979). Interspecific interactions are common; the 
Pacific white-sided dolphin, short-finned pilot whale, and Risso’s dolphin are frequent associates 
(Leatherwood and Walker 1979). Onset of sexual maturity is approximately 9.9 years for males and 
9.7 years for females (Ferrero and Walker 1993). Calving seasonality is unknown although small 
calves are seen in winter or early spring (Jefferson et al. 1994). The northern right whale dolphin 
feeds primarily on squid and mesopelagic fishes (especially lanternfish, Family Myctophidae; 
Leatherwood and Walker 1979; Jefferson et al. 1994). There is no information on diving depths for 
northern right whale dolphins. 
 
Acoustics and Hearing—Clicks with high repetition rates and frequencies extending beyond 40 kHz 
(frequency limit of sonobuoy) have been recorded from northern right whale dolphins at sea (Fish and 
Turl 1976; Leatherwood and Walker 1979). Maximum source levels were approximately 170 dB 1 
µPa-m (Fish and Turl 1976). Detailed physical structures of their sounds have not been reported in 
the published literature.  
 
There are no published empirical data on the hearing abilities of this species. 
 

• Risso’s Dolphin (Grampus griseus) 
 
Description—Risso’s dolphins are moderately large, robust dolphins reaching at least 3.8 m in length 
(Jefferson et al. 1993). The head is blunt and squarish, without a distinct beak, and there is a vertical 
crease on the front of the melon. The dorsal fin is tall and falcate and the flippers are sickle-shaped. 
Young Risso’s dolphins range from light gray to dark brownish gray and are relatively unmarked 
(Jefferson et al. 1993). Adults range from dark gray to nearly white and are covered with white 
scratches and splotches. 
 
Status—Risso’s dolphins from the California/Oregon/Washington stock may occur in the Gulf of 
Alaska OPAREA. There is a minimum population estimate of 12,748 individuals for this stock 
(Carretta et al. 2006). 
 
Habitat Preferences—A number of studies have noted that Risso’s dolphins are most commonly 
found along the continental slope in the Pacific, Atlantic, Gulf of Mexico, and Caribbean Sea (CETAP 
1982; Green et al. 1992; Baumgartner 1997; Davis et al. 1998; Mignucci-Giannoni 1998; Kruse et al. 
1999). Baumgartner (1997) hypothesized that the strong correlation between Risso’s dolphin 
distribution and the steeper portions of the upper continental slope in the Gulf of Mexico is most likely 
the result of cephalopod (their major prey) distribution in the same area. 
 
Distribution—The Risso’s dolphin is distributed worldwide in tropical to warm-temperate waters, 
roughly between 60°N and 60°S, where surface water temperature is usually greater than 10°C 
(Kruse et al. 1999). In the eastern Pacific, Risso’s dolphins range from the Gulf of Alaska to Chile 
(Leatherwood et al. 1980; Reimchen 1980; Braham 1983; Olavarria et al. 2001). Water temperature 
appears to be a factor that affects the distribution of Risso’s dolphins in the Pacific (Leatherwood et 
al. 1980; Kruse et al. 1999). Changes in local distribution and abundance along the southern 
California coast are probably largely in response to protracted or unseasonal warm-water events, 
such as El Niño events (Shane 1994, 1995).  
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 Information Specific to the Gulf of Alaska OPAREA—Risso’s dolphins are expected to be rare 
in the Gulf of Alaska OPAREA. They prefer tropical to warm-temperate waters and are 
seldom sighted in the cold waters of the Gulf of Alaska. There are a few records of this 
species near the OPAREA. Risso’s dolphins have been sighted near Chirikof Island 
(southwest of Kodiak Island) and offshore in the Gulf of Alaska, just south of the OPAREA 
boundary (Consiglieri et al. 1980; Braham 1983).  

 
• Summer—The entire OPAREA is an area of rare occurrence for the Risso’s dolphin 

(Figure B-16). There are sightings for this species in Alaskan water; however, there are 
no reported records for the OPAREA. 

 
• Winter—Occurrence patterns during winter are expected to be similar to those of the 

summer (Figure B-16). 
 
Behavior and Life History—Little is known about the life history of this species. Risso’s dolphins are 
quite social; groups usually average about 30 individuals, but can range up to over several hundred 
(Kruse et al. 1999), or even several thousand (Jefferson, T.A., NMFS-SWFSC, pers. comm., 14-18 
March 2005). Risso’s dolphins occur in stable, age- and sex-segregated groups, which interact fluidly 
with a larger population. This species commonly associates with other cetacean species, such as the 
Pacific white-sided dolphin and the northern right whale dolphin (Kruse et al. 1999). They may remain 
submerged on dives for up to 30 min (Kruse et al. 1999) and dive as deep as 600 m (DiGiovanni et al. 
2005). Cephalopods are the primary prey (Clarke 1996). 
 
Acoustics and Hearing—Risso’s dolphin vocalizations include broadband clicks, barks, buzzes, 
grunts, chirps, whistles, and combined whistle and burst-pulse sounds that range in frequency from 
0.4 to 22 kHz and in duration from less than a second to multiple seconds (Corkeron and Van Parijs 
2001). The combined whistle and burst pulse sound (2 to 22 kHz, mean duration of 8 seconds) 
appears to be unique to Risso’s dolphin (Corkeron and Van Parijs 2001). Risso’s dolphins also 
produce echolocation clicks (40 to 70 µs duration) with a dominant frequency range of 50 to 65 kHz 
and estimated source levels up to 222 dB re 1 µPa-m peak-to-peak (Thomson and Richardson 1995; 
Philips et al. 2003; Madsen et al. 2004). 
 
Baseline research on the hearing ability of this specie was conducted by Nachtigall et al. (1995) in a 
natural setting (included natural background noise) using behavioral methods on one older individual. 
This individual could hear frequencies ranging from 1.6 to 100 kHz and was most sensitive between 8 
and 64 kHz. Recently, the auditory brainstem response technique has been used to measure hearing 
in a stranded infant (Nachtigall et al. 2005). This individual could hear frequencies ranging from 4 to 
150 kHz, with best sensitivity at 90 kHz. This study demonstrated that this species can hear higher 
frequencies than previously reported. 
 

• False Killer Whale (Pseudorca crassidens) 
 
Description—The false killer whale is a large, dark gray to black dolphin with a faint gray patch on 
the chest and sometimes light gray areas on the head (Jefferson et al. 1993). The false killer whale 
has a long slender body, a rounded overhanging forehead, and little or no beak (Jefferson et al. 
1993). The dorsal fin is falcate and slender. The flippers have a characteristic hump on the leading 
edge–this is perhaps the best characteristic for distinguishing this species from the other “blackfish” 
(an informal grouping that is often taken to include pygmy killer, melon-headed, pilot, and sometimes 
killer whales; Jefferson et al. 1993). Individuals reach maximum lengths of 6.1 m (Jefferson et al. 
1993). 
 
Status—There are no abundance estimates or stock identity available for this species in the eastern 
Pacific (Carretta et al. 2006).  
 
Habitat Preferences—This species is found primarily in oceanic and offshore areas, though they do 
approach close to shore at oceanic islands (Baird 2002). False killer whales have been known to 
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approach very close to shore in such areas as the inshore waters of Washington State and British 
Columbia (Baird et al. 1989), the coast and estuaries of China (Zhou et al. 1982), the Marquesas 
Islands of French Polynesia (Gannier 2002), and Lembata Island of the Indonesian archipelago 
(Rudolph et al. 1997). 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°S 
and 50°N latitude with a few records north of 50°N in the Pacific and the Atlantic (Baird et al. 1989; 
Odell and McClune 1999). Norman et al. (2004) remarked that most of the stranding events for this 
species in Washington State and Oregon occurred during or within a year of an El Niño event. 
Seasonal movements in the western North Pacific may be related to prey distribution (Odell and 
McClune 1999). 
 

 Information Specific to the Gulf of Alaska OPAREA—False killer whales are expected to be 
rare in the OPAREA. False killer whales prefer tropical and temperate waters and seldom 
stray into cold waters. However, they have been recorded as far north as the Aleutian Islands 
and Prince William Sound (Leatherwood et al. 1988). In May, 2003, a solitary false killer 
whale was sighted near Juneau, Alaska, far north of its normal range.2 

 
• Summer—There is a rare occurrence for the false killer whale throughout the Gulf of 

Alaska OPAREA (Figure B-17).  
 
• Winter—Occurrence patterns during winter are expected to be similar to those during 

summer (Figure B-17).  
 
Behavior and Life History—This species may occur in large groups; group sizes as large as 300 
have been reported (Brown et al. 1966). The known maximum dive depth is about 500 m (Odell and 
McClune 1999). No seasonality in reproduction is known for the false killer whale (Jefferson et al. 
1993). False killer whales primarily eat deep-sea cephalopods and fish (Odell and McClune 1999), 
but they have been known to attack other cetaceans, including dolphins (Perryman and Foster 1980; 
Stacey and Baird 1991a), sperm whales (Palacios and Mate 1996), and baleen whales (Jefferson, 
T.A., NMFS-SWFSC, pers. comm., 14-18 March 2005). 
 
Acoustics and Hearing—Dominant frequencies of false killer whale whistles are from 4 to 9.5 kHz 
and those of their echolocation clicks are from either 20 to 60 kHz or 100 to 130 kHz depending on 
ambient noise and target distance (Thomson and Richardson 1995). Click source levels typically 
range from 200 to 228 dB re 1 µPa-m (Ketten 1998). Recently, false killer whales recorded in the 
Indian Ocean produced echolocation clicks with dominant frequencies of about 40 kHz and estimated 
source levels of 201-225 dB re 1 µPa-m (Madsen et al. 2004).  
 
False killer whales can hear frequencies ranging from approximately 2 to 115 kHz with best hearing 
sensitivity ranging from 16 to 64 kHz (Thomas et al. 1988). Additional behavioral audiograms of false 
killer whales support a range of best hearing sensitivity between 16 and 24 kHz, with peak sensitivity 
at 20 kHz (Yuen et al. 2005). The same study also measured audiograms using the auditory 
brainstem response (ABR) technique, which came to similar results, with a range of best hearing 
sensitivity between 16 and 22.5 kHz, peaking at 22.5 kHz (Yuen et al. 2005). Behavioral audiograms 
in this study consistently resulted in lower thresholds than those obtained by ABR. 
 

• Killer Whale (Orcinus orca) 
 
Description—This is probably the most instantly-recognizable of all the 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). The white oval eye patch and variably-shaped light gray saddle patch, in conjunction 
with the shape and notches in the dorsal fin, make it possible to identify individuals. The killer whale 
has a blunt head with a stubby, poorly-defined beak and large, oval flippers. Females may reach 7.7 
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m in length and males 9.0 m (Dahlheim and Heyning 1999). This is the largest member of the dolphin 
family. 
 
There are at least three ecotypes in the eastern North Pacific: “residents”, “transients”, and 
“offshores.” Resident animals often differ from both transient and offshore individuals by having a 
dorsal fin that is more curved and rounded at the tip, especially among mature females (Ford et al. 
1994). Residents also exhibit five patterns of saddle patch pigmentation, two of which are shared with 
transients (Baird and Stacey 1988). Transients have more pointed dorsal fins, and closed saddle 
patches that extend further foreward. Offshores are thought to be slightly smaller in body size than 
residents and transients and have dorsal fins and saddle patches resembling those of residents (Ford 
et al. 1994; Wiles 2004). 
 
Status—Most cetacean taxonomists agree that multiple killer whale species or subspecies occur 
worldwide (Krahn et al. 2004; Waples and Clapham 2004). Krahn et al. (2004) concluded that all 
North Pacific resident killer whales should be treated as a single unnamed subspecies distinct from 
offshore and transient whales. 
 
As noted earlier, there are at least three ecotypes in the eastern North Pacific. The terms “residents” 
and “transients” are colloquial terms; neither term is particularly descriptive of site-fidelity and actual 
movement patterns of the animals (e.g., NFMS 2005g). Some researchers instead refer to these two 
ecotypes as “fish-eaters” (i.e., residents) and “mammal-hunters” (i.e., transients).  
 
Based on data regarding association patterns, movements, acoustics, and genetic differences, eight 
killer whale stocks are now recognized within the Pacific U.S. EEZ: 1) the Alaska Resident stock - 
occurring from southeastern Alaska to the Aleutian Islands and Bering Sea; 2) the Northern Resident 
stock - occurring from British Columbia through part of southeastern Alaska; 3) the Southern Resident 
stock - occurring mainly within the inland waters of Washington State and southern British Columbia, 
but also in coastal waters from British Columbia through California; 4) the Gulf of Alaska, Aleutian 
Islands, and Bering Sea Transient stock - occurring mainly from Prince William Sound through the 
Aleutian Islands and Bering Sea; 5) the AT1 Transient stock - occurring in Alaska from Prince William 
Sound through the Kenai Fjords; 6) the West Coast Transient stock - occurring from California 
through southeastern Alaska; 7) the Offshore stock - occurring from California through Alaska; and 8) 
the Hawaiian stock (Angliss and Outlaw 2005). The following stocks could occur in the Gulf of Alaska 
OPAREA: Northern Resident, Gulf of Alaska Transient, West Coast Transient, and Offshore. The AT1 
population was recently designated as a depleted stock, pursuant to the MMPA (NMFS 2004b). The 
AT1 population has never been seen outside the nearshore areas from the Copper River through 
Prince William Sound and Kenai Fjords; however, there has been little or no research effort offshore, 
as well as no survey effort outside of summer. It cannot be determined at this time if they use the Gulf 
of Alaska OPAREA (Matkin, C.O., North Gulf Oceanic Society, pers. comm., 6 December 2005). 
 
Killer whales in Alaskan waters were first assigned to pods in 1984, based on photographs and 
known associations between individuals, using the prefix letter A that indicates they are from Alaska 
(Leatherwood et al. 1990). Members of the Northern Resident population have been documented in 
southeastern Alaska; however, they have not been seen to intermix with the Southern Alaska 
residents (C. Matkin et al. 1999; C.O. Matkin et al. 1999). Alaskan Resident stock individuals are 
found from southeastern Alaska to the Aleutian Islands and Bering Sea; intermixing has been 
documented among these three areas (Angliss and Outlaw 2005). There are about 1,123 and 216 
photo-identified individuals in the Alaska Resident and Northern Resident stocks, respectively 
(Angliss and Outlaw 2005). 
 
The minimum population estimate for the Gulf of Alaska Transient stock is 314 individuals based on 
photo-identification work (Angliss and Outlaw 2005). There is a minimum population estimate of 320 
individuals in the West Coast Transient stock including about 225 in Washington State and British 
Columbia, and southeastern Alaska, and 105 off California.  
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The minimum population estimate for the Eastern North Pacific Offshore stock of the killer whale is 
1,038 individuals (Carretta et al. 2006). The total number of known offshore killer whales is 211 
individuals, but the proportion of time this transboundary stock spends in U.S. waters is unknown 
(Carretta et al. 2006).  
 
Habitat Preferences—Killer whales have the most ubiquitous distribution of any species of marine 
mammal, 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 the 
eastern North Pacific, including Alaskan waters, killer whales are found in protected inshore waters, 
as well as offshore waters (e.g., Braham and Dahlheim 1982; Consiglieri et al. 1982; Forney and 
Brownell 1996). 
 
Distribution—This is a cosmopolitan species found throughout all oceans and contiguous seas, from 
equatorial regions to the polar pack-ice zones. This species has sporadic occurrence in most regions 
(Ford 2002a). Though found in tropical waters and the open ocean, killer whales as a species are 
most numerous in coastal waters and at higher latitudes (Mitchell 1975; Miyazaki and Wada 1978; 
Dahlheim et al. 1982).  
 
Along the Pacific coast of North America, killer whales are found along the entire Alaskan coast, in 
British Columbia and Washington State inland waterways, and along the outer coasts of Washington 
State, Oregon, and California down into Mexican waters (Black et al. 1997; Carretta et al. 2006). Killer 
whales are seen frequently in southeast Alaska and the area between Prince William Sound and 
Kodiak Island (Matkin and Saulitis 1994). 
 
Movement data on Alaska Resident stock individuals have been documented based on photographic 
matches. Southeast Alaskan killer whale pods have been seen in Prince William Sound (Matkin et al. 
1997) and in the Gulf of Alaska (Matkin, C., North Gulf Oceanic Society, pers. comm., 18 January 
2006). Prince William Sound pods have been seen near Kodiak Island, but never observed in 
southeastern Alaska (Dahlheim et al. 1997; Matkin et al. 2003). Recent studies have documented 
very limited movements between the Bering Sea and Gulf of Alaska (Angliss and Outlaw 2005). 
Recent tagging work has revealed that the AJ pod has made its way into the Gulf of Alaska OPAREA 
(Matkin, C., North Gulf Oceanic Society, pers. comm., 18 January 2006; Figure 3-5). 
 
Gulf of Alaska transients are seen throughout the Gulf of Alaska, including occasional sightings in 
Prince William Sound. Wade et al. (2003) noted that transients were more frequently seen from 
Shumagin Islands to the eastern Aleutian Islands. West coast transients are found from California to 
northern southeast Alaska. Some individual killer whales have been documented to move between 
the waters of southeast Alaska and central California (Goley and Straley 1994). 
 
Offshore killer whales range seasonally from Alaska during the summer to California during the winter 
(Ford et al. 1994; Schulman-Janiger et al. 2005); 55 individuals have been matched between 
California and Alaska (Schulman-Janiger et al. 2005). Wade et al. (2003) reported on encounters with 
offshore killer whales in Alaskan waters, as far west as the eastern Aleutian Islands. Wade et al. 
(2003) reported sighting offshore killer whales near Kodiak Island and just outside of Dutch Harbor, 
Unalaska Island. These sightings represent the farthest west that offshore killer whales have been 
encountered (Wade et al. 2003). 
 

 Information Specific to the Gulf of Alaska OPAREA—Sightings in Alaska are widely 
distributed, mostly occurring in waters over the continental shelf, but also quite frequently in 
offshore waters (Braham and Dahlheim 1982). 
 
• Summer—The entire Gulf of Alaska OPAREA is an area of primary occurrence for the 

killer whale (Figure B-18). The resident form is suspected to pass through the area 
regularly during the summer and is supported by limited satellite tagging data (Matkin, 
C.O., North Gulf Oceanic Society, pers. comm., 27 January 2006). The threatened AT1 
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Figure 3-5. Movements of Alaska Resident killer whale AJ21 and other members of AJ pod during
one week in October 2004. This individual was tagged in Prince William Sound and moved into the
Gulf of Alaska OPAREA. Source data: North Gulf Oceanic Society (2004). 
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transient population has also been documented in the adjacent region although more 
detailed analysis would be needed to determine if this group regularly uses the OPAREA 
(Matkin, C.O., North Gulf Oceanic Society, pers. comm., 27 January 2006). The 
sympatric Gulf of Alaska Transient population is suspected to spend considerable time in 
offshore waters, due to the infrequency of nearshore sightings, however, it is not certain 
how much time these killer whales spend in the OPAREA (Matkin, C.O., North Gulf 
Oceanic Society, pers. comm., 27 January 2006). Members of the offshore population 
have been seen only irregularly adjacent to the OPAREA, and although it is likely they 
pass through it there is not data to document this (Matkin, C.O., North Gulf Oceanic 
Society, pers. comm., 27 January 2006). 

 
• Winter—Since there is no known seasonal component to the killer whale’s occurrence in 

the Gulf of Alaska OPAREA, the entire OPAREA is an area of primary occurrence also 
during the winter (Figure B-18). Resident, AT1 transient, and Gulf of Alaska transient 
populations all remain in the general area during the winter, however, there is no data 
that specifically places these whales in the OPAREA due to lack of substantial research 
effort offshore and in winter (Matkin, C.O., North Gulf Oceanic Society, pers. comm., 27 
January 2006). It cannot be clearly demonstrated that these whales use the OPAREA in 
winter, although it is likely they do on some regular basis (Matkin, C.O., North Gulf 
Oceanic Society, pers. comm., 27 January 2006). Expansion of tagging efforts would be 
necessary to determine actual use of the OPAREA during the winter. 

 
Behavior and Life History—Killer whales have the most stable social system known among all 
cetaceans. In all areas where longitudinal studies have been carried out, there appear to be long-term 
associations between individuals and limited dispersal from maternal groups called pods (Bigg et al. 
1990; Baird 2000). 
 
Residents are organized into a series of social units from small to large, on the basis of maternal 
genealogy (e.g., Ford et al. 1994). The maternal relatedness of the whales diminishes as one goes 
from the smallest kin unit, the mother and her offspring, through increasingly larger units: the 
matriline, the pod, and the clan. Residents occur in small, but highly stable social units known as 
matrilines, in which all individuals are maternally related. Pods are larger social groups comprised of 
several matrilines and typically hold about 10 to 60 whales. The clan is comprised of pods that have 
similar vocal dialects or acoustic behavior. It may be that clans are linked through a common 
maternal ancestor, but one that is more ancient than that which links pods within clans. The top level 
of social structure is the community, which is made up of pods that regularly associate with one 
another. 
 
Transients also travel in small matrilineal groups that typically contain less than 10 animals (e.g., 
Morton 1990; Baird and Dill 1995, 1996; Ford and Ellis 1999). Although some matriline members 
maintain long-term bonds, the social organization of transients is generally more flexible than in 
residents (Ford and Ellis 1999; C. Matkin et al. 1999; C.O. Matkin et al. 1999). Differences in social 
organization compared to resident killer whales likely relate to differences in foraging ecology (Baird 
and Whitehead 2000). 
 
Few details are known about the biology of offshore killer whales, but they commonly occur in large 
groups of 20 to 75 individuals (Wiles 2004). In Alaskan waters, groups of 13, 40, and 60 offshore killer 
whales have been recorded (Wade et al. 2003). Resident, transient, and offshore killer whales rarely 
interact with each other and apparently do not interbreed despite having largely sympatric year-round 
geographic ranges (e.g., Morton 1990; Baird and Dill 1995; Black et al. 1997). 
 
Among resident killer whales in the northeastern Pacific, births occur largely from October to March, 
although births can occur year-round (Olesiuk et al. 1990; Stacey and Baird 1997). Females typically 
give birth for the first time at 11 to 15 years of age (Ford and Ellis 1999). Maximum life span is 
estimated to be 80 to 90 years for females and 50 to 60 years for males (Olesiuk et al. 1990). 
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Killer whales have a diverse diet, feeding on bony fishes, elasmobranchs, cephalopods, seabirds, sea 
turtles, and other marine mammals (Jefferson et al. 1991; Fertl et al. 1996). Diet in the eastern North 
Pacific is specific to the type of killer whale. Based on both behavioral observations and stable 
isotope analyses, transients are primarily mammal-eaters, residents are mostly fish-eaters, and 
offshores appear to eat mostly fish as well (e.g., Bigg 1982; Morton 1990; Heise et al. 2003; Herman 
et al. 2005). Killer whales interact with the sablefish longline fishery in Prince William Sound (Matkin 
and Saulitis 1994), the Bering Sea (Dahlheim 1988; Yano and Dahlheim 1995b, 1995a), and in the 
Gulf of Alaska (Angliss and Outlaw 2005). 
 
Salmon are the principal prey for resident killer whales during spring, summer, and fall (Heimlich-
Boran 1986; Felleman et al. 1991; Ford et al. 1998; Baird and Hanson 2004; Ford and Ellis 2005; 
Hanson et al. 2005). In Alaskan waters, resident killer whales feed primarily on coho salmon during 
the summer (Matkin and Saulitis 1997) and on chinook salmon during winter and spring (Lowry and 
Bodkin 2005).  
 
Transients have diets largely consisting of marine mammals and, to a lesser extent, seabirds, but 
apparently no fish (e.g., Morton 1990; Baird and Dill 1996; Ford et al. 1998; Ford and Ellis 1999; 
Saulitis et al. 2000; Heise et al. 2003; Matkin et al. 2005). Baleen whales may be important seasonal 
food resources to Alaskan transient killer whales (Wade et al. 2003; Durban et al. 2005). 
 
The maximum depth recorded for free-ranging killer whales diving off British Columbia is 264 m 
(Baird et al. 2005a). On average, however, for seven tagged individuals, less than 1% of all dives 
examined were to depths greater than 30 m (Baird et al. 2003b). A trained killer whale dove to a 
maximum of 260 m (Dahlheim and Heyning 1999). The longest duration of a recorded dive from a 
radio-tagged killer whale was 17 min (Dahlheim and Heyning 1999). 
 
Acoustics and Hearing—Killer whales produce a wide-variety of clicks and whistles, but most of this 
species social sounds are pulsed, with frequencies ranging from 0.5 to 25 kHz (dominant frequency 
range: 1 to 6 kHz) (Thomson and Richardson 1995). Echolocation clicks recorded for this species 
indicate source levels ranging from 195 to 224 dB re: 1 µPa-m peak-to-peak, dominant frequencies 
ranging from 20 to 60 kHz, and durations of 80 to 120 µs (Au et al. 2004). Source levels associated 
with social sounds have been calculated to range from 131 to 168 dB re 1 µPa-m and have been 
demonstrated to vary with vocalization type (e.g., whistles: average source level of 140.2 dB re 1 
µPa-m, variable calls: average source level of 146.6 dB re 1 µPa-m, and stereotyped calls: average 
source level 152.6 dB re 1 µPa-m) (Veirs 2004). Additionally, killer whales modify their vocalizations 
depending on social context or ecological function (i.e., short-range vocalizations [<10 km range]) are 
typically associated with social and resting behaviors and long-range vocalizations [10 to 16 km 
range] associated with travel and foraging) (Miller 2006).  
 
Resident killer whales are very vocal, making calls during all types of behavioral states. Acoustic 
studies of resident killer whales in the Pacific Northwest have found that there are dialects in their 
highly stereotyped, repetitive discrete calls, which are group-specific and shared by all group 
members (Ford 1991, 2002a). These dialects likely are used to maintain group identity and cohesion, 
and may serve as indicators of relatedness that help in the avoidance of inbreeding between closely-
related whales (Ford 1991, 2002a). Dialects have been documented in northern Norway (Ford 2002b) 
and southern Alaskan killer whales populations (Yurk et al. 2002) and are likely occur in other regions 
as well. Residents do not need to alter their sounds (i.e., frequency or amplitude) when hunting 
fishes, since most of their prey (i.e., salmonids) are not capable of hearing in this frequency range 
(i.e., >20 kHz) (Hawkins and Johnstone 1978; Au et al. 2004). Transient killer whales, conversely, 
appear to use passive listening as a primary means of locating prey, call less often, and frequently 
vocalize or use high-amplitude vocalizations only when socializing (i.e., not hunting), trying to 
communicate over long distances, or after a successful attack, as a result of their prey’s ability (i.e., 
primarily other marine mammal species) to hear or “eavesdrop” on their sounds (Barrett-Lennard et 
al. 1996; Deecke et al. 2005; Saulitis et al. 2005). Discrete pulsed calls were recently identified in the 
vocal repertoire of the AT1 transients and for transients off southern Alaska, indicating that transients 
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may maintain reproductive and socially isolated subpopulations using distinct vocalizations as well 
(Deecke et al. 2005; Saulitis et al. 2005). 
 
Both behavioral and auditory brainstem response (ABR) techniques indicate killer whales can hear a 
frequency range of 1 to 100 kHz and are most sensitive at 20 kHz, which is one the lowest maximum-
sensitivity frequency known among toothed whales (Szymanski et al. 1999). 
 

• Short-finned Pilot Whale (Globicephala macrorhynchus) 
 
Description—There are two species of pilot whales worldwide; only the short-finned pilot whale is 
expected to occur in the eastern Pacific. Pilot whales are among the largest members of the family 
Delphinidae. In general, the short-finned pilot whale is smaller than the long-finned pilot whale; short-
finned pilot whale females and males reach lengths of 5.5 m and 6.1 m, respectively (Jefferson et al. 
1993).  
 
Pilot whales have bulbous heads with a forehead that sometimes overhangs the rostrum; there is little 
or no beak (Jefferson et al. 1993). The dorsal fin is distinctive, being generally broader-based than it 
is tall. It is falcate and usually rounded at the tip and is set well forward of the middle of the back. The 
flippers of the short-finned pilot whale are long and sickle-shaped and range from 16 to 22% of the 
total body length (Jefferson et al. 1993). Both pilot whale species are black on the back and sides; in 
many individuals, there is a light gray saddle patch located behind the dorsal fin. Pilot whales also 
have a white to light gray anchor-shaped patch on the chest (Jefferson et al. 1993). 
 
Status—Stock structure of short-finned pilot whales has not been adequately studied in the North 
Pacific, except in Japanese waters where two stocks have been identified based on pigmentation 
patterns and head shape differences of adult males (Kasuya et al. 1988). Two stocks are currently 
recognized within the U.S. Pacific EEZ: the Californa/Oregon/Washington stock and the Hawaiian 
stock (Carretta et al. 2006). Short-finned pilot whales sighted in the Gulf of Alaska OPAREA would 
likely be from the California/Oregon/Washington stock. There is a minimum population estimate of 
149 individuals for this stock (Carretta et al. 2006).  
 
Habitat Preferences—Pilot whales are found over the continental shelf break, in slope waters, and in 
areas of high topographic relief (Olson and Reilly 2002). While pilot whales worldwide are typically 
distributed along the continental shelf break, movements over the continental shelf are commonly 
observed in the northeastern U.S. (Olson and Reilly 2002) and close to shore at oceanic islands, 
where the shelf is narrow and deeper waters are nearby (Mignucci-Giannoni 1998; Gannier 2000). 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; Waring et al. 1990; Waring and Finn 1995; Bernard and Reilly 1999). Short-finned pilot whale 
occurrence in the Caribbean seems to coincide with the inshore movement of spawning octopus 
(Mignucci-Giannoni 1998). Short-finned pilot whale distribution off southern California changed 
dramatically after the El Niño event in 1982 through 1983, when squid did not spawn as usual in the 
area, and pilot whales virtually disappeared from the area for nine years (Shane 1994, 1995); but 
since then, they have returned to the area. 
 
Distribution—The short-finned pilot whale is found worldwide in tropical to warm-temperate seas, 
generally in deep offshore areas. The short-finned pilot whale usually does not range north of 50°N or 
south of 40°S (Jefferson et al. 1993). Although it did in the past, the long-finned pilot whale 
(Globicephala melas) is not known to presently occur in the North Pacific (Kasuya 1975). The range 
of the short-finned pilot whale appears to be expanding to fill the former range of the long-finned pilot 
whale (Bernard and Reilly 1999).  
 

 Information Specific to the Gulf of Alaska OPAREA—Short-finned pilot whales prefer tropical 
and warm-temperate waters; therefore, they are expected to be rare in the OPAREA. There 
are a few records of this species in Alaskan waters. Five short-finned pilot whales were 
sighted just southeast of Kodiak Island in May 1977 (Consiglieri et al. 1982). There is also a 
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record of a short-finned pilot whale taken near Katanak on the Alaska Peninsula in 1937 (Orr 
1951). 
 
• Summer—The short-finned pilot whale does not normally occur in this OPAREA, so the 

entire OPAREA is an area of rare occurrence for this species (Figure B-19). 
 
• Winter—Occurrence during the winter is expected to be similar to the summer (Figure B-

19). 
 
Behavior and Life History—Pilot whales are very social and may be seen in groups of several 
individuals to upwards of several hundreds. They appear to live in relatively stable female-based 
groups (Jefferson et al. 1993). Pilot whales are often sighted associated with other cetaceans (e.g., 
Bernard and Reilly 1999; Gannier 2000). These are the most frequently reported mass-stranded 
marine mammals globally (Nelson and Lien 1996). 
 
Average age at sexual maturity for short-finned pilot whales is 9 years for females and 17 years for 
males (Bernard and Reilly 1999). The gestation period for short-finned pilot whales is 15 to 16 
months, with a mean calving interval of around 4 to 6 years (Bernard and Reilly 1999). Calving peaks 
in the Northern Hemisphere vary by stock (Jefferson et al. 1993). 
 
Pilot whales are deep divers. They can stay submerged for well over 10 min; the maximum dive depth 
measured is 610 m (Bernard and Reilly 1999). The deepest dives recorded by Baird et al. (2003a) for 
tagged short-finned pilot whales were typically 600 to 800 m for 27 min. Pilot whales feed primarily on 
squid but also take fish (Bernard and Reilly 1999). Pilot whales are not generally known to prey on 
other marine mammals; however, records from the Eastern Tropical Pacific (ETP) suggest that the 
short-finned pilot whale does occasionally chase, attack, and may eat dolphins during fishery 
operations (Perryman and Foster 1980), and they have been observed harassing sperm whales in 
the Gulf of Mexico (Weller et al. 1996). 
 
Acoustics and Hearing—Short-finned pilot whale whistles and clicks have a dominant frequency 
range of 2 to 14 kHz and 30 to 60 kHz, respectively, at an estimated source level of 180 dB re 1 µPa-
m (Fish and Turl 1976; Ketten 1998).  
 
There are no published hearing data available for this species. 

 
• Harbor Porpoise (Phocoena phocoena) 

 
Description—Harbor porpoises are the smallest cetaceans occurring in the eastern North Pacific; 
they reach a maximum length of 2 m (Jefferson et al. 1993). The body is stocky with dark gray to 
black coloring on the back and white on the belly. There may be a dark stripe from the mouth to the 
flipper. The head is blunt with no distinct beak. The flippers are small and pointed, and the dorsal fin 
is short and triangular and is located slightly behind the middle of the back. 
 
Status—There are nine stocks of harbor porpoise recognized along the U.S. Pacific coast: (1) Bering 
Sea; (2) Gulf of Alaska, (3) Southeast Alaska, (4) Inland Washington State, (5) Oregon/Washington 
State coast, (6) Northern California/Southern Oregon, (7) San Francisco-Russian River, (8) Monterey 
Bay, and (9) Morro Bay (Carretta et al. 2006). Individuals from the Bering Sea, Gulf of Alaska, and 
Southeast Alaska stocks may occur in the Gulf of Alaska OPAREA. There is a minimum population 
estimate of 39,328 individuals for the Bering Sea stock; 25,536 for the Gulf of Alaska stock; and 8,954 
for the Southeast Alaska stock (Angliss and Outlaw 2005). The boundaries of these three stocks are 
as follows: Bering Sea stock (throughout the Aleutian Islands and north of Unimak Pass), Gulf of 
Alaska stock (Cape Suckling to Unimak Pass), and Southeast Alaska stock (northern border of British 
Columbia to Cape Suckling, Alaska; Angliss and Outlaw 2005).  
 
Habitat Preferences—Harbor porpoise are generally found in cool temperate to subarctic waters 
over the continental shelf (Read 1999). This species is seldom found in waters warmer than 17°C 
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(Read 1999). Harbor porpoises occur south only to about Point Conception. The reasons for this cut-
off in distribution are not known (Barlow and Hanan 1995). However, there is a well-known 
biogeographic boundary at Point Conception, based largely on currents and water temperature 
(Hubbs 1960). In Alaskan waters, harbor porpoises inhabit nearshore areas (Brueggeman et al. 
1987); they are common in bays, estuaries, and tidal channels (Fiscus et al. 1976). 
 
Distribution—Harbor porpoises occur in both the North Atlantic and North Pacific oceans (Read 
1999). In the Pacific, harbor porpoises are found in coastal and inland waters from Point Conception, 
California to Alaska and across to Kamchatka and Japan. This species has more restricted 
movements along the Pacific coast than along the Atlantic coast of the U.S. (Carretta et al. 2006). 
 

 Information Specific to the Gulf of Alaska OPAREA—Harbor porpoises regularly occur in the 
Gulf of Alaska year-round. They are common in nearshore waters of the northeast Gulf and 
south of Kodiak Island on Albatross and Portlock banks (Fiscus et al. 1976). They also 
regularly occur in Kachemak Bay, Prince William Sound, Yakutat Bay, and southeast Alaska, 
particularly between April and September (Consiglieri et al. 1982). Based on aerial surveys in 
coastal and offshore waters from Bristol Bay (eastern Bering Sea) to Dixon Entrance 
(southeast Alaska), harbor porpoises are abundant in Bristol Bay and between Prince William 
Sound and Dixon Entrance (Dahlheim et al. 2000). Lower abundance estimates were 
calculated for Cook Inlet, Kodiak Island, and the south side of the Alaska Peninsula 
(Dahlheim et al. 2000). 

 
• Summer—Based on the harbor porpoise’s preference for shallow waters, as well as the 

sighting data, there is an area of primary occurrence between the shore and the 100 m 
isobath (Figure B-20). There is an area of secondary occurrence between the 100 m and 
200 m isobaths and an area of rare occurrence in waters seaward of the 200 m isobath. 

 
• Winter—Since there is no evidence of seasonal movements by the harbor porpoise in 

this area, occurrence patterns are assumed to be similar to those during the summer 
(Figure B-20). 

 
Behavior and Life History—Harbor porpoises are not known to form stable social groupings (Read 
1999), which is the typical situation for species in the porpoise family. In most areas, harbor porpoises 
are found in small groups consisting of just a few individuals. 
 
In contrast to other toothed whales, harbor porpoises mature at an earlier age, reproduce more 
frequently, and live for shorter periods (Read and Hohn 1995). In the Gulf of Maine, females mature 
at 3 years of age and give birth to one calf each year (Read and Hohn 1995). Calves are born in late 
spring (Read 1990b; Read and Hohn 1995). Many females are pregnant and lactating simultaneously 
(Read 1990a; Read and Hohn 1995). Relative to other cetaceans, harbor porpoises seem to allocate 
a larger percentage of their total body mass to blubber (McLellan et al. 2002), which helps them meet 
the energetic demands of living in a cold-water environment. 
 
Harbor porpoises feed on a wide variety of small, schooling clupeoid (herring-like) and gadid (cod-
like) fishes up to 40 cm in length, and usually less than 30 cm in length (Consiglieri et al. 1982; Read 
1999). In the Gulf of Alaska, harbor porpoises likely feed on herring, capelin, pollock, and eulachon 
(Calkins 1986). Harbor porpoises make brief dives, generally lasting less than 5 min (Westgate et al. 
1995). Tagged harbor porpoise individuals spend 3 to 7% of their time at the surface and 33 to 60% 
in the upper 2 m (Westgate et al. 1995; Read and Westgate 1997). Average dive depths range from 
14 to 41 m, with a maximum known dive of 226 m, and average dive durations ranging from 44 to 103 
sec (Westgate et al. 1995). Westgate et al. (1998) noted that dive records of tagged porpoises did not 
reflect the vertical migration of their prey; porpoises made deep dives during both day and night. 
 
Acoustics and Hearing—Harbor porpoise vocalizations include clicks and pulses (Ketten 1998), as 
well as whistle-like signals (Verboom and Kastelein 1995). The dominant frequency range is 110 to 
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150 kHz, with source levels of 135 to 177 dB re 1 µPa-m (Ketten 1998). Echolocation signals include 
one or two low-frequency components in the 1.4 to 2.5 kHz range (Verboom and Kastelein 1995).  
 
A behavioral audiogram of a harbor porpoise indicated the range of best sensitivity is 8 to 32 kHz at 
levels between 45 and 50 dB re 1 µPa-m (Andersen 1970); however, auditory-evoked potential 
studies showed a much higher frequency of approximately 125 to 130 kHz (Bibikov 1992). The 
auditory-evoked potential method suggests that the harbor porpoise actually has two frequency 
ranges of best sensitivity. More recent psycho-acoustic studies found the range of best hearing to be 
16 to 140 kHz, with a reduced sensitivity around 64 kHz (Kastelein et al. 2002). Maximum sensitivity 
occurs between 100 and 140 kHz (Kastelein et al. 2002). 
 

• Dall’s Porpoise (Phocoenoides dalli) 
 
Description—Dall’s porpoise is the largest member of the porpoise family; this species reaches 
maximum lengths and weights of about 2.39 m and 200 kg (Jefferson 2002). Males are significantly 
larger than females. Dall’s porpoise has a stocky body with a wide-based triangular dorsal that is 
slightly recurved at the tip; in mature males the fin can become extremely canted (Jefferson 1990). 
The caudal peduncle is strongly keeled, especially in adult males (Jefferson 1990). The teeth are 
extremely small, the smallest of any cetacean species (Jefferson 2002). 
 
Dall’s porpoise is largely dark gray to black with a large, ventrally continuous white patch that extends 
up about halfway on each flank (Jefferson 2002). Frosting variations of the dorsal fin and flukes can 
be used to discern the general age of the individual (Jefferson 1990). Some other light patches may 
exist, particularly around the base of the tail stock (Jefferson 2002). There are two major color 
morphs known for the Dall’s porpoise: one with a flank patch that extends forward to about the level 
of the dorsal fin (dalli-type), and the other with a flank patch extending to about the level of the 
flippers (truei-type; Houck and Jefferson 1999). The truei-type is common off the Pacific coast of 
Japan; all other populations of Dall’s porpoise normally have the dalli-type color pattern (Kasuya 
1978). However, a truei-type Dall’s porpoise was found stranded in San Mateo County, California 
(Szczepaniak et al. 1992). 
 
Status—There is a minimum population estimate of 76,874 individuals for the Alaska stock of the 
Dall’s porpoise (Angliss and Outlaw 2005). The stock structure of eastern North Pacific Dall’s 
porpoises is not well-known, but based on patterns of stock differentiation in the western North 
Pacific, it is expected that separate stocks will emerge when data become available (Perrin and 
Brownell 1994). 
 
Habitat Preferences—Dall’s porpoise is a cool temperate to subarctic species (Houck and Jefferson 
1999). The primary habitat of Dall’s porpoise is cool (<17°C), deep (>180 m), OCS, slope, and 
oceanic waters (Jefferson 1988; Ferrero et al. 2002; Carretta et al. 2006). 
 
Distribution—Dall’s porpoise is endemic to the North Pacific. It is found from northern Baja 
California, Mexico, north to the northern Bering Sea and south to southern Japan (Jefferson et al. 
1993). The species is only common between 32°N and 62°N in the eastern North Pacific (Morejohn 
1979; Houck and Jefferson 1999). North-south movements in California, Oregon, and Washington 
State have also been suggested to occur as oceanographic conditions change, both on seasonal and 
inter-annual time scales; Dall’s porpoises shift their distribution southward during cooler-water periods 
(Forney and Barlow 1998). Norris and Prescott (1961) reported finding Dall’s porpoise in southern 
California waters only in the winter, generally when the water temperature was less than 15°C. Dall’s 
porpoises probably also range south into Mexican waters during exceptional coldwater periods 
(Leatherwood et al. 1988; Bonnell and Dailey 1993). Inshore/offshore movements off southern 
California have also been reported, with individuals remaining inshore in fall and moving offshore in 
the late spring (Norris and Prescott 1961; Houck and Jefferson 1999; Lagomarsino and Price 2001).  
 

 Information Specific to the Gulf of Alaska OPAREA—Dall’s porpoise is a cool-temperate to 
subpolar, deepwater species (Houck and Jefferson 1999). Fiscus et al. (1976) suggested that 
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Dall’s porpoise is probably the most common cetacean from the northeast Gulf of Alaska to 
Kodiak Island. They are regularly found throughout the Gulf of Alaska year-round (Consiglieri 
et al. 1982). Sightings indicate a general seasonal shift in distribution in the Gulf of Alaska 
from east in April to west in May and south in June (Fiscus et al. 1976). Dall’s porpoises are 
common along the shelf break, slope, and in offshore waters (Consiglieri et al. 1982; Calkins 
1986).  

 
• Summer—The area of primary occurrence for the Dall’s porpoise is seaward of the 100 m 

isobath. The area of secondary occurrence is between the 50 m and 100 m isobaths. 
Inshore of the 50 m isobath is the area of rare occurrence for this species (Figure B-21). 

 
• Winter—Occurrence patterns for the Dall’s porpoise are assumed to be similar to those 

during the summer (Figure B-21). 
 
Behavior and Life History—Groups of Dall’s porpoises are generally small (most often less than 10 
individuals) and fluid, and are composed of very small subgroups, which may aggregate especially for 
feeding (Jefferson 1990, 1991; Houck and Jefferson 1999). Large aggregations of up to several 
thousand are very rarely sighted (Houck and Jefferson 1999). Groups of over 20 to 30 porpoise are 
rather uncommon (Jefferson 2002). Group size in the Gulf of Alaska is typically between 2 and 20 
individuals (Consiglieri et al. 1982). Dall’s porpoises are fast-swimming and active animals that are 
avid bowriders. When bowriding or moving quickly, they produce a distinctive V-shaped or “rooster-
tail” splash (Jefferson 2002). Dall’s porpoises have even been observed to “snout ride” on bow waves 
pushed forward by the heads of large whales (Jefferson 2002). 
 
Very little information is available on Dall’s porpoise reproduction in the eastern North Pacific 
(Jefferson 1990; Forney 1994). There is apparently a very strong summer calving peak in the months 
of June through August, and possibly a smaller peak in March (Jefferson 1989). Gestation lasts about 
10 to 12 months (Ferrero and Walker 1999; Jefferson 2002); the lactation period is unknown, but it is 
thought to be very short, perhaps 2 to 4 months (Jefferson 1990). Females reach sexual maturity 
from 4 to 7 years of age, while males are considered sexually mature at 3.5 to 8 years (Houck and 
Jefferson 1999). 
 
Dall’s porpoises feed primarily on small fish and squid (Houck and Jefferson 1999). Dall’s porpoises 
in some areas appear to feed preferentially at night on vertically-migrating fish and squid associated 
with the DSL (Houck and Jefferson 1999). In the Gulf of Alaska, Dall’s porpoises primarily feed on 
myctophids (Yen et al. 2005). Hanson and Baird (1998) provided the first data on diving behavior for 
this species, an individual tagged for 41 min dove to a mean depth of 33.4 m (S.D. = ±23.9 m) for a 
mean duration of 1.29 min (S.D. = ±0.84 min). 
 
Acoustics and Hearing—Only short duration pulsed sounds have been recorded from Dall’s 
porpoise (Houck and Jefferson 1999); this species apparently does not whistle often (Thomson and 
Richardson 1995). Dall’s porpoises produce short-duration (50 to 1,500 µs), high-frequency, narrow 
band clicks, with peak energies between 120 and 160 kHz (Jefferson 1988).  
 
There are no published data on hearing abilities of this species; however, based on the morphology 
of the cochlea, it is estimated that the upper hearing threshold is about 170 to 200 kHz (Awbrey et al. 
1979). 
 

• Harbor Seal (Phoca vitulina richardsi) 
 
Description—The harbor seal (or common seal) is a small- to medium-sized pinniped. Adult males 
attain a maximum length of 1.9 m and weigh 70 to 150 kg; females reach 1.7 m in length and weigh 
between 60 and 110 kg (Jefferson et al. 1993). The harbor seal has a dog-like head, with nostrils that 
form a broad V-shape; this is one of the characteristics that distinguish them from immature gray 
seals (Baird 2001). Adult harbor seals exhibit considerable variability in the color and pattern of their 
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pelage; the background color is tannish-gray overlaid by small darker spots, ring-like markings, or 
blotches (Bigg 1981). 
 
Status—Three separate stocks of harbor seals are recognized in Alaska waters: the Southeast 
Alaska stock (the Alaska/British Columbia border to Cape Suckling, Alaska), the Gulf of Alaska stock 
(Cape Suckling, Alaska to Unimak Pass and throughout the Aleutian Islands), and the Bering Sea 
stock (including all waters north of Unimak Pass). Minimum population estimates are as follows: 
35,226 for Southeast Alaska; 28,917 for Gulf of Alaska; and 12,648 for Bering Sea (Angliss and 
Outlaw 2005). Although only three stocks are officially recognized, there is substantial evidence that 
the population is more finely divided and may consist of a minimum of 12 stocks (O'Corry-Crowe et al. 
2003). 
 
Habitat Preferences—Harbor seals, while primarily aquatic, also use the coastal terrestrial 
environment, where they haul out of the water periodically. The harbor seals is a coastal species, 
rarely found more than 20 km from shore, and frequently occupy bays, estuaries, and inlets (Baird 
2001). Individual seals have been observed several kilometers upstream in coastal rivers (Baird 
2001).  
 
Ideal harbor seal habitat includes areas with suitable haulout sites, shelter during the breeding 
periods, and sufficient food within proximity to haulout sites to sustain the population throughout the 
year (Bjørge 2002). Haulout substrate varies but includes intertidal and subtidal rock outcrops, 
sandbars, sandy beaches, and even peat banks in salt marshes (Wilson 1978; Prescott 1982; 
Schneider and Payne 1983; Gilbert and Guldager 1998; Jeffries et al. 2000). Harbor seals commonly 
haul out on offshore reefs, rocks and ledges, isolated beaches, mainland or island beaches near 
cliffs, sand and mud bars, and sea ice in the Gulf of Alaska and southeast Alaska (Pitcher and 
Calkins 1979; MacLean and Koski 2005). 
 
Distribution—The harbor seal is one of the most widespread of the pinniped species. Its distribution 
stretches from the eastern Baltic Sea, west across the Atlantic and Pacific Oceans to southern Japan 
(Stanley et al. 1996). Harbor seals are widely distributed along the coastal Gulf of Alaska (Pitcher and 
Calkins 1979). They range from the Dixon Entrance to Kuskokwim Bay and are also found on 
offshore islands (Hoover 1988).  
 

 Information Specific to the Gulf of Alaska OPAREA—Harbor seals are coastal animals and 
they primarily occur within 20 km from shore (Baird 2001). They are regularly found 
throughout the Gulf of Alaska year-round. Harbor seals are generally found in inshore waters 
but occasionally occur along the shelf break and in offshore waters (Fiscus et al. 1976; 
Consiglieri et al. 1982). There are over 300 haulout sites for harbor seals in the Gulf of Alaska 
(Boveng et al. 2003). The world’s largest harbor seal breeding colony is located on Tugidak 
Island, southwest of Kodiak Island (Pitcher and Calkins 1979). Harbor seals are abundant in 
fjords with tidewater glaciers, in several areas in the Kodiak Archipelago, and in major 
estuaries, particularly along the north side of the Alaska Peninsula (Hoover 1988). Smaller 
concentrations haul out along the shoreline of southeast Alaska, the south side of the Alaska 
Peninsula, the Aleutian Islands, and the north side of Bristol Bay (Hoover 1988). 

 
• Summer—Primary occurrence extends out 30 NM (56 km) from the shore (Figure B-22). 

A 5 NM (9 km) band of secondary occurrence buffers the area of primary occurrence. 
The area of rare occurrence is seaward of the secondary occurrence band.  

 
• Winter—Occurrence patterns for the harbor seal are assumed to be similar to those 

during the summer (Figure B-22). 
 
Behavior and Life History—On land, harbor seals tend to congregate in small groups of about 30 to 
80 individuals, although larger groups are found in areas where food is plentiful (Ronald and Gots 
2003). In Alaska, group size ranges from 25 animals to more than 1,000 in some areas (Hoover 
1988). This species is gregarious on land (though individuals do not lie in close contact with one 



SEPTEMBER 2006 FINAL REPORT 

3-58 

another), but there is no developed social structure and in the water they tend to disperse and forage 
for food alone (Baird 2001; Ronald and Gots 2003). Harbor seals inhabiting rock haulout sites create 
hierarchies based on size and sex, with territorial adult males dominating all other sex and age 
classes (Baird 2001).  
 
Tidal stage is probably one of the more important daily influences on haulout behavior (Kovacs et al. 
1990). Seals begin coming ashore either individually or in groups with the low tide to form loose 
assemblages for the duration of low tide (Gilbert and Guldager 1998; Zamon 2001; DeHart 2002). 
With the high tide, the animals disperse into the water and usually spend the period of high tide 
foraging individually. There is apparently some site fidelity by individuals to specific haulout sites 
within seasons. Human disturbance can affect haulout site choice (Harris et al. 2003). 
 
In the Gulf of Alaska, male harbor seals attain sexual maturity around 5 to 6 years of age, while 
females are usually sexually mature at 5 years (Pitcher and Calkins 1979). Pups are typically born 
from late May through June (Pitcher and Calkins 1979). The timing of harbor seal pupping along the 
western North American coast varies geographically (Jeffries et al. 2000). In general, the pupping 
season lasts up to 10 weeks with a two-week peak (Burns 2002). Suckling harbor seal pups spend as 
much as 40% of their time in the water (Bowen et al. 1999). The nursing period is approximately four 
to six weeks (Scheffer and Slipp 1944; Newby 1973; Jeffries et al. 2000). Mating takes place in the 
water shortly after the pups are weaned. In the Gulf of Alaska, mating takes place from late June 
through July (Pitcher and Calkins 1979). Delayed implantation occurs for about 11 weeks after mating 
(Pitcher and Calkins 1979). 
 
Harbor seals are opportunistic feeders that adjust their feeding patterns to take advantage of locally 
and seasonally abundant prey (Payne and Selzer 1989; Baird 2001; Bjørge 2002). Walleye pollock, 
octopus, herring, Pacific cod, and capelin are the primary prey species of harbor seals in the Gulf of 
Alaska (Pitcher and Calkins 1979; Pitcher 1980). Feeding most frequently occurs during high tide. 
Individual seals utilize different foraging habitats, repeatedly returning to the same habitat; this may 
be a result of intraspecific competition for foraging sites and fish resources in close proximity to 
haulout sites (Bjørge 2002).  
 
Harbor seals are generally shallow divers. About 50% of their diving is shallower than 40 m, and 95% 
is shallower than 250 m (Gjertz et al. 2001; Krafft et al. 2002; Eguchi and Harvey 2005). Dive 
durations are typically shorter than 10 min, with about 90% lasting less than 7 min (Gjertz et al. 2001). 
A tagged harbor seal in Monterey Bay dove as deep as 481 m (Eguchi and Harvey 2005). Harbor 
seal pups swim and dive with their mothers, although they dive for short periods compared with their 
mothers (Bowen et al. 1999; Jørgensen et al. 2001; Bekkby and Bjørge 2003). Recorded dive 
durations for older individuals may be as long as 32 min (Eguchi and Harvey 2005). 
 
Acoustics and Hearing—Harbor seal males produce a variety of low-frequency (<4 kHz) in-air 
vocalizations including snorts, grunts, and growls, while pups make individually unique calls for 
mother recognition (contain multiple harmonics with main energy below 0.35 kHz) (Bigg 1981; 
Thomson and Richardson 1995). Adult males also produce several underwater sounds during the 
breeding season that typically range from 0.025 to 4 kHz (duration range: 0.1 s to multiple seconds) 
(Hanggi and Schusterman 1994). Hanggi and Schusteman (1994) found that there is individual 
variation in the dominant frequency range of sounds between different males, and Van Parijs et al. 
(2003) reported oceanic, regional, population, and site-specific variation (i.e., could be vocal dialects) 
between males. 
 
Harbor seals hear nearly as well in air as underwater (Kastak and Schusterman 1998). Harbor seals 
hear frequencies from 1 to 180 kHz (most sensitive at frequencies below 50 kHz; above 60 kHz 
sensitivity rapidly decreases) in water and from 0.25 kHz to 30 kHz in air (most sensitive from 6 to 16 
kHz using behavior and auditory brainstem response testing) (Richardson 1995; Terhune and 
Turnbull 1995; Wolski et al. 2003). 

 



SEPTEMBER 2006 FINAL REPORT 

3-59 

• Northern Elephant Seal (Mirounga angustirostris) 
 
Description—The northern elephant seal is the largest pinniped in the Northern Hemisphere (and the 
second-largest in the world, after the southern elephant seal Mirounga leonina). It is one of the most 
sexually-dimorphic mammals, with adult males much larger than adult females (Deutsch et al. 1994). 
The northern elephant seal reaches a standard length of up to 2.8 to 3.0 m and weights of 360 to 710 
kg for females and 3.8 to 4.1 m and 2,300 kg for males (Stewart and Huber 1993; Deutsch et al. 
1994). As males reach adulthood, they also develop other secondary sexual characteristics. These 
include the nose being enlarged into an overhanging proboscis (thus the name “elephant seal”) and 
the development of a highly cornified and wrinkled chest shield, which often becomes heavily scarred 
(reddish or pinkish) from fighting with other males (Jefferson et al. 1993). Females and young males 
lack these exaggerated characters; their appearance is more similar to that of the related monk seals. 
The coloration of the northern elephant seal is simple countershading, with a dark brown back and 
slightly lighter belly. 
 
Status—The northern elephant seal population has recovered dramatically after being reduced to 
several dozen to perhaps no more than a few animals in the 1890s (Bartholomew and Hubbs 1960; 
Stewart et al. 1994). Although movement and genetic exchange continue between rookeries, most 
elephant seals return to their natal rookeries to breed (Huber et al. 1991). The California and Mexican 
breeding groups may be demographically isolated and are currently considered two separate stocks 
(Carretta et al. 2006). Individuals from the California stock occur in the Gulf of Alaska OPAREA. The 
population size has to be estimated since all age classes are not ashore at any one time of the year 
(Carretta et al. 2006). There is a conservative minimum population estimate of 60,547 elephant seals 
in the California stock (Carretta et al. 2006). Based on trends in pup counts, abundance in California 
is increasing by around 6% annually, but the Mexican stock is decreasing slowly (Stewart et al. 1994; 
Carretta et al. 2006).  
 
Habitat Preferences—Breeding and molting habitats for northern elephant seals are characterized 
by sandy beaches, mostly on offshore islands, but also in some mainland locations, along the coast 
(Stewart et al. 1994). When on shore, seals will also use small coves and sand dunes behind and 
adjacent to breeding beaches (Stewart, B.S., Hubbs-Sea World Research Institute, pers. comm., 14-
26 January and 20 April 2005). They rarely enter the water during the breeding season, but some 
seals will spend short periods in tide pools and alongshore; these are most commonly weaned pups 
that are learning to swim (Le Boeuf et al. 1972). 
 
Feeding habitat is mostly in deep, offshore waters of warm temperate to subpolar zones (Stewart and 
DeLong 1995; Stewart 1997; Le Boeuf et al. 2000). Some seals will move into subtropical or tropical 
waters while foraging (Stewart and DeLong 1995). 
 
The effects of El Niño events on some pinniped species in the North Pacific can be severe. Stewart 
and Yochem (1991) studied the effects of the strong 1982/1983 ENSO on northern elephant seals 
breeding in the southern California Channel Islands. They found that females arrived 5 to 8 days 
later, gave birth earlier, and spent less overall time ashore nursing their pups during that winter 
season. Females appeared to be in poorer physical condition and to be less productive over the next 
year. However, these effects were not particularly severe and were of short duration. Stewart and 
Yochem (1991) speculated that the deep-diving habits of elephant seals make them less vulnerable 
to the negative effects of El Niño events than are other, more shallow-water, pinnipeds. 
 
Distribution—The northern elephant seal is endemic to the North Pacific Ocean, occurring almost 
exclusively in the eastern and central North Pacific. Vagrant individuals do sometimes range to the 
western North Pacific, however. The most far-ranging known individual appeared on Nijima Island, off 
the Pacific coast of Japan in 1989 (Kiyota et al. 1992). This demonstrates the great distances these 
animals are capable of covering. 
 
Northern elephant seals breed on island and mainland rookeries from central Baja California, Mexico, 
to northern California (Stewart and Huber 1993). Breeding occurs primarily on offshore islands 
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(Stewart et al. 1994). The major rookeries in Mexico are Isla Cedros, Benito del Este, and Guadalupe 
Island. In California, they are the southern California Channel Islands, Piedras Blancas, Cape San 
Martin, Año Nuevo Island and Peninsula, the Farallon Islands, and Point Reyes (Stewart et al. 1994; 
Carretta et al. 2006). There is some evidence that elephant seals may be expanding their pupping 
range northward, possibly in response to the continued population growth (Hodder et al. 1998). 
Bonnell et al. (1992) and Hodder et al. (Hodder et al. 1998) noted a possible incipient breeding colony 
at Shell Island off Cape Arago in southern Oregon. 
 
The foraging range extends thousands of kilometers offshore from the breeding range into the central 
North Pacific. Adult males and females segregate while foraging and migrating (Stewart and DeLong 
1995; Stewart 1997). Adult females mostly range west to about 173°W, between the latitudes of 40°N 
and 45°N, whereas adult males range further north into the Gulf of Alaska and along the Aleutian 
Islands to between 47°N and 58°N (Stewart and Huber 1993; Stewart and DeLong 1995; Le Boeuf et 
al. 2000). Adults stay offshore during migration, while juveniles and subadults are often seen along 
the coasts of Oregon, Washington State, and British Columbia (Condit and Le Boeuf 1984; Stewart 
and Huber 1993). Females may cover over 18,000 km and males over 21,000 km during these post-
breeding migrations (Stewart and DeLong 1995). 

 
 Information Specific to the Gulf of Alaska OPAREA—Northern elephant seals regularly occur 

in the Gulf of Alaska year-round (Calkins 1986). Individuals found in the Gulf of Alaska are 
likely males. Males feed near the Aleutian Islands and in the Gulf of Alaska; females tend to 
feed further south (Stewart and Huber 1993). There are few records from southeast Alaska 
(Fiscus et al. 1976). 

 
• Summer—Primary occurrence is seaward of the shelf break which takes into account the 

offshore distribution of northern elephant seals. There is an area of rare occurrence from 
the shore to the shelf break (Figure B-23). 

 
• Winter—Occurrence patterns for the northern elephant seal are assumed to be similar to 

those during the summer (Figure B-23). 
 

Behavior and Life History—Elephant seals are gregarious during the breeding season, but appear 
to be relatively solitary at sea. Adult elephant seals spend 8 to 10 months at sea and undertake two 
annual migrations between haulout and feeding areas (Stewart and DeLong 1995). They haul out on 
land to give birth and mate, and after spending time at sea to feed (post-breeding migration), they 
generally return to the same areas to molt (Stewart and Yochem 1984; Stewart and DeLong 1995). 
The different age and sex classes have somewhat differing annual cycles and migration patterns 
(Stewart 1997). After weaning their pups in late winter, adult females forage at sea for about 70 days 
before returning to land to molt. Following one month ashore, the females return to sea for eight 
months (coincident with gestation), before returning to the rookery to give birth. Elephant seals do not 
necessarily return to the same beaches for breeding and molting. For example, Huber et al. (1991) 
found that female northern elephant seals often molt on one island and breed on another. Adult males 
spend approximately four months at sea following the breeding season, returning to shore in summer 
to molt. After one month ashore, they return to sea for four months before again returning to the 
rookery for the breeding season.  
 
In December, male elephant seals haul out for the breeding season; many individuals remain there 
continuously until March. In January, after many males have been on land for several weeks, the 
adult females come ashore, give birth, suckle their young for about 27 days, mate, and depart (Le 
Boeuf and Peterson 1969; Stewart and Huber 1993). Gestation is about 11 months, but there is a two 
to three month period of delayed implantation. During the breeding season, elephant seals 
congregate in large numbers on their breeding rookeries. Animals of all ages and both sexes are 
present on these beaches, although yearlings generally do not return during the breeding season and 
are rare at rookeries. Large rookeries, such as those on Año Nuevo Island and Peninsula and the 
Channel Islands, may contain thousands of seals, which mostly arrange themselves in harems 
consisting of up to several dozen breeding females, a single dominant (alpha) male, and the newborn 
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pups. Other animals, especially other bulls seeking to challenge the alpha male or sneak copulations, 
often surround the harems.  
 
Males reach sexual maturity at about six or seven years but do not reach “social maturity” until nine or 
10 years. Most adult males do not have high enough social status to do much breeding – a few high 
ranking males called “alpha males” actually do the vast majority of the fertilization of the females (Le 
Boeuf 1974). Both males and females lose a large proportion of their body mass while fasting during 
the breeding season, and they must feed intensively after returning to sea to regain weight. 
 
During the molting period, which is at different times of the year for different age classes, seals lose 
their fur in large patches with the underlying epidermis. This is called a “catastrophic molt” and 
molting seals look very ragged (Stewart and Huber 1993). Adults return to land between March and 
August to molt, with males returning later than females (Carretta et al. 2006). 
 
Elephant seals are probably the deepest and longest diving pinnipeds; few other mammals can match 
their abilities. Adults dive continuously, day and night, during their feeding migrations (Le Boeuf et al. 
1986; 1989; DeLong and Stewart 1991). Elephant seals may spend as much as 90% of their time 
submerged (DeLong and Stewart 1991); this year-round pattern of continuous, long, deep dives 
explains why northern elephant seals are rarely seen at sea and why their oceanic whereabouts and 
migrations have long been unknown (Stewart and DeLong 1995). The average diving cycle consists 
of a 23 min dive, followed by a two to four min surface interval (Le Boeuf et al. 1986; 1989; DeLong 
and Stewart 1991). The longest known dive is 106 min (Le Boeuf and Crocker 2005). Dives average 
between 350 and 550 m in depth and can reach as deep as 1,561 m (females) and 1,585 m (males; 
Stewart and Huber 1993). Males and females pursue different foraging strategies. Females range 
widely over deep water, apparently foraging on patchily distributed, vertically migrating, pelagic prey. 
Males forage along the continental margin at the distal end of their migration and may feed on benthic 
prey (Le Boeuf et al. 2000). Northern elephant seals primarily feed on cephalopods, hake, and other 
epipelagic, mesopelagic, and bathypelagic fishes and crustaceans, such as pelagic red crabs (Condit 
and Le Boeuf 1984; DeLong and Stewart 1991; Stewart and Huber 1993; Antonelis et al. 1994). Most 
significant prey species make vertical migrations and are part of the DSL (Antonelis et al. 1994). 
 
Acoustics and Hearing—The northern elephant seal produces loud, low-frequency in-air 
vocalizations (Bartholomew and Collias 1962). The mean fundamental frequencies are in the range of 
147 to 334 Hz for adult males (Le Boeuf and Petrinovich 1974). The mean source level of the male-
produced vocalizations during the breeding season is 110 dB re 20 µPa (Sanvito and Galimberti 
2003). In-air calls made by aggressive males include: (1) snoring, which is a low-intensity threat; (2) a 
snort (0.2 to 0.6 kHz) made by a dominant male when approached by a subdominant male; and (3) a 
clap threat (<2.5 kHz) which may contain signature information at the individual level (Thomson and 
Richardson 1995). Seismic (low frequency) vibrations accompany these in-air vocalizations; they are 
produced as males move about and vocalize on sand beaches (Shipley et al. 1992). These sounds 
appear to be important social cues (Shipley et al. 1992). The mean fundamental frequency of 
airborne calls for adult females is 500 to 1,000 Hz (Bartholomew and Collias 1962). In-air sounds 
produced by females include a <0.7 kHz belch roar used in aggressive situations and a 0.5 to 1 kHz 
bark used to attract the pup (Bartholomew and Collias 1962). Pups use a <1.4 kHz call to maintain 
contact with the mother (Bartholomew and Collias 1962). As noted by Kastak and Schusterman 
(1999), evidence for underwater sound production by this species is scant. Except for one 
unsubstantiated report (Poulter 1968), none have been definitively identified (Fletcher et al. 1996; 
Burgess et al. 1998). Burgess et al. (1998) detected possible vocalizations in the form of click trains 
that resembled those used by males for communication in air.  
 
The audiogram of the northern elephant seal indicates that this species is well-adapted for 
underwater hearing; sensitivity is best between 3.2 and 45 kHz, with greatest sensitivity at 6.4 kHz 
and an upper frequency cutoff of approximately 55 kHz (Kastak and Schusterman 1999). Elephant 
seals exhibit the greatest sensitivity to low frequency (<1 kHz) sound among seals in which hearing 
has been tested (Kastak and Schusterman 1998). In-air hearing is generally poor, but is best for 
frequencies between 3.2 and 15 kHz, with greatest sensitivity at 6.3 kHz (Kastak and Schusterman 
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1999). The upper frequency limit in air is approximately 20 kHz (Kastak and Schusterman 1999). 
Elephant seals are relatively good at detecting tonal signals over masking noise (Southall et al. 2000). 
 

• Northern Fur Seal (Callorhinus ursinus) 
 
Description—Northern fur seals are extremely sexually-dimorphic; males are up to a maximum of 
4.5 times heavier than females (Gentry 2002). Males can grow up to 2.1 m and 270 kg, while females 
can reach 1.5 m and 50 kg or more (Jefferson et al. 1993). Adult females are gray-brown with a light 
underbelly. Males are much darker, with black to reddish coats (Gentry 2002). They also have long 
coarse guard hairs with silver-grey or yellowish tinting (Jefferson et al. 1993). Pups are generally 
black with a light belly (Gentry 2002). Northern fur seals have relatively small heads and short, 
pointed snouts with long ear flaps (Reeves et al. 1992).  
 
Status—Two stocks of northern fur seals are recognized in U.S. waters: an Eastern Pacific stock and 
a San Miguel Island stock (Carretta et al. 2006). The Eastern Pacific stock includes the Pribilof Island 
breeding group in the Bering Sea (NMFS 1993b). The minimum population estimate for this stock is 
676,540 individuals (Angliss and Outlaw 2005). It is a strategic stock because it is considered 
depleted under the MMPA (Angliss and Outlaw 2005). Since the mid-1990s, there has been a decline 
in pup production on St. Paul Island, which is part of the Pribilof Islands Archipelago in Alaska.  
 
The San Miguel Island stock is not considered to be depleted under the MMPA (Carretta et al. 2006). 
A very conservative estimate of the northern fur seal population at San Miguel Island, California, is 
4,190 individuals (Carretta et al. 2006). Abundance has increased steadily, except for severe declines 
in 1983 and 1988, associated with ENSO events (DeLong and Antonelis 1991; Melin and DeLong 
2000; Testa 2005).  
 
Both the Eastern Pacific and the San Miguel Island stocks occur in the Gulf of Alaska OPAREA. 
Northern fur seals from the Eastern Pacific stock migrate along the coast and offshore from the 
Pribilof Islands to California (Bigg 1990). The San Miguel Island stock does not migrate; however, 
individuals from this stock have been recorded ranging offshore of Oregon and British Columbia (Bigg 
1990). Therefore, sightings from this stock are possible in the Gulf of Alaska OPAREA.  
 
Habitat Preferences—The northern fur seal is a highly oceanic species spending all but 35 to 45 
days per year at sea (Gentry 2002). They are usually sighted 70 to 130 km from land along the 
continental shelf and slope, seamounts, submarine canyons, and sea valleys, where there are 
upwellings of nutrient-rich water (Kajimura 1984). The subpolar continental shelf and shelf break from 
the Bering Sea to California provide suitable feeding habitat while northern fur seals are at sea 
(NMFS 1993b). Rookeries are typically composed of a rocky substrate; however, northern fur seals 
use sandy beaches for breeding on San Miguel Island (Bonnell et al. 1983; Baird and Hanson 1997).  
 
Distribution—Northern fur seals occur from southern California north to the Bering Sea and west to 
the Okhotsk Sea and Honshu Island, Japan (Carretta et al. 2006). The largest rookery is on St. Paul 
and St. George Islands in the Pribilof Islands Archipelago in Alaska. Smaller breeding colonies are 
located on the Kuril Islands, Robben Island, and the Commander Islands in Russia; Bogoslof Island in 
the southeastern Bering Sea; and San Miguel and the Farallon islands in California (Pyle et al. 2001; 
Robson 2002).  
 
Most northern fur seals, excluding those of the San Miguel Island stock, migrate along continental 
margins from low-latitude winter foraging areas to northern breeding islands (Gentry 1998). They 
leave the breeding islands in November and concentrate around the continental margins of the North 
Pacific Ocean in January and February. There they have access to vast, predictable food supplies 
(Gentry 1998). Adult females and juveniles from the Eastern Pacific stock typically migrate from the 
Pribilof Islands to feeding areas offshore of British Columbia, Washington State, Oregon, and 
California, and occasionally to the Mexican border (Gentry 1981; Ream et al. 2005). Adult males 
generally migrate only as far south as the Gulf of Alaska in the eastern North Pacific Ocean (Kajimura 
1984). Some northern fur seals remain near the Pribilof Islands year-round (Bigg 1990). The 
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northward migration begins in March, and most of the Eastern Pacific stock has left the offshore area 
by June (Antonelis and Fiscus 1980). Adult females and juveniles from the San Miguel stock are 
found in offshore waters of northern California, Oregon and Washington from October through May or 
early June. They return to the rookery islands to pup and breed in June and July (DeLong, R., NMML, 
pers. comm., 3 May 2006). 
 

 Information Specific to the Gulf of Alaska OPAREA—Northern fur seals occur year-round in 
the Gulf of Alaska. Peak abundance occurs between March and June, during the annual 
migration north to the Pribilof Islands breeding grounds (Fiscus et al. 1976; Consiglieri et al. 
1982). Some northern fur seals, particularly juvenile males and non-pregnant females, remain 
in the Gulf of Alaska throughout the summer (Calkins 1986). Northern fur seals are generally 
found throughout the entire Gulf of Alaska from the nearshore waters of Southeastern Alaska, 
Prince William Sound, and Kodiak Island to the offshore waters near the middle of the Gulf of 
Alaska (Fiscus et al. 1976). Some northern fur seals winter off Baranof Island; they have also 
been sighted off Portlock Bank on the southeast side of Kodiak Island and far offshore in the 
center of the Gulf of Alaska (Consiglieri et al. 1982). There are no rookeries or haulout sites 
in this area. Northern fur seals are a coldwater species and are usually sighted offshore (70 
to 130 km from land) and along the continental shelf and slope where they typically forage 
(Kajimura 1984).  
 
• Summer—Primary occurrence for the northern fur seal is seaward of the 100 m isobath. 

The area of secondary occurrence is between the shore and the 100 m isobath (Figure 
B-24). 

 
• Winter—Occurrence patterns for the northern fur seal are assumed to be similar to those 

during the summer (Figure B-24). 
 
Behavior and Life History—Northern fur seals are gregarious during the breeding season and 
maintain a complex social structure on the rookeries. Adult males defend the boundaries of their 
territories and must fast throughout the breeding season (Gentry 2002). On San Miguel Island, the 
pupping season is from late May through July (DeLong 1982). Males establish territories in early to 
mid-May; females arrive in late May and give birth a few days later (Bonnell et al. 1983). Pups are 
born between June and August on the Pribilof Islands (York 1987). Northern fur seals exhibit strong 
site fidelity for mating and birthing; males will defend only one territorial location in their reproductive 
lifetime and females bear their young within 8 to 10 m of a particular site in successive years (Gentry 
2002). In late July, males abandon their territories, allowing subadult males to mate with females 
during the rest of the summer breeding season (Gentry 2002). Females alternate between nursing on 
land for about 2 days and feeding at sea for around 4 days (DeLong 1982). Pups are weaned at 
around 4 months (Gentry 1998).  
 
Northern fur seals are solitary at sea but tend to congregate in food-rich areas where as many as 100 
individuals have been sighted (Antonelis and Fiscus 1980; Kajimura 1984). Northern fur seals are 
opportunistic feeders; they feed on a variety of fishes and squids throughout their range (Kajimura 
1984). The principal prey species in the Gulf of Alaska includes Pacific herring, capelin, sand lance, 
salmon, walleye pollock, rockfish, Atka mackerel, and several species of squid (Kajimura 1984).  
 
The average dive time for northern fur seals is 2.6 min, with a maximum between 5 and 7 min. The 
deepest recorded dive is 207 m, but most are between 20 and 140 m and are probably associated 
with feeding (Kooyman et al. 1976; Gentry et al. 1986).  
 
Acoustics and Hearing—Northern fur seals produce underwater clicks, and in-air bleating, barking, 
coughing, and roaring sounds (Schusterman 1978; Thomson and Richardson 1995). Males vocalize 
(roar) almost continuously at rookeries (Gentry 1998). Females and pups produce airborne sounds 
(bawls) to reunite after separation (Thomson and Richardson 1995).  
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The hearing ability of this species has been measured in air and underwater by behavioral methods. 
Of all the pinniped species for which hearing information is available, the northern fur seal is the most 
sensitive to airborne sound (Moore and Schusterman 1987). In air, this species can hear sounds 
ranging from 0.1 to 36 kHz, with best sensitivity from 2 to 16 kHz (Moore and Schusterman 1987; 
Babushina et al. 1991). There is an anomalous in-air hearing loss at around 4 or 5 kHz, which is 
attributed to a middle specialization (Moore and Schusterman 1987; Babushina 1999). The 
underwater hearing range of the northern fur seal ranges from 0.5 Hz to 40 kHz (most sensitive from 
2 to 32 kHz) (Moore and Schusterman 1987; Babushina et al. 1991). The underwater hearing 
sensitivity of this species is 15 to 20 dB better than in the air (Babushina et al. 1991). 
 

• California Sea Lion (Zalophus californianus) 
 
Description—California sea lions are highly sexually dimorphic. Males are larger, averaging 2.4 m 
and 390 kg, while females only reach 2.0 m and average 110 kg (Reeves et al. 1992). Pronounced 
foreheads or sagittal crests easily identify adult males (Heath 2002). The coat color varies from sandy 
brown to dark brown (Heath 2002).  
 
Status—The U.S. stock of California sea lions can be found in the Gulf of Alaska OPAREA. The 
minimum population size of the U.S. stock of the California sea lion is 138,881 individuals (Carretta et 
al. 2006). This number is determined from counts during the 2001 breeding season of all age and sex 
classes that were ashore at the four major rookeries in southern California and at haulout sites 
located between Point Conception and the Oregon/California border. An additional unknown number 
of California sea lions are at sea or hauled out at locations that were not censused (Carretta et al. 
2006). 
 
Habitat Preferences—California sea lions prefer to breed on sandy, remote beaches (Le Boeuf 
2002). Breeding areas are restricted to productive upwelling zones so that prey is easily available to 
lactating females (Heath 2002). California sea lions frequent bays, harbors, and river mouths 
(Jefferson et al. 1993) and often haul out on man-made structures, such as piers, jetties, offshore 
buoys, and oil platforms (Riedman 1990). They are occasionally sighted up to several hundred 
kilometers offshore (Jefferson et al. 1993).  
 
Distribution—The range of the California sea lion extends from British Columbia to Mexico. During 
the summer, California sea lions breed on islands from the Gulf of California to the Channel Islands. 
The primary rookeries are located on the California Channel Islands of San Miguel, San Nicolas, 
Santa Barbara, and San Clemente (Le Boeuf and Bonnell 1980; Bonnell and Dailey 1993). 
 
California sea lions congregate near rookery islands and specific open-water areas during the 
summer. Most stay within 50 km of the rookery islands during this time (Bonnell et al. 1983). They 
typically feed over the continental shelf and travel within 54 km from the islands but are known to 
travel as far north as Monterey Bay to feed during the breeding season (Antonelis et al. 1990; Melin 
and DeLong 2000). Their distribution shifts to the northwest in fall and to the southeast during winter 
and spring, probably in response to changes in prey availability (Bonnell and Ford 1987). In the non-
breeding season, adult and subadult males migrate northward along the coast to central and northern 
California, Oregon, Washington State, and Vancouver Island and return south the following spring 
(Mate 1975; Bonnell et al. 1983). Females and juveniles disperse somewhat during the non-breeding 
season but tend to stay near the rookeries (Bonnell et al. 1983). California sea lions appear to be 
extending their feeding range farther north; they are now commonly sighted in British Columbia and 
increasing numbers of sightings are recorded in Alaskan waters (Bigg 1988; Maniscalco et al. 2004). 

 
 Information Specific to the Gulf of Alaska OPAREA—California sea lions may be found in the 

Gulf of Alaska OPAREA throughout the year. The Gulf of Alaska is outside the known 
breeding and feeding range of California sea lions; however, there has been an increase in 
records of this species in Alaskan waters in recent years. The first recorded account of a 
California sea lion in Alaska was in 1973 at Point Elrington in the northern Gulf of Alaska 
(Maniscalco et al. 2004). Since then, California sea lions have been sighted throughout 
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Alaska from Forrester Island in southeast Alaska to St. Matthews Bay, Prince William Sound, 
and St. Paul Island. The few California sea lions recorded in Alaska usually are observed at 
Steller sea lion rookeries and haulout sites (Maniscalco et al. 2004). Most sightings are 
recorded between March and May (Maniscalco et al. 2004). 
 
• Summer—The entire OPAREA is an area of rare occurrence for the California sea lion 

(Figure B-25). 
 
• Winter—Occurrence patterns are assumed to be similar to those during the summer 

(Figure B-25). 
 

Behavior and Life History—California sea lions are gregarious during the breeding season. Prior to 
mating, many females form groups of two to 20 individuals (Heath 2002). At sea, California sea lions 
are usually solitary but tend to form large aggregations near food-rich areas (Antonelis and Fiscus 
1980). Male California sea lions are very territorial and must fight other males to maintain their 
territories. They establish territories in May and fast throughout the breeding season (Heath 2002). 
Females give birth in May and June and mate during July. They nurse their pups for eight days and 
then alternate between feeding trips at sea for three days and nursing periods of about two days 
(Antonelis et al. 1990; DoN 2002). Pups are weaned between six months and a year or longer 
(Riedman 1990). Sexual maturity occurs at around four to five years of age, but males are typically 
not large enough to establish breeding territories for several more years (Heath 2002). 
 
California sea lions feed on a wide variety of prey. Near rookeries in southern California, they 
primarily feed on Pacific whiting, northern anchovy, jack mackerel, market squid, and rockfish 
(Antonelis et al. 1990; Lowry et al. 1991). In the Pacific Northwest Region, prey species include 
Pacific whiting, squid, anchovy, steelhead, lamprey, and salmon (Everitt et al. 1981; Roffe and Mate 
1984; Lowry et al. 1991). California sea lions typically feed over the continental shelf and travel within 
54.2 km from rookeries. Most dives are within 80 m and less than 3 min long (Feldkamp et al. 1989). 
Females are known to dive to a maximum depth of 482 m for up to 16 min while foraging during the 
post-lactating period (Melin 2002). 
 
At sea, California sea lions often “raft” at the surface alone or in small groups and frequently raise 
their flippers out of the water (Ronald and Gots 2003). 
 
Acoustics and Hearing—In-air, California sea lions make incessant, raucous barking sounds; these 
have most of their energy at less than 2 kHz (Thomson and Richardson 1995). The male barks have 
most of their energy at less than 1 kHz (Schusterman et al. 1967). Males vary both the number and 
rhythm of their barks depending on the social context; the barks appear to control the movements and 
other behavior patterns of nearby conspecifics (Schusterman 1977). Females produce barks, 
squeals, belches, and growls in the frequency range of 0.25 to 5 kHz, while pups make bleating 
sounds at 0.25 to 6 kHz (Thomson and Richardson 1995). California sea lions produce two types of 
underwater sounds: clicks (or short-duration sound pulses) and barks (Schusterman et al. 1966, 
1967; Schusterman and Balliet 1969). All underwater sounds have most of their energy below 4 kHz 
(Schusterman et al. 1967). 
 
Audiograms are available for the California sea lion. The range of maximal sensitivity underwater is 
between 1 and 28 kHz (Schusterman et al. 1972). Functional underwater high frequency hearing 
limits are between 35 and 40 kHz, with peak sensitivities from 15 to 30 kHz (Schusterman et al. 
1972). The California sea lion shows relatively poor hearing at frequencies below 1,000 Hz (Kastak 
and Schusterman 1998). Peak sensitivities in air are shifted to lower frequencies; the effective upper 
hearing limit is approximately 36 kHz (Schusterman 1974). The best range of sound detection is from 
2 to 16 kHz (Schusterman 1974). Older (22 to 25 years of age) sea lions show in-air and underwater 
hearing losses that range from 10 dB at lower frequencies to 50 dB near the upper frequency limit 
(Schusterman et al. 2002). Kastak and Schusterman (2002) determined that hearing sensitivity 
generally worsens with depth – hearing thresholds were lower in shallow water, except at the highest 
frequency tested (35 kHz), where this trend was reversed.  
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3.1.2 Websites Accessed 
 
1 UAF scientists release humpback whale entangled in fishing gear—Whales may be chasing prey closer 

to shore. Accessed 30 January 2006. http://www.sfos.uaf.edu/news/story/?ni=137. 
2 False killer whale sighted in Alaska waters. Accessed 30 January 2006. http://www.fakr.noaa.gov/ 

newsreleases/2003/falsekiller070203.html. 
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3.2 SEA TURTLES 
 
3.2.1 Introduction 
 
Sea turtles are long-lived reptiles that can be found throughout the world’s tropical, subtropical, and 
temperate seas. There are seven living species of sea turtles from two distinct families, the Cheloniidae 
(hard-shelled sea turtles; six species) and the Dermochelyidae (leatherback sea turtle; one species). 
These two families are distinguished from one another on the basis of their carapace (upper shell) and 
other morphological features. Sea turtles are an important marine resource in that they provide nutritional, 
economic, and existence (non-use) value to humans (Witherington and Frazer 2003). Over the last few 
centuries, sea turtle populations have declined dramatically due to anthropogenic activities such as 
coastal development, oil exploration, commercial fishing, marine-based recreation, pollution, and over-
harvesting (NRC 1990; Eckert 1995). As a result, all six species of sea turtles found in U.S. waters are 
currently listed as either threatened or endangered under the ESA.  
 
Sea turtles are highly adapted for life in the marine environment. Unlike terrestrial and freshwater turtles, 
sea turtles possess powerful, modified forelimbs (or flippers) that enable them to swim continuously for 
extended periods of time (Wyneken 1997). They also have compact and streamlined bodies that help to 
reduce drag. Additionally, sea turtles are among the longest and deepest diving of the air-breathing 
vertebrates, spending as little as 3% to 6% of their time at the water’s surface (Lutcavage and Lutz 1997). 
These physiological traits and behavioral patterns allow for highly efficient foraging and traveling. Sea 
turtles often travel thousands of kilometers between their nesting beaches and feeding grounds, which 
makes the aforementioned suite of adaptations very important (Ernst et al. 1994; Meylan 1995). Sea turtle 
traits and behaviors also help protect them from predation. Sea turtles have a tough outer shell and grow 
to a large size as adults; mature leatherback turtles can weigh up to 916 kg (Eckert and Luginbuhl 1988). 
Sea turtles cannot withdraw their head or limbs into their shell, so growing to a large size as adults is 
important. As juveniles, some species of sea turtles evade predation by residing in habitats that are either 
structurally complex or moderately shallow. This prohibits marine predators such as sharks, marine 
crocodiles, and large fishes from easy access (Musick and Limpus 1997). 
 
Although they are specialized for life at sea, sea turtles begin their lives on land. Aside from this brief 
terrestrial period, which lasts approximately three months as eggs and an additional few minutes to a few 
hours as hatchlings scrambling to the surf, sea turtles are rarely encountered out of the water. Sexually 
mature females return to land in order to nest, while certain species in the Hawaiian Islands, Australia, 
and the Galapagos Islands haul out on land in order to bask (Carr 1995; Spotila et al. 1997). Sea turtles 
bask to thermoregulate, elude predators, avoid harmful mating encounters, and possibly to accelerate the 
development of their eggs, accelerate their metabolism, and destroy epiphytic growth on their carapaces 
(Whittow and Balazs 1982; Spotila et al. 1997). On occasion, sea turtles can unintentionally end up on 
land if they are dead, sick, injured, or cold-stunned. These events, also known as strandings, can be 
caused by either biotic (e.g., predation and disease) or abiotic (e.g., water temperature) factors.  
 
Female sea turtles nest in tropical, subtropical, and warm-temperate latitudes, often in the same region or 
on the same beach where they hatched (Miller 1997). Upon selecting a suitable nesting beach, most sea 
turtles tend to re-nest in close proximity during subsequent nesting attempts. The leatherback turtle is a 
notable divergence from this pattern. This species nests primarily on high-energy beaches with little reef 
or rock offshore. On these types of beaches stochastic erosion reduces the probability of nest survival. To 
compensate, leatherbacks scatter their nests over larger geographic areas and lay on average two times 
as many clutches as other species (Eckert 1987).  
 
At times, sea turtles may fail to nest after emerging from the ocean. These non-nesting emergences, 
known as false crawls, can occur if sea turtles are obstructed from laying their eggs (by debris, rocks, 
roots, or other obstacles), are distracted by surrounding conditions (by noise, lighting, or human 
presence), or are uncomfortable with the consistency or moisture of the sand on the nesting beach. 
Individuals that are successful at nesting usually lay several clutches of eggs during a nesting season, 
with each clutch containing between 50 and 200 eggs depending upon the species (Witzell 1983; Dodd 
1988; Hirth 1997). Most sea turtles, with the possible exception of Kemp’s ridley turtles (Lepidochelys 
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kempii), do not nest in consecutive years; instead, they will often skip two or three years before returning 
to the nesting grounds (Márquez-M. 1990; Ehrhart 1995). Nesting success is vital to the long-term 
existence of sea turtles since it is estimated that only one out of every one thousand hatchlings survives 
long enough to reproduce (Frazer 1986).  
 
During the nesting season, daytime temperatures can be lethal on tropical, subtropical, and warm-
temperate beaches. As a result, adult sea turtles most often nest and hatchlings most often emerge from 
their nest at night (Miller 1997). After emerging from the nest, sea turtle hatchlings use visual cues (e.g., 
light intensity or wavelengths) to orient themselves towards the sea (Lohmann et al. 1997). Hatchlings 
have a strong tendency to crawl in the direction of the brightest light, which on most beaches is towards 
the ocean/sky horizon (Ernst et al. 1994). However, some hatchlings never make it into the water. On the 
beach, sea turtle hatchlings are easy prey for seabirds during the day, and scavenging crabs and 
mammals at night (Ehrhart 1995; Miller 1997). Hatchlings can also be disoriented if artificial beachfront 
lighting appears brighter than the seaward horizon (Witherington and Bjorndal 1991).  
 
Hatchlings that make it into the water will end up spending the first few years of their lives in offshore 
waters, drifting in convergence zones or amidst floating vegetation, where they find food (mostly pelagic 
invertebrates) and refuge in flotsam that accumulates in surface circulation features (Carr 1987). 
Originally labeled the “lost year,” this stage in a sea turtle’s life history is now known to be much longer in 
duration, possibly lasting a decade or more (Chaloupka and Musick 1997; Bjorndal et al. 2000). Sea 
turtles will spend several years growing in the “early juvenile nursery habitat,” which is usually pelagic and 
oceanic, before migrating to distant feeding grounds that comprise the “later juvenile developmental 
habitat,” which is usually demersal and neritic (Musick and Limpus 1997; Frazier 2001). Hard-shelled sea 
turtles most often utilize shallow nearshore and inshore waters as later juvenile developmental habitats, 
whereas leatherback turtles, depending on the season, can utilize either coastal feeding areas in 
temperate waters or offshore feeding areas in tropical waters (Frazier 2001).  
 
Once in the later juvenile developmental habitat, most sea turtles change from surface to benthic feeding 
and begin to feed upon larger items such as crustaceans, mollusks, sponges, coelenterates, fishes, 
macroalgae, and seagrasses (Bjorndal 1997). An exception is the leatherback turtle, which will feed on 
pelagic soft-bodied invertebrates at both the surface and at depth (S.A. Eckert et al. 1989). Sea turtles do 
not have teeth, but their jaws have modified “beaks” suited to their particular diet (Mortimer 1995). A sea 
turtle’s diet varies according to its feeding habitat and its preferred prey. Upon moving from the later 
juvenile developmental habitat to the adult foraging habitat, sea turtles may demonstrate further changes 
in prey preference, dietary composition, and feeding behavior (Bjorndal 1997; Musick and Limpus 1997).  
 
Throughout their life cycles sea turtles undergo complex seasonal movements. Sea turtle movement 
patterns are influenced by changes in ocean currents, turbidity, salinity, and food availability. In addition 
to these factors, the distribution of many sea turtle species is dependent upon and often restricted by 
water temperature (Epperly et al. 1995; Davenport 1997; Coles and Musick 2000). Most sea turtles 
become lethargic at temperatures below 10°C and above 40°C (Spotila et al. 1997). Coles and Musick 
(2000) observed that loggerhead turtles off North Carolina only inhabited waters between 13.3 and 28°C. 
This suggests that sea turtles are not randomly distributed in ocean waters but choose to stay within 
certain temperature ranges. Preferred temperature ranges vary among age classes, species, and 
seasons. As a species, the leatherback turtle has a much wider range of preferred water temperatures 
than other species because its thermoregulatory capabilities allow it to maintain a warm body temperature 
in temperate waters and avoid overheating in tropical waters (Spotila et al. 1997).  
 
Although sea turtles are nearsighted out of water, their vision underwater is very good. Their sense of 
smell is also very keen and sea turtles are believed to use olfaction in conjunction with sight during 
foraging (Ernst et al. 1994). Sea turtle hearing sensitivity is not well studied. Reception of sound through 
bone conduction, with the skull and shell acting as receiving structures, is hypothesized to occur in some 
sea turtle species (Lenhardt et al. 1983). A few preliminary investigations using adult green, loggerhead, 
and Kemp’s ridley turtles suggest that these sea turtles are most sensitive to low-frequency sounds 
(Ridgway et al. 1969; Lenhardt et al. 1983; Moein Bartol et al. 1999).  
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The range of maximum sensitivity for sea turtles is 100 to 800 Hz, with an upper limit of about 2,000 Hz 
(Lenhardt 1994). Hearing below 80 Hz is less sensitive but still potentially usable to the animal (Lenhardt 
1994). Green turtles are most sensitive to sounds between 200 and 700 Hz, with peak sensitivity at 300 
to 400 Hz. They possess an overall hearing range of approximately 100 to 1,000 Hz (Ridgway et al. 
1969). Moein Bartol et al. (1999) reported that juvenile loggerhead turtles hear sounds between 250 and 
1,000 Hz. Finally, sensitivity even within the optimal hearing range is apparently low—threshold detection 
levels in water are relatively high at 160 to 200 dB re 1 µPa-m (Lenhardt 1994).  
 
For more information on the biology, life history, and conservation of sea turtles, the following websites 
can be consulted: seaturtle.org (http://www.seaturtle.org), the Caribbean Conservation Corporation 
(http://www.cccturtle.org), and the Archie Carr Center for Sea Turtle Research (http://accstr.ufl.edu/ 
index.html). Other important resources include NMFS and USFWS authored sea turtle recovery plans 
(http://www.nmfs.noaa.gov/pr/species/turtles/conservation/planning.htm), NMFS compiled Proceedings of 
the Annual Symposia on Sea Turtle Biology and Conservation (http://www.nmfs.noaa.gov/pr/species/ 
turtles/symposia.htm), Bjorndal (1995), Lutz and Musick (1997), Bolten and Witherington (2003), Lutz et 
al. (2003), and Gulko and Eckert (2004).  
 
3.2.2 Sea Turtles of the Gulf of Alaska OPAREA 
 
Four of the seven living species of sea turtles are known or have the potential to occur in the Gulf of 
Alaska OPAREA: the leatherback, green, loggerhead, and olive ridley turtles (Table 3-3). All four of these 
species are protected under the ESA. The leatherback turtle is listed as endangered throughout its 
geographic range, while the loggerhead turtle is listed as threatened. As a species, the green and olive 
ridley turtles are also listed as threatened, although specific nesting populations in the eastern Pacific 
Ocean are currently listed as endangered. Green and olive ridley turtles occurring in the Gulf of Alaska 
OPAREA may come from either threatened or endangered nesting populations in the Pacific Ocean, 
although a risk-averse strategy would be to assume that all green and olive ridley turtles encountered in 
the OPAREA come from the endangered ones. Critical habitat has not been designated for any of these 
species in the U.S. Pacific. A fifth species, the hawksbill turtle (Eretmochelys imbricata), is also found in 
the eastern North Pacific Ocean, although it is not expected to occur in the OPAREA. There are no 
confirmed hawksbill sightings in recent history from the U.S. west coast (NMFS and USFWS 1998e), 
which indicates that the OPAREA is likely situated far beyond the distributional limits of this species. 
 
 
 
Table 3-3. Sea turtle species with known or potential occurrence in the Gulf of Alaska OPAREA. 
Taxonomy follows Pritchard (1997).  
 
 

 Scientific Name Status Occurrencea 

Order Testudines (turtles) 
  Suborder Cryptodira (hidden-necked turtles) 

   

 Family Dermochelyidae (leatherback sea turtle)    
 Leatherback turtle  Dermochelys coriacea Endangered Rare 
 Family Cheloniidae (hard-shelled sea turtles)    
 Green turtle  Chelonia mydas Threatened b,c Rare 
 Loggerhead turtle  Caretta caretta Threatened Rare 
 Olive ridley turtle  Lepidochelys olivacea Threatened b Rare 

 

a  A species’ occurrence in the OPAREA can be described as one of the following: Regular⎯occurs as a regular or normal part of 
the fauna in the OPAREA, regardless of how abundant or common it is; Rare⎯occurs in the OPAREA sporadically; or 
Extralimital⎯does not normally occur in the OPAREA and occurrences there are considered beyond the species’ normal range.  

b  Although both species as a whole are listed as threatened, the Eastern Pacific nesting stock of the green turtle and the Mexican 
Pacific nesting stock of the olive ridley turtle are listed as endangered. Since the nesting areas for greens and olive ridley turtles 
encountered at sea often cannot be determined, a conservative approach to management requires the assumption that all greens 
and olive ridleys found in the Gulf of Alaska OPAREA are endangered.  

c  The NMFS and USFWS identify the regionally important population of green turtles nesting along the Pacific coasts of Mexico, 
Central, and South America as a distinct population segment. Individuals from this nesting population are known as East Pacific 
green turtles or black turtles. However, since other non-distinct nesting populations of green turtles exist throughout the Pacific 
Ocean, it is possible that not all greens found in the Gulf of Alaska OPAREA are East Pacific greens.  
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In the eastern North Pacific Ocean, sea turtles are not particularly common north of Mexico. Sea turtles 
are much less abundant off the U.S. west coast than they are in more tropical/subtropical areas such as 
off southern Florida, Puerto Rico, and the Hawaiian Islands. Sea turtle are extremely rare inhabitants of 
the ocean waters off Alaska. The distribution of sea turtles in waters off the U.S. west coast is strongly 
affected by seasonal changes in water temperature. In general, sea turtle sightings off the U.S. west 
coast peak during summer months (July through September) and abnormally warm water years (e.g., El 
Niño years). During El Niño years, changes in ocean currents bring warmer waters north, which, in turn, 
has the potential to bring more sea turtles (and their preferred prey) to the region (NMFS 2003).  
 
Throughout much of the year, the Pacific coast of North America experiences cool water temperatures 
(less than 20°C) well down to Baja California due to strong upwelling and the southward flow of the 
California current. Due to less than optimal water temperatures in the region, sea turtles are not known to 
nest on U.S. west coast beaches (Peckham, S.H., Blue Ocean Institute, pers. comm., 29 May 2004). 
Even if sexually mature sea turtles occupied the waters off the U.S. west coast and were able to copulate, 
ovulation and egg development probably wouldn’t occur because of cool water temperatures (LeBuff, 
C.R., Amber Publishing, pers. comm., 29 May 2004). Cool water temperatures off the U.S. west coast 
may also inhibit reproductive activity by reducing the quality and availability of food resources in the area 
(Fuentes et al. 2000). Regular nesting by leatherback and olive ridley turtles occurs along the Pacific 
coast of Baja California, which is the northernmost known nesting site in the eastern Pacific Ocean (Fritts 
et al. 1982; Sarti-M. et al. 1996; López-Castro et al. 2000). 
 
San Diego Bay, California is the only bay on the U.S. west coast where sea turtles congregate for 
extended periods of time (Dutton and McDonald 1990b, 1990a). Green turtles routinely occupy the 
southern part of the bay, spending most of their time in a long, narrow channel that contains warm water 
discharged from the Duke Energy (formerly the San Diego Gas and Electric Company) power plant. 
Leatherback turtles are known to occasionally enter Monterey Bay off central California, although their 
occurrence there is highly seasonal. Leatherbacks are most frequently observed in the bay during August 
and September, when SST peak in the area (Starbird et al. 1993). Both San Diego Bay and Monterey 
Bay are located several hundred kilometers south of the Gulf of Alaska OPAREA.  
 
Over the last few years, the NMFS has issued rulings in the Federal Register closing waters off the U.S. 
west coast to fishing activities (namely drift gillnetting and pelagic longlining) due to adverse impacts 
caused to loggerhead and leatherback turtles. On 11 March 2004, the NMFS issued a final rule 
prohibiting fishing with shallow longline sets in Pacific Ocean waters east of 150°W for an indefinite period 
of time (NMFS 2004c).  
 
The distribution of all available sea turtle occurrence records in the Gulf of Alaska OPAREA and vicinity 
by season (summer: May through October; winter: November through April) is presented in Appendix C, 
Figures C-1 through C-5. Sea turtle occurrence records include sightings from NMFS aerial and 
shipboard surveys, sightings from other sources (non-NMFS surveys and opportunistic encounters), 
strandings, and incidental fisheries bycatch records. It should be noted that the number of sea turtle 
records in a given season or portion of the OPAREA is often a function of the source or type of data, level 
of effort, and sighting conditions. Also depicted on all maps in Appendix C are tracklines from NMFS 
aerial and shipboard surveys for which occurrence data were collected for this assessment.  
 
Unidentified sea turtles (individuals that could not be identified to species) account for a large number of 
occurrence records, particularly sightings. The hard-shelled sea turtles (which include the green, 
loggerhead, and olive ridley) are often difficult to distinguish to species, particularly when they are young 
(i.e., small size classes), during aerial surveys, and/or when observers do not have a high level of 
experience (Kenney, R.D., University of Rhode Island, pers. comm., 24 February 2005). Species 
identification is less reliable when individuals from the general public (e.g., commercial and recreational 
fishermen, beachgoers) sight sea turtles. The reliability of species recognition may also be in question 
when sea turtles strand or nest, especially if qualified individuals are not present to make an accurate 
identification (Lund 1985).  
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A listing and description of data sources used to determine each species’ occurrence in the Gulf of Alaska 
OPAREA and vicinity is found in Appendix A-3, while the process used to create the map figures is 
described in Section 1.4.2.2. On the map figures, various types of shading and terminology designate the 
areas of occurrence for each sea turtle species. Areas of “primary” occurrence (shaded in dark blue) are 
defined as areas and habitats where a species is primarily found. Areas of “secondary” occurrence 
(shaded in medium blue) are areas and habitats where a species may be found, especially during 
anomalous environmental conditions (e.g., El Niño events). Areas of “rare” occurrence (shaded in light 
blue) are areas and habitats where a species is not expected to be found with any regularity. Areas 
identified as “no systematic survey effort” (hatched) are habitats that have not been adequately surveyed. 
Protected species biologists with the NMFS-SWFSC ultimately devised these qualitative terms that 
designate the areas of sea turtle occurrence in the OPAREA and vicinity.  
 
It is hypothesized that sea turtles reach Alaska’s waters by way of the warm Kuroshio and North Pacific 
Currents.1 Off southeast Alaska, the North Pacific Current bifurcates into the northward flowing Alaska 
Current and the southward flowing California Current (Pickard and Emery 1982; Reed and Schumacher 
1986). More often than not, sea turtles traveling east with the North Pacific Current will then travel south 
to more tropical waters upon nearing the Pacific coast of North America (Nichols 2005). However, it is 
possible for sea turtles to also travel north into the Gulf of Alaska if SSTs associated with the Alaska 
Current offshoot are warm enough. Sea turtles originating from tropical/subtropical areas of the eastern 
Pacific Ocean may also venture into the Gulf of Alaska by swimming north against the California Current, 
although this likely happens only during extremely warm periods such as El Niño events (Stinson 1984). 
 
Each sea turtle species known to occur or potentially occurring in the Gulf of Alaska OPAREA is listed 
below with its description, status, habitat preferences, distribution (including location and seasonal 
occurrence in the Gulf of Alaska OPAREA), behavior, and life history. Species appearance within the text 
follows the taxonomic order as presented in Table 3-3. 
 
Figure C-1 is a combined map of all sea turtles (including unidentified sea turtles) since all sea turtles are 
listed as threatened and endangered.  
 

 Information Specific to the Gulf of Alaska OPAREA—The seasonal occurrence patterns for all sea 
turtles in the cold, temperate waters of the Gulf of Alaska are driven by the species that is most likely 
to occur in the region, the leatherback turtle (Figure C-1). Most hard-shelled sea turtles have 
tropical/subtropical distributions, and are thus extremely rare inhabitants of ocean waters off Alaska. 
The leatherback, however, is a cold-tolerant species that could occur in the OPAREA during warm 
summer months. As a result, sea turtles have a secondary occurrence throughout the OPAREA from 
May to October due to the probability that small numbers of leatherbacks venture into those waters 
seasonally. As water temperatures drop during the winter, sea turtle occurrence becomes rare 
throughout the OPAREA, as even leatherbacks will choose to inhabit warmer waters to the south. 
Due to the low amount of survey effort that has been conducted in the Gulf of Alaska OPAREA 
throughout the year, these occurrence designations should be viewed with caution. In fact, there is 
not a single sea turtle occurrence record available for the OPAREA during either season (Figure C-
1).  

 
• Leatherback Turtle (Dermochelys coriacea) 

 
Description—The leatherback turtle is the largest living sea turtle. These turtles are placed in the 
family Dermochelyidae, a separate family from all other sea turtles, in part because of their unique 
carapace structure. A leatherback turtle’s carapace lacks the outer layer of horny scutes (bony 
external plates or scales) possessed by all other sea turtles; instead, it is composed of a flexible layer 
of dermal bones underlying tough, oily connective tissue and smooth skin. The body of a leatherback 
is barrel-shaped and tapered to the rear, with seven longitudinal dorsal ridges, and is almost 
completely black with variable spotting. All adults possess a pink spot on the dorsal surface of their 
head, a marking that is used by scientists to identify specific individuals (McDonald and Dutton 1996). 
Adult carapace lengths range from 119 to 176 cm with an average around 145 cm. Adult leatherbacks 
weigh between 200 and 700 kg (NMFS and USFWS 1998d).  
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Status—Leatherback turtles are classified as endangered under the ESA. If current trends in 
mortality persist, leatherback turtles may become extinct in the Pacific Ocean within the next several 
decades. Lewison et al. (2004) estimated that more than 50,000 leatherbacks were taken as pelagic 
longline bycatch in 2000 and that thousands of these turtles die each year from longline gear 
interactions in the Pacific Ocean alone. Leatherbacks are seriously declining at most Pacific Ocean 
rookeries, including Indonesia, Malaysia, and southwestern Mexico (NMFS and USFWS 1998d). The 
Pacific Ocean may now contain as few as 2,300 adult females (Crowder 2000).  
 
Habitat Preferences—There is limited information available regarding the habitats utilized by early 
juvenile leatherbacks because this age class is entirely oceanic. However, scientists are relatively 
certain that these individuals do not associate with floating debris or vegetation, as is the case for the 
other four sea turtle species found in the eastern North Pacific Ocean (NMFS and USFWS 1998d). It 
is also known that juveniles up to 100 cm in curved carapace length (CCL) are generally restricted to 
lower latitudes, where water temperatures are greater than 26°C. The transition at 100 cm is relatively 
abrupt, with leatherbacks as small as 107 cm CCL having been observed in waters as cold as 12°C. 
It appears that some juveniles migrate seasonally to higher latitudes, but only when water 
temperatures there reach 26°C and above (Eckert 2002a).  
 
Late juvenile and adult leatherback turtles are known to range from mid-ocean to the continental shelf 
and nearshore waters (Schroeder and Thompson 1987; Shoop and Kenney 1992; Grant and Ferrell 
1993; Starbird et al. 1993). Juvenile and adult foraging habitats include both coastal feeding areas in 
temperate waters and offshore feeding areas in tropical waters (Frazier 2001). The movements of 
adult leatherbacks appear to be linked to the seasonal availability of their prey and the requirements 
of their reproductive cycle (Collard 1990; Davenport and Balazs 1991). Leatherbacks prefer 
convergence zones and upwelling areas in the open ocean, along continental margins, or near large 
archipelagos (HDLNR 2002; Eckert, S.A., WIDECAST, pers. comm., 28 June 2005).  
 
Distribution—The leatherback turtle is distributed circumglobally in tropical and subtropical waters 
throughout the year and will often move into cooler temperate and sometimes boreal waters during 
late summer and early fall (Keinath and Musick 1990; James et al. 2005; Eckert, S.A., WIDECAST, 
pers. comm., 28 June 2005). Of the seven living species of sea turtles, the leatherback is the most 
oceanic and has the widest range (Boulon et al. 1988). The oceanic distribution of the leatherback 
likely reflects the distribution and abundance of its macroplanktonic prey (e.g., jellyfish, salps, and 
siphonophores; NMFS and USFWS 1998d). The wide range of the leatherback can be attributed to its 
highly evolved thermoregulatory capabilities. Leatherbacks can maintain body core temperatures well 
above the ambient water temperature. For example, a leatherback caught off Nova Scotia, Canada 
had a body temperature of 25.5°C in water that was 7.5°C (Frair et al. 1972). Studies have shown 
that leatherbacks have a range of anatomical and physiological adaptations that enable them to 
regulate internal body temperatures (Mrosovsky and Pritchard 1971; Greer et al. 1973; Neill and 
Stevens 1974; Goff and Stenson 1988; Paladino et al. 1990). As a result, they are more capable of 
surviving for extended periods of time in cool temperate and boreal waters than the hard-shelled sea 
turtles (Bleakney 1965; Lazell 1980).  
 
Leatherback turtles also engage in some of the longest migrations of any sea turtle species. These 
extensive journeys often run along distinct depth contours for hundreds to thousands of kilometers 
(Morreale et al. 1996; Hughes et al. 1998). Using satellite telemetry, Morreale et al. (1996), Eckert 
and Sarti-M. (1997), and Eckert (1999) determined that post-nesting leatherbacks in the eastern 
Pacific Ocean use similar, and in some cases identical, migratory pathways. These studies, which 
were initiated on nesting beaches in Costa Rica and Mexico, demonstrated that leatherback turtles 
from eastern Pacific nesting stocks will navigate to South American waters after egg-laying is 
complete. Scientists believe that migratory corridors for Pacific leatherbacks also exist in offshore 
waters surrounding the Hawaiian Islands and along the eastern seaboards of Asia and Australia 
(Nitta and Henderson 1993; NMFS and USFWS 1998d; Eckert, S.A., WIDECAST, pers. comm., 28 
June 2005).  
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In the North Pacific Ocean, leatherback turtles are broadly distributed from the tropics to as far north 
as Alaska (Eckert 1993; Wing and Hodge 2002). After analyzing over 300 records of sea turtles 
sighted along the Pacific coast of North America (from 29°45’N northward), Stinson (1984) concluded 
that the leatherback was the most common sea turtle in eastern Pacific waters north of Mexico. Aerial 
surveys off the coasts of California, Oregon, and Washington State have shown that most 
leatherback turtles occur in continental slope waters, with fewer occurring over the continental shelf 
(Green et al. 1992; Carretta and Forney 1993; 1993; Bowlby et al. 1994).  
 
The seasonal presence of leatherbacks off the U.S. west coast is believed to coincide with the 
summer arrival of the 16° to 17°C isotherms, which move north from Mexico during May and June 
(Stinson 1984). Sighting data suggest that leatherbacks begin to appear in ocean waters off central 
California and further north in the late summer and fall, when SSTs peak as a result of the relaxation 
of upwelling-favorable winds (Dohl et al. 1983; Benson et al. 2003). In the fall, leatherbacks regularly 
enter coastal waters off central California, most notably within Monterey Bay (Starbird et al. 1993). 
The NMFS has indicated that during warm months, leatherbacks may also occur in inshore waters of 
the Puget Sound Region.2 McAlpine et al. (2004) reported inshore sightings of leatherbacks from the 
waters of Cordova Bay, located off the southeastern end of Vancouver Island, British Columbia. 
These are some of the few leatherback records that exist for the west coast of Canada (COSEWIC 
2001). Stinson (1984) and Hodge and Wing (2000) have documented sightings, strandings, and 
captures from waters as far north as Cordova, Alaska. 
 
Historically, some of the world’s largest nesting populations of leatherback turtles were found in the 
Pacific Ocean, although nesting on Pacific beaches under U.S. jurisdiction has always been rare 
(NMFS and USFWS 1998d). The Pacific coast of Mexico used to be regarded as the most important 
leatherback breeding ground in the world (Sarti-M. et al. 1996). In the late 1970s, roughly one-half of 
the world’s leatherback population nested there (Pritchard 1982). Recent data, however, suggest that 
the world's largest nesting population of leatherbacks has collapsed (Sarti-M. et al. 1996). The 
northernmost nesting sites in the eastern Pacific Ocean are located in the Mexican states of Baja 
California Sur and Jalisco (Fritts et al. 1982). Other principal nesting sites in the Pacific Ocean include 
beaches in Malaysia, Indonesia, Papua New Guinea, and Costa Rica (Spotila et al. 1996; NMFS and 
USFWS 1998d). Genetic analyses of leatherbacks sampled in the Pacific Ocean indicate that gene 
flow between eastern and western Pacific nesting populations is restricted (Dutton et al. 1998, 1999, 
2000a, 2000b). 

 
 Information Specific to Gulf of Alaska OPAREA⎯Although the leatherback is the most 

frequently observed sea turtle in Alaskan waters, its occurrence in the Gulf of Alaska is 
considered uncommon or rare (Wing and Hodge 2002; USFWS 2004c). In fact, little is known 
about the seasonal occurrence patterns of this species in eastern Pacific waters north of 
Monterey Bay. McAlpine et al. (2004) suggest that leatherback occurrences off British 
Columbia are most frequent from July to September and that the species is an uncommon 
seasonal resident of those waters. It is likely that the same can be said for leatherbacks in 
Alaskan waters. Since 1960, there have been 19 documented occurrences in Alaska, ranging 
from Southeast Alaska to the Alaska Peninsula (Wing, B.L., NMFS-AFSC, pers. comm., 25 
January 2006). The majority of these occurrences were reported in August during the 1970s 
and 1980s. Two summer occurrences have been recorded in the waters near Cordova, 
located north of the OPAREA and slightly east of Prince William Sound (Stinson 1984). 
 
Based on this information, the Gulf of Alaska OPAREA should be considered an area of 
secondary occurrence during summer and an area of rare occurrence during winter (Figure 
C-2). Although there are no occurrence records available for the OPAREA, observational 
coverage of the OPAREA waters is minimal during both seasons. With increased survey 
coverage, it is possible that leatherbacks would be spotted in small numbers during summer.  

 
Behavior and Life History—Leatherback turtles feed upon gelatinous zooplankton such as 
cnidarians (jellyfish and siphonophores) and tunicates (salps and pyrosomas); however, a wide 
variety of other prey items are known (Bjorndal 1997; NMFS and USFWS 1998d). Eisenberg and 
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Frazier (1983) recorded an adult leatherback feeding on Aurelia jellyfish in waters off the coast of 
Washington State while Stinson (1984) noted that sightings of leatherbacks off Oregon often 
corresponded with large aggregations of Velella jellyfish. In Monterey Bay, leatherbacks are believed 
to feed on several species of large jellyfish known as scyphomedusae (Starbird et al. 1993). In 
offshore waters of the central North Pacific Ocean, leatherbacks appear to feed primarily on 
pyrosomas, although they have also been known to ingest longline hooks baited with sama (tuna bait) 
and squid (swordfish bait; Davenport and Balazs 1991; Skillman and Balazs 1992; Grant 1994; Work 
and Balazs 2002).  
 
Leatherbacks feed throughout the water column and dive as deep as 1,200 m (Eisenberg and Frazier 
1983; Davenport 1988; S.A. Eckert et al. 1989). In temperate waters of the North Pacific Ocean, 
leatherbacks spend most of their time foraging at depths less than 100 m, although occasionally 
they’ll make a deep dive while feeding (Eckert, S.A., WIDECAST, pers. comm., 28 June 2005). 
Studies of leatherback turtle diving patterns off St. Croix, U.S. Virgin Islands (USVI) suggested that 
individuals forage at night on the deep-scattering layer (DSL), a strata of vertically migrating 
zooplankton (primarily siphonophores, salps, and jellyfish) that concentrates below 600 m during the 
day and moves to the surface at night (S.A. Eckert et al. 1989). In late summer and fall, potential 
leatherback prey items in the Gulf of Alaska are often concentrated in the DSL (Hodge and Wing 
2000). During migrations or long distance movements, leatherbacks maximize swimming efficiency by 
traveling within 5 m of the surface (Eckert 2002b; Eckert, S.A., WIDECAST, pers. comm., 28 June 
2005).  
 
Mating is thought to occur prior to or during the migration from temperate to tropical waters in some 
populations (Eckert and Eckert 1988). However, in other populations, males have been shown to 
arrive one to two months before the onset of nesting and remain until peak nesting. This latter 
behavior is consistent with the expectation that mating takes place directly off the nesting beach 30 to 
60 days before egg production (Eckert, S.A., WIDECAST, pers. comm., 28 June 2005). In the 
Mexican Pacific, the nesting season extends from November to February, with some females arriving 
as early as August (Fritts et al. 1982; NMFS and USFWS 1998d). In the western Pacific, nesting 
peaks in May and June in China, June and July in Malaysia, and December and January in 
Queensland, Australia. Typical clutches range in size from 50 to over 150 eggs and take between 55 
and 75 days to incubate. Females nesting on the Pacific coast of Mexico lay between one and 11 
clutches in a single season at nine- to ten-day intervals (NMFS and USFWS 1998d). Studies at 
Atlantic nesting beaches demonstrate that females remain in the general vicinity of the nesting habitat 
during inter-nesting intervals, with total residence in the nesting/inter-nesting habitats lasting up to 
four months (K.L. Eckert et al. 1989; Keinath and Musick 1993). Pacific leatherbacks typically return 
to nest on their natal beach every two to three years (NMFS and USFWS 1998d).  
 
The leatherback is the deepest diving sea turtle (Eckert et al. 1986). Leatherbacks in deepwater 
(open ocean) environments frequently exhibit V-shaped dive patterns, in which they descend to a 
certain depth and then immediately ascend to the surface. Leatherbacks in shallow water (continental 
shelf) environments, such as the South China Sea, more often exhibit U-shaped dive patterns, in 
which they swim down to the ocean floor, remain near the bottom for several minutes, and then return 
directly to the surface (Eckert et al. 1996). Average dive depths for post-nesting leatherbacks off the 
continental shelf of St. Croix (a deepwater habitat) ranged from 35 to 122 m, with estimated maximum 
depths of over 1,000 m. The maximum dive depth recorded for a post-nesting leatherback in the 
South China Sea was 62 m, the maximum depth of the ocean floor in that area. Typical dive durations 
in deepwater habitats averaged 6.9 to 14.5 min per dive, while those in shallow water habitats 
averaged 7.9 to 12.1 min. On average, day dives tended to be deeper, longer, and less frequent than 
those at night in both types of habitats (S.A. Eckert et al. 1989; Eckert et al. 1996).  
 

• Green Turtle (Chelonia mydas) 
 
Description—The green turtle is the largest hard-shelled sea turtle, with adults commonly exceeding 
100 cm in carapace length and 100 kg in weight. Adult carapaces range in color from solid black to 
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gray, yellow, green, and brown in muted to conspicuous patterns. Hatchlings are distinctively black on 
the dorsal surface (NMFS and USFWS 1998a, 1998b).  
 
The genus Chelonia includes a single species, Chelonia mydas, with two distinct subpopulations in 
the Pacific, the East Pacific green turtle (or black turtle) and the green turtle. The East Pacific green 
turtle is conspicuously smaller, typically darker in color, and has a narrower, more strongly vaulted 
carapace than the green turtle (NMFS and USFWS 1998a, 1998b). According to genetic analyses, 
the East Pacific green turtle is not a unique lineage relative to other green turtle populations 
throughout the world (Bowen and Karl 1997). In San Diego Bay, and possibly off Baja California, 
resident populations of Chelonia mydas possess physical and genetic characteristics of both the 
Mexican Pacific and Hawaiian breeding populations (Dutton and McDonald 1990a; Nichols et al. 
2000c). As a result, the genus Chelonia is considered monotypic in this report and any mention of 
“green turtle” will be in reference to the species, Chelonia mydas. 
 
Status—Green turtles are classified as threatened under the ESA throughout their Pacific range, 
except for the population that nests in the eastern Pacific Ocean, which is classified as endangered. 
The NMFS and USFWS recognize East Pacific green turtles as a distinct population segment and 
manage them under a separate recovery plan. East Pacific green turtles have exhibited an extreme 
decline in numbers over the last 35 years. This is undoubtedly due to the massive overharvesting of 
wintering turtles in Mexico’s Gulf of California between 1950 and 1970 and the intense collection of 
eggs on Mexican Pacific beaches between 1960 and 1980 (Cliffton et al. 1995). The annual nesting 
population at the species’ primary rookery in Michoacán, Mexico was estimated at around 15,000 
females in the early 1970s, but has since dropped to fewer than 1,000 females despite ongoing 
protection of the nesting beach since 1979 (Seminoff et al. 2003).  
 
The primary threats to green turtles in the Pacific Ocean include entanglement in debris, boat 
collisions, increased coastal development on nesting beaches, and illegal harvesting of turtles and 
eggs. Aside from the growing population of green turtles in the waters surrounding the Hawaiian 
Islands, this species is believed to be in serious decline throughout the Pacific Ocean (NMFS and 
USFWS 1998a, 1998b; Balazs and Chaloupka 2004). There are no estimates of the current 
population size of green turtles in the Pacific Ocean (NMFS and USFWS 1998a, 1998b). 
 
Habitat Preferences—In the Pacific Ocean, the early juvenile nursery habitat of the green turtle is 
unknown. After hatchlings leave the nesting beach, they apparently move into convergence zones or 
driftlines in the open ocean where they spend an undetermined amount of time in the pelagic 
environment.3 In recent years, small numbers of early juveniles have been captured by commercial 
driftnet vessels fishing in international waters to the north and west of the Hawaiian Islands (NMFS 
and USFWS 1998a). Nichols et al. (2001) has also documented early juveniles basking near or on 
top of kelp mats off Baja California. Once green turtles reach a certain carapace length, which can be 
anywhere from 20 to 45 cm (depending upon the population), they migrate to shallow nearshore 
areas where they spend the majority of their lives as late juveniles and adults (Balazs 1980; Bjorndal 
and Bolten 1988; NMFS and USFWS 1998a, 1998b).  
 
The optimal habitats for late juveniles and adults (i.e., benthic life stages) are warm, quiet, and 
shallow (3 to 10 m in depth) waters that possess an abundance of submerged aquatic vegetation 
(seagrasses and/or algae) and are located in close proximity to nearshore reefs or rocky areas used 
for resting (Ernst et al. 1994). Green turtles can feed as deep as their primary food source will grow. 
In the Gulf of California, juveniles and adults display similar feeding tendencies, with most foraging 
activities occurring in nearshore waters with depths less than 10 m (Seminoff et al. 2002). Green 
turtles residing in the Hawaiian Islands also primarily forage in coastal waters less than 10 m deep, 
although some individuals are known to forage and rest at depths of 20 to 50 m (Balazs 1980; Brill et 
al. 1995).  
 
Distribution—Green turtles are distributed worldwide in tropical and subtropical seas and prefer 
water temperatures above 20°C (NMFS and USFWS 1998a, 1998b). The most important nesting and 
feeding grounds lie within the tropics (Pritchard 1997). In U.S. Pacific waters, green turtles are 
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regularly found off the coasts of southern California, the Hawaiian Islands, American Samoa, Guam, 
the Northern Mariana Islands, and several of the unincorporated U.S. territories such as Wake Island 
and Palmyra Atoll (NMFS and USFWS 1998a, 1998b). 
 
Stinson (1984) concluded that green turtles are the most commonly observed hard-shelled sea turtles 
along the U.S. west coast. Nearly two-thirds of all green turtle sightings in her study area were from 
southern California and northern Baja California. It is not known whether green turtles encountered 
along the U.S. west coast are regular migrants from Mexican Pacific breeding grounds or whether 
they are vagrants that occasionally stray into more northern waters with El Niño currents (NMFS and 
USFWS 1998b). The northernmost resident population of green turtles in the eastern North Pacific 
Ocean occurs in the southern half of San Diego Bay (Dutton and McDonald 1990a; NMFS and 
USFWS 1998b). This small population of green turtles (numbering between 30 and 60 individuals) is 
believed to favor the warm water effluent that is discharged by the Duke Energy power plant (Dutton 
et al. 2002). Water in the effluent channel is typically 6°C warmer than that of the rest of the bay and 
at least 11°C warmer than that of the ocean off San Diego (Dutton and McDonald 1990b). South of 
the U.S., green turtles are widely distributed in the coastal waters of Mexico and Central America 
(Cliffton et al. 1995; Cornelius 1995).  
 
During warm spells, green turtles have been sighted in eastern Pacific waters as far north as British 
Columbia and Alaska (Eckert 1993; McAlpine et al. 2002; Wing and Hodge 2002; 2004). There are 33 
documented records of green turtles from these two areas: 16 from British Columbia (McAlpine et al. 
2004) and 17 from Alaska (Wing, B.L., NMFS-AFSC, pers. comm., 25 January 2006). However, most 
of these encounters involved individuals that were either cold-stressed, likely to become cold-
stressed, or already dead (Hodge and Wing 2000; McAlpine et al. 2002). The northernmost green 
turtle occurrence record in the Pacific Ocean is a live individual reported from Copper River Flats, 
Alaska (60°42'N, 145°00’W). This individual was also observed in Prince William Sound in October 
1996 (Wing, B.L., NMFS-AFSC, pers. comm., 25 January 2006). Two other records have been 
documented along Lower Cook Inlet near Homer (Hodge and Wing 2000). Additionally, a stranded 
carcass was observed at Portage Bay, Kodiak Island in November 2003 (NMFS and USFWS 1998b; 
Wing, B.L., NMFS-AFSC, pers. comm., 25 January 2006). 
 
Green turtles nest throughout the Pacific Ocean, with active nesting colonies in the eastern, central, 
and western regions. The main nesting sites for the green turtle in the eastern Pacific are located in 
Michoacán (Mexico), the Islas Revillagigedos (an isolated group of Mexican-owned islands located 
about 361 km south of Baja California), and the Galapagos Islands (Ecuador; Dutton 2003). There is 
no nesting on the U.S. Pacific mainland, although nesting does occur in the Hawaiian Islands and a 
few other U.S. territories in the insular Pacific Ocean (Eckert 1993; NMFS and USFWS 1998a, 
1998b). Dutton (2003) indicated that foraging populations of green turtles along the Pacific coast of 
Baja California and in San Diego Bay are primarily comprised of individuals from the Islas 
Revillagigedos nesting stock.  
 

 Information Specific to Gulf of Alaska OPAREA⎯Green turtle occurrence is rare throughout 
the Gulf of Alaska (USFWS 2004c). Since water temperatures there are well below the 
thermal preferences of this primarily tropical species in both summer and winter, the 
OPAREA is designated as an area of rare occurrence year-round (Figure C-3). Green turtles 
are much more common in tropical/subtropical waters off southern California, Mexico, and 
Central America, which are located several thousand kilometers south of the OPAREA 
(NMFS and USFWS 1998b). McAlpine et al. (2004) describe green turtles as rare vagrants in 
ocean waters off British Columbia and indicate that they are most likely to be found stranded 
between October and December. Green turtle occurrence patterns in the Gulf of Alaska are 
probably similar, as evidenced by the available occurrence data for this region. Of the 17 
green turtle occurrences recorded in Alaska, 14 occurred between October and December 
(Wing, B.L., NMFS-AFSC, pers. comm., 25 January 2006). This includes the late summer 
stranding record near Homer (Figure C-3).  
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Behavior and Life History—Adult green turtles are primarily herbivorous; they most often feed on 
seagrasses (e.g., turtle grass, manatee grass, shoal grass, and eelgrass) and macroalgae (Burke et 
al. 1992; Ernst et al. 1994; Bjorndal 1997). Occasionally, adults will also eat animal matter such as 
jellyfish, salps, sponges, and other reef-associated fauna (Bjorndal 1997). Observations of foraging 
adult green turtles suggest that when benthic age classes feed, they generally lie down on the sea 
bottom and then crawl or swim to nearby sites when food is no longer within reach (Hochscheid et al. 
1999). Juvenile green turtles are omnivorous, feeding on a variety of algae, invertebrates, and small 
fish (Ernst et al. 1994). In the Hawaiian Islands, it is not unusual for juvenile green turtles to bite on 
fishing hooks baited with squid, shrimp, and fish flesh (Balazs 1980). In the eastern North Pacific 
Ocean, green turtles are known to feed on prey items ranging from eelgrass, red algae, and sea 
lettuce (plant matter) to sea slugs and possibly pelagic red crabs (animal matter; NMFS and USFWS 
1998b; DoN 2000; Mendilaharsu et al. 2003). Bjorndal (1997) postulated that green turtles in the 
eastern North Pacific might have more carnivorous diets than those in other regions.  
 
Green turtles take between 27 and 50 years to reach sexual maturity, the longest age to maturity for 
any sea turtle species (Frazer and Ehrhart 1985). During the breeding season, green turtle courtship 
and copulation occur in waters proximal to the nesting beach (Owens 1980; NMFS and USFWS 
1998a, 1998b). At Michoacán, mature females nest from one to seven times in a season (two to three 
times is typical) at approximately two-week intervals and reproduce every two to three years. Average 
clutch sizes in the eastern Pacific Ocean are known to vary geographically. Green turtle nests at 
Michoacán contained an average of 65 eggs while nests in the Galapagos Islands contained around 
84 eggs (NMFS and USFWS 1998b). Along the Pacific coast of Mexico, nesting primarily occurs 
between August and January, whereas in the Islas Revillagigedos, nesting occurs over a larger 
portion of the year (between July and March). Nesting activity peaks in October and November at 
both locations (Juarez-Ceron et al. 2003).  
 
Green turtles typically make dives shallower than 30 m (Hochscheid et al. 1999; Hays et al. 2000). In 
the eastern Pacific Ocean, green turtles have been observed at depths of 73 to 110 m (Berkson 
1967). In 1997, a maximum dive depth of 164.5 m was recorded for a post-nesting female from 
Japan’s Ogasawara Islands (Matsuzawa, Y., Sea Turtle Association of Japan, pers. comm., 18 
August 2005). Although relatively few studies have been conducted on green turtle diving patterns in 
the eastern Pacific, a number of diving studies have been performed in the Hawaiian Islands and 
Australia. The maximum dive time recorded for a juvenile green turtle around the Hawaiian Islands is 
66 min, with routine dives ranging from 9 to 23 min (Brill et al. 1995). At Heron Island, Australia, 
juvenile green turtles are known to alter their diving behavior seasonally. During winter, juveniles 
spend significantly more time in shallow water (<1 m), dive for longer periods of time (twice as long), 
and remain at the surface for longer periods of time (three times as long) than they do during summer 
(Southwood et al. 2003). 

 
• Loggerhead Turtle (Caretta caretta) 

 
Description—The loggerhead turtle is a large hard-shelled sea turtle that is named for its 
proportionately large head and powerful jaws. The average carapace length of an adult female 
loggerhead is between 90 and 95 cm and the average weight is 100 to 150 kg (Dodd 1988; NMFS 
and USFWS 1998f). Adult loggerheads usually possess a reddish-brown carapace with scutes that 
are bordered with yellow (NMFS and USFWS 1998f).  
 
Status—Loggerhead turtles are classified as threatened under the ESA. Recent data suggest that 
loggerhead nesting populations in Japan are in considerable decline (Sato et al. 1997; Kikukawa et 
al. 1999; Suganuma 2002; Kamezaki et al. 2003; STAJ4). Field studies in eastern Australia are also 
indicating significant declines in Pacific loggerhead nesting activity (Limpus and Limpus 2003). A few 
thousand to hundreds of thousands of loggerheads likely comprise the juvenile foraging population off 
Baja California (Pitman 1990), yet it is probable that there are fewer than 1,000 females nesting 
annually in Japan (Kamezaki et al. 2003). Long-term counts of loggerheads in all parts of southern 
Japan have shown that the number of loggerheads breeding there has decreased by more than half 
since 1990 (Sato et al. 1997; Hatase et al. 2002; STAJ4). 
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Incidental bycatch in commercial fisheries is a tremendous source of loggerhead mortality. Lewison et 
al. (2004) noted that an estimated 30,000 to 75,000 loggerhead turtles were taken as pelagic longline 
bycatch in the Pacific Ocean in 2000. Rapid declines in nesting females at all major Pacific rookeries 
suggest that longline and driftnet bycatch may be leading to increased levels of loggerhead mortality 
throughout the Pacific Ocean (Kamezaki et al. 2003; Limpus and Limpus 2003). In 2004, the NMFS 
concluded that the pelagic longline fishery is likely to jeopardize the continued existence of 
loggerhead turtles in the Pacific Ocean. As a protective measure, the NMFS is now prohibiting U.S. 
vessels from fishing with shallow longline sets of the type that normally target swordfish throughout 
the Pacific Ocean (NMFS 2004c).  
 
Habitat Preferences—The loggerhead turtle occurs worldwide in habitats ranging from coastal 
estuaries, bays, and lagoons to waters far beyond the continental shelf (Dodd 1988). Early juveniles 
are primarily oceanic, occurring in pelagic convergence zones where they are transported throughout 
the ocean by dominant currents (Carr 1987). A common pattern in the developmental migration of this 
species in the North Pacific Ocean is to reside on the eastern side (e.g., just offshore of Baja 
California) for a number of years and then migrate back to coastal waters on the western side (e.g., 
off Japan and China; Nichols 2005; Figure 3-6). Late juvenile and adult loggerheads are generally 
found in coastal, neritic habitats (<200 m deep) where they forage on benthic organisms that tend to 
occur around reefs and other hard bottom areas (Dodd 1988). 
 
Satellite-tracking studies on loggerheads captured in the Hawaiian longline fishery indicate that 
individuals traveling west in oceanic waters of the North Pacific Ocean move north and south on a 
seasonal basis. These individuals move primarily through the region bounded by 28°N and 40°N and 
occupy SSTs between 15° and 25°C. The Transition Zone Chlorophyll Front (TZCF) and the Kuroshio 
Extension Current appear to be important foraging and migration habitats for loggerhead turtles in the 
central North Pacific (Polovina et al. 2004). Polovina et al. (2000) noticed that juvenile loggerheads 
often follow the 17° and 20°C isotherms north of the Hawaiian Islands.  
 
Distribution—The loggerhead turtle is a circumglobal species inhabiting the temperate, subtropical, 
and tropical waters of the Atlantic, Pacific, and Indian Oceans (Ernst et al. 1994). Polovina et al. 
(2000) inferred that the distribution of loggerheads is continuous across the Pacific Ocean, although 
Eckert (1993) and the NMFS and USFWS (1998f) indicated that they are less common in the central 
Pacific than they are in the eastern and western Pacific. In the eastern Pacific Ocean, loggerheads 
are documented to occur as far north as Alaska and as far south as Chile (Bane 1992; Donoso-P. et 
al. 2000). Some scientists believe that southern California is the northern limit of the loggerhead’s 
range in the eastern Pacific, with occurrences further north (including infrequent cold-stunnings and 
strandings on the Oregon, Washington State, and Alaska coasts) identified as casual (Hodge and 
Wing 2000; Wing and Hodge 2002).  
 
The largest juvenile foraging population in the North Pacific Ocean is found off the west coast of Baja 
California, in a band starting about 30 km offshore and extending out at least another 30 km (NMFS 
and USFWS 1998f; Nichols et al. 2000a; Nichols 2003). Juvenile loggerheads are also common year-
round in the coastal waters of southern California, although most sightings occur between July and 
September (Guess 1982; Stinson 1984). These individuals may represent the northern fringe of the 
large juvenile population that occurs off the west coast of Baja California (Pitman 1990). Adult 
loggerheads, on the other hand, are hardly ever seen off the Pacific coasts of the U.S. and Mexico 
(NMFS and USFWS 1998f).  
 
Genetic analyses indicate that nearly all of the loggerheads found in the North Pacific Ocean are born 
on nesting beaches in Japan (Bowen et al. 1995; Resendiz et al. 1998). Loggerheads born on 
Japanese nesting beaches appear to utilize the entire North Pacific Ocean during the course of 
development, much like loggerheads born on southeast U.S. beaches use the North Atlantic Ocean 
(Bolten et al. 1998; Figure 3-6). There is substantial evidence that individuals from the Japanese 
stock make two separate transoceanic crossings. The first crossing (west to east) is made 
immediately after hatching from the nesting beach, while the second (east to west) is made upon 
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reaching either the late juvenile or adult life stage. After hatchling, loggerheads born on Japanese 
beaches swim with the NPSG system in order to reach developmental habitats in the eastern North 
Pacific (off southern California and Mexico; Polovina et al. 2000). Unlike the case in the eastern 
Atlantic, however, where nesting grounds exist (e.g., in the Mediterranean Sea along the coast of 
Greece), all juvenile loggerheads found in the eastern Pacific must eventually return to the western 
Pacific in order to reproduce.  
 
Nichols et al. (2000b) have concluded that loggerhead turtles are highly capable of transpacific 
migration and that the band of water between 25°N and 30°N, also known as the Subtropical Frontal 
Zone, may be an important migratory corridor for loggerheads returning to the western Pacific. In 
1996 and 1997, over the course of 368 days, a captive-reared loggerhead turtle named “Adelita” 
migrated over 11,000 km across the Pacific Ocean from a juvenile feeding area off Santa Rosalita, 
Baja California to an adult foraging area at Sendai Bay, Japan (Nichols et al. 2000b). From 1998 to 
2000, several other transoceanic migrations of captive-reared loggerhead turtles were monitored 
through the use of satellite telemetry, this time from waters off San Diego to Japan (Parker et al. 
2005b).  
 
Loggerhead nesting grounds are located in warm, temperate, and subtropical regions, with some 
scattered nesting in the tropics. The world’s largest nesting colonies are found at Masirah Island, 
Oman (bordering the Arabian Sea) and along the Atlantic coast of Florida. Nesting in the Pacific 
Ocean basin is restricted to the western region (primarily Japan and Australia). There is no 
loggerhead nesting on the west coast of the U.S. or Mexico (NMFS and USFWS 1998f). 
 

 Information Specific to Gulf of Alaska OPAREA—Like the green turtle, the loggerhead is also 
a rare inhabitant of the Gulf of Alaska (USFWS 2004c). Therefore, all waters of the OPAREA 
are designated as areas of rare occurrence throughout the year (Figure C-4). During El Niño 
events, juvenile loggerheads may expand their range north from waters off Baja California to 
waters off the U.S. west coast (Stinson 1984). However, it is highly unlikely that they will 
expand their range thousands of kilometers north into Alaskan waters, as evidenced by only 
two occurrence records ever documented for the state, one of which was a stranding near 
Kodiak Island (Bane 1992; Hodge and Wing 2000). Although it is also possible for 
loggerheads to enter the Gulf of Alaska during their developmental migration from southern 
Japan to the eastern Pacific (Figure 3-6), the likelihood of them taking an extreme northern 
route and then being entrained in the Alaska Current is probably remote.  

 
Behavior and Life History—The diet of a loggerhead turtle changes with age and size. Studies in 
the Atlantic Ocean have indicated that post-hatchlings consume a wide variety of food items including 
algae, zooplankton, jellyfish, larval shrimp and crabs, insects, and gastropods (Richardson and 
McGillivary 1991; Witherington 1994). There have been no studies on the foraging behavior of post-
hatchlings in the Pacific Ocean. Juvenile loggerheads are also omnivorous, foraging on pelagic crabs, 
mollusks, jellyfish, and vegetation captured at or near the surface (Dodd 1988; Parker et al. 2005a). 
Off Baja California, the distribution of juvenile loggerheads coincides with that of a large population of 
pelagic red crabs (NMFS and USFWS 1998f). This indicates that juvenile loggerheads in the eastern 
Pacific are probably feeding on dense concentrations of this highly abundant crustacean. Studies on 
loggerheads in the central Pacific Ocean have also provided evidence of surface feeding behavior 
(Parker et al. 2005a). Adult loggerheads are generally carnivorous, often choosing to forage on 
benthic invertebrates (mollusks, crustaceans, and coelenterates) in nearshore waters. However, fish 
and plants are also eaten on occasion (Dodd 1988).  
 
During the breeding season, loggerheads congregate in waters offshore of their nesting beaches. 
Courtship behavior is often seen in rocky areas that are 20 to 30 m deep (Uchida and Nishiwaki 
1995). Loggerhead nesting in the North Pacific Ocean occurs between April and August, when 
nearshore water temperatures rise above 20°C (NMFS and USFWS 1998f). Females from the 
Japanese nesting stock nest at least three times per season, at about two-week intervals (Iwamoto et 
al. 1985; Eckert 1993). Loggerhead clutches contain between 60 and 150 eggs and take anywhere 
from 45 to 82 days to incubate, depending on the time of year. On Japanese nesting beaches, there 
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is a negative correlation between sand temperature and incubation periods, with higher sand 
temperatures leading to shorter incubation periods and vice versa (Matsuzawa et al. 2002). Adult 
females nest at multiple year intervals, with the majority nesting every two to three years (Iwamoto et 
al. 1985). 
 
On average, loggerhead turtles spend over 90% of their time underwater (Byles 1988; Renaud and 
Carpenter 1994). Dive-depth distributions compiled by Polovina et al. (2003) in the North Pacific 
Ocean indicate that loggerheads tend to remain at depths shallower than 100 m. Routine dive depths 
are typically shallower than 30 m, although dives of up to 233 m were recorded for a post-nesting 
female loggerhead off Japan (Sakamoto et al. 1990). Routine dives can last from 4 to 172 min (Byles 
1988; Sakamoto et al. 1990; Renaud and Carpenter 1994). 
 

• Olive Ridley Turtle (Lepidochelys olivacea) 
 
Description—The olive ridley turtle is a small, hard-shelled sea turtle named for its olive-green 
colored shell. Adults often measure between 60 and 70 cm in carapace length and rarely weigh over 
50 kg. The carapace of an olive ridley turtle is wide and almost circular in shape. The olive ridley 
differs from the Kemp’s ridley, the other member of the genus Lepidochelys, in that it possesses a 
smaller head, a narrower carapace, and several more lateral carapace scutes (NMFS and USFWS 
1998c).  
 
Status—Olive ridley turtles are classified as threatened under the ESA, although the Mexican Pacific 
coast nesting population is currently listed as endangered. Since its ESA listing in 1978, there has 
been a general decline in the abundance of this species throughout the Pacific Ocean. Until the 
advent of commercial exploitation, the olive ridley was highly abundant in the ETP, probably 
outnumbering all other sea turtle species combined in the area (NMFS and USFWS 1998c). Cliffton 
et al. (1995) estimated that a minimum of 10 million olive ridleys were present in ocean waters off the 
Pacific coast of Mexico prior to 1950. Even though there are no current estimates of worldwide 
abundance, the olive ridley is still considered the world’s most abundant sea turtle. However, the 
number of olive ridley turtles occurring in U.S. territorial waters is believed to be small (NMFS and 
USFWS 1998c).  
 
Habitat Preferences—There is little information available on the nursery habitats utilized by early 
juvenile olive ridleys in the Pacific Ocean. However, scientists with the NMFS-SWFSC have observed 
concentrations of early juveniles in oceanic waters where flotsam and debris were visible at the 
surface. It is possible that young age classes occupy convergence zones in offshore waters, where 
they are able to find food and shelter among aggregated floating objects (NMFS and USFWS 1998c).  
 
Late juvenile and adult olive ridleys also typically inhabit offshore waters, foraging either at the 
surface or at depth. They usually feed down to depths of 150 m, although one individual was 
observed feeding on crustaceans at a depth of 290 m. This deep-diving individual was originally 
thought to be a green turtle (Landis 1965), although it was later verified by Eckert et al. (1986) that it 
was in fact an olive ridley. Polovina et al. (2004) noted that late juvenile olive ridleys in the North 
Pacific Ocean are found primarily between 8°N and 31°N latitude in waters between 23° and 28°C.  
 
Distribution—The olive ridley turtle is a pantropical species, occurring worldwide in tropical and 
warm temperate waters. It is by far the most common and widespread sea turtle in the Pacific Ocean. 
Individuals in the eastern Pacific regularly occur in waters as far north as California and as far south 
as Ecuador, although the species’ main foraging area is located between Mexico and Colombia 
(Pitman 1990; NMFS and USFWS 1998c). Olive ridleys are rarely found north of southern California 
due to the cold waters of the California and Humboldt currents (Eckert 1993). Wing and Hodge (2002) 
reported three occurrence records for Alaskan waters between 1960 and 2001. An additional olive 
ridley stranded off Southeast Alaska in 2004 (Wing, B.L., NMFS-AFSC, pers. comm., 25 January 
2006). There are also two known records for Oregon and one stranding record for Washington State 
(Richardson 1997). In offshore areas far from North and South America, olive ridley turtles become 
increasingly uncommon, both at sea and around oceanic islands (Balazs 1995). However, small 
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numbers of olive ridleys are known to forage in the central North Pacific Ocean. This is evidenced by 
occasional captures of this species in the Hawaiian longline fishery (Dutton et al. 2000b; Polovina et 
al. 2003, 2004).  
 
Genetic analyses of olive ridleys captured in the Hawaiian longline fishery have shown that 
individuals from both eastern and western Pacific nesting populations forage in the central North 
Pacific Ocean (Dutton et al. 1999). However, olive ridleys born on eastern Pacific beaches appear to 
utilize different oceanic habitats in the region from those used by individuals born on western Pacific 
beaches. Olive ridleys of western Pacific origin have been observed in association with major ocean 
currents of the central North Pacific, specifically the southern edge of the Kuroshio Extension Current, 
the Northern Equatorial Current, and the Equatorial Counter Current. These habitats, which are also 
frequented by loggerhead turtles, are probably not used as frequently by olive ridleys of eastern 
Pacific origin. Instead, olive ridleys from eastern Pacific nesting populations more often inhabit waters 
in the center of the NPSG system, which are characterized by warmer temperatures, weaker 
currents, greater vertical stratification, and a deeper thermocline (Polovina et al. 2003, 2004). About 
two-thirds of all olive ridleys found in the central North Pacific are derived from eastern Pacific nesting 
populations (HDLNR 2002). 
 
Bordering the Indian Ocean, the shores of Orissa, India are home to the world’s largest nesting 
aggregation of olive ridley turtles (Shanker et al. 2003). The world’s second largest nesting population 
of olive ridleys occurs in the eastern Pacific Ocean along the west coasts of Mexico and Central 
America (NMFS and USFWS 1998c). The largest rookeries in this region are found in southern 
Mexico (La Escobilla) and northern Costa Rica (Playas Nancite and Ostional), with some individuals 
nesting as far north as Baja California (Fritts et al. 1982; López-Castro et al. 2000). Olive ridley 
nesting also takes place in the western Pacific Ocean along the shores of Malaysia and Thailand, but 
in smaller numbers (Eckert 1993). Due to their preference for beaches located along continental 
margins, female olive ridleys are not expected to nest in the central Pacific Ocean (Balazs 1995). 
Nesting does not occur along the U.S. west coast (NMFS and USFWS 1998c). In August 1973, a 
Scripps Aquarium employee observed two olive ridleys mating in the waters off La Jolla, California; 
however, this reproductive encounter was located far from any known nesting beach (Hubbs 1977).  
 

 Information Specific to Gulf of Alaska OPAREA⎯The Gulf of Alaska OPAREA is an area of 
rare occurrence for olive ridleys year-round (Figure C-5). This is evidenced by the scarcity of 
available occurrence records and the species’ affinity for warm tropical/subtropical waters to 
the south (NMFS and USFWS 1998c). Only four occurrences have ever been documented in 
Alaska (Wing, B.L., NMFS-AFSC, pers. comm., 25 January 2006). Alaskan waters are 
deemed to be well beyond the tolerable range of olive ridleys (Hodge and Wing 2000). Water 
temperatures there are simply too cold to support olive ridleys for extended periods of time.  

 
Behavior and Life History—The olive ridley turtle is considered omnivorous, eating a variety of 
benthic and pelagic prey items including fish, crabs, shrimp, snails, oysters, sea urchins, jellyfish, 
salps, fish eggs, and vegetation (NMFS and USFWS 1998c). However, crustaceans and fish serve as 
their primary food source. Off Baja California, olive ridleys may feed almost entirely on pelagic red 
crabs, which are extremely abundant in that area (Márquez-M. 1990; Pitman 1990). In the central 
Pacific Ocean, olive ridleys are known to feed predominantly on tunicates (salps and pyrosomas), 
which are found well below the water surface (Polovina et al. 2004). 
 
At sea, olive ridleys readily associate with floating objects such as logs, plastic debris, and even dead 
whales (Arenas and Hall 1992; Pitman 1992). Scientists believe that olive ridley turtles associate with 
flotsam since it provides them with shelter from predators and an abundance of prey items (NMFS 
and USFWS 1998c). Olive ridleys in the eastern Pacific Ocean are also known to bask at the surface, 
where they are often accompanied by seabirds that will roost upon their exposed carapaces and feed 
on fish that aggregate beneath them (Pitman 1993). Surface basking allows an olive ridley turtle to 
conserve energy, avoid predators, and raise its body temperature (Gulko and Eckert 2004).  
 



SEPTEMBER 2006 FINAL REPORT 

3-83 

There is currently no estimate of the age at which olive ridleys begin to reproduce; however, nesting 
adults usually range between 50 and 75 cm in carapace length (NMFS and USFWS 1998c). Unlike all 
other species of sea turtle except the Kemp’s ridley, the olive ridley is known for nesting en masse. 
This type of nesting activity is known as an arribada (Spanish for “arrival”). During an arribada, 
hundreds to tens of thousands of breeding olive ridleys congregate in the waters in front of the 
nesting beach and then, signaled by some unknown cue, emerge from the sea in unison. Nesting 
occurs throughout the year, peaking from August to December in the eastern Pacific. In Costa Rica, 
arribada activity peaks in September and October, while in Baja California, most nesting takes place 
from July through November (López-Castro et al. 2000). Females usually nest every one to two 
years. A typical female produces two clutches per nesting season, with each clutch averaging 105 
eggs. Lone individuals nest at 15- to 17-day intervals while mass nesters arrive to the nesting beach 
at 28-day intervals. Incubation time from deposition to emergence is approximately 55 days (Eckert 
1993; NMFS and USFWS 1998c).  
 
Relatively few studies have investigated the diving behavior of olive ridley turtles. In the ETP, olive 
ridleys make more frequent submergences and spend more time at the surface during the day than at 
night (Beavers and Cassano 1996; Parker et al. 2003). As a result, nighttime dives are longer in 
duration (reaching a maximum of 95.5 min). Olive ridleys have been observed at depths of 290 m, 
although only about 10% of their time is spent at depths greater than 100 m (Eckert et al. 1986; 
Polovina et al. 2003). It appears that the ETP’s permanent thermocline, located at depths between 20 
and 100 m, is an important foraging area for adult olive ridleys, as at least 25% of their total dive time 
is spent there (Parker et al. 2003).  
 

3.2.3 Websites Accessed 
 
1 ADF&G wildlife notebook series: Turtles. Accessed 13 January 2006. http://www.adfg.state.ak.us/ 

pubs/notebook/amphibia/turtle.php.  
2 Leatherback sea turtle (Dermochelys coriacea). Accessed 13 January 2006. http://mehp.vetmed. 

ucdavis.edu/speciesconcern/seaturtle.html. 
3 The Hawaiian green turtle (Chelonia mydas). Accessed 13 January 2006. http://www.turtles.org/ 

hawgrnd.htm.  
4 Sea Turtle Association of Japan (STAJ) website. Accessed 13 January 2006. http://www4.osk.3web. 

ne.jp/~umigame/E/ETop.html. 
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3.3 BIRDS 
 
3.3.1 Introduction 
 
The waters of the Gulf of Alaska provide both protected shallow water habitat for seabirds and sea ducks, 
which forage on the sea bottom, and nutrient rich offshore areas for seabirds that rely on upwelling zones 
and shelf currents to transport prey to the surface. In general, seabird and sea duck distribution in the 
Gulf of Alaska is seasonally influenced by prey availability and probably weather patterns (Hunt and 
Schneider 1987). Those birds that are year-round residents, or migrate from northern waters frozen over 
in the winter, use the protected embayments of Kodiak Island and the mainland shoreline to avoid harsh 
winter storms. Since carbon flux for the benthic community is highest in the nearshore areas (Iverson et 
al. 1979), these waters provide good winter food sources for bottom-feeding ducks.  
 
Many of the larger seabirds, especially the albatrosses and the shearwaters, move into the Gulf from 
more southern climates during the summer and fall months and feed along the Alaskan current as it 
traces the continental shelf break. Carbon flux in the pelagic food chain is greatest in the outer shelf 
(where bottom depth is 100 to 170 m; Iverson et al. 1979), as upwelling brings deepwater nutrients to the 
surface, which stimulates planktonic growth. Hunt and Schneider (1987) found that the pelagic distribution 
of seabirds mirrored the distribution of plankton, regardless of the trophic level on which a particular 
species fed. Since the Gulf of Alaska OPAREA occurs mostly over outer shelf, slope, and deeper ocean 
waters, this area is dominated by those species that use the region seasonally and are not land-based 
outside the nesting season. Some nesting birds, such as northern fulmars and fork-tailed storm petrels, 
likely use the OPAREA during the breeding season (R. Suryan, Oregon State University, pers. comm., 8 
August 2006). 
 
3.3.2 Threatened and Endangered Birds of the Gulf of Alaska OPAREA 
 
• Short-tailed Albatross (Phoebastria albatrus) 

 
Description—The short-tailed albatross is the largest of the three North Pacific albatrosses with a 
body length of 84 to 94 cm and a wingspan of 2.1 to 2.3 m (Harrison 1984b). Adult short-tailed 
albatrosses are readily distinguishable from other Pacific albatrosses by their entirely white back and 
large bubble-gum pink bill that is strongly hooked at the end. Juveniles are entirely dark during their 
first year, but can be distinguished from young black-footed (Phoebastria nigripes) and Laysan 
(Phoebastria immutabilis) albatrosses by their large pale bill and pale legs (USFWS 2001b). Juveniles 
go through successive plumage changes until developing the characteristic golden crown and nape of 
adulthood at about the age of 12 years (Rice 1984; Sibley 2000).  
 
Status—The short-tailed albatross was listed as endangered throughout its range under the ESA in 
2000 (USFWS 2000a). During the late 1800s, the world population of short-tailed albatrosses was 
decimated for its plumage. Approximately five million birds were killed between 1885 and 1903 at the 
Torishima Island (Japan) colony alone. By 1932, short-tailed albatrosses had been extirpated from at 
least a dozen known nesting locations in Japan and Taiwan, prompting the Japanese government to 
attempt to protect the remaining birds at Torishima. The edict declaring the island a bird refuge came 
too late and, coupled with volcanic eruptions in 1939 and 1941, resulted in the disappearance of the 
last remaining colony. After an extensive investigation of the historical breeding sites, Austin (1949) 
declared the species extinct. Yet, breeding was again reported at Torishima in 1950, presumably by 
birds that were wandering juveniles during the final years of slaughter (Tickell 2000). By 1954 this 
colony had grown to 25 birds with at least six breeding pairs (USFWS 2000a), and by 1998, 
Hasegawa estimated that there were 388 breeding birds present. A second colony (12 adults) was 
rediscovered at a former breeding site at Minami-kojima in the Senkaku Islands in 1971 (Hasegawa 
1984); however, the first chick was not observed until 1988. By 1999, this colony had grown to 150 
birds and 30 breeding pairs. The 2005 estimate was 1,712 individuals and 513 pairs at Torishima and 
Senkaku, and 340 birds and 85 breeding pairs for Minami-kojima (USFWS 2005b), showing both 
colonies to continue to grow at rapid rates. The Torishima colony has been growing at an annual rate 
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of between 6.5% and 8.0% for the past 20 years, while the average annual growth rate of the Minami-
kojima colony was recently estimated at 11% (USFWS 2005b). 
 
Since the 1930s, short-tailed albatrosses have been occasionally reported during the breeding 
season at Midway Atoll, where two million black-footed and Laysan albatross nest. Some of these 
individuals would return year after year, but the first confirmed nesting with egg did not occur until 
1993 (Harrison et al. 1984), although disputed successful nesting was report in 1961 and 1962 
(Tickell 2000). The 1993 nesting was by an eleven-year-old female from Torishima that laid eggs 
again at Midway in 1995 and 1997. In all cases, the eggs were not viable. 
 
Short-tailed albatross were also once reported to nest in the Aleutian Islands of Alaska based on 
faunal records, sightings, and local lore. Yesner (1976) investigated this contention and concluded 
that while short-tailed albatross were numerous summer visitors and hunted by local Aleuts, no 
evidence of nestling age albatross could be found in the archaeological record.  
 
Plastics, which may be mistaken for food items or may have food such as flying fish eggs or 
invertebrates attached, are commonly ingested and contribute to chick mortality (BLI 2001; R. 
Suryan, Oregon State University, pers. comm., 8 August 2006). Other sources of mortality include 
volcanic eruption (at Torishima), typhoons, demersal longline fishery (Alaska and Russia), jig/troll 
fishery (Japan), invasive species at colonies (cats, rats, and plants), and researcher disturbance 
(USFWS 2005b). 
 
Habitat Preferences—Current and historical nesting habitat can be described as flat to steep slopes, 
sparsely or fully vegetated, on isolated and windswept offshore islands. On Torishima, short-tailed 
albatross nest on steep slopes of loose volcanic ash (USFWS 2005b).  
 
Recent observational and telemetry data (USFWS 2005b) clearly show that, while at sea, short-tailed 
albatross concentrate along the shelf edge north and south of the Aleutian Islands and along the 
Bering Sea shelf. Piatt et al. (2006) believe that short-tailed albatross are so closely tied to Alaska 
shelf break upwelling zones that their distribution can be readily predicted. Past premises of short-
tailed albatross as a “coastal” bird is apparent only in the Aleutian Islands where the shelf break is 
very close to island shorelines. Upwelling zones are not only nutrient-rich, but they bring deeper water 
squid and fish to the surface, where they become available to albatross (Piatt et al. 2006; Suryan et 
al. 2006). 
 
Distribution—Short-tailed albatrosses are pelagic wanderers, traveling thousands of miles at sea 
during the non-breeding season. Their at-sea distribution includes the entire North Pacific north of 
about 20°N, including the Bering Sea and the Okhotsk Sea. However, recent telemetric data, and 
opportunistic observational data, indicate that these birds concentrate along the continental shelf 
break regions of the North Pacific, especially along the Aleutians in the Bering Sea (Piatt et al. 2006). 
Two immature males tagged at-sea in the Aleutian Islands and tracked for approximately 100 days 
from August to November 2003 are shown in Figure 3-7. Both individuals traveled approximately 
25,000 km between Japan and the Pacific Northwest (Suryan et al. 2006).  
 

 Information Specific to the Alaska OPAREA—Piatt et al. (2006) and Suryan (2006) have 
documented the most recent records of short-tailed albatross in the Gulf of Alaska. These 
records show a clear pattern of use along the continental shelf break, including where the 
shelf bisects the Gulf of Alaska OPAREA (Figure D-1). Suryan et al. (2006) tracked an 
immature male throughout the OPAREA in October 2003 (Figure 3-7). Nearly 90% of the 
more than 70 sighting records within the OPAREA occur within a 50-km-wide band centered 
over the shelf. Very few sightings are from the deep oceanic waters of the southeastern half 
of the OPAREA. Telemetry data from both birds captured at sea and breeding colonies 
indicates that post-breeding birds use the Gulf of Alaska primarily from mid-summer to early 
fall before they return again to the breeding colonies by October (USFWS 2005b). The 
greatest majority short-tailed albatross sightings in the Gulf of Alaska OPAREA occur during 
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the May to October non-breeding season (Day and Prichard 2004). Telemetry data reveals 
evidence that immature birds may wander widely throughout their first year or two before 
returning to their natal colonies (USFWS 2005b). There are also records of juveniles far from 
breeding colonies during the winter breeding season. This is also apparent in the Gulf of 
Alaska OPAREA where nearly all sightings of known age-class during the winter months 
(November to April) are of sub-adults. 

 
Behavior and Life History—Short-tailed albatrosses are long-lived birds (>40 years) that may begin 
breeding at age seven or eight, but do not attain full adult plumage until age 12 (Harrison 1990; 
USFWS 2001b). Nesting begins in October, with the hatching of the single egg in late December and 
January. Fledging occurs in late April and early June, and the colony is totally deserted by mid-July 
(R. Suryan, Oregon State University, pers. comm., 8 August 2006). Non-breeders and failed breeders 
disperse from the colony months sooner. While many non-breeders return to the colonies each year, 
the presence of immature birds far from the colony (e.g., U.S. Pacific Coast) during the breeding 
season suggests that some immature birds may spend years at sea before returning to the colony.  
 
Like all albatrosses, short-tails use their long, low drag wings to skim the ocean waves using a 
method called dynamic soaring, which allows them to cover great distances with little effort. Most of 
their travel is concentrated along the continental shelf edge upwelling zones where they forage on 
squid, fish, shrimp and other crustaceans, and flying fish eggs (USFWS 2005b).  
 

• Steller’s Eider (Polysticta stelleri) 
 

Description—The Steller's eider, the smallest of the four eider species, is approximately 45 cm long 
and usually weighs about 870 g (Fredrickson 2001). The Steller's eider is unusually colorful and has a 
unique plumage pattern for a sea duck. Adult male Steller’s eiders in breeding plumage have a white 
head with a black spot behind each ear and sea-green shading at the back of the head; the eye is 
surrounded by black and the bill is blue. The white head is offset by iridescent blue-black under the 
chin and a broad collar pattern extending down the back. Large white shoulder patches and white-
lined deep blue scapular plumes provide bold contrast on back and sides and with the chestnut brown 
breast and belly. Females and juveniles are mottled dark brown. Adults of both sexes have a blue 
wing speculum with a white border.  
 
Status—USFWS (2002b) currently recognizes three breeding populations of Steller’s eiders—
Russian Atlantic, Russian Pacific, and Alaska—of which the Alaska breeding population is further 
comprised of two subpopulations: a northern Alaska (North Slope arctic coastal plain) and a western 
Alaska subpopulation (USFWS 2002b). Available information indicates that for the autumn molt, 
overwintering, and spring migration periods, the Alaska and Russian Pacific breeding populations 
intermix (USFWS 2002b), and the two breeding populations are visually indistinguishable. 
 
The Alaska breeding population was listed as threatened under the ESA in June 1997 (USFWS 1997) 
after the near complete loss of the Yukon-Kuskokwim Delta breeding population. There is critical 
habitat designated for the Alaska breeding population that includes breeding habitat on the Yukon-
Kuskokwim Delta, a staging area (Kuskokwim Shoals in Kuskokwim Bay), and three marine areas 
used for molting and overwintering on the north side of the Alaska Peninsula (Figure 3-8; Sea 
Islands, Izembek Lagoon, and Nelson Lagoon; USFWS 2001a).  
 
In 1994, USFWS also included Steller’s eiders on the closed season species list under the Migratory 
Bird Treaty Act, making it illegal to take this species during any season. Sport and subsistence 
harvest is also no longer permitted (Quakenbush and Suydam 1999). In addition, Steller’s eiders are 
listed by the State of Alaska as a Species of Special Concern. Finally, the Yakutsk Republic in Russia 
has provided the Steller’s eider protective status similar to that of threatened status under ESA (Pihl 
2001). 
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Within the Gulf of Alaska OPAREA, depending on the time of year, it is possible that individuals from 
both the Russian Pacific and Alaska breeding populations could be encountered, especially for 
activities occurring near marine areas used for molting and overwintering (southwest Alaska and 
along the north and south shores of the Alaska Peninsula), or during spring migration. 

 
Habitat Preferences—Steller’s eiders nest in tundra habitats, often polygonal tundra, near coastal 
areas with a complex of interconnected ponds, though individuals may be found greater than 90 km 
from the coast during the summer (USFWS 2002b). After nesting, individuals migrate to nearshore 
shallow marine waters to molt and then disperse further to other nearshore areas, or to more 
extensive marine areas, to spend the winter. Steller’s eiders are known to forage in shallow, 
nearshore areas.  
 
Distribution—The distribution of Steller’s eiders is restricted to the most northern latitudes (Arctic 
Ocean, Gulf of Alaska, and the Bering, Barents, and Baltic seas): There are however, 10 sightings in 
the 1980s and early 1990s of this species southward along the Pacific coast to Southeast Alaska and 
British Columbia, with three historical records from California (Crescent City, Humboldt Bay, and 
Bodega Bay; Fredrickson 2001).  
 
• Breeding range—The majority of Steller’s eiders breed in Russia and are separated into two 

breeding and wintering distributions (Nygård et al. 1995). The Russian Atlantic population nests 
west of the mouth of the Khatanga River and winters in the Barents and Baltic seas (USFWS 
2002b). The Russian Pacific population nests east of the Khatanga River and winters in the 
southern Bering Sea and northern Pacific Ocean, where it mixes with the Alaska breeding 
population. The Alaska breeding population nests primarily on the Arctic Coastal Plain near 
Barrow, Alaska, although a very small subpopulation remains on the Yukon-Kuskokwim Delta. 
Other possible nesting areas may be found on Nunivak and St. Lawrence Islands, and other 
small islands near the mainland, although these areas are not well-documented.  

 
• Summer nonbreeding range—Steller’s eiders summer in nearshore environments of the Bering 

Sea near Cape Newenham, Nunivak Island, and Cape Avinof (King and Dau 1981) they are most 
abundant along western half of the Alaska Peninsula, particularly in Nelson and Izembek lagoons 
in late summer and early spring, as well as in Bechevin Bay and Port Heiden (Petersen 1981). 
These nearshore areas, particularly protected lagoons with tidal flats, support the largest 
aggregations in Alaska.  

 
• Winter range—Although specific habitats are not well described, dispersal from shallow lagoons 

on the north side of the Alaska Peninsula after molt extend from Cook Inlet, Kodiak Island, west 
along the south side of Alaska Peninsula and the eastern Aleutian Islands. Shallow lagoons with 
extensive tidal flats are areas of greatest aggregations during winter, although deep bays also 
used especially when adjacent to frozen shallow bays (Troy and Johnson 1987). As stated 
earlier, the Russian Pacific and Alaska breeding populations of Steller’s eider intermix in the 
above areas.  

 
 Information Specific to the Gulf of Alaska OPAREA—The North Pacific Pelagic Seabird 

Database (NPPSD) confirms the presence of Steller’s eider seasonally inhabiting the Gulf of 
Alaska, especially in the protected embayments of Kodiak Island (Figure D-2). However, 
none of these sighting records occur within the Gulf of Alaska OPAREA. The nearest record 
is over 75 km west of the OPAREA. Although the lack of sightings within the Gulf of Alaska 
OPAREA may be a function of a lack of survey effort during the winter months when these 
eiders are most likely to occur in the Gulf of Alaska, the observed winter distribution does 
suggest that, as opposed to the protected fjords of Kodiak Island, the open seas 
characteristic of the Gulf of Alaska OPAREA provides poor habitat for wintering Steller’s 
eiders. Also, the OPAREA location is probably too far east of the winter population center to 
receive substantial use, and the waters too deep for foraging birds to reach their preferred 
bivalve prey. Further, the USFWS (2002b) recovery plan does not include even the 
nearshore areas immediately north of the Gulf of Alaska OPAREA as potential wintering 
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range based on known distributions. In any event, there is currently no evidence of actual use 
of the Gulf of Alaska OPAREA by Steller’s eiders.  

 
Behavior and Life History—Steller’s eiders are highly social during migration and during the winter, 
though they are rarely reported in flocks of other species (Fredrickson 2001). Small flocks of 
subadults occur on breeding habitats in June, with nonbreeding and failed breeders forming 
aggregations in late June or early July during years. Males are more common than females in flocks 
at sea during summer and large aggregations (thousands to tens of thousands) during wing molt are 
common (Petersen 1981). 
 
Steller’s eiders begin courtship in late winter and most pair formation usually occurs prior to leaving 
for the breeding grounds (McKinney 1965). Wintering aggregations on the Alaska Peninsula begin 
dispersal to breeding grounds in mid to late April, with large numbers departing from Izembek in a 
matter of days (McKinney 1965). Most depart within a month, but immature birds linger compared to 
adults (McKinney 1965). Nesting occurs in mid to late June with five to eight eggs typically laid 
(USFWS 1999a); young typically hatch in late June after an incubation of approximately 25 days 
(Quakenbush et al. 2004). Near Barrow, Alaska, ducklings follow females to nearby wetlands shortly 
after hatching (usually within 24 hrs) and feed on aquatic insects and plants, until ready to fly at about 
40 days of age (USFWS 2002b). 
 
In Alaska, concentrations of molting Steller’s eiders have been reported in the Bering Sea near St. 
Lawrence Island and along the northern shore of the Alaska Peninsula at four locations: Izembek 
Lagoon, Nelson Lagoon, Seal Islands, and Port Heiden (Petersen 1981); these are areas 
characterized by extensive shallow areas with eelgrass beds and intertidal mudflats and sandflats. 
After the late summer wing-molt, large aggregations from Nelson and Izembek lagoons disperse to 
wintering grounds along Alaska Peninsula, Kodiak Island, eastern Aleutian Islands, and lower Cook 
Inlet (Jones 1965; King and Dau 1981; Petersen 1981). Troy and Johnson (1987) report that eiders 
congregate in areas of accessible shallow water throughout the region where bivalves are locally 
abundant. As spring approaches, aggregations re-form on north side of Alaska Peninsula before 
returning to breeding grounds.  
 
There is limited data available about the prey items consumed range-wide. Primary foods in marine 
areas include bivalves, crustaceans, polychaete worms, and mollusks (USFWS 1997; 2003c). 
Petersen (1981) conducted a study of the diet of Steller’s eiders at Nelson Lagoon and found that 
bivalves, especially blue mussels (Mytilus edulus), clams, and amphipods were primary food items. 
Prey items most consumed from freshwater tundra ponds during the breeding season include midge 
larvae (Charborus spp.), caddisfly larvae (Trichoptera spp.) and their cases, stonefly larvae 
(Plecoptera spp.), water beetles, and water boatmen (Corixa spp.; Solovieva 1997). 
 

3.3.3 Non-Threatened and Non-Endangered Birds of the Gulf of Alaska OPAREA 
 

• Black-footed Albatross (Phoebastria nigripes) 
 
Description—The black-footed albatross is a tubenosed seabird (Order Procellirifformes) that 
taxonomically falls into the North Pacific albatross genus, Phoebastria (formerly grouped with all 
albatross species in the genus Diomedea). This is a relatively small albatross with body length 
approximating 0.6 to 0.8 m and an average wingspan of 2.0 m (Whittow 1993a; Sibley 2000). The 
albatross is primarily blackish-gray, although subtle patches of white are often present within the eye 
region, at the base of the bill, and along distal primaries (Enticott and Tipling 1997). Approximately 
10% of the population exhibits a white rump and undertail coverts (Yocom 1947). The birds typically 
retain dark coloration throughout all life stages; however, with age, plumage can become increasingly 
pale, revealing a more speckled appearance along portions of the head, neck, ventral, and undertail 
regions (Farrand 1983). White plumage may also be indicative of varying molting patterns associated 
with different stages of the reproductive cycle and used to assess a population’s age composition 
(Hyrenbach 2002). Dark bills, legs, and feet distinguish the black-footed albatross from other North 
Pacific albatrosses that exhibit lighter coloration in these areas. Black-footed albatrosses may be 
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confused with an immature short-tailed albatrosses at great distances, but once the bill and feet are 
observed, identification is more precise.  
 
Status—Although the black-footed albatross is not listed as threatened or endangered under the 
ESA, there is widespread concern for its condition. It has been identified by the USFWS as a Bird of 
Conservation Concern (BCC) (USFWS 2002a) and is considered to be threatened by the State of 
Hawai‘i (USFWS 2005a). The black-footed albatross population seriously declined in the 1950s and 
1960s in response to albatross control programs to protect aircraft on Midway Atoll; this species has 
more recently suffered from longline fishing for swordfish in the North Pacific (USFWS 2000b; 
USFWS 2005a; IUCN1; NatureServe2). The worldwide population is estimated to be around 57,000 
breeding pairs. USFWS calculated a 9.8% decline in breeding population from 1996 to 2001 after 
counts were taken on Midway Atoll, Laysan Island, and Frigate Shoals (USFWS 2004b). Globally, the 
population is expected to decline by over 20% during the next 60 years.2  

 
Habitat Preferences—The black-footed albatross is a truly oceanic species that is endemic to the 
North Pacific Ocean. The non-breeding season is spent on the open ocean throughout the North 
Pacific, preferably above continental shelf waters, with ranges extending to the Pacific coast of North 
America. During the winter nesting season, individuals forage closer to nesting colonies concentrated 
on oceanic low coral and sand islands (Whittow 1993a; USFWS 2005a). Black-footed albatrosses 
prefer to nest on sandy beaches or dunes and other sandy locations, occasionally selecting more 
vegetated habitat in altered environments (Rice 1984; Whittow 1993a). 
 
Distribution—Black-footed albatrosses occur throughout the North Pacific year-round (Sanger 
1974a), but most adults forage close to the Hawaiian Islands nesting colonies during the winter and 
spring nesting season. While brooding, adults spend 75 to 80% of their foraging time close to nesting 
colonies over oligotrophic waters that contain low concentrations of chl a (Hyrenbach et al. 2002). 
Occurrences are often associated with abundant food sources in the counterclockwise eddy of the 
Subarctic Current (Isleib and Kessel 1989). Non-breeding and post-nesting individuals tend to move 
east and northeast to the offshore waters west of the North American Pacific coast, with some 
trending northward into the Okhotsk Sea and the western Bering Sea. A small subset occupies the 
western North Pacific (Springer et al. 1999). Hyrenbach et al. (2005) analyzed satellite tracking data 
and vessel-based observations and predicted that black-footed albatrosses occur over warm and low 
chl a waters along continental shelf and slope regions during spring (March to June) migrations to the 
California coast. More than 95% of black-footed albatrosses nest in the Hawaiian Islands although 
some also nest on small islands off Japan, in particular Tori Shima in the Izu Shoto Islands (Enticott 
and Tipling 1997). In the NWHI, nesting colonies are located on Kure Atoll, Midway Atoll, Pearl and 
Hermes Reef, Lisianski Island, Laysan Island, French Frigate Shoals, Necker Island, and Nihoa. In 
the Main Hawaiian Islands (MHI), colonies are known or suspected on Lehua Rock, Ni‘ihau, and 
Kaula Rock (Sanger 1974a; USFWS 2005a). The majority of black-footed albatrosses nest on 
Midway Atoll (20,400 pairs) and Laysan Island (19,500 pairs) (USFWS 2005a). Small nesting 
colonies were recently reported off western Mexico on San Benedicto in the Revillagigedo Islands 
and on Guadalupe Island (Pitman and Ballance 2002). 
 

 Information Specific to the Gulf of Alaska OPAREA—Black-footed albatrosses are seasonal 
migrants that forage throughout the waters of the Gulf of Alaska OPAREA, particularly around 
the shelf break and in the Alaska Stream (Figure D-3; DeGange and Sanger 1986; Day and 
Prichard 2004). Individuals also forage further inshore above mid-shelf waters and within the 
Alaska Coastal Current (Day and Prichard 2004). Non-breeding and post-nesting individuals 
frequently occupy the area’s oceanic habitat from May to October (Kenyon 1950; Kessel 
1972; Isleib and Kessel 1989). Sightings become irregular as the species moves far south 
and west of the area to breed and nest (October to June; Kenyon 1950). Unsuccessful 
breeders and immature individuals move into this area much sooner than those on nesting 
islands and are observed as early as January (DeGange and Sanger 1986).  

 
Behavior and Life History—The black-footed albatross is a long-lived species, with one individual 
known to reach at least 43 years in age (USFWS 2005a). Although juveniles return to breeding 
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grounds during their third season, reproduction is delayed until seven years of age. Ritualized 
courtship dancing and vocalizations are initiated at arrival to the breeding islands bringing together 
unmated birds and intensifying existing pair bonds (Rice 1984; Nelson and Baird 2002). It is during 
the time of non-breeding that pair bonds form, remaining intact until death or disappearance of one of 
the birds (Rice and Kenyon 1962; Tickell 2000). Breeding pairs return to nesting islands during 
October; however, not all breeding pairs attempt to produce young each season. Pair bonds may 
travel some distance from hatching grounds to establish nesting territory, but season after season the 
pair will return and breed remarkably close to the original nesting site (Rice and Kenyon 1962). Black-
footed albatrosses construct a simple nest of bits of grass or shrubbery and scraped sand days 
before a single egg is laid November to early December. Eggs are incubated by both parents and 
hatch after 65 days (Rice and Kenyon 1962). Unsuccessful eggs are not replaced that season. Adults 
that experience failed nesting are seen at sea beginning in January. Nestling takes place 
approximately 165 days, ceasing once the fledgling departs from the nest in June to mid-July. Varying 
levels of post-nestling parental care has been observed; some chicks remain nourished by parents, 
whereas others are abandoned before they are capable of flight (Rice and Kenyon 1962; Burger 
1980). 
 
Black-footed albatrosses feed by settling onto the water and dipping the bill to seize prey. Their diet 
consists of squid, deep-water crustaceans, fish, zooplankton and especially flyingfish eggs which 
comprise greater than 40% of their diet (USFWS 2005a). Black-footed albatrosses are commonly 
observed from ships due to their propensity to scavenge discarded carrion (Kenyon and Rice 1958; 
Wahl and Tweit 2000). During nesting, parental foraging movements can extend to the Pacific coast 
of North America; distances traveled may be dependent on offspring nutrition and parental condition 
(Fernández et al. 2001). 
 

• Laysan Albatross (Phoebastria immutabilis) 
 
Description—The Laysan albatross is a tubenosed seabird (Order Procellirifformes) that 
taxonomically falls into the North Pacific albatross genus, Phoebastria (formerly in the genus 
Diomedea). On average, the small gull-like bird body length is 0.8 m with a wingspan of 1.9 to 2.0 m 
(Sibley 2000). All lifestages retain identical plumages; for this reason, the species name is 
immutabilis, meaning “unchanging” (Farrand 1983). The body is white and the “saddle-like” mantle 
and upper wing surfaces are blackish-gray. The underwing is mainly white with black trim and 
characteristic black patches (Farrand 1983). The tail is black with rump and both upper and lower tail 
coverts white. The face is distinctly different from the only other white-headed albatross (short-tailed 
albatross) in the North Pacific. Identifying characteristics include a blackish-gray smudge that begins 
in front of the eye and extends and lightens as it approaches the cheek and a pink bill with a gray 
hooked tip (Harrison 1983; Whittow 1993b). The tubenosed bill has special glands capable of 
removing salt from sea water, allowing them to drink in flight and soar great distances for many days 
(Tickell 2000). The legs and feet are flesh pink (Whittow 1993b). The Laysan albatross is easily 
distinguished from the other two North Pacific albatrosses. The black-footed albatross is sooty dark 
all over and older age classes of short-tailed albatross are much larger with a yellow-gold wash on 
the white head and neck and with a white mantle (Harrison 1983).  

 
Status—The Laysan albatross is not listed as threatened or endangered under the ESA, but the 
USFWS regards it as a BCC. The Laysan albatross population is estimated to be 630,000 breeding 
pairs worldwide (USFWS 2005a). Most Laysan albatrosses nest in the Northwestern Hawaiian 
Islands (NWHI) with more than 90% of those on Midway Atoll (441,000 pairs) and Laysan Island 
(145,000 pairs) (USFWS 2005a). Many Laysan albatrosses were killed in drift net fishery operations 
until an international ban on the practice in 1993. The most recent major problem for them has been 
longline fishing in the North Pacific (USFWS 2005a). 

 
Habitat Preferences—Laysan albatrosses typically forage 20 to 30 km offshore and are more 
common than other North Pacific albatrosses in deep water away from the continental shelf. Nesting 
and colonization predominantly occurs on low atolls and sand islands. Suitable habitat ranges from 
open beach and pebble shores to grassy, vegetated areas adjacent to shrubs such as Scaevola 
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(Whittow 1993b). Laysan albatrosses have also been observed in steep rocky areas as on Nihoa and 
Lehua Rock (USFWS 2005a). 

 
Distribution—The Laysan albatross occupies the North Pacific Ocean from 8°N (just south of 
Hawai‘i) to 59°N (in the western Bering Sea). East to west, it is found from the Pacific coast of North 
America to the Commander and Japanese islands (Fisher and Fisher 1972; Harrison 1983; Sibley 
and Monroe 1990; Whittow 1993b). They tend (particularly with younger age classes) to occur in the 
Western Subarctic Gyre, east of Japan and south of the western Aleutian Islands (Fisher and Fisher 
1972; Springer et al. 1999; Hyrenbach et al. 2002). 
 
A few Laysan albatrosses nest in the Bonin Islands off Japan and on islands off the Pacific coast of 
Mexico (Guadalupe Island, San Benedicto Island, Isla Clarion, and Alijos Rocks), but the majority 
nest in the NWHI from Kure Atoll to Nihoa and in the MHI on Ni‘ihau, Lehua Rock, Kaua‘i, and O‘ahu 
(Whittow 1993b; Enticott and Tipling 1997; Pitman and Ballance 2002; Pitman et al. 2004; USFWS 
2005a). Breeding began on the western MHI in the 1970s, and to date, the colonies remain small with 
significant losses from predation and human disturbance. There is some indication of Laysan 
albatrosses recolonizing Johnston and Wake Atolls west of the Hawaiian Islands (USFWS 2005a).  
 

 Information Specific to the Gulf of Alaska OPAREA—Breeding Laysan albatrosses forage 
throughout the Gulf of Alaska OPAREA from October to May, particularly along the shelf 
break and within the highly productive, oceanic waters of the Alaska Stream (Figure D-4; 
Fernández et al. 2001; Day and Prichard 2004). Foraging efforts also take place over mid-
shelf waters in the Gulf of Alaska. Non-breeding individuals frequent the area from May to 
September, yearly estimations are in the 100s (Sanger 1974b; Isleib and Kessel 1989; Yee et 
al. 1992; Melvin et al. 2004). 

 
Behavior and Life History—The Laysan albatross is a long-lived seabird that is slow to sexually 
mature. The oldest recorded Laysan albatross was 51 years of age (USFWS 2005a) and many have 
been identified into their fourth decade (Whittow 1993b). Most individuals delay breeding until eight or 
nine years of age, with some postponing first reproduction for 13 years or more (Fisher and Fisher 
1969; Van Ryzin and Fisher 1976). The species is monogamous and mate retention is high although 
death of a mate usually results in securing a new mate. Breeding is not attempted each season 
despite their physiological capability to do so (Fisher 1976). Previous successful reproduction, body 
size, and the energy required to rear a chick are all significant factors affecting consecutive 
reproduction undertakings (Fisher 1976). About 20% of adults do not nest in a given year and remain 
at sea. The others arrive on nesting islands as early as October and lay their one egg in November or 
early December.3 Young Laysan albatrosses return within close proximity of their birth place after an 
average of three years at sea and subsequently pair bond and breed in the area season after season 
(Fisher and Fisher 1969). The nest is usually a scrape in the sand close to vegetation (USFWS 
2005a). Nearby grasses or shrubbery are incorporated into the simple nest. Both parents take turns 
incubating the egg for approximately 65 days (Fisher 1971). Chicks hatch from late January to 
February and fledge from late June to late July (Fisher and Fisher 1969). The chicks are fed a fatty 
solution of squid oil, flyingfish eggs, and stomach oil. As adults forage hundreds of kilometers away, 
the chick can be alone for several days and survive on the high-fat diet.3 Varying levels of post-
nestling parental care has been observed; although some chicks remain nourished by parents, the 
amount of food becomes inadequate and initiates fledgling departure (Whittow 1993b). A complete 
Laysan albatross breeding season lasts 290 days (Whittow 1993b). 
 
The Laysan albatross is capable of spending days above the sea, both awake and at rest. These 
birds are shyer than the black-footed albatross and are rarely seen following ships, despite their 
greater abundance. They are more likely to rest upon the water surface than on any vessel. More 
than 50% of the Laysan albatross diet is squid captured nocturnally. They also eat deep-water 
crustaceans, fish, and flyingfish eggs. Laysan albatrosses forage by settling on the water and dipping 
their bill into the water (USFWS 2005a). 
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• Aleutian Tern (Sterna aleutica) 
 

Description—The Aleutian tern is a medium-sized tern that ranges between 32 and 38 cm in length 
and averages 120 g in weight (Harrison 1983; Olsen and Larsson 1995; Enticott and Tipling 1997; 
North 1997). Breeding adults are distinguished from those of other terns by their white forehead 
against a black cap, black bill and legs, darker wings, and dark gray mantle and underparts 
contrasting with a pure white rump and tail. Juvenile plumage is among the darkest of the medium-
sized terns (North 1997).  
 
Status—Aleutian terns are not currently listed as threatened or endangered under the ESA; however, 
they are identified as BCC by the USFWS (2002a). The North Pacific (or worldwide) population 
appears to be stable, although trends are difficult to evaluate because of the species’ 
dispersive/colonizing tendencies (North 1997). The worldwide population is probably under 15,000 
nesting pairs, with most occurring in Alaska (Enticott and Tipling 1997). Alaskan population estimates 
from the late 1970s ranged between 9,000 and 12,000 birds. The USFWS Beringian Seabird Colony 
Catalog for 2004 estimated that the breeding population in the Gulf of Alaska is comprised of 6,739 
Aleutian terns spread out among 22 known breeding colonies (Stephensen and Irons 2003).  
 
Habitat Preferences—Aleutian terns are primarily coastal birds, yet are assumed to be oceanic 
during wintering and migration periods. There is no evidence of coastal or nearshore migration in this 
species. Preferred feeding areas include inshore marine waters, tidal rips, rivers, and occasionally 
offshore waters on the continental shelf. At Kodiak Island, Aleutian terns usually forage within 1 km of 
their nesting colonies, but are uncommon within bays and are rare over the continental shelf. There is 
little information available on oceanic habitat use beyond the continental shelf. Nesting colonies are 
located up to 3.2 km inland on flat vegetated islands, dwarf-shrub tundra, grass and sedge meadows, 
freshwater marshes, and sandy spits and islands. Sand spit colonies are usually located on the inner 
sides of barrier islands, in lagoon systems, or river estuaries (Harrison 1984a; North 1997).  
 
Distribution—In the U.S., Aleutian terns are restricted to coastal areas of southern and western 
Alaska. Breeding colonies are located in the following areas along the Alaskan coast: Chukchi Sea 
(Kotzebue and Norton Sounds), Seward Peninsula, Yukon-Kuskokwim River delta, Alaska Peninsula, 
Aleutian Islands, Kodiak Island, Kenai Peninsula, Copper River Delta, and the Gulf of Alaska to as far 
east as Dry Bay (Walker 1923; North 1997). Outside the U.S., this species nests in Siberia, the 
Kamchatka Peninsula, and along the coasts of the Okhotsk and Bering Seas. Aleutian terns are 
believed to winter in the western Pacific Ocean in areas such as Russia, Japan, Korea, Hong Kong, 
the Philippines, Singapore, Indonesia, and Australia (North 1997; Hill and Bishop 1999).  

 
 Information Specific to the Gulf of Alaska OPAREA—Aleutian terns occur in small numbers in 

the offshore waters of the Gulf of Alaska (Figure D-5; Harrison 1982). The NPPSD contains 
only five sighting records for the Gulf of Alaska OPAREA, all during summer. In the near 
vicinity of the OPAREA, Aleutian tern sightings are concentrated in coastal areas along the 
eastern side of Kodiak Island, which is a major breeding area for the species (Harrison 
1984a). Aleutian terns may venture through the Gulf of Alaska OPAREA during their 
migrations or may reside there during winter; however, wintering is not known to occur off 
North America. This species arrives at breeding areas in the northern Gulf of Alaska in late 
April and early May and departs primarily in August (North 1997).  

 
Behavior and Life History—Aleutian terns are highly social birds that often nest in loose mixed-
species colonies (North 1997). In Alaska, Aleutian terns frequently nest in the same habitats as Arctic 
terns. They are less aggressive than Arctic terns and are frequently chased at mixed-species colonies 
and excluded from mixed-species foraging flocks (North 1997). Aleutian tern colonies take the form of 
either loose gatherings of a few pairs or compact groups of several hundred birds (Harrison 1984a). 
In these colonies, adults maintain a small territory near their nest. Nests are widely scattered within 
the colonies (up to 16 m apart) and are at greater densities on islands than on the mainland (North 
1997). 
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The breeding season for Aleutian terns in Alaska lasts from May through August. Pairs form on 
breeding grounds shortly after arrival to the area. Copulation and nest construction occurs in May and 
June, with eggs being laid soon afterward. Clutches usually contain two to three eggs and the 
incubation period typically lasts three weeks. Colonies dissipate abruptly after fledging in July and 
August (Harrison 1984a; North 1997). 
 
Aleutian terns feed primarily upon marine fishes (e.g., sand lances, capelin, walleye pollock, Pacific 
cod, and rockfish) and invertebrates (e.g., euphausiids, polychaetes, shrimp, crayfish, and isopods). 
They search for food from moderate heights and employ several different foraging behaviors: 
swooping down to pick prey items from the surface, hovering and plunge-diving to shallow depths, 
and sitting on the water surface and dipping. Aleutian terns often forage singly, although at times they 
will feed in monospecific or mixed-species flocks (Harrison 1984a; North 1997). 
 

• Arctic Tern (Sterna paradisaea)  
 

Description—Arctic terns are slender, medium-sized terns that range between 28 and 39 cm in 
length, 65 to 85 cm in wingspan, and 90 to 120 g in weight (Olsen and Larsson 1995; Hatch 2002). 
Breeding adults are characterized by short red legs, a black cap, an orange-red bill with a black tip, 
long, pointed wings, a slender tail, a gray mantle, and a white rump. Juveniles are smaller, have more 
rounded wings, and have shorter bills and tails than breeding adults (Harrison 1983; Hatch 2002).  
 
Status—Arctic terns are neither threatened nor endangered under the ESA, but are listed by the 
USFWS (2002a) as BCC. The present status of the Arctic tern is poorly known due to the species’ 
tendency to nest in small, remote colonies and to disperse widely at the close of the nesting season 
(Hatch 2002). The worldwide population of Arctic terns is estimated at around 500,000 nesting pairs 
(Enticott and Tipling 1997). The Alaska coastal population of Arctic terns is believed to number 
around 25,000 individuals, with several thousands more occurring further inland (Harrison 1984a).  
 
Habitat Preferences—Preferred feeding habitats for Arctic terns include streams, rivers, ponds, 
lakes, estuaries, and inshore waters out to at least 20 km from their nesting colonies. Rocky shores, 
shallow bays, tidal flats, shoals, ice edges, faces of tidewater glaciers, tide rips, ocean fronts, and 
areas of coastal upwelling are also known foraging habitats. Non-breeding and migrating individuals 
often reside in areas far offshore. Non-breeders are numerous near broken pack ice and icebergs, 
which provide resting spaces and open water for feeding. Arctic terns are generally oceanic during 
migrations, occurring over the continental slope and beyond, where their presence is often associated 
with prey driven to the surface by predatory fish or marine mammals. Coastal sightings may occur at 
undisturbed beaches, sand flats or spits, or over lakes and large rivers (Hatch 2002).  
 
Nesting often occurs close to water, usually on small rocky, gravelly, grassy, or peaty islands; barrier 
beaches; sand or gravel spits; glacial moraines; and marshes, bogs, and grassy meadows. Nesting 
terrain is usually open and treeless (i.e., tundra) with little to no vegetative cover (Harrison 1984a; 
Hatch 2002). 
 
Distribution—Arctic terns have one of the most extensive distributions of any animal, ranging from 
the Arctic Circle in summer to the Antarctic in winter (austral summer; Hatch 2002). Off the Pacific 
coast of North America, Arctic terns have a circumpolar breeding/summer range that extends from 
the shores of the Arctic Ocean (along the Beaufort and Chukchi seas) to southeastern Alaska 
(Harrison 1984a). A small, disjunct nesting colony is also known from Puget Sound (Sibley and 
Monroe 1990). Inland breeding occurs across the North American continent from Alaska and northern 
Canada to the northeastern U.S. Additional nesting outside of North America has been documented 
at several locations in northern Europe (e.g., Greenland, Iceland, Shetland, and Orkney and Siberia; 
Sibley and Monroe 1990; Uttley 1992; Hatch 2002).  
 
The non-breeding and wintering range of Arctic terns includes the waters around Antarctica, with the 
southernmost reports occurring near continental ice sheets in the Ross and Weddell seas. Small 
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numbers of wintering individuals are also reported from southern Africa, southern Australia, and New 
Zealand. Arctic terns usually winter in these areas from December through March (Hatch 2002).  
 
Arctic terns make the longest regular migrations of any bird species, with annual round trips between 
the Arctic and Antarctic covering over 40,000 km (Hatch 2002). These extensive migrations allow 
Arctic terns to take advantage of maximum daylight hours and abundant food resources in both areas 
(Harrison 1984a). Arctic terns likely migrate south in a series of long flights between a succession of 
good feeding areas. In the eastern Pacific Ocean, Arctic terns routinely pass through open ocean 
waters offshore of British Columbia, Washington State, Oregon, California, and Mexico during their 
southern migrations. Small numbers of Arctic terns may also move through the central Pacific Ocean. 
Southern migrations in the Pacific Ocean occur from July to November. Northern migrations in the 
Pacific Ocean occur at least 20 km offshore (often much further) and run from April to June (Harrison 
1984a; Hatch 2002). 
 

 Information Specific to the Gulf of Alaska OPAREA—Arctic terns occur throughout the Gulf of 
Alaska OPAREA from April to October (Haley 1984; Hatch 2002). The majority of 
documented occurrences are from waters over the continental shelf and upper continental 
slope (Figure D-6; Harrison 1982). However, this may be a reflection of greater survey effort 
closer to shore. Like the Aleutian tern, Arctic tern sightings are concentrated in the coastal 
areas of Kodiak Island, although frequent sightings also occur throughout the northern Gulf of 
Alaska from Cook Inlet east to Yakutat Bay. Nearly all Arctic tern sightings in the Gulf of 
Alaska occur during summer. During late summer, Arctic terns begin their lengthy journey 
south to the waters around Antarctica. At this time, Arctic terns are likely found beyond the 
shelf break. During winter, concentrations of migrating individuals are not reported from the 
Gulf of Alaska (Hatch 2002).  

 
Behavior and Life History—The breeding season for Arctic terns is short, lasting only two to three 
months. This species usually gathers in small- to medium-sized colonies that may shift locations from 
one year to the next. Although older terns return to breeding grounds before young terns, all birds lay 
their eggs about the same time, regardless of age and arrival to nesting areas (Harrison 1984a). Eggs 
are laid as early as mid-May in temperate seas (e.g., the Gulf of Alaska) and mid-July in the High 
Arctic. Nests are small, bare depressions on the ground and usually contain between one and three 
eggs (two is the norm). Incubation periods range from 21 to 23 days with chicks from clutches of two 
eggs generally hatching 24 hours apart. Nesting Arctic terns avoid predation by defecating away from 
their nests and removing shells from their nests after their young have hatched (Hatch 2002).  
 
Arctic terns appear to adjust their breeding effort in response to body condition (Monaghan et al. 
1989). Food availability plays a major role in determining the amount of time and energy adults invest 
in their young (Monaghan et al. 1992; Uttley 1992; Suddaby and Ratcliffe 1997). In food-limited areas, 
brooding and feeding effort of males and females are equal when caring for young chicks. Elsewhere, 
males brood young chicks less and feed them more often than females do (Uttley 1992).  
 
Arctic terns feed on crustaceans, small fishes (capelin, sand lances, and sticklebacks), and insects 
and other invertebrates (Harrison 1984a; Hatch 2002). Prey is taken by shallow plunge-diving and 
surface-dipping. In offshore waters, Arctic terns frequently feed in association with subsurface 
predators (e.g., marine mammals and tunas) that drive prey fish to the surface (Ballance et al. 1997; 
Hatch 2002).  

 
• Caspian Tern (Sterna caspia) 
 

Description—Caspian terns are the largest terns, ranging between 47 to 54 cm in length, 130 and 
145 cm in wingspan, and 530 to 782 g in weight. They are distinguished from other terns by their 
massive coral red bills, flat heads, and very pale gray upperparts. The underparts, rump, and tail of 
the Caspian tern are white and the cap is black. Breeding adults differ from juveniles in that their caps 
are smaller and are a more intense (glossy) shade of black; juvenile caps are often flecked with white 
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and extend well behind the eye and down onto the neck sides (Olsen and Larsson 1995; Enticott and 
Tipling 1997; Cuthbert and Wires 1999).  
 
Status—Although it is not listed as threatened or endangered under the ESA, this species is currently 
identified as a BCC (USFWS 2002a). The total worldwide population is estimated at about 50,000 
pairs, with most occurring in Asia (Enticott and Tipling 1997). From 1980 to 2000, the size of the 
Pacific coast population in North America more than doubled from 5,759 to 12,922 breeding pairs; 
during the same time period, the number of known colonies also increased from 23 to 43 (Suryan et 
al. 2004). Certain nesting colonies in the Columbia River Basin have been relocated due to high 
levels of predation on ESA-listed salmon species (Roby et al. 2002). The northward expansion of the 
species’ breeding range in recent years is believed to be the result of this increase in population size 
(Gill and Mewaldt 1983; McCaffery et al. 1997).  
 
Habitat Preferences—Caspian terns typically feed along shorelines, coastal bays, inland lakes, 
rivers, lagoons, estuaries, fresh- and salt-water wetlands, and sloughs. They tend to prefer protected 
waters and are not usually found over the open ocean. Coastal foraging generally occurs within 100 
m of shore, though sometimes occurs further offshore. Along the Pacific coast of North America, 
nesting individuals are known to forage up to 62 km from their breeding colonies (Cuthbert and Wires 
1999).  
 
Caspian terns breed in a wide variety of habitats including coastal estuaries, salt marshes, and barrier 
islands (Cuthbert and Wires 1999). Nesting usually takes place on low sand or gravel islands with 
sparse vegetation and scattered debris (e.g., driftwood). Over the past century, Caspian terns along 
the U.S. Pacific coast have shifted their preferred nesting habitat from natural sites inland to human-
created sites in coastal areas (e.g., islands made from dredged material, salt pond levees) (Gill and 
Mewaldt 1983; Roby et al. 2002; Anderson et al. 2005). In 2001, a large aggregation of breeding 
Caspian terns was drawn to a small, sand-covered barge anchored in Commencement Bay, 
Washington State by social attractants (e.g., tern decoys and digital recordings of tern calls). This 
event demonstrated that Caspian terns can not only exploit a wide array of nesting habitats, but that 
they can also colonize new areas several kilometers away from existing colonies if faced with natural 
or forced displacement (Collis et al. 2002).  
 
Distribution—The Caspian tern is widely distributed across all continents, except for Antarctica. In 
North America, it breeds in scattered localities in six regions: Pacific coast, central Canada, west-
central interior U.S., Gulf coast, Atlantic coast, and Great Lakes. Breeding along the Pacific coast of 
North America occurs from Alaska to Mexico, with the largest colonies located in the Columbia River 
estuary and San Francisco Bay (Cuthbert and Wires 1999; Suryan et al. 2004). Scientists first 
discovered Caspian terns (1,000 pairs) nesting in the Columbia River estuary in 1984. Since, 
populations have rapidly increased due to availability of hatchery-raised juvenile salmonids as a 
reliable food source (Anderson et al. 2005). In the eastern North Pacific, this species winters in 
coastal areas from southern California to Guatemala, with small numbers also recorded in northern 
California and Costa Rica (Cuthbert and Wires 1999).  
 
Caspian terns are medium-distance migrants, although some individuals reside in areas along the 
Pacific coast of North America year round (Cuthbert and Wires 1999). Most juveniles remain at their 
wintering grounds throughout the year; the extent of their migration, if any, is not known. Distances 
flown by adults from breeding to wintering areas, as determined by band recovery data, range from 
1,640 to 2,550 km, although individuals breeding in Alaska may travel much further (Gill and Mewaldt 
1983). Wintering areas for Caspian terns nesting in Alaska may be located up to 5,000 km away, 
along the coasts of Japan or Mexico (McCaffery et al. 1997). During their migrations, Caspian terns 
travel primarily along continental coastlines, large rivers, and bays (Cuthbert and Wires 1999).  
 

 Information Specific to the Gulf of Alaska OPAREA—There are no known occurrence records 
available for the Caspian tern in the Gulf of Alaska OPAREA. Caspian terns are quite rare in 
Alaska, although sightings have increased in recent years. Since 1981, most observations in 
Alaska have come from the southeast and south coastal regions, with the majority 
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concentrated around Prince William Sound (Gibson and Kessel 1992). A breeding site is 
hypothesized to exist in the Copper River Delta area near Cordova, although to date, no 
nests have been discovered in the area. The closest known breeding colonies to the Gulf of 
Alaska OPAREA are over 1,100 km away at Neragon Island, located adjacent to the Bering 
Sea off western Alaska (McCaffery et al. 1997; Cuthbert and Wires 1999). Due to their recent 
range expansion, Caspian terns may occur in the OPAREA during migrations to and from 
potential breeding areas along the coasts of the northern Gulf of Alaska or the Bering Sea 
(Cuthbert and Wires 1999). Caspian terns arrive in Alaska in May and June and depart in 
August and September (Gibson and Kessel 1992).  

 
Behavior and Life History—Caspian terns are generally monogamous, with breeding pairs 
remaining together throughout the breeding season. Mate retention appears to be low and may be 
independent of previous reproductive success (Cuthbert 1985). Territoriality is strong during the 
breeding season, especially for solitary pairs, which likely defend much larger areas than colonial 
nesters. Nesting colonies can include over 100 pairs and may overlap with those of other species 
(Cuthbert and Wires 1999). 
 
Along the Pacific coast of North America, Caspian terns generally arrive at breeding areas in late 
March (Gill and Mewaldt 1983), although arrival dates for the northernmost breeding colonies (e.g., 
British Columbia and Alaska) occur in April and May (McCaffery et al. 1997; Cuthbert and Wires 
1999). Courtship and copulations begin as soon as the birds arrive to their breeding areas and 
usually peak within the first two to three weeks after arrival. The egg-laying period normally lasts four 
to five weeks and only one brood is produced per season. Clutch sizes often range between one and 
three eggs, although clutches of up to five or six eggs are sometimes documented (Conover 1983). At 
Grays Harbor, Washington State, the mean incubation period is 27 days. Active nests with eggs and 
chicks are observed as late as September (Cuthbert and Wires 1999).  
 
Caspian terns prey almost entirely upon fish, although they occasionally eat crayfish and insects 
(Cuthbert and Wires 1999). In the Pacific Northwest region, Caspian terns feed on a number of 
juvenile salmon species, including steelhead, chinook, chum, coho, and sockeye (Thompson et al. 
2002; Antolos et al. 2005). An estimated 9.1 to 15.7 million salmon smolts were consumed by 
Caspian terns in the Columbia River estuary in 1998 (Anderson et al. 2005).  
 

• Black Oystercatcher (Haematopus bachmani) 
 

Description—The black oystercatcher is large shorebird (body length is 42 to 48 cm; body weight is 
500 to 700 g) that inhabits rocky coastlines along the Pacific coast of North America (Sibley 2000). 
Individuals are documented living up to 16 years (Purdy and Miller 1988; Andres 1998b). The dark 
plumage is distinctly different from other shorebirds that frequent the area. Alterations in the blackish 
plumage may indicate clinal variations as lighter colorations are more prevalent in southern 
populations (Andres and Falxa 1995). Juvenile plumage consists of gray, brown, and blackish 
components that molt and become identical to the adult condition at three months (Andres and Falxa 
1995). Adults exhibit long, narrow, vermillion bills, pink legs and feet, and bright red iris and orbital 
rings. Juvenile ocular traits intensify during the first two years of life and these changes can be used 
to assess bird age (Andres 1998b). Sexual dimorphic features include larger, heavier females with 
longer, narrower bills (Andres and Falxa 1995). 
 
Status—Black oystercatchers are not listed as threatened or endangered under the ESA. However, 
the U.S. Shorebird Conservation Plan and its regional counterpart, the Alaska Shorebird 
Conservation Plan, have identified the black oystercatcher as a species of high concern (ASWG 
2000; Brown et al. 2001). Classification is due to the species’ limited breeding distribution and small 
global populations (ASWG 2000). Breeding populations in Washington State have been estimated at 
no more than 400 individuals (Speich and Wahl 1989). Although populations remain relatively stable, 
they are small, and therefore susceptible to severe decline in the event of intertidal habitat 
degradation (Speich and Wahl 1989; Andres and Falxa 1995). Shoreline impacts, natural predators, 
oceanic pollution, and human disturbances and activities threaten black oystercatcher populations 
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along the entire length of North America’s west coast (Andres and Falxa 1995; Andres 1998b; ASWG 
2000). 
 
Habitat Preferences—Black oystercatchers inhabit rocky shorelines and smaller, offshore islands 
along the west coast of the U.S. and Mexico and select nest sites within close proximity of abundant 
food sources (Webster 1941b; DeGange and Sanger 1986; Sibley and Monroe 1990; L'Hyver and 
Miller 1991; Brown et al. 2001). Due to the species’ narrow foraging range within the intertidal zone, 
coastal impacts have the potential of debilitating population numbers as shoreline habitat conditions 
decline. Nesting occurs adjacent to suitable, intertidal foraging habitat and often corresponds with 
low-sloping, level substrate (Andres and Falxa 1995). However, when nesting takes place on steep 
shorelines, the complex environment can drive foraging efforts over 1 km from the nest site (Andres 
1998b). Placement of individual nests is heavily influenced by surf exposure, restricting sites to 
several feet above the mean high water mark (Webster 1941b). 
 
Distribution—Black oystercatcher populations occur along the west coast of North America, from 
Baja California, Mexico to Alaska, extending westward through the Aleutian Islands archipelago 
(Andres and Falxa 1995). Southern population coverage reflects intertidal substrate changes as 
habitats transition from rocky shoreline to sandy beach (Andres and Falxa 1995). Inshore 
occurrences are documented along portions of Puget Sound coastlines (McMannama 1950; 
Nysewander et al. 2005). Worldwide population estimates approach 11,000 birds with more than 50% 
residing in Alaska. Due to this northern concentration, only smaller groups are scattered along the 
remaining coastline.  
 
Black oystercatchers are year-round residents throughout the majority of their range, however; 
northern populations may migrate some distance in the winter during the non-breeding season 
(Andres and Falxa 1995). These populations become recolonized by non-breeders and unsuccessful 
breeders throughout July and August. Short-distance migrations occur after breeding as individuals 
flock (usually 100 individuals) near nesting grounds and remain congregated throughout winter in 
more protected areas such as inlets and sheltered bays (Forsell and Gould 1981; DeGange and 
Sanger 1986; Andres and Falxa 1995; Andres 1998a). During the spring and early fall (May to July) 
visiting flocks may migrate to Alaska and British Columbia (Andres and Falxa 1995). Black 
oystercatchers have been documented as far north as the Pribilof Islands in the winter and to Round 
Island, Bristol Bay during the summer nesting season (Eley 1976; Andres 1998a).  
 

 Information Specific to the Gulf of Alaska OPAREA—Although black oystercatchers are year-
round residents of the Gulf of Alaska (DeGange and Sanger 1986), they are not expected to 
occur within the OPAREA. Their affinity to nest and forage along rocky coastlines and 
offshore islands, together with their avoidance of pelagic waters lowers the potential of 
sightings in the area. In the near vicinity, black oystercatcher sightings are concentrated 
along the shores of Kodiak Island (Figure D-7). There are no current occurrence records of 
black oystercatchers in the Gulf of Alaska OPAREA. 

 
Behavior and Life History—Geographic nesting variations have been documented and predict 
breeding events to occur in Alaska populations two weeks prior to those in California (L'Hyver and 
Miller 1991). Nesting territories are actively defended from April to August by breeding and non-
breeding birds although the later do not actively participate in raising young (Webster 1941a; Andres 
and Falxa 1995; Andres 1998b). Black oystercatchers generally reside in the same niche, 
participating in little or no migration; therefore, nest sites are often used season after season (Andres 
and Falxa 1995; Andres 1998b). Hazlitt and Gaston (2002) documented natal nest site affinity, a 
concept that had not previously been observed among the birds.  
 
Black oystercatchers are a monogamous species with courtships lasting approximately two years and 
reproduction beginning four to five years after hatching (Andres and Falxa 1995; Andres 1998b; 
Hazlitt and Gaston 2002). Pair bonds remain together year-round and both parents take active roles 
in nesting, incubation, and caring for young (Andres and Falxa 1995). After initial reproduction, birds 
are capable of breeding every year although oftentimes efforts are postponed for circumstances such 
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as loss of a mate or adverse conditions. Simple nests are constructed in sparsely vegetated to bare 
areas as a scrape in the sand lined with rock flakes, pebbles, and shell fragments (Vermeer et al. 
1989; Andres and Falxa 1995). Eggs are laid May to early June and unsuccessful breeders produce 
replacement clutches through July (Vermeer et al. 1989). On average, clutches range from one to 
three speckled eggs that camouflage well along rocky shorelines (Andres 1998b). Zerlang and Fraser 
(1940) found five eggs in a single nest belonging to one female black oystercatcher. Both parents 
continuously incubate eggs or stand guard beside the nest for 27 days, changing roles at each low 
tide (Webster 1941a). Fledglings leave nests, within one day of hatching, begin foraging themselves 
at 10 days old, and are capable of flight around 40 days (Webster 1941a; Andres and Falxa 1995). 
Chicks are primarily fed fleshy marine molluscs by parents. Parental nutrition varies greatly among 
experienced and inexperienced pairs and often leads to death when chicks are severely neglected 
and undernourished. Offspring willingly leave parents in September or remain until parents ejected 
them from their territory to begin courtship rituals (January to March; Vermeer et al. 1989; Andres and 
Falxa 1995). 
 
Black oystercatcher diet consists of molluscs and other intertidal marine invertebrates that include 
crabs, sea urchins, isopods, and barnacles (Webster 1941b). These diurnal feeders forage 
invertebrates during low tide and consume chiton and limpets along rocky substrate (Andres and 
Falxa 1995; Hazlitt et al. 2002). Oystercatchers use their long, narrow bills to open shellfish, free 
mollusc soft tissue, and to scrape prey from hard substrates (Webster 1941b; Butler and Kirbyson 
1979; Andres 1998b). 
 

• Kittlitz’s Murrelet (Brachyramphus brevirostris) 
 
Description—The Kittlitz’s murrelet approximates 23 to 25 cm in length, has a wingspan of 43 cm, 
and weighs between 190 and 260 g (Harrison 1983; Day et al. 1999; Sibley 2000). There is no 
apparent sexual dimorphism in either color or size (Day et al. 1999). Newly hatched chicks possess 
cryptically-colored downy that blends with the surrounding environment. Although the juvenile 
condition is not well-understood, similarities have been made to the non-breeding adult with 
distinctive barring on the throat and breast (Harrison 1983; Enticott and Tipling 1997). Non-breeding 
adult heads are primarily white with blackish accents throughout. Upperparts are blackish-gray, 
speckled with white that becomes more apparent along scapulars (Harrison 1983; Enticott and Tipling 
1997). Opposing underparts are mostly whitish with a black band that extends across the breastbone 
(Enticott and Tipling 1997). Breeding adults are identified as having beige molting throughout a 
brownish head. Brownish coloration continues along upperparts and the upper breast, fading to white 
along the belly. Wings are black along distal feathers, dark brown in the underwing, and the brown tail 
has a slight, white fringe (Harrison 1983; Enticott and Tipling 1997). All life stages possess pale, 
brownish gray legs and feet (Day et al. 1999). The Kittlitz’s murrelets’ whiter face and shorter bill 
differentiate it from the marbled murrelet (Brachyramphus marmoratus). 
 
Habitat—The Kittlitz’s murrelet prefers arctic, subarctic and coastal waters off Alaska and portions of 
Far East Russia (Day et al. 1999). Breeding habitat is not well understood; therefore oceanic 
occurrences are often associated with nearby, terrestrial nesting areas (Enticott and Tipling 1997). 
Nest site selection is determined by visibility, wind exposure, contending birds and predators, and 
distance to oceanic foraging areas (Nelson and Baird 2002). Kittlitz’s murrelet are documented along 
rocky coasts and in protected bays.  
 
Ice coverage plays a significant role in determining foraging habitat (Day et al. 2000; Kuletz et al. 
2003). Individuals prefer mid-shelf waters and areas with light ice coverage, particularly 0.5 to 15%, 
and avoid those with >50% coverage (Day et al. 2000). In addition, hydrology influences oceanic 
foraging habitat (Day et al. 2003). Kittlitz’s murrelets favor heavily glaciated bays with turbid water, 
particularly those with visibility <1 m and avoiding those ≥2 m, and favors SST from 4 to 6°C, evading 
those between 10 and 17°C (Day et al. 1999; Day et al. 2003). Offshore occurrences during the 
breeding season concentrate >200 m from shore (USFWS 2003b). Bartonek and Gibson (1972) 
recorded individuals largely concentrated above waters 1 to 104 km from shore in July and August. 
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Distances are also documented within close proximity (200 to 500 m) of the Far East Russian 
coastline bordering the Okhotsk Sea (Day et al. 1999).  
 
Distribution—The Kittlitz’s murrelet is mostly endemic to the Alaskan coast with a small number 
(approximately 5% of the total population) of occurrences extending to the Okhotsk Sea and 
northeast Siberia (Day et al. 1999). In Alaska, the species ranges coastally from Point Hope south to 
the Aleutian Islands and east to Glacier Bay with more abundant concentrations in the later extent in 
winter (Sibley and Monroe 1990). Birds generally associate in several core population centers along 
the Alaskan coast: lower Kenai Peninsula, Prince William Sound, Glacier Bay, and between Bering 
Glacier and Palma Bay in southeast Alaska (USFWS 2003b). The species will breed up to 75 km 
inland along remote, mountain slopes. Such distances, together with their obligate oceanic diet, could 
require round-trip foraging flights of over 150 km (Murphy et al. 1984). Non-breeding individuals 
spend winter months farther offshore, above mid-shelf waters (USFWS 2003b) from the Aleutians to 
Glacier Bay (AOU 1998). Although seasonal movements are poorly understood, an isolated 
observation of birds moving northeast through Shelikof Strait suggests possible migration from a 
southwest wintering area to summer inshore along the Gulf of Alaska (Day et al. 1999). Populations 
diminish within Prince William Sound from late March to early June, signifying probable inshore 
movement to breeding grounds. 
 

 Information Specific to the Gulf of Alaska OPAREA—Kittlitz’s murrelets winter offshore above 
mid-shelf and inner shelf waters of the Gulf of Alaska (Isleib and Kessel 1989). The birds are 
most common in the north and western portion of the Gulf of Alaska OPAREA due to their 
affinity for the Alaska Coastal Current that flows along the inner continental shelf (Figure D-8; 
Day and Prichard 2004). Day and Prichard (2004) documented a maximum of sightings in the 
area from March to April.  

 
Status—Since May 2004, the Kittlitz’s murrelet is listed as a candidate species throughout its range 
(USFWS 2004d). Survey data indicate that several core population centers have been reduced by 80 
to 90% in the past two decades (Kendall and Agler 1998; Kuletz et al. 2003; Van Pelt and Piatt 2003). 
Kittlitz’s murrelet populations have suffered a dramatic decline in recent years as a result of gillnet 
fisheries, diminished fish stocks, glacial retreat, climate regime shift, coastal pollution, and global 
warming (Enticott and Tipling 1997; Kuletz et al. 2003; USFWS 2004d). The species is expected to 
become extirpated if current population trends continue.2 Current population estimates range from 
9,000 to 25,000 individuals (USFWS 2003b), 70% of which are in Alaska (Harrison 1983; Enticott and 
Tipling 1997). 
 
Behavior and Life History—Unlike the majority of seabirds, Kittlitz’s murrelets are non-colonial 
breeders that prefer to nest within isolated, inland habitats; however, flocks indicate more social 
activity at sea (Harrison 1983). The clandestine nature and rarity of Kittlitz’s murrelets leads 
researchers to make assumptions about several life history characteristics. As in other alcid species, 
these birds are thought to be monogamous. Pre-existing pair bonds unite on open water, whereas 
inexperienced, unpaired individuals search for potential mates in bays (Day et al. 1999). Nest site 
selection may take up to two years before active mating begins (Nelson and Baird 2002). This 
species is most active during twilight hours in both foraging and prospecting nest sites. Nest site 
fidelity is suggested (Piatt et al. 1999). Well-camouflaged nests occur on non-vegetated, barren 
ground between snow patches, along mountain slopes, coastal cliffs, and rock ledges typically above 
the timber line and within the vicinity of glaciers (Thayer 1914; Fox and Hall 1982; Day et al. 1983; 
Harrison 1983; Murphy et al. 1984; Soper 1989; USFWS 2003b). Modest nests are constructed as a 
simple scrape in the ground or atop gravel and also occur on bare ground, protected by large 
boulders or rock ledges (Day et al. 1999). Both parents are thought to actively participate in the one 
month incubation period. A clutch is typically a single, greenish egg laid between May and June (Fox 
and Hall 1982; Harrison 1983; Day 1996). Eggs must be laid by the end of June in order for 
individuals to fledge by the end of July and subsequently move to the sea by the end of August (Day 
1996). Parental care occurs for approximately 24 days after which parents depart to nesting colonies 
and fledglings learn to fly and forage in nearshore areas (Day et al. 1999). Distant nest sites indicate 
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that fledglings, incapable of flight, exploit nearby mountain streams to carry them to the ocean for 
more appropriate food sources (Murphy et al. 1984; Day 1996). 
 
While Kittlitz’s murrelets forage during the day, they predominately exhibit crepuscular feeding habits 
(Day et al. 1999). This species feeds on forage fish (e.g., Pacific sand lance, Pacific herring, capelin, 
and Pacific sandfish), and various invertebrates including zooplankton (e.g., euphausiids) and other 
small crustaceans (Day et al. 1999; Kuletz et al. 2003). Brief diving maneuvers are employed to 
obtain prey or escape from predators (Day et al. 1999). 

 
• Peregrine Falcon (Falco peregrinus) 
 

Description—Globally, there are at least 19 subspecies of the peregrine falcon, three of which 
inhabit North America, including Alaska (Ambrose et al. 1988). The three subspecies differ in size and 
color. Subspecies are larger in the North Pacific Rim, smaller in the western U.S. and Mexico, and 
become increasingly larger in eastern populations (White and Boyce 1988). Peale’s peregrine falcon 
(Falco peregrinus pealei) is markedly the largest of the three subspecies, followed by the medium-
sized American peregrine falcon (Falco peregrinus anatum) and the smallest of the three, the Arctic 
peregrine falcon (Falco peregrinus tundrius; Beebe 1960; Hayes and Buchanan 2002). On average, 
peregrine falcons are 37 to 46 cm long, have a wingspan of 1 m, and weigh 450 g to 1 kg (Sibley and 
Monroe 1990; White et al. 2002). Sexual dimorphism is apparent in that females are larger, a 
common trait to many raptor species.  
 
Coloration follows Gloger’s Rule that predicts plumages to be pale in dry climates, dark in humid 
climates, with red hues predominating in hot, dry areas and more pale, cream, and blue hues in cold 
regions (White and Boyce 1988). In general, immature birds have paler to brown upperparts with dark 
streaks on underparts, whereas adults have gray upperparts and pale underparts with dark bars that 
extend from the eye to the neck; all plumages tend to suppress a reddish-brown color. Adults have 
yellowish eye rings and legs, while juveniles posses dark brown irises and greenish-yellow lower legs 
(Wheeler and Clark 2003; ODNR4).  
 
Color variations also exist within the three Alaska subspecies. Peregrines become increasingly darker 
and more heavily marked in northern populations (Beebe 1960). Peale’s peregrine falcon is the most 
distinguishable of the three Alaska subspecies, whereas American and Arctic peregrines are more 
similar and are occasionally confused with each other (White and Boyce 1988). Peale’s peregrines 
exhibit a very distinct and heavily marked first year plumage with a dark head and malar stripe, slight 
reddish brown edging on shoulders, and an overall dark slate-gray color (Beebe 1960). Juveniles are 
darker with an abundance of dark streaks along underparts (Wheeler and Clark 2003). Adult plumage 
is also dark and retains streaked underparts, although colors are more grayed. Dark feathers streak 
the pale cheek patch and breast (Wheeler and Clark 2003). Peale’s peregrine falcons possess a 
unique powdery down that helps to waterproof the plumage to ensure efficient flight in damp and 
rainy environments. In addition, the coating tends to give the overall plumage a bluish-gray tint 
(Beebe 1960). The American peregrine falcon exhibits an overall dark plumage with salmon wash 
and smaller cheek patches (Beebe 1960; Wheeler and Clark 2003). The arctic peregrine falcon is the 
least marked of the three Alaska subspecies (Beebe 1960; Wheeler and Clark 2003). 

 
Status—The USFWS listed the American and Arctic peregrine falcons as endangered under the 
Endangered Species Conservation Act of 1969 (the precursor to the ESA) and then transferred them 
to the ESA, due to severe and rapid population declines from the mid-1950s to the 1970s (Hayes and 
Buchanan 2002). Arctic and American peregrine falcons were delisted in 1994 and 1999, respectively 
(USFWS 1994; USFWS 1999b), but are still being monitored to ensure that their populations are 
secure (Hayes and Buchanan 2002; USFWS 2003a). During this monitoring period, peregrine falcons 
are treated similarly to candidates for ESA listing. Peregrine falcon populations continue to be 
threatened by urban expansion, environmental toxins, habitat loss and illegal take. 
 
There are nearly 3,000 breeding pairs in the U.S., Canada, and Mexico (Sibley and Monroe 1990; 
White et al. 2002; NatureServe2). Additional investigations report 600 pairs of breeding Peale’s 
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peregrine falcons along the Alaskan coastline (Ambrose et al. 1988). Following the 1989 Exxon 
Valdez oil spill, Gulf of Alaska populations remained healthy with a minimum population of 114 adults 
(Hughes and Sanger 1999). 
 
Habitat Preferences—Suitable nesting and foraging habitat includes rocky cliffs, prominent bluffs, 
and escarpments within tundra, savanna, and forested valleys in close proximity (0.4 to 0.8 km) of a 
water source to attract prey species (Hickey 1942; Cade 1951; ODOT 2000; White et al. 2002). 
Habitat elevations for the species as a whole range from 14 m to 1 km (Hickey 1942; White et al. 
2002). Peregrines prefer wetland habitats with large numbers of waterfowl during migration and 
winter months. All known nesting sites in Alaska are near water and limited to altitudes below 760 m 
(Cade 1960). Peregrines also occupy mountainous coastlines and small, offshore islands with no or 
low cliffs (Bond 1946). Nests in cliffs are often sheltered under a rocky outcropping or ledge with 
some vegetation, making it difficult for terrestrial mammals to invade nest sites (Hickey 1942; USFWS 
1982; Hayes and Buchanan 2002). In addition, tall, urban buildings, towers, and other artificial 
structures are exploited for nesting. Occasionally abandoned nests of different avian species become 
occupied by peregrine falcons (Hayes and Buchanan 2002; White et al. 2002).  
 
Distribution—The peregrine falcon is a cosmopolitan species that occurs on all continents, except 
Antarctica (White and Boyce 1988). Nesting occurs from 55°S in South America to 76°N in western 
Greenland. North American populations extend from subarctic boreal forests of Alaska and Canada 
south to the highlands of central Mexico (Hickey 1942). Few peregrines are found between the Rocky 
and Cascade mountains, or in Nevada, eastern Oregon, or eastern Washington State due to extreme 
elevation, absence of suitable water sources, high temperatures, and dryness (Bond 1946).  
 
The three subspecies occupy specific habitats with some overlap in both migrating and breeding 
seasons. The arctic peregrine falcon predominately breeds in remote, undisturbed arctic wilderness 
of Canada, Alaska, and Greenland, potentially merging with American peregrine falcons that inhabit 
more interior portions of the regions and Peale’s peregrine falcon in parts of western Washington 
State (Hayes and Buchanan 2002). More specifically, the American peregrine falcon breeds in 
subarctic Alaska and Canada and throughout the western U.S. (Beebe 1960). The arctic peregrine 
falcon is concentrated in the far northern tundra of Alaska, the American peregrine falcon inhabits 
interior Alaska, and Peale’s peregrine falcon occurs along the coast (Ambrose et al. 1988; Hayes and 
Buchanan 2002) During nonbreeding periods, ranges stretch from the western Aleutians, east 
through Alaska and Canada to the Atlantic coast, and south central Mexico (Bond 1946; Beebe 
1960). Coastal habitat of the Pacific Northwest is almost exclusively occupied by non-migratory 
Peale’s falcon; some American peregrine falcons occur along portions of Alaska’s coast (Beebe 
1960). Peale’s peregrine falcons prefer coastal areas and offshore islands between latitudes 50° and 
55°N, from the western Aleutian Islands, through the Gulf of Alaska, south to portions of California. All 
three North American subspecies occur along the Pacific coast to California; however, Alaska is the 
only state that all three nest. 
 
Peregrines range from local, sedentary residents to long-distance migrants. Most migrations are 
seasonal, although some irregular movements occur if individuals need to exploit alternative food 
sources (Hayes and Buchanan 2002). Data suggest that peregrines nesting in far north regions of 
North America migrate the farthest south during winter, whereas birds at lower latitudes have more 
variable movement patterns. American and arctic peregrine falcons are long-distance migrants that 
travel thousands of kilometers (Craddock and Carlson 1970; Rogers and Leatherwood 1981). Arctic 
peregrine falcons nest in tundra habitats from western Alaska to Greenland and migrate to Central 
and South America to winter (Cade 1960; Isleib and Kessel 1989). American peregrine falcon 
breeding habitat includes areas not occupied by Arctic or Peale’s falcons. These individuals have a 
more variable migrating behavior and may move as far south as the Gulf of Mexico coast (Hayes and 
Buchanan 2002). Peale’s peregrine falcons are typically year-round residents of coastal Alaska, 
however, first years, unpaired adults, and some breeding adults migrate short distances, following 
coastal routes of Washington State, Oregon, and California from August to November (USFWS 1982; 
Anderson et al. 1988; Isleib and Kessel 1989). Seasonal movements often coincide with forage 
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species’ migrations in the spring and fall; major staging areas for shorebirds include the Copper River 
Delta in Alaska and Grays Harbor, Washington State (Anderson et al. 1988).  
 
All three subspecies migrate along the Pacific coast to wintering grounds elsewhere in North America 
(Anderson et al. 1988). Fall migrations along the Pacific coast begin in mid-August and extend 
through California by mid-October (Beebe 1960; Enderson 1965; Anderson et al. 1988). Spring 
movements generally occur from March to May as peregrines return north to breeding grounds, 
following migrating shorebirds (Anderson et al. 1988). Migrants will travel 30 days from wintering 
grounds in the Gulf of Mexico to summer areas in far western Canada and eastern Greenland, 
returning around mid-May (Hayes and Buchanan 2002; McGrady et al. 2002). During migration, 
peregrines are recorded as far as 33 km offshore near the Farallon Islands off California, 418 km 
south of the Aleutians, and regularly move 100 to 250 km from the U.S. Atlantic coast (Beebe 1960; 
Craddock and Carlson 1970; Kerlinger et al. 1983; Anderson et al. 1988). Peregrines frequently move 
offshore and forage from vessels, oil and gas platforms, and small islands (Craddock and Carlson 
1970; Rogers and Leatherwood 1981; Russell 2005).  

 
 Information Specific to the Gulf of Alaska OPAREA—Peregrine falcon occurrences in the Gulf 

of Alaska OPAREA are likely due to the species offshore movements during migration and 
foraging. Offshore occurrences out to 2,600 km from shore are documented (Craddock and 
Carlson 1970; Rogers and Leatherwood 1981; Kerlinger et al. 1983; Pitman, R., NMFS-
SWFSC, pers. comm., 2 May 2006). This leads to the broad foraging range depicted in 
Figure D-9. Records indicate that peregrine falcons perch on vessels that could potentially 
take them far offshore to forage (Craddock and Carlson 1970; Rogers and Leatherwood 
1981). Tagging data suggest a flyway through the OPAREA that peregrine falcons travel 
along when moving from far north Alaska to the U.S. Pacific coast (Hayes and Buchanan 
2002). Additionally, Peale’s peregrine falcons nest and forage almost strictly in close vicinity 
to the Alaskan shoreline and individuals are documented approximately 19 km from shore in 
the Gulf of Alaska (Pitman, R., NMFS-SWFSC, pers. comm., 2 May 2006).  

 
Behavior and Life History—The peregrine falcon is a monogamous species, sometimes retaining a 
mate year-round. Immature birds delay breeding for two to three years (Cade 1960; Hayes and 
Buchanan 2002). Unmated males return to natal sites to establish breeding territories. Following 
courtship displays, mates hunt together early in the breeding season and reestablish the pair bond for 
six to eight weeks (ODOT 2000). Successful breeding increases the tendency of pairs to return within 
close proximity of the original nest. Nest site fidelity is more common in temperate versus arctic 
habitat (Cade 1960).  
 
Typically, peregrines will only produce one brood of four eggs (Hickey 1942; Bond 1946). Nests are 
usually a simple scrape in the dirt or similar surrounding materials (Hickey 1942). Incubation is 
primarily by the female for 30 to 35 days. Most hatching occurs between 1 April and 30 June (ODOT 
2000). Fledgling occurs between 35 and 42 days (Hayes and Buchanan 2002). Extended parental 
care only occurs if eggs are laid early in the season, allowing young peregrines time to grow and 
benefit from added knowledge and skills parents provide before leaving for wintering grounds (Cade 
1960; Nelson 1977).  
 
Peregrines are capable of incredible speeds when pursuing prey. Common forage species include 
large and small shorebirds, waterfowl, and inshore birds such as passerines. Prey availability is 
dependent upon geographical location, habitat, and time of year: Bats, and small terrestrial mammals 
are sometimes consumed (Beebe 1960; Buchanan 1991; White et al. 2002). Immature peregrines 
with inefficient foraging skills may scavenge carrion along beaches after unsuccessful attempts at sea 
(Buchanan 1991).  

 
3.3.4 Websites Accessed  
 
1 IUCN Red List of Threatened Species. Accessed 28 February 2006. http://www.redlist.org. 



SEPTEMBER 2006 FINAL REPORT 

3-106 

2 NatureServe Explorer: An online encyclopedia of life [web application]. Accessed 1 March 2006. 
http://www.natureserve.org/explorer. 

3 Black-footed albatross. Accessed 1 March 2006. http://www.fws.gov/midway/wildlife/bfal.html. 
4 Life history notes: Peregrine Falcon (Falco peregrinus). Accessed 24 April 2006. http://www.ohiodnr. 

com/wildlife/Resources/wildnotes/pub080.htm. 
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3.4 FISH 
 
3.4.1 Introduction 
 
There are five dominant species of salmon that occur in the Gulf of Alaska and have the potential of 
occurring in the OPAREA: chinook salmon, coho salmon, chum salmon, sockeye salmon, and pink 
salmon. Pacific salmon are federally protected by the designation of Evolutionary Significant Units 
(ESUs). ESUs are defined by NMFS as a population that is “substantially reproductively isolated from 
conspecific populations and represents an important component in the evolutionary legacy of the species” 
(Good et al. 2005). It should be noted that due to the anadromous life history of salmon, and ESUs 
(including those that are listed under the ESA) could possibly occur in the OPAREA (Table 3-4). Marine 
EFH is also designated for the chinook, coho, chum, sockeye, and pink salmon from the mean higher tide 
line to the 200-nautical mile limit of the U.S. EEZ (NMFS-AKR 2005; Figure E-1). Section 4-4 discusses 
EFH in greater detail, as well as the possible impacts of climate change on these species. No salmonid 
species have designated critical habitat within the OPAREA but various ESUs from along the Pacific 
coast have ESA status, designated critical habitat, and the potential to occur in the OPAREA. Various 
ESUs of chinook salmon, coho salmon, chum salmon, sockeye salmon, and steelhead migrate north to 
mature in the Gulf of Alaska (Figure 3-9). Salmon (chinook and coho, in particular) support important 
traditional, commercial, and recreational fisheries in the Gulf of Alaska and have long been an integral 
part of the Native American culture (NPFMC 1990; USGS1). Salmon are extremely important to both 
marine and terrestrial ecosystems (Gende et al. 2002).  
 
All Pacific salmon species are gonochoristic (species with sexes separate) and exhibit varying forms of 
anadromy; they spend their early lives in freshwater before migrating to the ocean to grow and mature. 
For further information on Pacific salmon species, and their life history and behavioral ecology, see Groot 
and Margolis (1991) and Emmett (1991). 
 
The extent of hearing data for salmon is limited to the Atlantic salmon (Salmo salar) and masu salmon 
(Oncorhynchus masou). Atlantic salmon can detect sounds to frequencies somewhat above 600 Hz, 
however, at above about 150 Hz, the hearing sensitivity drops off sharply (Abbott 1973; Hawkins and 
Johnstone 1978; Knudsen et al. 1992; Kojima et al. 1992; Knudsen et al. 1994). Salmonids are unable to 
perceive high frequency sounds; these fish respond best to low frequencies (5 to 10 Hz) in the infrasound 
range. As noted by Mueller et al. (1999), life stage differences in hearing are to be expected due to 
developmental differences. As noted by Hastings and Popper (2005), care must be taken in extrapolating 
information from Atlantic salmon to Pacific coast salmonids. Data on the ear anatomy of several salmonid 
species suggest that the auditory system is similar for all salmonids, however, without additional hearing 
data, this extrapolation must be done with considerable caution (Hastings and Popper 2005).  
 
Each salmonid species with the potential of occurring in the Gulf of Alaska is listed below including 
description, status, habitat preferences, distribution (including location and seasonal occurrence in the 
Gulf of Alaska OPAREA), behavior, and life history. 
 
• Chinook Salmon (Oncorhynchus tshawytscha) 
 

Description—Chinook salmon are gonochoristic, oviparous, and semelparous (Emmett et al. 1991). 
They are the largest member of Pacific salmon weighing as much as 45 kg and reaching 150 cm in 
length (PFMC 2000). Distinguishing characteristics include small black spots on both lobes of their 
caudal fin and black pigment along the base of the teeth (Healey 1991). Chinook also exhibit colors of 
flesh ranging from white through various shades of pink and red (Healey 1991). Chinook salmon 
exhibit one of the more diverse and complex life history strategies of all Pacific salmon and are 
separated into two generalized life-history types: stream-type and ocean-type fish (PFMC Myers et al. 
1998; 2000). 

 
Status—Currently, NMFS has identified 17 ESUs of chinook salmon in Washington, Oregon, Idaho, 
and California. Each ESU is treated as a separate species under the ESA (NMFS 2005d; NMFS 
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Table 3-4. Pacific salmonid ESUs in the Gulf of Alaska OPAREA and vicinity. 
 
 

Species ESU ESA Listing Status ESU Critical Habitat 
Chinook Salmon    

Sacramento River Winter-run Endangered Designated 

Upper Columbia River Spring-run Endangered Designated 

Snake River Spring/Summer-run Threatened Designated 

Snake River Fall-run Threatened Designated 

Central Valley Spring-run Threatened Designated 

California Coastal Threatened Designated 

Puget Sound Threatened Designated 

Lower Columbia River Threatened Designated 

 

Upper Willamette River Threatened Designated 

Coho Salmon    

Central California Coast Endangered Designated 
Southern Oregon/Northern 

California Coasts
Threatened Designated  

Lower Columbia River Threatened Under Development 

Chum Salmon    

Hood Canal Summer-run Threatened Designated 
 

Columbia River Threatened Designated 

Sockeye Salmon    

Snake River Endangered Designated 
 

Ozette Lake Threatened Designated 

Steelhead Trout    

Southern California Endangered Designated 

Upper Columbia River Endangered Designated 

Snake River Basin Threatened Designated 

Middle Columbia River Threatened Designated 

Lower Columbia River Threatened Designated 

Upper Willamette River Threatened Designated 

South-Central California Coast Threatened Designated 

Central California Coast Threatened Designated 

Northern California Threatened Designated 

 

California Central Valley Threatened Designated 

Source: NMFS-NWR2 
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2005f). Of these ESUs, two are listed as endangered (Sacramento River winter-run and Upper 
Columbia River spring-run), 7 are threatened (Snake River spring/summer-run, Snake River fall-run, 
Central Valley spring-run, California coastal, Puget Sound, Lower Columbia River, and Upper 
Willamette River), and one is listed as a species of concern (Central Valley fall-and late fall-run; 
Figure 3-10; NMFS 2005d; 2005f; 2005c). 
 
Habitat degradation resulting from dam construction, urbanization, agricultural land use, water 
diversion, and logging has led to extinction risks particularly in the southern portion of the chinook 
salmon’s range (NMFS-AKR 2005). While these anthropogenic factors are a definite concern in 
Alaska, chinook populations in this region have not seen the degree of impact they have in the Pacific 
Northwest (NMFS-AKR 2005).  
 
Habitat Preference—Chinook salmon are found in freshwater to euhaline waters from the surface to 
depths of 250 m depending on lifestage.4 Smaller fry prefer more protected, lower salinity habitats. As 
fish get larger, they gradually leave the well protected habitats for higher salinity waters (PFMC 
2000). After juveniles advance past the initial marine phase, they prefer depths ranging from 30 to 70 
m and are often associated with bottom topography (PFMC 2000). Late juveniles and adults are 
pelagic, neustonic, or semi-demersal/semi-pelagic (PFMC 2000). They also utilize deeper waters 
(greater than 30 m) than other Pacific salmon (generally less than 20 m) during their ocean residency 
(NPFMC 1990; NMFS-AKR 2005). Chinook salmon may be found in water temperatures ranging from 
0.0 to 26°C but this may vary depending on lifestage and activity (MBC 1987). Ocean type juveniles 
are found in waters from 1 to 15°C but few chinook are found at temperatures below 5°C (MBC 1987; 
PFMC 2000). Juvenile and adult chinook salmon are found in freshwater to euhaline waters (Emmett 
et al. 1991). Subadults that have migrated to marine waters are found in polyhaline to euhaline waters 
(Emmett et al. 1991). No substrate preference has been documented for adults in the marine 
environment (Beauchamp et al. 1983). 
 
Distribution—The chinook salmon’s historical range in North America extended from the Ventura 
River in California to Point Hope, Alaska (Myers et al. 1998). The natural freshwater range for chinook 
salmon extends throughout the Pacific Rim of North America. This species has been identified from 
the San Joaquin River in California to the Mackenzie River in northern Canada (Healey 1991). The 
oceanic range encompasses Washington, Oregon, California, throughout the north Pacific Ocean, 
and as far south as the U.S./Mexico border (PFMC 2000). Offshore ocean distribution is generally 
more limited (within 200 miles of the coast) for chinook than other Pacific salmonids (NPFMC 1990) 
The majority of stream-type chinook stocks are found in Alaska, north of 56°N and ocean-type 
chinook are more common near the center of the species range (Healey 1991). 
 

 Information Specific to the Gulf of Alaska OPAREA—Early life history stages for chinook 
occur in freshwater but juveniles and adults utilize marine habitats within the Gulf of Alaska 
OPAREA. Juvenile chinook prefer coastal areas (less than 55 km) throughout California, 
Oregon, and Washington, north to the Strait of Georgia and the Inland Passage, Alaska 
(PFMC 2000). The majority of marine juveniles are found within 28 km of the coast (PFMC 
2000). They tend to concentrate around areas of pronounced coastal upwellings (PFMC 
2000). Populations originating north of Cape Blanco, Oregon migrate north to the Gulf of 
Alaska, while populations originating south of Cape Blanco migrate south and west into the 
waters off California and Oregon (PFMC 2000). Chinook salmon spawning in rivers south of 
the Rogue River in Oregon rear in marine waters off California and Oregon, whereas, salmon 
spawning in rivers north of the Rogue River migrate north and west along the Pacific coast 
(NMFS-AKR 2005). These migrations are important from a management perspective since 
fish from Oregon, Washington, British Columbia, and Alaska have the potential of being 
harvested in the Gulf of Alaska (NMFS-AKR 2005).  
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Figure 3-10. Designated critical habitat for chinook salmon in the Gulf of Alaska OPAREA and vicinity. Source data: NMFS-NWR.3 
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Behavior and Life History—Chinook salmon exhibit one of the more diverse and complex life history 
strategies of all Pacific salmon and are separated into two generalized life-history types: stream-type 
and ocean-type (Myers et al. 1998; PFMC 2000). Timing of migration to seawater for juveniles is 
highly variable (PFMC 2000). Ocean-type juveniles may migrate to the ocean immediately after 
hatching in the late winter or early spring, but most remain in freshwater for 30 to 90 days (NMFS-
AKR 2005). Ocean-type juveniles typically inhabit estuaries for several months before migrating to 
higher salinity waters (PFMC 2000). Stream-type juveniles pass quickly through estuaries, are highly 
migratory, and may make extensive migrations in the open ocean (NMFS-AKR 2005). Fry enter the 
upper reaches of estuaries in late winter for the more southern populations or early spring for the 
more northern populations (PFMC 2000). For a year or more, they reside as fry or parr in freshwater 
where they exhibit downstream dispersal and utilize a variety of freshwater rearing environments 
before migrating to sea (Healey 1991). They perform extensive offshore oceanic migrations and 
return to their natal river during the spring and early summer, several months prior to spawning 
(Healey 1991). Ocean residency varies but may last from 1 to 6 years (Healey 1991). Stream-type 
adults often enter freshwater in the spring and summer as immature fish and spawn in upper 
watersheds in late summer or early fall (PFMC 2000). Stream-type life histories are most common in 
Alaska, but ocean-type populations are also present in a few watersheds (NMFS-AKR 2005). 
 
Ocean-type chinook migrate to the ocean within the first year (typically within a few months) after 
emergence where they spend an average of 4 to 5 years. (Myers et al. 1998; PFMC 2000; Augerot 
and Foley 2005). Ocean-type chinook salmon spend most of their ocean life in coastal waters, and 
return to their natal rivers from spring to winter (Healey 1991). Spawning may range from May/June to 
December/January depending on location but periods are specific for each run and/or stock (Emmett 
et al. 1991; Healey 1991; PFMC 2000). Spawning may occur from the tidewater to 3,200 km 
upstream (Healey 1991). Stream-type and ocean-type spawning populations are separated 
considerably (Healey 1991). In North America there seems to be a sudden shift from stream-type to 
ocean-type stocks somewhere around Alaska-British Columbia border (Healey 1991). South of 
approximately 56°N, stream-type chinook are only found in larger rivers with ocean-type salmon 
dominating the majority of the runs (Healey 1991).  
 
Chinook salmon may return to their natal streams during any month but there are one to three peaks 
associated with salmon migratory activity (Healey 1991). These peaks vary between river systems. 
Northern river systems generally see a single peak in migratory activity around June with the run 
possible extending through April to August (Healey 1991). As you go farther south, runs occur 
progressively later (Healey 1991).  
 
In marine environments the chinook’s diet consist of crab zoea, rockfish, Pacific sand lance, 
eulachon, herring, anchovy, copepods, euphausiids, cephalopods, isopods, and amphipods 
(Beauchamp et al. 1983; NPFMC 1990; NMFS-AKR 2005).  
 

• Coho Salmon (Oncorhynchus kisutch) 
 
Descriptions—Coho salmon are distinguished by irregular black spots on their back and upper lobe 
of their caudal fin (PFMC 2000). When sexually mature, they have bright red sides and a bright green 
back and head (PFMC 2000). Coho may attain lengths greater than 100 cm and weigh as much as 
15 kg.4 
 
Status—There are currently 7 ESUs of coho salmon in Washington, Oregon, and California (NMFS 
2005c; NMFS 2005f; NMFS 2005d). Of these ESUs, one is listed as “endangered” (Central California 
coast), two are “threatened” (Southern Oregon/Northern California coasts and Lower Columbia River) 
and one is “proposed threatened” (Oregon Coast; Figure 3-11; NMFS 2005d; NMFS 2005f; NMFS 
2005c). 
 
Because of the coho’s extended residency in freshwater environments (streams, ponds, and lakes), 
they are especially vulnerable to anthropogenic activities such as timber harvesting, mining, and road 
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Figure 3-11. Designated critical habitat for coho salmon in the Gulf of Alaska OPAREA and
vicinity. Source data: NMFS-NWR.3 
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building (NPFMC 1990). Catch rates for coho in Alaska are at historically high levels and most stocks 
are rated as stable (NMFS-AKR 2005). 
 
Habitat Preference—Coho salmon are found in fresh to euhaline water at depths ranging from the 
surface to 250 m.4 In the open ocean, coho are thought to stay within 30 m of the surface unless 
water conditions are considerably warm (Emmett et al. 1991). Marine juveniles are commonly found 
at depths less than 10 m (PFMC 2000). Oceanic coho are found at temperatures ranging from 4 to 
15.2°C but prefer temperatures from 8 to 12°C (Emmett et al. 1991). Eggs, alevins, fry, and parr 
inhabit freshwater while juveniles and adults are anadromous (Emmett et al. 1991). Smolts, 
subadults, and adults are found migrating over a variety of substrates (Emmett et al. 1991). Cover 
availability is more important than substrate selection for juvenile coho (Emmett et al. 1991).  
 
Distribution—Coho salmon are found in freshwater drainages from Monterey Bay, California north 
along the west coast of North America to Alaska, around the Bering Sea south through Russia to 
Hokkaido, Japan (CDFG 2002). Oceanic lifestages are found from Camalu Bay, Baja California north 
to Point Hope, Alaska and through the Aleutian Islands (MBC 1987; Sandercock 1991; NMFS-AKR 
2005). In the northeastern Pacific, coho can be found south of 40°N, but only in the coastal waters of 
the California Current (MBC 1987). Tagging studies have shown coho originating from Washington 
and Oregon as far north as 60°N latitude and coho originating from California as far north as 58°N 
latitude (PFMC 2000). Oregon coho have been taken in offshore waters near Kodiak Island in the 
northern Gulf of Alaska. Westward migration of coho salmon appears to extend beyond the EEZ 
beginning at approximately 45°N latitude off the coast of Oregon (PFMC 2000). In strong upwelling 
years coho are more dispersed offshore, whereas in weak upwelling years they concentrate near 
submarine canyons and areas of consistent upwelling.  

 
 Information Specific to the Gulf of Alaska OPAREA—Early life history stages for coho salmon 

occur in freshwater, but juveniles and adults utilize marine habitats within the Gulf of Alaska 
OPAREA. Coho from California, Oregon, and Washington, typically remain in coastal waters 
near their natal stream for at least their first summer before migrating north (PFMC 2000). As 
populations leave Puget Sound they can be found migrating northward along the east or west 
coast of Vancouver Island and out into the Pacific Ocean (PFMC 2000). Tagging studies 
demonstrate that fish from British Columbia, Washington, and Oregon move as far west as 
160°W to 175°W longitude (Healey 1991).  

 
Behavior and Life History—Adult coho migrate into streams where they deposit their eggs in gravel 
(Sandercock 1991). Eggs incubate throughout the winter and emerge in the spring as free-swimming 
fry (Sandercock 1991). Typical freshwater and estuarine residency time in Alaska is 1 to 2 years, 
though coho may spend up to 5 years if their growth is slow (NMFS-AKR 2005). Juveniles spend a 
minimum of 18 months at sea before returning to their natal streams to repeat the process (NPFMC 
1990; Sandercock 1991).  
 
Adult coho salmon migrate to their natal streams from June to February with northern populations 
beginning their return earlier than southern populations (Emmett et al. 1991; Sandercock 1991). 
Throughout their range, coho exhibit a variety of return timing patterns (Sandercock 1991). Most 
juvenile migration occurs from April to August with a peak in May (Emmett et al. 1991). Generally, as 
you move farther north, estuarine residency time for juveniles increases (PFMC 2000). Upon entering 
the ocean, coho may spend several weeks or their entire first summer in coastal waters before 
migrating north (PFMC 2000). In Alaska, coho spend up to 4 months in coastal waters before 
migrating offshore (NMFS-AKR 2005). Tag, release, and recovery studies suggest that coho salmon 
of California origin can be found as far north as southeast Alaska and salmon from Oregon and 
Washington as far north as the northern Gulf of Alaska (PFMC 2000). The extent of coho migrations 
appears to extend westward along the Aleutian Island chain ending somewhere around Emperor 
Seamount (believed to be an area of high prey abundance; PFMC 2000). While the southern extent 
of the population expands and contracts annually, with Point Conception, California generally 
considered the faunal break for the coho and other temperate marine species (PFMC 2000). 
Offshore, juvenile coho are generally found in waters over the continental shelf, ranging from 37 to 74 
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km from shore (NMFS-AKR 2005). Adult coho may enter freshwater as early as July in the Alaska 
and as late as December or January in California (Sandercock 1991; PFMC 2000). Summer-run coho 
may enter rivers exceptionally early (spring or early summer; PFMC 2000). Larger rivers have a wider 
range of entry times than smaller systems (PFMC 2000).  
 
In North America, coho generally spawn from October to March with populations found at the 
northern extent of the species range spawning earlier than those at the southern extent (Sandercock 
1991; PFMC 2000). In northern Alaska, the spawning migrations generally begin in July and August 
and extend into December (Sandercock 1991; NMFS-AKR 2005). Coho are generally the last of the 
Pacific salmon species to enter freshwater (NMFS-AKR 2005). Both spawning and migration times 
can be highly variable (Sandercock 1991). Coho spawn in most coastal streams within the northern 
Gulf of Alaska (Sandercock 1991). 
 
Coho salmon are opportunistic feeders who’s diet reflects the availability of the prey in their area 
(Emmett et al. 1991). Ocean-dwelling coho initially feed on decapod larvae, gammarid and hyperid 
amphipods, euphausiids, terrestrial insects, copepods, cephalopods, Cnideria, gastropods, planktonic 
annelids, and larval and juvenile fishes (Emmett et al. 1991). As juveniles get larger they become 
more piscivorous feeding on northern anchovy (Engraulis mordax), Pacific herring (Clupea pallasi), 
Pacific sardine (Sardinops sagax), juvenile scorpaenids, capelin (Mallotus villosus), and other fish 
species (Emmett et al. 1991).  

 
• Chum Salmon (Oncorhynchus keta) 

 
Descriptions—Chum salmon are distinguished by the absence of large black spots on their body 
and fins and a slender caudal peduncle. Adults have white tips on their pelvic and anal fins and 
maturing fish have a series of dark bars and red coloring on theirs sides (Pauley et al. 1988). Chum 
salmon may reach 100 cm in length and weigh almost 16 kg.4  
 
Status—There are currently 4 ESUs of chum, two of which (Hood Canal Summer-run and the 
Columbia River) are designated as “threatened” (Figure 3-12; NMFS 2005c; NMFS 2005f; NMFS 
2005d). The Puget Sound/Strait of Georgia and Pacific coast ESUs have not yet warranted a 
designation of “threatened” or “endangered” (NMFS 2005d; NMFS 2005f; NMFS 2005c). Chum 
salmon are the most important commercial and subsistence species in the arctic, northwest, and 
interior regions of Alaska (NMFS-AKR 2005) 
 
Habitat Preference—Chum salmon are found in fresh water to euhaline water at depths ranging from 
the surface to 250 m.4 Juveniles are primarily epipelagic and are found from the surface down to 95 m 
(Emmett et al. 1991). Chum salmon are found at a wide range of temperatures from 3 to 22°C but 
prefer temperatures from 8.3 to 15.6°C (Pauley et al. 1988). Eggs, alevins, fry, and parr inhabit 
freshwater while juveniles and adults are anadromous (Salo 1991). Juveniles and adults are found 
over a variety of substrates (Emmett et al. 1991). Chum salmon are more dependent on estuaries 
and marine waters than the other Pacific salmon species with the exception of ocean-type chinook 
salmon (Salo 1991). 
 
Distribution—Chum salmon have the largest range of natural geographic and spawning distribution 
of all the Pacific salmon species (Pauley et al. 1988). Historically, in North America, chum salmon 
occurred from Monterey, California to the Arctic coast of Alaska and east to the Mackenzie River 
which flows into the Beaufort Sea. Present spawning populations are now found only as far south as 
Tillamook Bay on the northern Oregon coast (Salo 1991). Juvenile chum occur along the coast of 
North America and Alaska in a band that extends out to 36 km (Salo 1991).  
 

 Information Specific to the Gulf of Alaska OPAREA—Early life history stages for chum 
salmon occur in freshwater but juveniles and adults utilize marine habitats within the Gulf of 
Alaska OPAREA. Juvenile chum migrations follow the Gulf of Alaska coastal belt to the north, 
west, and south during their first summer at sea (Salo 1991). While overall migrations 
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Figure 3-12. Designated critical habitat for chum salmon in the Gulf of Alaska OPAREA and vicinity. Source data: NMFS-NWR.3 
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patterns of juvenile chum salmon within the Gulf of Alaska are understood, nearshore 
residency times and offshore migrations patterns are still unclear (Salo 1991). Migrations of 
immature fish during the late summer fall and winter occur in a broad southeasterly fashion, 
primarily south of 50°N and east of 155°W in the Gulf of Alaska. During the spring and early 
summer, chum salmon migrate to the north and west (Salo 1991). Maturing fish destined for 
North American streams are widely distributed throughout the Gulf of Alaska during the 
spring and summer (Salo 1991). 

 
Behavior and Life History—Chum salmon are an anadromous species distributed throughout the 
North Pacific Ocean (Salo 1991). They are highly migratory with fry heading seaward immediately 
after emergence (NPFMC 1990; Salo 1991). Chum salmon do not have the clearly defined smolt 
stages that occur in other salmonids; however they are capable of adapting to seawater soon after 
emergence from the gravel (Salo 1991). Migrations of juvenile chum are correlated with the warming 
of nearshore waters (Salo 1991). They migrate to estuaries during their first spring or summer and 
spend little time rearing in freshwater (Pauley et al. 1988). Juveniles enter estuaries from March to 
mid-May where they remain for several months (Emmett et al. 1991). As chum salmon grow, there is 
a general movement toward the ocean, moving offshore from April to June (Emmett et al. 1991). They 
then head north along the continental shelf until they reach the Gulf of Alaska (Emmett et al. 1991). 
Adults return to their natal streams at various ages but generally within two to five years (Salo 1991). 
Chum salmon return to their natal streams from June to January with more northern populations 
returning earlier than those to the south (NMFS-AKR 2005). The majority of chum spawning in Alaska 
is finished by November (NMFS-AKR 2005). For chum salmon, two spawning stocks exist; a northern 
stock that spawns from June to September and a southern (late-run) stock that spawns from August 
to January (Emmett et al. 1991).  
 
Chum salmon fry feed on chironomid larvae if they spend extended periods in fresh water (Emmett et 
al. 1991). Juveniles initially feed on harpacticoid copepods and gammarid amphipods in shallow 
waters but may also prey upon terrestrial insects and small crustaceans (Emmett et al. 1991). Food 
limitations may cause juveniles to shift to more pelagic prey such as calanoid copepods, hyperiid 
amphipods, crustacean larvae, and larvaceans (Emmett et al. 1991). In marine environments, 
juveniles and subadults feed on euphausiids, squids, pteropods, and fishes (Emmett et al. 1991).  
 

• Sockeye Salmon (Oncorhynchus nerka) 
 
Description—Sockeye are primarily anadromous and exhibit a more varied life history than other 
species of Pacific salmon (see Behavior and Life History; Burgner 1991). Their flesh is a darker 
shade of red which has made them more desirable as a canned product. The most distinguishing 
characteristic of the sockeye is the distinct color change in both sexes at maturity. Both males and 
females develop green heads and bright red bodies at this time with the males also developing a 
distinctive hump on their back (Burgner 1991). During the adult and juvenile ocean migratory phase, 
sockeye have a bluish back and silver sides. Males have been recorded as large as 81 cm total 
length while females may grow to approximately 71 cm total length.4 Maximum recorded weight for 
sockeye is 7.71 kg.4 
 
Status—There are currently 7 ESUs of sockeye salmon found in Washington. The Snake River and 
Ozette lake ESUs are designated “endangered” and “threatened” respectively. Currently, the 
remaining ESUs do not warrant an ESA listing (Figure 3-13; NMFS 2005c; NMFS 2005f; NMFS 
2005d).  
 
Habitat Preference—Sockeye salmon are found in freshwater to euhaline waters.3 Young smolts 
tend to inhabit the upper part of the water column (Pauley et al. 1989). Little information exists on the 
vertical distribution of sockeye at sea, however, research suggests that they are found from the 
surface to a depth of 30 m with a preferred depth from 0 to 15 m (Burgner 1991). Sockeye are found 
over a wide variety of temperatures (Burgner 1991). They may be found in temperatures ranging from 
0 to 25°C but this varies with by lifestage.1 Young sockeye prefer water temperatures between 12 and 
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Figure 3-13. Designated critical habitat for sockeye salmon in the Gulf of Alaska OPAREA and 
vicinity. Source data: NMFS-NWR.3 
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14°C. Optimum temperature for adult sockeye has been estimated at 15°C and they avoid 
temperatures above 18°C (Pauley et al. 1989).There seems to be little correlation between high seas 
distribution of sockeye and surface salinity (Burgner 1991). There are no habitat preferences for 
juveniles rearing in lakes or adults in the marine environment (Pauley et al. 1989). Even though 
sockeye are generally found in streams associated with lakes, they are present in glacial river 
systems in Alaska (NPFMC 1990).  
 
Distribution—Spawning populations of sockeye occur from the Sacramento River in California, north 
to Kotzebue Sound, but commercially important stocks range from the Columbia River to the 
Kuskokwim River in the Bering Sea (Burgner 1991). Their oceanic distribution ranges throughout the 
Pacific Ocean from the Bering Sea south to approximately 45°N (Burgner 1991).  
 

 Information Specific to the Gulf of Alaska OPAREA—Early life history stages for sockeye 
occurs in lakes and streams but juveniles and adults utilize marine habitats within the Gulf of 
Alaska OPAREA and vicinity. Seaward migrations in Alaska begin in mid-May in association 
with salinity gradients (NPFMC 1990). Soon after entering the ocean, juvenile sockeye 
(excluding those from Bristol Bay) begin moving north into the Gulf of Alaska where they 
remain along the coastal belt until late-fall or early-winter. They then disperse offshore 
moving west and south (Emmett et al. 1991). In the Gulf of Alaska, sockeye move north 
during the spring and summer and south and west during the winter (Emmett et al. 1991). 
Ocean residency for sockeye is 1 to 4 years (Pauley et al. 1989). 

 
Behavior and Life History—The sockeye salmon is primarily anadromous but there are also distinct 
landlocked populations (kokanee) which never migrate to marine waters, spending their entire life 
cycle in fresh water habitats (Burgner 1991; Emmett et al. 1991). 
 
After emergence, sockeye typically rear in lakes or glacial river sloughs for 1 to 3 years before 
migrating to the ocean (NPFMC 1990; Burgner 1991). Anadromous sockeye spend 1 to 4 years at 
sea before returning to their natal streams in the summer and autumn to spawn and eventually die. 
Offshore movements of sockeye are complex and are affected by a variety of physical factors (e.g., 
season, temperature, and salinity) and biological factors (e.g., life stage, age and size, availability and 
distribution of prey, and stock-of-origin; Burgner 1991). Juveniles generally remain in a band close to 
the coast upon entering the ocean environment (NMFS-AKR 2005). In British Columbia and 
southeast Alaska, juveniles are usually present in the open sea by late June. These fish are found 
moving northwestward into the Gulf of Alaska during July. This northwestward movement up the 
eastern Pacific Rim is followed by a southwestward migration along the Alaskan Peninsula (NMFS-
AKR 2005).  
 
In North America spawning populations are found from the Sacramento River in California, north to 
Kotzebue Sound (Burgner 1991). Spawning is temperature-dependent and varies by location 
generally occurring from August to December and peaking in October (Emmett et al. 1991). Sockeye 
generally spawn in streams associated with lakes where the juveniles rear in the limnetic zone before 
they smoltify and migrate to the ocean (Pauley et al. 1989; Burgner 1991; Emmett et al. 1991). For 
this reason, the two largest spawning complexes are the Bristol Bay watershed in southwestern 
Alaska and the Fraser River watershed in British Columbia, both of which have extensive lake rearing 
habitats accessible to sockeye (Burgner 1991).  
 
Diet is essentially based on location, time of day, and the age of the fish (Emmett et al. 1991). All 
free-swimming lifestages are primarily planktivorous. Prey items include cladocerans and copepods 
as well as aquatic and terrestrial insects. Gammarid amphipods make up the majority of the diet for 
smolts. Estuarine prey items include euphausiids, fish larvae, juvenile shrimp, insects, amphipods, 
and mysids. Ocean sockeye feed on euphausiids, hyperiid amphipods, copepods, decopod larvae, 
pteropods, juvenile and larval fishes, squid, and other invertebrates (Emmett et al. 1991). 
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• Steelhead Trout (Oncorhynchus mykiss) 
 
Description—Adult steelhead in marine environments have a steel-blue coloration, silver-colored 
sides and ventral surface, with distinct black spots (<0.6 cm in diameter) on their dorsal surface, 
including head, dorsal fin, and tail (Fry 1973). Adults typically weigh 7.0 kg or less with total lengths 
ranging from 50 to 76 cm for anadromous steelhead (Fry 1973; Froese and Pauly3; Schultz 2004). 
 
Status—There are currently 15 ESUs identified for steelhead in Washington, Oregon, Idaho, and 
California (NMFS 1997b). Ten of these ESUs have designations of either “endangered” or 
“threatened” and have designated critical habitat (NMFS 2005c; NMFS 2005f; NMFS 2005d). The 
Southern California and Upper Columbia River ESUs are designated as “endangered”. The ESUs 
listed as “threatened” include the Snake River Basin (Idaho), Middle Columbia River, Lower Columbia 
River, Upper Willamette River, South-Central California coast, Central California coast, Northern 
California, and California Central Valley (Figure 3-14; NMFS 2005c; NMFS 2005f; NMFS 2005d).  
 
Habitat Preferences—Steelhead are found in fresh water to euhaline water at depths ranging from 
the surface to 200 m.4 Water temperatures vary with lifestage; 10°C is optimum with an upper limit of 
24°C (Pauley et al. 1986; Froese and Pauly4). Eggs, alevins, fry, and parr inhabit freshwater while 
juveniles and adults may be anadromous or may remain in freshwater. Juveniles and adults occur 
over a wide variety of substrates and there seems to be no correlation between substrate and 
distribution. 
 
Distribution—Steelhead trout are found from central California to the Bering Sea and Bristol Bay 
coastal streams of Alaska. In Alaska, steelhead range from Dixon Entrance in Southeast Alaska 
northwest through the Gulf of Alaska and into Cold Bay, Alaska (NMFS-AKR 2005). 

 
 Information Specific to the Gulf of Alaska OPAREA—While early life history stages of the 

steelhead are found only in freshwater habitats, the later life history stages of the 
anadromous life form (i.e., juveniles and adults) utilize the marine environment in the Gulf of 
Alaska OPAREA and vicinity. In the spring, Alaskan steelhead smolt leave their natal streams 
and enter the ocean where they reside for 1 to 3 years before returning to spawn (NMFS-
AKR 2005). Populations may return July (summer-run) or in August, September, and October 
(fall-run; NMFS-AKR 2005). Summer returns are rare in Alaska and are only found in a few 
southeast Alaska streams.5 Fall-run steelhead are much more common in Alaska, north of 
Federick Sound, and are found in rivers, such as the Anchor, Nahu, Karluk, and Situk.5 
Steelhead also exhibit spring runs (April, May, and June), but they are predominately found in 
southeast Alaska.5 

 
Behavior and Life History—Steelhead exhibits a great diversity of life history patterns, and are 
phylogenetically and ecologically complex. Steelhead may exhibit either an anadromous life style, 
where they migrate as juveniles from freshwater habitats to marine environments and return to 
freshwater habitats to spawn, or a freshwater residency, where they spend their entire life in 
freshwater (NMFS 1997b). Freshwater residents are referred to as rainbow trout. Different life history 
forms include anadromous and non-anadromous, winter or summer steelhead, inland or coastal 
groupings, and half-pounder strategies. Anadromous forms spend up to 7 years in freshwater and 
three years in the ocean prior to their first spawning (Busby et al. 1996). Anadromous steelhead 
typically spend the first two years of their lives in freshwater, migrate to the marine environment and 
spend two to three years there, before returning to the freshwater environment to spawn at 4 to 5 
years of age (McEwan and Jackson 1996; Schultz 2004). 
 
Steelhead have excellent homing abilities and have been separated into two races depending on their 
return to their natal stream (winter-run and summer-run; Emmett et al. 1991). Winter-run steelhead 
migrate upstream during the fall, winter, and early spring, whereas summer-run steelhead migrate 
during the spring, summer, and early fall (Emmett et al. 1991). Winter steelhead enter their home 
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Figure 3-14. Designated critical habitat for steelhead trout in the Gulf of Alaska OPAREA and 
vicinity. Source data: NMFS-NWR.3 
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stream in various stages of sexual maturation from November to April, and spawn within a few 
months of entering the river between late March and early May (Pauley et al. 1986). They are the 
most widespread of the two reproductive types. Coastal streams are dominated by winter steelhead, 
and there are only a few occurrences of inland winter steelhead populations (Busby et al. 1996). 
Juveniles generally rear in freshwater for one to four years before migrating to the ocean where they 
reside from one to five years (Emmett et al. 1991). Steelhead may also exhibit a “half-pounder” run 
(mostly summer steelhead) where they return to natal streams after only a few months at sea, 
overwinter, and then migrate back to the ocean (Emmett et al. 1991). Steelhead spend little time in 
estuaries and are abundant throughout the North Pacific and Gulf of Alaska (Emmett et al. 1991). 
 
Non-anadromous forms of steelhead have been called rainbow or redband trout. Non-anadromous 
and anadromous forms co-occur more frequently in inland populations than coastal populations 
(Busby et al. 1996). In coastal populations where they co-occur, the forms are usually separated by a 
migration barrier, either natural or man-made (Busby et al. 1996). 
 
Spawning typically occurs from December to June; peaks are in February and March (McEwan and 
Jackson 1996). Steelhead can spawn more than once (iteroparity); all other species of Pacific 
Oncorhynchus spawn once and then die (semelparity). North of Oregon, repeat spawning is relatively 
uncommon and more than 2 spawning migrations is rare. Iteroparity occurs predominantly in females 
(Busby et al. 1996). 
 
Adult steelhead feed on a variety of invertebrates, including crustaceans and mollusks inhabiting 
benthic habitats, as well as smaller species of fish and/or their eggs (Schultz 2004). Young steelhead 
feed primarily on zooplankton (NMFS-NWR 2004). 
 

3.4.2 Websites Accessed 
 
1 Marine Resources. Accessed 12 January 2006. http://biology.usgs.gov/s+t/SNT /noframe/ mr181.htm. 
2 Salmon populations. Accessed 12 January 2006. http://www.nwr.noaa.gov/ESA-Salmon-Listings/ 

Salmon-Populations/. 
3 Critical habitat GIS data. Accessed 12 January 2006. http://www.nwr.noaa.gov/Salmon-Habitat/Critical-

Habitat/CH-GIS-Data.cfm. 
4 Fishbase. Accessed 12 January 2006. http://www.fishbase.org/search.php. 
5 Steelhead trout. Accessed 25 January 2006. http://www.adfg.state.ak.us/pubs/notebook/fish/steelhd. 

php. 
6 Known ocean ranges of Pacific salmon and steelhead from high seas tagging research. Accessed 12 

January 2006. http://www.fish.washington.edu/research/highseas/known_range.html. 
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4.0 FISH AND FISHERIES 
 
4.1 FISH/INVERTEBRATES 
 
The Gulf of Alaska OPAREA and vicinity is a highly productive region for various marine fish and shellfish 
populations and supports some of the most productive fisheries in the U.S. (Lanksbury et al. 2005). It is 
also an important spawning area for many fishes supporting a diverse array of larval fish species 
influenced by bathymetric features (i.e., shelf, slope, etc.) in the spring and bathymetry/circulation 
features in the autumn (Doyle et al. 2002; Matarese et al. 2003; Doyle et al. 2005; Lanksbury et al. 2005). 
At least 383 species belonging to 84 families of marine and anadromous fishes have been reported from 
the predominant ecosystems found in the Gulf of Alaska OPAREA: nearshore, continental shelf/slope, 
and offshore areas (Mecklenburg et al. 2002). Bony fishes (sculpins, snailfish, rockfish, and flatfish) 
dominate the number of species in the Gulf of Alaska with less than 10% of species being cartilaginous 
fishes (lampreys through the sturgeons) (Mundy and Hollowed 2005). Shellfish (arthropods—
crabs/shrimps and mollusks—scallops, squids, and octopuses) along with other benthic invertebrates 
comprise the bottom assemblage on the shelf/slope and nearshore areas in number of species and 
biomass (Feder and Jewett 1986; OCSEAP 1986). 
 
The fish fauna of the Gulf of Alaska consists of a mix of temperate and subarctic species, resulting in a 
large gradient in species composition along the shelf from the eastern to the western Gulf of Alaska (Hart 
1973). Nearshore areas (e.g., Kodiak Island, lower Cook Inlet, and Prince William Sound) consisting of 
habitats such as rocky/kelp, epipelagic, intertidal beaches, subtidal shelves, and deeper bottom of bays 
serve as important spawning and nursery grounds for juveniles of numerous demersal and pelagic 
species (Rogers 1986; Rogers et al. 1986). These species include high seas salmon, walleye pollock, 
Pacific cod, crab, flatfish, and various forage species (Mueter 2004). The life history of many of these 
species is closely tied to the cyclonic boundary currents (e.g., subarctic), which transport eggs and larvae, 
and serve as important migratory pathways for juvenile salmon (Beamish et al. 2005).  
 
The continental shelf/slope support a large biomass of groundfishes, particularly the wide shelf and banks 
around Kodiak Island, northwest of the study area (Mueter 2004). Typically, the groundfish community in 
the Gulf of Alaska exhibits strong-depth gradient in species composition and diversity (Mueter and 
Norcross 2002) found in many other demersal fish communities inhabiting shelf and upper slope regions 
(Colvocoresses and Musick 1984; Jay 1996; Mahon et al. 1998). Information is lacking about demersal 
species on the deeper parts of the slope, continental rise, in the deep central basin, and on the numerous 
seamounts (Mueter 2004). Faunal assemblages collected from Gulf of Alaska seamounts, south of the 
study area, were dominated by giant (Albatrossia pectoralis) and Pacific (Coryphaenoides acrolepis) 
grenadiers, rockfish (Sebastes spp. and Sebastolobus sp.), and sablefish (Hoff and Stevens 2005) and 
may be representative of other seamounts in the Gulf of Alaska (Maloney 2004; Morato and Pauly 2004). 
 
Offshore areas are dominated by large epipelagic nekton such as high seas salmon throughout the year 
with Pacific pomfret (Brama japonica), Pacific saury (Cololabis saira), and albacore tuna being common in 
the summer. These offshore areas in the Gulf of Alaska provide the principal feeding habitat for many 
species, particularly high seas salmon (Brodeur et al. 1999). All of these various nekton species display a 
strong latitudinal gradient with their distribution correlating with SST (Mueter 2004).  
 
In the Gulf of Alaska, the majority of the fishery resources are found along the broad continental shelf 
ecosystem (Richardson and Erickson 2005). Important marine species include salmonids (chinook, coho, 
chum, sockeye, and pink salmons), Pacific halibut [Hippoglossus stenolepos], shelf and slope groundfish 
(roundfish: walleye pollock, Pacific cod, sablefish; rockfishes, and flatfishes: rex sole, Dover sole, 
arrowtooth flounder), Dungeness crab (Cancer magister), and scallops (NMFS-AKR 2005; Richardson 
and Erickson 2005). The Pacific high seas salmon are arguably the most important living marine resource 
within the Gulf of Alaska OPAREA. Currently the Gulf of Alaska OPAREA supports habitats of 
“endangered” and “threatened” populations of high seas salmon (chinook, coho, sockeye, chum, and pink 
salmon), and steelhead trout (NMFS 2005c; 2005f). For additional information on these species refer to 
Section 3.4. 
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The Gulf of Alaska OPAREA falls within the Alaska Current and the Alaska Coastal Current systems. 
Both currents flow in a northerly direction off southeastern Alaska and then turn southwestward along the 
Alaska coast. Beyond Kodiak Island, the Alaska Current intensifies and becomes the Alaskan Stream as 
it flows along Alaskan Peninsula and the Aleutian Archipelago (Reed and Schumacher 1986). The Alaska 
Current system is rich in microscopic organisms (i.e., large-celled diatoms, small cyanobacteria, 
microflagellates, micro-/meso-zooplankton) which form the base of the food chain in the study area. 
Grazers like forage species and small pelagic fish depend on this planktonic food supply, and in turn are 
forage for larger species, such as highly migratory species (e.g., high seas salmon) (Parsons 1986). 
 
4.2 HABITATS 
 
Habitat consists of the geographic area and the characteristics of that area where species may be found 
during any phase of their lifestage. Habitat characteristics include geomorphological, physical, biological, 
and chemical parameters. Interactions between environmental parameters make up habitat and 
determine the biological niche of a species. Habitat parameters affecting fish distribution throughout the 
Gulf of Alaska OPAREA include both physical (depth, substrate, temperature, salinity, and dissolved 
oxygen) and biological (competitors, predators, and facilitators) variables (NMFS-NWR 2005). Habitat 
types in the Gulf of Alaska can be separated into two zoogeographic provinces: coastal Aleutian (Aleutian 
Islands to Sitka, Alaska, Dixon Entrance, or Cape Flattery, Washington) and oceanic Subarctic (Gulf of 
Alaska to Latitude 43°N). These provinces can further be broken down into the following habitat types 
utilized by managed fishes within the Gulf of Alaska OPAREA (Briggs 1974; Feder and Jewett 1986; 
O'Clair and Zimmerman 1986; Allen and Smith 1988; Malecha et al. 2005; Peterson 2005).  
 
Coastal—important feeding/nursery grounds for many fish, shellfish, birds, and marine mammals 
 

• Embayments: include bays, fjords, and inlets influenced by both the ocean and river and serve as 
the transitional zone between fresh and saltwater. Major embayments found north and northwest 
of the Gulf of Alaska OPAREA include Prince William Sound, Resurrection Bay, and lower Cook 
Inlet. 

 
• Islands: include areas separated from the mainland by straits (Kodiak Island by Shelikof Strait) or 

occurring at mouth of embayments (Montague Island – Prince William Sound or Barrens Island – 
lower Cook Inlet).  

 
• Nearshore biogenic habitats: includes eelgrass, kelp, and epifaunal invertebrates (i.e., 

crustaceans, echinoderms, gastropods, sponges, barnacles, etc.). The biological component 
(kelp, seagrass, or epifaunal invertebrates) associated with the habitat is generally the feature 
that makes that habitat suitable for a particular species or life stage.  

 
• Nearshore unconsolidated bottom: composed of cobble, gravel, sand or silt which contains little to 

no vegetation due to the lack of stable surfaces for attachment. Contains infaunal invertebrates 
(i.e., polychaetes, other worms, bivalves), mobile micro-algae, and abundant transient consumers 
(e.g., fishes, crustaceans, shorebirds). 

 
• Nearshore hardbottom: composed of bedrock, boulder or gravel. Important for fishes due to the 

attached macro- and micro-algae, sessile or immobile suspension-feeding invertebrates, and 
mobile grazing invertebrates. 

 
• Nearshore water column: coastal epipelagic zone which includes egg, juvenile, and larval stages 

commonly associated with eelgrass, kelp, or epifaunal communities. 
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Oceanic—critical migratory pathway for anadromous species 
 

• Offshore biogenic habitats: includes structure-forming invertebrates and associated fish/shellfish 
such as ascidians and bryozoans (flatfish), sea whips and sea pens (gadids), sponges (crabs, 
rockfish, Atka mackerel), and sea anemones (crabs). 

 
• Offshore unconsolidated bottom: composed of cobble, gravel, sand, or silt which contains little to 

no vegetation due to the lack of stable surfaces for attachment.  
 

• Offshore hardbottom: composed of bedrock, boulders or gravel. Mobile epibenthic and demersal 
fish communities are typically associated with this habitat. 

 
• Offshore water column: pelagic zone which is home to the highly migratory species (e.g., high 

seas salmon, Pacific halibut) associated with the Gulf of Alaska OPAREA. 
 
The marine environment off Alaska is collectively known as the Coastal Downwelling Domain (CDD) 
(Mundy and Spies 2005). The CDD is characterized by the wind-driven transport of surface marine waters 
onshore that occurs from November through March. A weak coastal upwelling takes place from May 
through September. The wind mixing and upwelling conditions on the continental shelf play an important 
role in the supply of nutrients from offshore sources onto the northern Gulf of Alaska shelf (Weingartner 
2005). For more information on this oceanographic environment, see Chapter 2. 
 
4.3 EPISODIC OCEANOGRAPHIC EVENTS 
 
The influence of the Alaska Current and local atmospherically-driven changes (e.g., intense Aleutian Low 
Pressure event) on the physical and biological environment of the Gulf of Alaska OPAREA undergoes 
significant year-to-year fluctuations. Its impact is also affected by larger-scale climate variations, such as 
ENSO: El Nino/La Nina and the inter-decal PDO which play an important role in governing year-class 
strength of several Northeast Pacific marine fish stocks (Hollowed et al. 2001). 
 
Ecosystem responses to these climate regimes in the Gulf of Alaska were strong after the 1977 shift, but 
weaker after the 1989 and 1998 shifts. Variation in the strength of responses to climate shifts may be due 
to the geographical location of the Gulf of Alaska in relation to the spatial pattern of climate variability in 
the North Pacific (Boldt 2005). Increase in production was most evident for the pelagic fish species, and 
less pronounced for demersal and benthic species (Benson and Trites 2002). After 1977 shift, catches of 
Pacific high seas salmon, recruitment of rockfish (Pacific ocean perch), and flatfish (arrowtooth flounder, 
Pacific halibut, and flathead sole) recruitment and biomass all increased, whereas forage species such as 
pandalid shrimp and capelin declined dramatically (Anderson 2003). This shift in the forage species to 
one dominated by piscivorous gadids and flatfish may have been related to the decline in marine mammal 
and seabird populations (Anderson et al. 1997; Boldt 2005).  
 
The 1977 regime shift was characterized as having near balance in the number of stocks that increased 
and decreased, while the 1989 shift was characterized by widespread declines (Hare and Mantua 2000). 
After the 1989 shift, water temperatures were cooler and more variable in the Gulf of Alaska, suggesting 
that the production may have been lower. Large groundfish biomass estimates resulted in negative recruit 
per spawning biomass anomalies of demersal fish (Boldt 2005). In reference to the 1998 shift, there was 
some indication the Gulf of Alaska ecosystem may have responded weakly with the increase in shrimp 
abundance (1998-2001) and strong year class of walleye pollock, Pacific cod stocks, and sablefish (1999) 
in the northern Gulf of Alaska (King 2005).  
 
Both salmon and groundfish populations in the northeastern Pacific appear to vary annually in concert 
with features of climate, but the responses appear to be different (Francis et al. 1998). Patterns of year-
class strength of some groundfish follow a decadal pattern of variability that may be related to shifts in 
large scale atmospheric forcing (PDO), while others follow a pattern more consistent with ENSO 
(Hollowed et al. 2001). On the other hand, strengthened Aleutian lows increase advection of groundfish 
eggs and larvae toward onshore nursery areas, improving survival, whereas salmon benefit from 
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increased production of prey items (Mundy and Hollowed 2005). Other species affected by ENSO and/or 
PDO events include Pacific herring with decreased catches, recruitments, and weight-at-age, walleye 
pollock with positive stock recruitments, and Pacific halibut also appear to undergo decadal-scale 
changes in recruitment (Mundy and Hollowed 2005).  
 
The positive phase of PDO events seem to favor production of high seas salmon, walleye pollock, cod, 
and flounder, but put other species at a disadvantage such as some species of forage fish and shellfish 
(crab and shrimp). When the PDO cycles back to its negative phase, conditions favor the recovery of 
shellfish stocks, whereas salmon and gadid populations decline (Mundy and Cooney 2005). 
 
4.4 ESSENTIAL FISH HABITAT: DISTRIBUTION AND SPECIES 
 
The NPFMC develops FMPs for all fisheries occurring within the boundary of the Gulf of Alaska OPAREA. 
The Gulf of Alaska is defined in the FMP as the U.S. EEZ of the North Pacific Ocean, exclusive of the 
Bering Sea, between the eastern Aleutian Islands at 170°W longitude and Dixon Entrance at 132°40’W 
longitude and includes the Western, Central, and Eastern regulatory areas (NMFS-AKR 2005). The 
MSFCMA, as amended by the SFA, contains provisions for the identification and protection of habitat 
essential to production of federally managed species. The NMFS and regional FMCs develop EFH 
descriptions for federally managed fish species and include them in their respective FMPs. The FMPs 
identify and describe the EFH, describe the EFH impacts (fishing and non-fishing), and suggest measures 
to conserve and enhance the EFH. The FMPs also identify the HAPCs where one or more of the following 
criteria are demonstrated: (a) ecological function; (b) sensitivity to human-induced environmental 
degradation; (c) development activities stressing habitat type; or (d) rarity of habitat. In addition to the 
EFH status, some of these species are assigned status categories in conjunction with the ESA and 
various federal or international agencies. Currently, there are no existing HAPCs in the NPFMC region 
(Moncada et al. 2004). Several habitat types identified as HAPCs (areas with living substrates in 
shallow/deep waters and freshwater areas used by anadromous fish) within EFH amendments 
55/55/8/5/5 (NPFMC 1999) are currently being revised within EFH amendments 65/65/12/7/8 with the 
focus centering on specific habitat locations, such as seamounts and hard coral areas (NPFMC 2005d). 
In addition, the final rule to amendments 7 and 8 to the FMP for Salmon Fisheries in the EEZ off the coast 
of Alaska, amendments 7 and 9 to the FMP for the Scallop Fishery off Alaska, and amendments 73 and 
65 to the FMP for groundfish of the Gulf of Alaska have established the following habitat conservation 
areas (HCAs) and habitat protection areas (HPAs) in the Gulf of Alaska: 10 Gulf of Alaska Slope Habitat 
Conservation Areas (GOASHCAs), 15 Alaska Seamount Habitat Protection Areas (ASHPAs), and 5 Gulf 
of Alaska Coral Habitat Protection Areas (GOACHPAs) (NMFS 2006c). Within the Gulf of Alaska, one 
GOASHCA (Cable) and one ASHPA (Dall Seamount) occurs within the northwestern portion of the 
OPAREA. Please refer to NMFS (2006d) for latitude/longitude coordinates.  
 
A total of 68 fish and invertebrate species with designated EFH occur in the Gulf of Alaska OPAREA 
(Table 4-1). They are grouped into the High Seas Salmon (five species), Scallop (four species), and 
Groundfish Complex (59 species). The status, distribution, habitat preference (substrate, depth, 
temperature, and salinity), life history (migration, movements, and spawning), common prey species, and 
EFH designations of the species complexes and/or individual species are provided below (NPFMC 1990; 
2004b; 2005c).  
 
4.5 ESSENTIAL FISH HABITAT FISH AND INVERTEBRATE SPECIES 
 
4.5.1 High Seas Salmon 
 
Pacific salmon (genus Oncorhynchus) range from San Francisco Bay, California, northward around the 
Pacific rim through Alaska and southward along the coasts of Russia, Japan, and Korea (Myers et al. 
1998). There are seven species of Pacific salmon; two species, masu (Oncorhynchus masou) and amago 
(Oncorhynchus rhodurus) only occur in Asia, and five species, sockeye (Oncorhynchus nerka), pink 
(Onchorhynchus gorbuscha), chum (Oncorhynhus keta), chinook (Oncorhyncus tshawytscha), and coho 
(Oncorhynchus kisutch), as well as the steelhead trout (Oncorhyncus mykiss) reproduce in North America 
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Table 4-1. The fish and invertebrate species with EFH designated in the Gulf of Alaska. 
 

Salmon Species 
Chinook salmon (Oncorhynchus tshawytscha) 
Chum salmon (Oncoryhnchus keta) 
Coho salmon (Oncorhynchus kisutch) 
Pink salmon (Oncorhynchus gorbuscha) 
Sockeye salmon (Oncorhynchus nerka) 
Scallops 
Pink or reddish scallop (Chlamys rubida) 
Rock scallop (Crassadoma gigantea) 
Spiny scallop (Chalmys hastata) 
Weathervane scallop (Patinopectin caurinus) 
Groundfish Species Complex 
Target Species 
Flatfishes 
Arrowtooth flounder (Atheresthes stomias) 
Flathead sole (Hippoglossoides elassodon) 
Rex sole (Glyptocephalus zachirus) 
Shallow-water Assemblage 
Alaska plaice (Pleuronectes quadrituberculatus) 
Butter sole (Isopsetta isopleis) 
English sole (Parophrys vetulus) 
Northern rock sole (Lepidopsetta polyxystra) 
Southern rock sole (Lepidopsetta bilineatus) 
Sand sole (Psettichthys melanostictus) 
Starry Flounder (Platichthys stellayus) 
Yellowfin sole (Limanda aspera) 
Deepwater Assemblage 
Deepsea sole (Embassichthys bathybius) 
Dover sole (Microstomus pacificus) 
Greenland turbot (Reinhardtius hippoglossoides) 
Rockfishes 
Slope Assemblage 
Boccacio (Sebastes paucispinus) 
Darkblotched rockfish (Sebastes crameri) 
Greenstriped rockfish (Sebastes elongatus) 
Harleguin rockfish (Sebastes variegatus) 
Northern rockfish (Sebastes polyspinis) 
Pacific ocean perch (Sebastes alutus) 
Pygmy rockfish (Sebastes wilsoni) 
Redbanded rockfish (Sebastes babcocki) 
Redstripe rockfish (Sebastes proriger) 
Rougheye rockfish (Sebastes aleutianus) 
Sharpchin rockfish (Sebastes zacentrus) 
Shortraker rockfish (Sebastes borealis) 
Silvergray rockfish (Sebastes brevispinus)  
Splitnose rockfish (Sebastes diploroa) 
Vermilion rockfish (Sebastes miniatus) 
Demersal Shelf Assemblage 
Canary rockfish (Sebastes pinniger) 
China rockfish (Sebastes nebulosus) 
Copper rockfish (Sebastes caurinus)  
Quillback rockfish (Sebastes maliger) 
Rosethorn rockfish (Sebastes helvomaculatus) 
Tiger rockfish (Sebastes nigrocinctus) 
Yelloweye rockfish (Sebastes ruberrimus) 
Pelagic Shelf Assemblage 
Dark rockfish (Sebastes ciliatus) 

Pelagic Shelf Assemblage (continued) 
Dusky rockfish (Sebastes variabilis) 
Widow rockfish (Sebastes entomelas) 
Yellowtail rockfish (Sebastes flavidus) 
Thornyheads  
Longspine thornyhead (Sebastolobus altivelis) 
Shortspine thornyhead (Sebastolobus alascanus)  
Roundfishes 
Atka mackerel (Pleurogrammus monopterygius) 
Pacific cod (Gadus macrocephalus) 
Sablefish (Anoplopoma fimbria) 
Walleye pollock (Theragra calcogramma) 
Skates 
Alaska skate (Bathyraja parmifera) 
Aleutian skate (Bathyraja aleutica) 
Bering skate (Bathyraja interrupta) 
Big skate (Raja binoculata) 
Longnose skate (Raja rhina) 
Other Species 
Sculpins 
Bigmouth sculpin (Hemitripterus bolini) 
Great sculpin (Myoxocephalus 

polyacanthocephalus) 
Plain sculpin (Myoxocephalus jaok) 
Red Irish lord (Hemilepidotus hemilepidotus) 
Yellow Irish lord (Hemilepidotus jordani) 
Sharks 
Salmon shark (Lamna ditropis) 
Pacific sleeper shark (Somniosus pacificus) 
Spiny dogfish (Squalus acanthias) 
Squids 
Boreal or common clubhook squid (Onchoteuthis 

banksii borealjaponicus) 
Eastern Pacific bobtail squid (Rossia pacifica) 
Giant or robust clubhook squid (Moroteuthis 

robusta) 
Red or magistrate armhook squid (Berryteuthis 

magister) 
Octopuses 
North Pacific giant octopus (Enteroctopus doflein) 
Pelagic octopus (Vampyroteuthis infernalis) 
Forage Fish Species 
Bristlemouths (Gonostomatidae) 
Deepsea smelts (Bathylagidae) 
Gunnels (Pholidae) 
Krill or Euphausiids (Euphausiacea: Thysanopoda, 

Euphausia, Thysanoessa, and Stylocheiron)  
Lanternfishes (Myctophidae) 
Pricklebacks (Stichaeidae) 
Sand Lances (Ammodytidae) 
  Pacific sand lance (Ammodytes hexapterus)  
Sandfishes (Trichodontidae) 
  Pacific sand fish (Trichodon trichodon)  
Smelts (Osmeridae) 
  Capelin (Mallotus villosus) 
  Eulachon (Thaleichthys pacificus 

 

Source: Turgeon et al. (1998); Nelson et al. (2004); McLaughlin et al. (2005) 
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and Asia (Groot and Margolis 1991; DFO 2002; NMFS-AKR 2005). In general, the life history of Pacific 
salmon includes: incubation, hatching and emergence in freshwater, migration to the ocean, and 
subsequent initiation of maturation and return to freshwater for completion of maturation and spawning 
(Eggers 2004). Salmon are anadromous, meaning that they migrate up rivers and streams from the sea 
to spawn in freshwater. Pacific salmon spawn in gravel beds in rivers, streams and along lake-shores 
where females lay their eggs in nests or “redd” (Groot and Margolis 1991; Eggers 2004). Depending on 
the species, they spend between one to seven years at sea, with most making extensive and complicated 
migrations (Quinn 2005). Generally, Pacific salmon return to their natal rivers to spawn and, with few 
exceptions, die soon after (Quinn 2005). The death of these salmon returns much needed nutrients from 
the ocean to the otherwise nutrient-poor streams (Groot and Margolis 1991). Anadromy and the strong 
fidelity of homing to their natal streams have resulted in the development of many reproductively isolated 
subpopulations (little inbreeding occurs between salmon from one river and another) referred to as stocks 
(Quinn 2005). These subpopulations are exposed to different physical and biotic factors such as 
temperature, flow, gravel size, predators, prey, competitors, and pathogens (Quinn 2005). These 
variations between streams has led to the evolution of specializations to help the salmon survive in their 
home rivers (PFMC 2000). These distinct habitat dynamics require these subpopulations be managed 
individually rather than as one homogenous species (Duffy et al. 2005).  
 
Five species of Pacific salmon (chinook, coho, chum, sockeye, and pink salmon) have EFH designated 
within the Gulf of Alaska OPAREA (Duffy et al. 2005). All species are similar in appearance and have an 
anadromous life history (NMFS-AKR 2005). Anadromous salmon depend on the ecological integrity and 
connectivity of a suite of habitats extending from the natal freshwater spawning or rearing streams to 
estuaries and then to coastal, shelf, and offshore waters for their growth (Groot and Margolis 1991). The 
relative importance of estuarine and coastal marine environments differs within and among the various 
salmon species due to differences in residence times and utilization of these environments (PICES 2004). 
All species of salmon spawn in gravel beds in freshwater rivers and streams, or along lake-shores 
(Thorpe 1994; Anchor Environmental L.L.C. and People for Puget Sound 2002). Coho and chinook 
salmon typically migrate to sea after extended periods of rearing as juveniles in freshwaters; whereas 
pink salmon do not rear long in freshwater and migrates to sea soon after emergence from natal gravel 
beds (Duffy et al. 2005). Juvenile salmon reside mainly in nearshore intertidal waters which provide five 
key functions: migration corridors, food production, physiological refuge, refuge from predators, and high-
energy refuge (Good et al. 2005). After achieving some size threshold or after a temporal cue (e.g., a 
specific residence time), salmon move from shallow nearshore to offshore surface waters in estuarine and 
marine waters (NMFS 2005c; 2005f; USFWS 2005c).  
 
Status—Pacific salmon are federally protected by the designation of ESUs. ESUs are defined by NMFS 
as a population that is “substantially reproductively isolated from conspecific populations and represents 
an important component in the evolutionary legacy of the species.” In addition to ESUs, the ESA requires 
the NOAA and the USFWS to designate “critical habitat” for species listed under the ESA. “Critical 
habitat” is defined as: 1) specific areas within the geographical area occupied by the species at the time 
of listing, if they contain physical or biological features essential to conservation, and those features may 
require special management considerations or protection; and 2) specific areas outside the geographical 
area occupied by the species if the agency determines that the area itself is essential for conservation 
(NOAA n.d.). Currently, there are five species of Pacific salmonids that have ESUs with critical habitat 
designated and have the potential of occurring in the OPAREA. Because these species are considered 
“threatened” or “endangered”, their statuses are addressed in Section 3.4. Additionally, none of these 
high seas salmon are currently listed on the International Union for Conservation of Nature and Natural 
Resources (IUCN) red list of threatened species.3 
 
EFH Designations—The geographic extent of marine EFH for chinook, coho, chum, sockeye, and pink 
salmon include all marine waters off the coast of Alaska from the mean high tide line to the 200 NM limit 
of the U.S. EEZ (NMFS-AKR 2005; Figure E-1). The NPFMC and the ADFG also define freshwater EFH 
for salmon in Alaska, but the freshwater environment is beyond the scope of this report. For more 
information on freshwater EFH, see NMFS-AKR (2005). 
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4.5.2 Scallops (Pectinidae) 
 
Scallops are managed jointly by NMFS and ADFG under the FMP for the Scallop Fishery off Alaska 
(NPFMC 2004b). This FMP covers all scallop stocks off the coast of Alaska including the weathervane 
(Patinopecten caurinus), pink (Chlamys rubida), spiny (C. hastata), and rock (Crassadoma gigantea), 
scallops representing the family Pectinidae (NMFS-AKR 2005). Of the four scallop species, the 
weathervane is the only commercially exploited scallop in Alaskan waters that has EFH designated within 
the Gulf of Alaska OPAREA (NMFS-AKR 2005). On April 26, 1999, Amendment 5 to the scallops FMP 
was approved by NMFS which implemented the EFH provisions contained in MSFCMA and 50 CFR 
600.815 (NMFS 1999).  
 
The remaining three scallop species grow to smaller sizes than the weathervanes and have not been 
extensively exploited commercially in Alaska (NPFMC 2004b). Currently, information is insufficient to 
describe EFH for any life stage of pink, spiny, or rock scallops (NMFS-AKR 2005). Chlamys species 
occupy different habitats and have different growth characteristics than weathervanes. Pink scallops 
range from San Diego, California to Pribilof Islands in water depths of 200 m on soft substrates at 
temperatures of 1° to 17°C and are winter spawners (January to March) (NPFMC 2004b; Williams1; 
F&OC-PR2). Spiny scallops are found in coastal regions from San Diego, California to the Gulf of Alaska 
in shallower waters (to 150 m) characterized by hard bottom and strong currents at temperatures of 0 to 
23°C and are autumn spawners (mid-August to late October) (NPFMC 2004b; Williams1; F&OC-PR2). 
Rock scallops range from Mexico to Unalaska attaching themselves to rocks in water ranging from 0 to 80 
m with strong currents and are autumn (October to January) and spring-summer (March to August) 
spawners (NPFMC 2004b). 
 
EFH species are listed in Table 4-1. Individual information (e.g., status, distribution, habitat preference, 
life history, common prey species, and EFH designations) is discussed for the weathervane scallop in the 
following subsection. 
 
♦ Scallops (Pectinidae) 

 
• Weathervane Scallop (Patinopectin caurinus) 

 
Status—Recent stock assessments indicate that the only commercially exploited stock, the 
weathervane scallop, is not overfished in any of the nine scallop registration areas including the 
Prince William Sound – Area E and Kodiak, Northeast District – Area K that are located within the 
Gulf of Alaska OPAREA (NMFS-AKR 2005; NPFMC 2005a). The weathervane scallop is not 
currently listed on the IUCN red list of threatened species.3  
 
Distribution—Weathervane scallops are distributed from Point Reyes, California (38°N) to the 
Pribilof Islands, Alaska (57°N) and as far north as St. Lawrence Island (62°N) in the Bering Sea 
and west to Amchitka Pass (180°W) in the Aleutian Islands. Their highest abundance occurs off 
Yakutat, Kodiak Island, and in the Bering Sea with smaller aggregations found in Prince William 
Sound and off the Aleutian Islands and Alaska Peninsula from Cape Spencer to Cape St. Elias 
(Kruse et al. 2000; Turk 2001; NPFMC 2004b). 
 
Habitat Preference—All life stages of the weathervane scallop are found from intertidal waters to 
depths of 300 m with their greatest abundance between depths of 45 to 130 m on beds of mud, 
silt, clay, sand, and gravel (NPFMC 2004b; ADFG4). Scallop beds exhibit patchy distributions, 
tend to be elongated with the long axis parallel to predominant current flow, and are characterized 
by higher densities than the surrounding area (Turk 2001; Masuda and Stone 2003). Scallop 
beds in the study area covered 12.55 km2 at depths of 60 to 90 m on clayey silt to silt sediment 
(Turk 2001). Adults, juveniles, and eggs are demersal, whereas larvae are epipelagic (NMFS-
AKR 2005). Adults and juveniles are located on the middle continental shelf at depths of 50 to 
100 m and eggs on both the inner and middle portions of the continental shelf from 1 to 100 m 
(NMFS et al. 1998b). The epipelagic larval stages occur across the entire continental shelf 
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ranging in depth from 1 to 200 m (NMFS et al.1998b). Weathervane scallops also occur in 
upwelling areas and in water temperatures ranging from 3° to 9.6°C (NMFS-AKR 2005).  
 
Life History—Weathervane scallop are associated with other benthic species, such as red king 
crabs (Paralithodes camtschatica), Tanner crabs (Chionoecetes baridi), shrimps, octopi, 
flatfishes, Pacific cod, and other species of benthic invertebrates and fishes (NPFMC 2004b).  
 
Weathervane scallops are broadcast spawners, have separate sexes, and undergo external 
fertilization/egg development (NPFMC 2004b; NMFS-AKR 2005). Although spawning time varies 
with latitude and depth, Alaskan weathervane scallops appear to mature in mid-December to late 
January and spawn from May to July depending on location. After the eggs hatch, larvae become 
epipelagic drifting with ocean currents for about one month until they metamorphose to the 
juvenile stage. The “post-larvae” settle and attach to a hard surface on the bottom with strings 
called “byssal threads” (NPFMC 2004b; NMFS-AKR 2005; ADFG4).  
 
Common Prey Species—Weathervane scallops are suspension feeders preying mainly upon 
phytoplankton as well as detritus and zooplankton (NMFS et al. 1998b; NMFS-AKR 2005; 
Williams1). 
 
EFH Designations—(NMFS-AKR 2005; Figure E-2) 
 
o Eggs/Larvae/Early Juveniles―Insufficient information is available to determine EFH. 
o Late Juveniles/Adults―EFH is the general distribution area located in the sea floor along the 

middle (50 to 100 m) and outer (100 to 200 m) shelf in concentrated areas of the Gulf of 
Alaska and Bering Sea/Aleutian Islands where clay, mud, sand, and gravel substrates are 
elongated in direction of current flow.  

 
4.5.3 Groundfish Complex 
 
The Gulf of Alaska groundfish FMP and its management regime govern all stocks of finfish (including 
squid and octopus), except salmon, steelhead, halibut, herring, and tuna. The Groundfish Complex 
separates the species into five categories: (1) prohibited species - species and/or species of groups 
whose catch must be returned to the sea with a minimum of injury except when their retention is 
authorized by other applicable law (e.g., King and Tanner crabs [Paralithodes/Lithodes spp. and 
Chionoecetes spp.], Pacific halibut, Pacific herring [Clupea pallasii], Pacific salmon, steelhead trout); (2) 
target species – commercially important species generally targeted by groundfish fishery (e.g., walleye 
pollock, Pacific cod); (3) other species - are not usually targeted, have little current economic value, but 
may contain significant components of the ecosystem or have economic potential (e.g., sharks, sculpins); 
(4) forage fish species – critical food source for many marine mammals, seabirds, and fish species (e.g., 
smelts, euphausiids); and (5) non-specified species - species and species groups of no current economic 
value taken by the groundfish fishery only as incidental catch in the target fisheries (e.g., grenadiers, 
eelpouts, sea urchins, mussels, etc.) (NMFS-AKR 2005; NPFMC 2005c). EFH provisions of the MSFCMA 
do not apply to prohibited and non-specified species (unless these species are included in the fishery 
management unit of another FMP; e.g., Bering Sea/Aleutian Island crab species or salmon fisheries; 
(NMFS-AKR 2005).  
 
Target species consist of the following groups: 13 flatfish species (right-eye flounders) consisting of a 
single family, 32 rockfish and two thornyheads in the family Scorpaenidae; four roundfish species 
representing three families; and five skate species in the family Rajidae. Other species consist of six 
sculpins representing two families, three sharks from three families, four squids consisting of two families, 
and two octopuses representing two families (NPFMC 2005d). The forage fish species comprises nine 
fish families and one crustacean order Euphausiacea (NPFMC 2005c). EFH designation is based upon 
the aquatic habitat necessary for groundfish production in supporting a long-term sustainable fisheries 
and contributing to a healthy ecosystem (NMFS-AKR 2005). According to the FEIS for EFH Identification 
and Conservation in Alaska, the following groups: other species: sharks and octopi and forage fish 
species are lacking sufficient information to define EFH (NMFS-AKR 2005). 
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Description—Fifty-nine of the 66 NPFMC managed groundfish species are known to occur in the Gulf of 
Alaska OPAREA (NMFS-AKR 2005). These groundfish species occupy various marine environments 
including estuaries, tideland marshes, bays, fjords, sandy beaches, unprotected rocky shores, river 
deltas, and a variety of continental shelf, slope, seamounts, and deep ocean habitats encompassing 
different physical and biological attributes at various stages in their life histories (Hood and Zimmerman 
1986). Research on the life histories and habitats of these species varies in completeness, so while some 
species are well-studied, there is relatively little information on other species. This lack of complete life 
history information for some of these species limits the characterizations of this diverse multispecies 
group. To summarize the ecological variation among the species found in the study area, limited 
information for individual groups and/or representative species of an individual group will be presented, 
when available. Short biological characterizations covering the distribution, habitat preference (substrate, 
depth, temperature, and salinity), life history (migration, movements, and spawning), common prey 
species, and lifestage EFH descriptions for each individual and/or representative species and/or family 
are presented following the status of the groundfish complex (NMFS-AKR 2005).  
 
Status—According to NMFS (2005a) and NPFMC (2004a), no groundfish stocks are designated as 
overfished. The abundances of Pacific cod, Pacific ocean perch, northern rockfish, dusky rockfish, 
thornyheads, flathead sole, Dover sole, and arrowtooth flounder are above target stock size, whereas 
abundances of walleye pollock are below target stock size (NPFMC 2004a). The relative abundances of 
other deep-water flatfish, shallow-water flatfish, rex sole, shortraker rockfish, rougheye rockfish, demersal 
shelf rockfish, other pelagic shelf rockfish, other slope rockfish, Atka mackerel, and skates are unknown 
(NMFS 2004a).  
 
Currently, the various individual species comprising the groundfish complex are not listed as threatened 
or endangered or species of concern (formerly candidate species) in the study area.5 Five groundfish 
species are on the IUCN Red List of Threatened Species. Bocaccio is considered critically endangered 
due to an estimated reduction of at least 80% of its population over the last 10 years or three 
generations.3 The shortspine thornyhead is considered endangered due to an estimated reduction of at 
least 50% of its population over the last 10 years or three generations.3 The salmon shark is listed as data 
deficient, and the big skate is listed as lower risk, but near threatened.3 The spiny dogfishes’ northeast 
Pacific subpopulation is listed as vulnerable due to the fisheries overexploitation of this species because 
of its late maturity, low capacity to reproduce, longevity, generation time (25 to 40 years), and a low 
intrinsic population rate increase of 2 to 7% per year.3 According to the FAO, the salmon shark is listed as 
category 1 due to a lack of fisheries data (Castro et al. 1999). 
 
Target Species 
 
Target species are those species that support a single species or mixed species target fishery, are 
commercially important and for which a sufficient database exists that allows each to be managed on its 
own biological merits. Target species include numerous species of flatfish, rockfish, roundfish, and skates 
(NPFMC 2005c).  
 
Flatfish 
 
Flatfish of the Family Pleuronectidae live on the bottom, typically in shallow marine waters of the study 
area and are represented by flounders, soles, turbots, and plaice (Mecklenburg et al. 2002). The flatfishes 
in the Gulf of Alaska have been divided into several categories for management purpose. With the 
exception of arrowtooth flounder, rex sole, and flathead sole which are managed as individual species, 
the remaining flatfishes are managed as “shallow-water” and “deep-water” assemblages (NMFS-AKR 
2005; Table 4-1). Each of the managed individual species has its own EFH designation. The EFH 
designation of the Alaska plaice and rock and yellowfin soles best represents the shallow-water 
assemblage, whereas the EFH designation of the Dover sole best represents the deep-water assemblage 
(NMFS-AKR 2005). 
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♦ Righteye Flounders (Pleuronectidae) 
 

• Arrowtooth Flounder (Atheresthes stomias) 
 

Distribution—Arrowtooth flounder range from Commander Islands and east coast of Kamchatka 
to Cape Navarin, Bering Sea to Aleutian Islands and Gulf of Alaska to Santa Barbara, southern 
California (Kramer et al. 1995; Mecklenburg et al. 2002; Love et al. 2005).  
 
Habitat Preference—Arrowtooth flounder is an inner shelf-mesobenthal species and the 
dominant flounder on the middle and outer portions of the continental shelf from the western Gulf 
of Alaska to Oregon (Allen and Smith 1988; NMFS 2004a; McCain et al. 2005; NMFS-AKR 2005). 
This species occur from depths of 9 to 1,145 m, but most abundant at depths of 50 to 300 m 
(Mecklenburg et al. 2002; Ramsey et al. 2002). Adult and juveniles are demersal, whereas larvae 
and eggs are pelagic (NMFS-AKR 2005). Adults occur in nearshore bays, on the continental shelf 
and upper slope; whereas juveniles are found on the continental shelf and upper slope (NMFS-
AKR 2005) inhabiting gravel and muddy sand substrata (McCain et al. 2005). In the Bering Sea, 
McCain et al. (2005) reported arrowtooth flounders were most commonly associated with 
sediment consisting of sand and mud, whereas Busby et al. (2005) found them in a variety of 
sediment types ranging from silt to various mixtures of silt, mud, sand, gravel, and cobble. Larvae 
are found in nearshore bays and on the continental shelf with eggs being distributed only on the 
inner/outer continental shelf (Hart 1973; NMFS-AKR 2005). Arrowtooth flounders typically occur 
in water temperatures ranging from sub-zero to 9.0°C: adults – 0° to 9.0°C, juveniles – sub-zero° 
to 5.0°C, larvae – 6.6° to 8.0°C, and eggs – 3.7° to 6.8°C. All lifestages occur exclusively in 
euhaline waters (McCain et al. 2005). 
 
Life History—Arrowtooth flounder exhibit a strong migration from shallow water (50 m) summer 
feeding grounds on the continental shelf to winter/spring deep-water (500 m) over shelf margin 
and upper continental slope for spawning and to avoid extreme cold-water temperatures (McCain 
et al. 2005). Sea valleys and troughs appear to serve as transport pathways for larvae from their 
offshore spawning locations to nurseries that are inshore in bays or at the mouths of bays 
(Norcross et al. 1999). 
 
Arrowtooth flounders are oviparous and undergo external fertilization/egg development with a 
protracted and variable spawning period ranging from as early as September through March in 
the Gulf of Alaska (McCain et al. 2005) and December to March in the Bering Sea (Matarese et 
al. 2003). Larvae have been found over a wide spread area of the Eastern Bering Sea shelf in 
April and May and along the shelf edge and over deeper waters on the continental shelf east of 
Kodiak Island during winter and spring (NMFS-AKR 2005). Eggs are spawned offshore over the 
continental shelf and slope and deep in the water column (>200 m) of the Alaskan Stream (Bailey 
and Picquelle 2002). 
 
Common Prey Species—Arrowtooth flounder prey upon shrimp, cephalopods, euphausiids, and 
fish (herring, walleye pollock, capelin, salmonids, and Pacific cod) (Yang 1995; Yang and Nelson 
2000). 
 
EFH Designations—(NMFS-AKR 2005; Figure E-3) 
 
o Eggs/Early Juveniles―Insufficient information is available to determine EFH. 
o Larvae―EFH is the general distribution area located in pelagic waters along the entire shelf 

(0 to 200 m) and slope (200 to 3,000 m) throughout Gulf of Alaska.  
o Late Juveniles/Adults―EFH is the general distribution area located in the lower portion of the 

water column along the inner (0 to 50 m), middle (50 to 100 m), and outer (100 to 200 m) 
shelf and upper slope (200 to 500 m) throughout Gulf of Alaska on gravel, sand, and mud 
substrates.  

 



SEPTEMBER 2006 FINAL REPORT 

4-11 

• Flathead Sole (Hippoglossoides elassodon) 
 

Distribution—Flathead sole range from Okhotsk Sea off southwestern Kamchatka and northern 
Kuril Islands to Gulf of Anadyr, Bearing Sea and Commander-Aleutian chain to Monterey, central 
California (Allen and Smith 1988; Love et al. 2005). In the northern part of its range, this species 
overlaps with the related and very similar Bering flounder (Hippoglossoides robustus) (Hart 1973; 
Wolotira et al. 1993).  
 
Habitat Preference—Flathead sole are an inner shelf-mesobenthal species inhabiting mud and 
sand bottoms (e.g., Bering Sea) (McCain et al. 2005) on the continental shelf or mud mixed with 
gravel or sand (Holladay and Norcross 1995) in estuarine/bay waters. They occur from the 
intertidal zone to as deep as 1,050 m, but are usually found at depths less than 366 m (Allen and 
Smith 1988). Adults and juveniles are demersal, whereas larvae and eggs are pelagic (NMFS-
AKR 2005). All lifestages occur on the middle continental shelf (50 to 100 m), juvenile, larvae, 
and eggs on the inner continental shelf (1 to 50 m), and adults, late juveniles, larvae, and eggs on 
the outer continental shelf (100 to 200 m; NMFS 2004a). Adults are most abundant between the 
depths of 100 to 200 m from the entrance of Prince William Sound to Unimak Island (Wolotira et 
al. 1993). In Kachemak Bay, Alaska, juveniles were collected at depths of 30 to 70 m over sand 
and mud but were most abundant at 50 m (McCain et al. 2005). Larvae are planktonic for three to 
five months until metamorphosis occurs usually in shallow waters (NMFS-AKR 2005). Flathead 
sole are found at water temperatures ranging from 0° to 12°C: adults - 2° to 4°C; juveniles – 5.5° 
to 10.6°C; and larvae - 6° to 7°C (Paul et al. 1995; Love 1996). This species occurs at the 
following salinities: adults - 27 to 34 psu, juveniles - 25 to 39.58 psu, larvae - 17 to 18 psu, and 
eggs - 25 to 27 psu (McCain et al. 2005). 
 
Life History—Flathead sole migrate from their wintering grounds near the shelf margins onto the 
mid and outer continental shelf during the spring and summer for feeding and to utilize shallow 
(<100 m) estuaries, bays, and nearshore areas of the Alaska Peninsula and Kodiak Island as 
nurseries (Holladay and Norcross 1995; Norcross et al. 1999). In Auke Bay, southeast Alaska, 
larvae exhibit diel vertical movements of 15 to 20 m including nocturnal ascent, descent, and 
diffusion (McCain et al. 2005).  
 
Flathead sole are oviparous and iteroparous with spawning beginning in early April and peaking 
from early to mid-May, primarily in deeper waters (100 to 200 m) near the margins of the 
continental shelf (McCain et al. 2005; Porter 2005). In the western Gulf of Alaska, flathead sole 
spawn in three main areas during the spring: near the Kenai Peninsula, in Shelikof Strait, and in 
the area between the Shumagin Islands and Unimak Island (Porter 2005). Larvae are most 
abundant in the Shelikof Strait sea valley, whereas eggs are uniformly distributed from the Bering 
Sea to east of Kodiak Island (Matarese et al. 2003).  
 
Common Prey Species—Flathead sole prey upon ophiuroids, Tanner crab, osmerids, bivalves, 
polychaetes, and fish (walleye pollock; Holladay and Norcross 1995; NMFS-AKR 2005). 
 
EFH Designations—(NMFS-AKR 2005; Figure E-4) 
 
o Eggs and Larvae―EFH is the general distribution area located in pelagic waters along the 

entire shelf (0 to 200 m) and slope (200 to 3,000 m) throughout Gulf of Alaska.  
o Early Juveniles―Insufficient information is available to determine EFH. 
o Late Juveniles and Adults―EFH is the general distribution area located in the lower portion 

of the water column along the inner (0 to 50 m), middle (50 to 100 m), and outer (100 to 200 
m) shelf and upper slope (200 to 500 m) throughout Gulf of Alaska on sand and mud 
substrates.  
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• Rex Sole (Glyptocephalus zacharis) 
 
Distribution—Rex sole range from northern Kuril Islands to Commander Islands and the western 
Bering Sea to Naravin Canyon and Aleutian Islands, eastern Bering Sea, and Gulf of Alaska to 
Cedros Island, central Baja California (Allen and Smith 1988; Mecklenburg et al. 2002; Love et al. 
2005). This species is widely distributed throughout the Gulf of Alaska (Hart 1973). 
 
Habitat Preference—Rex sole is a cold-temperate and middle shelf-mesobenthal species which 
prefers sandy, muddy, and gravelly bottoms or complexes of mud and boulders from near shore 
to depths of 1,145 m (Kramer et al. 1995; Ramsey et al. 2002). Greatest abundance is at depths 
from 50 to 450 m (Allen and Smith 1988; NMFS et al. 1998a). Adults and juveniles are demersal; 
whereas larvae and eggs are pelagic (NMFS-AKR 2005). Adults are widely distributed from the 
outer continental shelf (100 to 200 m) to outer slope (1,000 to 3,000 m) with juveniles occurring 
on the entire continental shelf (1 to 200 m) and in bays (Abookire and Bailey 2005; NMFS-AKR 
2005). In Kachemak Bay, Alaska, juveniles were collected at depths of 30 to 70 m over sand and 
mud but were most abundant at 50 m (McCain et al. 2005). Larvae are planktonic for an unknown 
time until metamorphosis occurs (NMFS et al. 1998a). Rex sole larvae move nearshore and over 
the shelf as they grow exhibiting cross-shelf transport (Abookire and Bailey 2005). They are 
concentrated vertically in the upper 20 m and widely distributed from inner shelf to outer slope 
(Abookire and Bailey 2005). Larger larvae are nearshore and distributed along the shelf, whereas 
eggs are found predominately at the surface being most abundant along the slope and outer shelf 
in canyons (Abookire and Bailey 2005).  
 
Life History—Rex sole migrate from their over-wintering grounds near the shelf margins onto the 
mid and outer continental shelf during the spring to spawn and summer for feeding (NMFS-AKR 
2005). They also undergo ontogenetic migrations from the shelf to upper slope habitat (McCain et 
al. 2005). 
 
Rex sole is a batch spawner with a protracted spawning season occurring in the Gulf of Alaska 
from October through May (Abookire 2006) and in the Bering Sea during September (Spencer et 
al. 2004). Larvae and eggs are abundant over shelf areas in the summer southwest of Kodiak 
Island and off the U.S. west coast (Matarese et al. 2003). 
 
Common Prey Species—Rex sole prey upon polychaetes, gammarid amphipods, euphausiids, 
and snow crabs (McCain et al. 2005).  
 
EFH Designations—(NMFS-AKR 2005; Figure E-5) 
 
o Eggs/Larvae―EFH is the general distribution area located in pelagic waters along the entire 

shelf (0 to 200 m) and upper slope (200 to 500 m) throughout Gulf of Alaska in the spring. 
o Larvae―EFH is the general distribution area located in pelagic waters along the entire shelf 

(0 to 200 m) and upper slope (200 to 500 m) throughout Gulf of Alaska. 
o Early Juveniles―Insufficient information is available to determine EFH. 
o Late Juveniles/Adults―EFH is the general distribution area located in the lower portion of the 

water column along the inner (0 to 50 m), middle (50 to 100 m), and outer (100 to 200 m) 
shelf throughout Gulf of Alaska on gravel, sand, and mud substrates.  

 
Shallow-water Assemblage 
 
The shallow-water flatfish assemblage consists of seven species in the Gulf of Alaska (NMFS-AKR 2005; 
Table 4-1). All of these species are demersal, but have varying depth ranges. Spawning season, 
fecundity, and size at age 50% maturity also vary by species (e.g., English sole - September, starry 
flounder - April through July) (Castillo 1995; DiCosimo and Kimball 2001). Both the northern and southern 
rock sole and the yellowfin sole are the most abundant and commercially important species of this 
management complex in the Gulf of Alaska. The discussion of these species habitat relating to life history 
and biology is used to characterize the shallow-water assemblage. The northern/southern rock sole, 
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yellowfin sole, and Alaska plaice have EFH designation in the Gulf of Alaska OPAREA (NMFS-AKR 
2005). Current available information on the remaining three flatfish species is presented in Table 4-2. 
 

• Alaska Plaice (Pleuronectes quadrituberculatus) 
 

Distribution—Alaska plaice range from the Sea of Japan to Chukchi Sea and possibly Beaufort 
Sea to eastern Aleutian Islands and Gulf of Alaska to southeastern Alaska near Ketchikan 
(Mecklenburg et al. 2002; Love et al. 2005). Their distribution is mainly on the eastern Bering Sea 
continental shelf, with only small amounts found in the Aleutian Islands Region (Spencer et al. 
2004). This species distribution overlaps with rock sole and yellowfin sole, but its center of 
distribution is north of these two species (Zhang et al. 1998).  
 
Habitat Preference—Alaska plaice are an inner shelf-outer shelf species that occur on soft 
bottom habitats from depths of 5 to 500 m (Allen and Smith 1988; Love et al. 2005), but usually 
shallower than 150 m (Mecklenburg et al. 2002). Adults are demersal and eggs are pelagic 
(Zhang et al. 1998). In the eastern Bering Sea, adults are restricted to depths of less than 110 m 
with major concentrations between 40 and 100 m on the central and northern shelf; whereas 
juveniles (<20 cm) occupy shallower coastal waters (Zhang et al. 1998). Larvae are collected 
along the shelf from the central Bering Sea through Unimak Pass and into the Shelikof Strait and 
sea valley, whereas eggs are more frequently encountered in the Bering Sea (Matarese et al. 
2003). Alaska plaice eggs develop at water temperatures of -1.5° to 6.7°C. 
 
Life History—Water temperatures may influence the seasonal movements of the Alaska plaice 
on the shelf where it maintains a more westerly wintertime distribution possibly to avoid the cold 
bottom water temperatures and/or extent of ice coverage that exist over the eastern Bering Sea 
(Zhang et al. 1998). Adults are known to migrate inshore to spawn in the spring (e.g., northern 
side of the Shelikof Strait Sea Valley) (Bailey et al. 2003; Matarese et al. 2003). 
 
Spawning of the Alaska plaice is reported to occur over a two to three month period during the 
spring (i.e., early May until mid-June in eastern Bering Sea) on hard sandy substrates over a wide 
area of the middle shelf region, primarily around the 100 m isobath within a range of 75 to 150 m 
(Zhang et al. 1998). The annual spawning period may vary both temporally and spatially due to 
the variations in hydrological conditions (Zhang et al. 1998). Bailey et al. (2003) reported that the 
Alaska plaice in the northern Gulf of Alaska spawn on the narrow shelf between 50 to 100 m 
depth on the north flank of the Shelikof Strait Sea Valley. Other spawning areas are located 
around the Shumagin Islands and in Unimak Bight and possibly in Prince William Sound and in 
the eastern Gulf of Alaska.  
 
Common Prey Species—Alaska plaice prey primarily upon polychaetes, amphipods, bivalves, 
and nemerteans (Zhang et al. 1998; NMFS 2004a). 
 
EFH Designations—(NMFS-AKR 2005; Figure E-6) 
 
o Eggs and Larvae―EFH is the general distribution area located in pelagic waters along the 

entire shelf (0 to 200 m) and upper slope (200 to 500 m) throughout Gulf of Alaska in the 
spring. 

o Larvae―EFH is the general distribution area located in pelagic waters along the entire shelf 
(0 to 200 m) and upper slope (200 to 500 m) throughout Gulf of Alaska. 

o Early Juveniles―Insufficient information is available to determine EFH. 
o Late Juveniles and Adults―EFH for these lifestages do not occur within the study area. Their 

general distribution area is located in the lower portion of the water column along the inner (0 
to 50 m), middle (50 to 100 m), and outer (100 to 200 m) shelf throughout the Bering 
Sea/Aleutian Islands on sand and mud substrates.  
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Table 4-2. Gulf of Alaska OPAREA EFH groundfish species life history information. 
 

 
Family/Species Range Depth Habitat Spawning/Parturition Prey 

FlatfishesA 
Shallow-water 

Butter Sole Bering Sea to southern 
California 

<2 to 425 m; typically 
<150 m 

Inner-outer shelf on muddy/silty 
bottoms 

February-April in CALCOFI 
areas 

Polychaetes, mollusks, 
amphipods, sea stars 

English Sole Bering Sea to central Baja 
California 

Intertidal to 550 m; 
typically <250 m 

Inner shelf-bathybenthal on fine 
sand/mud bottoms  Late spring-summer  

Polychaetes, amphipods, 
mollusks, cumaceans, 
ophiuroids, crustaceans 

Sand Sole Bering Sea to southern 
California 

Intertidal to 325 m; 
typically <150 m 

Inner-outer shelf on 
sandy/muddy bottoms July: British Columbia  

Speckled sanddab 
(Citharichthys stigmaeus), 
herring, anchovies, 
crustaceans, worms, and 
mollusks 

Starry Flounder Beaufort and Chukchi Seas 
to southern California 

Intertidal to 600 m; 
typically <100 m 

Estuarine-sublittoral on sandy 
to coarse bottoms 

February-May, peaking in 
early April 

Mollusks, infaunal worms, 
benthic fishes 

Deepwater 

Deepsea Sole Bering Sea to northern Baja 
California 91 to 1,433 m  Continental slope, sides of 

seamounts on muddy bottoms  Winter-spring No Information 

Greenland Halibut Beaufort and Chukchi Seas 
to U.S.-Mexico border 

14 to 2,000 m; 
typically 50 to 650 m 

Inner shelf-bathybenthal on soft 
bottoms 

September/October –March 
peaking November to 
February: Eastern Bering 
Sea 

Walleye pollock, small fish, 
squid, shrimp, krill 

RockfishesB 
Slope Assemblage 

Boccacio Western Gulf of Alaska to 
central Baja California 

20 to 475 m; typically 
50 to 300 m 

Reefs and seamounts over 
sand-mud bottoms, rock and 
boulders mixture, and hard 
substrate among mud  

January-April: British 
Columbia 

Copepods, euphausiids, 
small fishes, shellfish 

Darkblotched 
Rockfish 

Eastern Bering Sea to 
southern California 

29 to 915 m: typically 
100 to 400 m 

Soft bottoms and mud near 
cobble or boulders June: British Columbia 

Krill, gammarid amphipods, 
copepods, salps, fishes, 
octopods 

Greenstriped 
Rockfish 

Western Gulf of Alaska to 
central Baja California 

12 to 1,145 m; 
typically 100 to 250 m

Sandy or silty bottoms and both 
high- and low-relief reefs June: British Columbia 

Krill, small fishes, shrimp, 
calanoid copepods, squids, 
gammarid amphipods 

Harlequin Rockfish Southeastern Bering Sea to 
Oregon 

6 to 558 m; typically 
100 to 300 m 

High-relief substrata including 
seamounts June: southeast Alaska  No Information 

Pygmy Rockfish Northern Gulf of Alaska to 
southern California 29 to 383 m High-relief substrate: boulders 

and cobblestone No Iinformation No Information 
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Table 4-2. Continued. 
 

 
Family/Species Range Depth Habitat Spawning/Parturition Prey 

RockfishesB (continued) 
Slope Assemblage (continued) 
Redbanded 
Rockfish 

Bering Sea to southern 
California 

49 to 1,145 m; 
typically 150 to 400 m

Offshore reefs, seamounts, 
smoother bottoms 

March-September: southeast 
Alaska No Information 

Redstripe Rockfish Southeastern Bering Sea to 
southern Baja California 

12 to 442 m; typically 
100 to 300 m 

High- and low-relief rocky 
areas 

April-July: central and 
northern California to 
southeast Alaska 

Small fish, squid, krill, shrimp

Sharpchin Rockfish Aleutian Islands to southern 
California 

25 to 660 m; typically 
100 to 350 m 

Soft bottoms: mud and cobble, 
mud and boulder, boulder and 
cobble fields, seamounts 

July: British Columbia 
Gammarid amphipods, 
euphausiids, copepods, 
small fishes 

Silvergray Rockfish Southeastern Bering Sea to 
central Baja California 

Surface to 441 m; 
typically 100 to 300 m Rocky bottoms April-August peaking in July: 

Oregon to southeast Alaska No Information 

Splitnose Rockfish Western Gulf of Alaska to 
central Baja California  

80 to 894 m: typically 
<450 m Soft level bottoms July and October-December: 

British Columbia 
Krill, copepods, sergestid 
shrimp, amphipods 

Vermilion Rockfish Prince William Sound to 
central Baja California 

12 to 439 m; typically 
>183 m 

High-relief rocky reefs and 
seamounts 

September, December, and 
April-June: northern 
California 

Fishes, squid, krill, octopods, 
salps, red pelagic crabs, 
shrimps, copepods, mysids, 
amphipods, isopods, 
polychaetes 

Pelagic Shelf Assemblage 

Dark Rockfish Bearing Sea to British 
Columbia  5 to 160 m Rocky reefs and kelp beds July: southeast Alaska Euphausiids, cephalopods, 

shrimp, hermit crabs 

Widow Rockfish Western Gulf of Alaska to 
northern Baja California 

Surface to 800 m; 
typically <350 m 

Hard rocky banks, seamounts, 
ridges near canyons, 
headlands, muddy bottoms 
near rocks 

January-April 

Salps, jellyfish, small fishes, 
crabs, gammarid and 
hyperiid amphipods, krill, 
sergestid shrimp 

Yellowtail Rockfish Eastern Aleutian Islands to 
northern Baja California 

Surface to 549 m: 
typically 50 to 250 m 

Offshore reefs above mud with 
cobble, boulder, and rock 
ridges, and sand  

January-April: British 
Columbia 

Fish, squid, krill, salps, 
pyrosomes 

Demersal Shelf Assemblage 

Canary Rockfish Western Gulf of Alaska to 
northern Baja California 

18 to 838 m; typically 
50 to 250 m 

Hard bottoms, mixtures of mud 
and boulders February-March Euphausiids, mysids, fish 

China Rockfish Western Gulf of Alaska to 
southern California 

3 to 128 m: typically 
<91 m 

High-relief rocky reefs, 
submerged wave-cut platforms, 
boulder fields 

April-August peaking in May  

Brittlestars, rock crabs, 
decorator crabs, brachyuran 
crab larvae, caridean shrimp, 
hermit crabs, small fishes 
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Table 4-2. Continued. 
 
 

Family/Species Range Depth Habitat Spawning/Parturition Prey 
Demersal Shelf Assemblage (continued) 

Copper Rockfish Western Gulf of Alaska to 
central Baja California 

Intertidal to 185 m: 
typically <120 m 

Rocky areas: natural reefs, 
rock piles, boulder fields and 
rock-sand bottoms 

March to July: southeast 
Alaska 

Crabs, shrimps, fishes, 
gammarid and caprellid 
amphipods, mysid shrimp, 
squid, octopods 

Quillback Rockfish Gulf of Alaska to southern 
California 

5 to 274 m; typically 
<145 m 

High-relief rocky bottoms and 
reefs May-June 

Crabs, shrimps, gammarid 
amphipods, isopods, small 
fishes 

Rosethorn Rockfish Western Gulf of Alaska to 
central Baja California 

59 to 1,145 m; 
typically 125 to 350 m

Rocky reefs and seamounts 
between mud and hard 
substrate 

February-September with 
April-June peak: central 
California to southeast 
Alaska  

Euphausiids, gammarid 
amphipods, fishes 

Tiger Rockfish Northwestern Gulf of Alaska 
to southern California 

17 to 298; typically 
>55 m Rocky reefs and boulders February-June peaking in 

April-May: southeast Alaska 
Caridean shrimp, rock crabs, 
amphipods, small fishes 

Thornyhead Assemblage 

Longspine 
thornyhead 

Western Gulf of Alaska to 
southern Baja California 

201 to 1,756 m; 
typically 600 to 1,000 
m OMZ 

Continental slope on sand/mud 
bottoms April and May Fish fragments, crustaceans, 

bivalves, polychaetes 

Skates c 

Alaska Skate 
Eastern Bering Sea/Aleutian 
Islands to eastern Gulf of 
Alaska 

20 to 1,425 m; 
typically 90 to 250 m Bottom Summer months: eastern 

Bering Sea Fish and cephalopods 

Aleutian Skate Bering Sea/Aleutian Islands 
to northern California  

15 to 1,602 m; 
typically 100 to 800 m 

Outer shelf and upper slope on 
silty sediment 

June-November: eastern 
Bering Sea 

Atka mackerel, cephalopods, 
crustaceans 

Bering Skate Eastern Bering Sea/Aleutian 
Islands to southern California

55 to 1,372 m; 
typically <500 m Silty sediment No Information Squids, large crustaceans, 

annelid worms 

Big Skate Bering Sea/Aleutian Islands 
to southern Baja California 

<2 to 800 m; typically 
<200 m 

Continental shelf on silty 
sediment or silt, mud, or sand 
covered with gravel-cobble  

Year-round 
Crustaceans, small benthic 
fishes, polychaete worms, 
mollusks 

Longnose Skate Southeastern Bering Sea to 
Gulf of California 

9 to 1,069 m; typically 
55 to 350 m 

Inner/outer shelf on soft bottom 
sediments and combinations of 
mud/cobble near high-relief 
structures  

No Information Crustaceans 

Sculpins d 

Bigmouth Sculpin Bering Sea to northern 
California 

25 to 925 m; typically 
100 to 300 m Silt/mud bottoms Winter Nekton: walleye pollock and 

zoobenthos: Tanner crabs 



SEPTEMBER 2006 FINAL REPORT 

4-17 

 
Table 4-2. Continued. 
 

 
Family/Species Range Depth Habitat Spawning/Parturition Prey 

Sculpins d (continued) 

Great Sculpin 
Bering Sea/Aleutian Islands 
to southern Puget Sound, 
Washington 

Intertidal to 825 m; 
typically 50 to 100 m 

Sand/mud bottoms and around 
rocks  Winter Nekton: flatfish, sculpins, cod

Plain Sculpin Western Bering Sea to 
eastern Gulf of Alaska 

Intertidal to 680 m; 
typically <50 m Sand/mud bottoms  Winter 

Nekton: walleye pollock, 
flatfish and zoobenthos: 
crabs 

Red Irish Lord 
Southeastern Bering 
Sea/Aleutians to central 
California 

Tidepools to 88 m Clean rocky habitats and 
coralline algae 

October-January: demersal, 
adhesive eggs in high 
current velocities 

Hermit/Tanner crabs, 
barnacles, mussels, 
polychaetes, small fishes 

Yellow Irish Lord 
Southeastern Chukchi and 
Bering Seas to southeastern 
Alaska 

Subtidal to 917 m; 
typically <250 m 

Silt/mud or silt, mud, or sand 
covered with broken shell hash, 
gravel-cobble, and rocks-
boulders 

Winter Zoobenthos 

Sharks e 

Salmon Shark Bering Sea to central Baja 
California  Surface to 792 m Inshore just off beaches to 

outer shelf, epipelagic March-May: California Salmonids, sculpins, gadids, 
walleye pollock, Pacific saury

Pacific Sleeper 
Shark 

Chukchi and Bering Seas to 
southern Baja California 

Intertidal/surface to 
2,008 m  

Coast to outer shelf on or near 
bottom No Information 

Arrrowtootth flounder, 
flatfish, squid, Enteroctopus 
dofleini, rockfish, crabs, 
seals, salmons, pinnipeds 

Spiny Dogfish Bering Sea to Gulf of 
California 

Intertidal/surface to 
1,244 m 

Coastal, inshore and offshore; 
shallow bays 

October-January: British 
Columbia 

Smelts, herring, sand lance, 
crabs, euphausiids, shrimp, 
octopus 

Squids f 
Boreal Clubhook 
Squid Japan to California  Surface to 

undetermined depths 
Epipelagic over slope and 
abyssal waters 

Late autumn to winter: 
southwest of Japan Small fishes 

Eastern Pacific 
Bobtail Squid Japan to California  Intertidal to 300 m Demersal on muddy sand and 

neritic on shelf No Information No Information 

Giant Clubhook 
Squid Japan to Alaska No Information 

Demersal on slope and 
mesopelagic over abyssal 
waters 

No Information Benthic heart urchins, Velella 
velella 
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Table 4-2. Continued. 
 

 
Family/Species Range Depth Habitat Spawning/Parturition Prey 

Octopus g 

North Pacific Giant 
Octopus Japan to California Low tide to 200 m 

Demersal on rocks, cobble, 
sand, and mud from sublittoral 
to upper slope 

Autumn inshore waters <100 
m Crustaceans, mollusks 

Pelagic Octopus Temperate and tropical 
oceans 

700 to 1,500 m; 
typically in OMZ 600 
to 800 m 

Pelagic No Information No Information 

Forage Fish Speciesh 

Bristlemouths Bering Sea to Chile Surface to 4,000 m Mesopelagic and bathypelagic No Information Calanoid copepods, 
ostracods, euphausiids, fish 

Deepsea Smelts Southern Bering Sea to Gulf 
of California Surface to 7,700 m Epipelagic, mesopelagic and 

bathypelagic No Information 

Pteropods, appendicularia, 
ctenophores, chaetognath, 
polychaete, jellyfish, 
euphausiids, copepods 

Gunnels Bering Sea to northern 
California Intertidal to 73 m Eelgrass, algae, and rocks No Information 

Amphipods, isopods, 
polychaete worms, 
harpacticoid copepods, 
cumaceans, munid crabs, 
insects, algae, ostracods, 
bivalves, crustacean larvae, 
tunicates 

Krill North Pacific Ocean Surface to 
undetermined depths 

Neritic and oceanic; upwelling 
areas, edges of shelf, 
submarine canyons, gullies on 
shelf, island passes, 
submerged seamounts  

Spring: seasonal 
phytoplankton blooms 

Diatoms, dinoflagellates, 
tintinnids, chaetognaths, 
larvae of echinoderms, 
amphipods, and 
crustaceans, detritus 

Lanternfishes Southern Bering Sea to Baja 
California  Surface to 1,400 m Epipelagic and mesopelagic No Information Copepods and euphausiids 

Pricklebacks Bering Sea to northern Baja 
California Intertidal to 1,195 m 

Shallow areas to rocky reefs or 
gently sloping sandy or muddy 
seafloors 

No Information 

Copepods, crustaceans, 
red/green algae, clam larvae, 
polychaete worms, 
amphipods, mollusks 

Sand Lances 

Pacific Sand Lance Sea of Japan to southern 
California Intertidal to 100 m Benthic Winter 

Chaetognaths, fish larvae, 
amphipods, annelids, 
copepods 
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Table 4-2. Continued. 
 

 
Family/Species Range Depth Habitat Spawning/Parturition Prey 

Sandfishes 

Pacific Sand Fish Southeastern Bering Sea to 
northern California 

Intertidal to 375 m; 
typically <150 m Sand or mud No Information Mysids, amphipods, 

cumaceans 
Smelts 

Capelin Japan to Strait of Juan de 
Fuca Surface to 200 m 

Neritic, pelagic: shelf, 
demersal/semidemersal: sand 
and fine gravel 

May-August: Kodiak Bay Copepods, mysids, 
euphausiids, chaetognaths 

Euchalon Eastern Bering Sea to 
central California Surface to 300 m Pelagic: mid-shelf/upper slope; 

demersal: sand, cobble 
April-June Spring: 
anadromous - rivers 

Euphausiids, copepods, 
cumaceans 

 
Source: 
a Allen and Smith (1988); Love (1996); Mecklenburg et al. (2002); Matarese et al. (2003); Love et al. (2005); McCain et al. (2005); NMFS-AKR 

(2005). 
b Mecklenburg et al. (2002); Orr and Blackburn (2004); Love et al. (2002; 2005); McCain et al. (2005). 
c Orlov (1998); Mecklenburg et al. (2002); Ebert (2003); Busby et al. (2005); Hoff6; McCain et al. (2005). 
d Mecklenburg et al. (2002); ODFW (2002); Matarese et al. (2003); Busby et al. (2005); Love et al. (2005); McCain et al. (2005); NMFS-AKR 

(2005); Froese and Pauly.7 
e Love (1996); Yang and Page (1999); Compagno (2002); Mecklenburg et al. (2002); Ebert (2003); Love et al. (2005); McCain et al. (2005); 

NMFS-AKR (2005). 
f Roper et al. (1984); NMFS-AKR (2005); Anderson.8 
g Roper et al. (1984); Gaichas et al. (1999); NMFS-AKR (2005); Seibel.9 
h Simenstad (1979); Jarre-Teichmann (1996); Robards et al. (1999); Mecklenburg et al. (2002); Nelson (2003); Love et al. (2005); NMFS-AKR 

(2005). 
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• Rock Sole (Lepidopsetta polyxystra/L. bilineata) 
 

Distribution—Two of the currently recognized species of rock sole occur along the Pacific coast 
northern species (Lepidopsetta polyxystra) ranges from the northern coast of Hokkaido, Kuril 
Islands, and Okhotsk Sea to Gulf of Anadyr and vicinity of St. Lawrence Island, Bearing Sea, and 
Commander-Aleutian chain to Puget Sound, Washington; and southern species (L. bilineata) 
from Atka Island, Aleutian Islands and southeastern Bering Sea (Slime Bank north of Unimak 
Island) to Cortes Bank, southern California (Orr and Matarese 2000; Love et al. 2005). Their 
center of distribution occurs off Kamchatka, Russia, off British Columbia, in the central Gulf of 
Alaska, and in the southern part of the eastern Bering Sea (NMFS 2004a).  
 
Habitat Preference—Both the northern and southern rock soles are an inner shelf-outer shelf 
species (Allen and Smith 1988) preferring sandy or gravel substrata (Hart 1973; Horton 1989). 
Northern rock sole occurs at depths from 3 to 5 m to 480 to 517 m (Love et al. 2005); whereas 
the southern rock sole ranges from 13 to 339 m (Orr and Matarese 2000). Adults and juveniles 
are demersal and are found over the continental shelf from the intertidal zone to 732 m, but 
generally not below 300 m (Hart 1973; Horton 1989). However, Orr and Matarese (2000) reported 
that the northern rock sole were commonly found on the continental shelf at depths of 200 m or 
less to as deep as 575 m. Juveniles also inhabit shallow water bays (NMFS-AKR 2005). In 
Kachemak Bay, Alaska, juveniles were collected at depths of 10 to 40 m over sand but were most 
abundant at depths less than 20 m (McCain et al. 2005). Juveniles inhabit shallow-water area at 
least until age one (NMFS-AKR 2005). Larvae are pelagic and are found in the upper 30 m of the 
water column, but sometimes at depths down to 1,000 m (Hart 1973; Horton 1989; Orr and 
Matarese 2000). Larvae are planktonic for at least two to three months until metamorphosis 
occurs (NMFS et al. 1998a). Northern rock larvae are found throughout the Bering Sea and the 
Gulf of Alaska with highest abundances over the Bering Sea shelf, whereas southern rock larvae 
occur throughout the western Gulf of Alaska with highest abundances in Unimak Pass, Shelikof 
Strait and sea valley, and east of Kodiak Island (Matarese et al. 2003). Eggs are demersal and 
after fertilization become adhesive, adhering to objects on the sea floor (Horton 1989; Stark and 
Somerton 2002). Rock sole are found at water temperatures from sub-zero to 18°C: adults - 7° to 
10°C, larvae - 6°C, and eggs – minus 0° to 15°C (Horton 1989; Love 1996). Adults are almost 
exclusively in euhaline waters; whereas juveniles, larvae, and eggs live in polyhaline to euhaline 
waters (Horton 1989). 
 
Life History—Rock sole are sedentary (Horton 1989). This species undergoes seasonal 
migrations to overwinter and spawn (deep waters: 125 to 320, edge of continental slope) from 
December to April and post-spawning feed in the summer (shallow shelf waters: 50 to 120 m) 
from April to June (Hart 1973; Horton 1989). This movement from winter to spring grounds is in 
response to warming temperatures in shallow waters, whereas the summer movements are 
related to distribution of prey on the shelf seafloor (Horton 1989; NMFS-AKR 2005). Rock sole 
larvae exhibit vertical migrations of 5 to 10 m during the day and up to 30 m at night in response 
to peak copepod nauplii abundances. Horizontal movement of larvae is facilitated by wind and 
tidal currents (McCain et al. 2005). Immature rock soles reside in shallow waters in the winter and 
move to shallower coastal areas in the spring and summer (Orr and Matarese 2000). As rock sole 
(mainly the northern species) increase in size, they move into deeper waters (Horton 1989). 
 
Rock sole are oviparous and a batch spawner with external fertilization. They reproduce near the 
edge of the continental shelf in areas with good water circulation over hard bottoms of sand or 
gravel at depths of 125 to 250 m (Horton 1989; NMFS 2004a). Spawning occurs from late winter 
through early spring throughout the northern part of their range (e.g., southeastern Bering Sea; 
Horton 1989; Matarese et al. 2003). Off Kodiak Island, the northern rock sole spawn from January 
to June peaking in early March to mid-April at depths of 42 to 61 m and at a water temperature of 
3°C, whereas the southern rock sole spawn during the summer peaking from June to July at 
depths of 45 to 127 m and at a water temperature of 3°C (Orr and Matarese 2000; Stark and 
Somerton 2002). 
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Common Prey Species—Rock sole are benthophagous and prey upon benthic infaunal and 
epifaunal invertebrates such as polychaetes and marine worms, bivalves, crustaceans (e.g., 
gammarid amphipods, mysid shrimp, and cumaceans), and miscellaneous fish (i.e., Pacific sand 
lance) (Holladay and Norcross 1995; Lang et al. 1995; NMFS 2004a; NMFS-AKR 2005). 
 
EFH Designations—(NMFS-AKR 2005; Figure E-7) 
 
o Eggs and Early Juveniles―Insufficient information is available to determine EFH. 
o Larvae―EFH is the general distribution area located in pelagic waters along the entire shelf 

(0 to 200 m) and upper slope (200 to 1,000 m) throughout Gulf of Alaska. 
o Late Juveniles and Adults―EFH for these lifestages do not occur within the study area. Their 

general distribution area is located in the lower portion of the water column along the inner (0 
to 50 m), middle (50 to 100 m), and outer (100 to 200 m) shelf throughout Bering 
Sea/Aleutian Islands on sand, gravel, and cobble substrates.  

 
• Yellowfin Sole (Limanda aspera) 

 
Distribution—Yellowfin sole range from Japan Sea off Korea and Okhotsk Sea to Beaufort Sea 
off Point Barrow and south Bering Sea and eastern Aleutian Islands to Barkley Sound, British 
Columbia (Mecklenburg et al. 2002; Love et al. 2005). This species is presently the most 
abundant flatfish in the Bering Sea (NMFS 2004a). 
 
Habitat Preference—Yellowfin sole is an inner shelf-outer shelf and an epibenthic, mesobenthic, 
and bathybenthic species preferring sandy/granule substrata at depths ranging from 10 to 600 m, 
but most commonly occurring between 50 and 100 m (Allen and Smith 1988; Matarese et al. 
2003). Adult and juveniles are demersal, whereas larvae and eggs are pelagic (NMFS et al. 
1998a; NMFS-AKR 2005). All lifestages occur in bays/estuaries and the inner continental shelf (1 
to 50 m), adults and juveniles inhabit the middle/outer continental shelf (50 to 200 m), and adult, 
larval, and egg lifestages inhabit the shallow intertidal beach areas (NMFS 2004a). Larvae are 
planktonic for at least two to three months until metamorphosis occurs (NMFS-AKR  2005) and 
have been collected along the shelf south and east of Kodiak Island. Eggs are present in the 
Bering Sea, southern Shelikof Strait and sea valley, and east of Kodiak Island (Matarese et al. 
2003). 
 
Life History—Yellowfin sole undergo annual migrations from wintering areas near the continental 
shelf-slope break at approximately 200 m where they form dense schools to avoid extreme cold-
water temperatures before moving into nearshore feeding/spawning areas as the shelf ice 
recedes in April or early May (Mito et al. 1999; NMFS 2004a; NMFS-AKR 2005).  
 
Spawning is protracted and variable, beginning as early as May and continuing through August, 
occurring primarily in shallow-water at depths less than 30 m (NMFS-AKR 2005). Yellowfin sole 
are oviparous and batch spawners with external fertilization reproducing at temperatures ranging 
from 4.4° to 11.4°C (Nichol 1995; Love 1996).  
 
Common Prey Species—Yellowfin sole prey upon benthopelagic organisms including 
polychaetes, other marine worms (sipunculans, echiuroids, and priapulids), bivalves, amphipods, 
euphausiids, crangon shrimp, and crabs (tanner and snow [Chionoecetes bairdi and C. opilio], 
red king [Paralithodes camtschaticus], and blue king [P. platypus] ( Holladay and Norcross 1995; 
Lang et al. 1995; NMFS 2004a). 
 
EFH Designations—(NMFS-AKR 2005; Figure E-8) 
 
o Eggs/Larvae―EFH is the general distribution area located in pelagic waters along the entire 

shelf (0 to 200 m) and upper slope (200 to 500 m) throughout Gulf of Alaska. 
o Early Juveniles―Insufficient information is available to determine EFH. 
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o Late Juveniles/Adults―EFH is the general distribution area located within nearshore bays 
and along the inner (0 to 50 m), middle (50 to 100 m), and outer (100 to 200 m) shelf 
throughout Gulf of Alaska on sandy substrates.  

 
Deep-water Assemblage 
 
The deep-water flatfish assemblage in the Gulf of Alaska consists of three species (see Table 4-1; 
NMFS-AKR 2005). All these species are demersal and spawn on or near the bottom at various depths 
(DiCosimo and Kimball 2001). The Dover sole is the dominant species in terms of biomass and harvest of 
this management complex in the Gulf of Alaska. The discussion of the Dover sole’s habitat relating to life 
history and biology is used to characterize the deep-water assemblage. The Dover sole has EFH 
designation in the Gulf of Alaska OPAREA (NMFS-AKR 2005). Current available information on the 
remaining two flatfish is presented in Table 4-2.  
 

• Dover Sole (Microstomus pacificus) 
 
Distribution—Dover sole range from northwestern and southeastern Bering Sea and Aleutian 
Islands from Stalemate Bank to just south of Punta San Juanico, southern Baja California (Allen 
and Smith 1988; Love et al. 2005). This species hybridizes with starry founder producing 
Inopsetta ischyra which occurs from the Bering Sea south to San Francisco, California (NMFS 
2004a). 
 
Habitat Preference—Regarded as an inner shelf-mesobenthal species (Allen and Smith 1988), 
the Dover sole inhabits soft bottom habitats (i.e., sand or mud) at depths ranging from 2 m or less 
to 1,372 m (Kramer et al. 1995). Adults and juveniles are demersal. Adults are widely distributed 
from the inner shelf to outer slope (NMFS et al. 1998a; NMFS-AKR 2005). They are mostly found 
in water deeper than 300 m in winter but occur in highest biomass in the 100 to 200 m depth 
range during the summer in the Gulf of Alaska (Turnock et al. 2002). Juveniles are sublittoral-
bathyal at depths of 100 to 700 m with most occurring deeper than 200 m (Hart 1973). In the Gulf 
of Alaska, juveniles concentrate in bays (Abookire and Bailey 2005). Larvae are 
epipelagic/mesopelagic in both surface waters (<40 m) and midwaters down to 600 m deep 
(Abookire and Bailey 2005; McCain et al. 2005) with larvae being planktonic for up to two years 
until metamorphosis occurs (NMFS-AKR 2005). Larger larvae are concentrated further offshore 
and along the slope while smaller larvae are widely distributed from inner shelf to outer slope 
(Abookire and Bailey 2005). Eggs are epipelagic and are found up to 840 km offshore 
concentrated at the surface (<20 m) beyond the 200 m isobath where current flows are 10 to 15 
centimeters per second (cm/s) (Starr et al. 1998; Abookire and Bailey 2005). Dover sole are 
found at temperatures ranging from 4° to 15.5°C: larvae/eggs – 8° to 10°C (McCain et al. 2005) in 
euhaline waters (MBC 1987). 

 
Life History—Dover sole are migratory with adults and juveniles moving into shallow-water (50 to 
225 m) feeding grounds in summer, then migrating offshore into deep waters (300 to 1,000 m) to 
spawn in early winter to late spring (Hunter et al. 1990). Adults aggregate almost exclusively 
along the slope (Abookire and Bailey 2005). This species exhibits little coastal north-south 
movements. Adults may inhabit the oxygen minimum zone (OMZ) in deep waters with larvae 
being transported offshore and to nursery areas by ocean currents and winds (Hunter et al. 
1990).  
 
Dover sole are batch spawners, oviparous, and have external fertilization (Love 1996). Spawning 
in the Gulf of Alaska has been observed from January through August with a peak period in May 
over muddy bottoms (Hart 1973; Horton 1989). Spawning occurs at temperatures of 4.2° to 6.8°C 
in the Gulf of Alaska (MBC 1987). Highest abundances of Dover sole larvae and eggs occur in 
deeper waters along the shelf and over the slope in the Gulf of Alaska (Matarese et al. 2003).  
 
Common Prey Species—Dover sole prey upon benthic organisms such as polychaetes, 
amphipods, annelids, and mollusks (Hart 1973; Henry and Lo 1992; Henry et al. 2001). 
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EFH Designations—(NMFS-AKR 2005; Figure E-9) 
 
o Eggs/Larvae―EFH is the general distribution area located in pelagic waters along the entire 

shelf (0 to 200 m) and slope (200 to 3,000 m) throughout Gulf of Alaska. 
o Early Juveniles―Insufficient information is available to determine EFH. 
o Late Juveniles/Adults―EFH is the general distribution area located in the lower portion of the 

water column along the middle (50 to 100 m) and outer (100 to 200 m) shelf and upper slope 
(200 to 500 m) throughout Gulf of Alaska on sand and mud substrates.  

 
Rockfish 
 
Rockfish of the Family Scorpaenidae inhabit rocky areas in shallow to moderately deep water or occur 
farther offshore on silty and sandy, soft bottoms in the marine waters of the study area and are 
represented by the genera Sebastes and Sebastolobus (Mecklenburg et al. 2002). Approximately 32 of 
the 36 species of Sebastes and two of the three species Sebastolus species have been documented in 
the Gulf of Alaska OPAREA. Rockfish diversity is highest in southern southeast Alaska with the number 
of species declining markedly west of the central Gulf of Alaska (Enticknap and Sheard 2005). The 
rockfishes have been divided into three assemblages for management purposes based on species 
habitat and distribution, as well as commercial composition data: slope, demersal shelf, and pelagic shelf, 
whereas the thornyheads are managed independently (O'Connell et al. 2003; Table 4-1; NMKFS-AKR 
2005). Basic biological information including life history, population size, distribution, and habitat 
requirements is poorly understood for nearly all Alaskan rockfish species (Parker et al. 2000; NPFMC 
2002, 2005c; NMFS-AKR 2005). The EFH designation of the northern rockfish, Pacific ocean perch, and 
rougheye/shortraker rockfishes best represents the slope assemblage; the yelloweye rockfish best 
represents the demersal shelf assemblage; and the light dusky rockfish best represents the pelagic shelf 
assemblage (NMFS-AKR 2005). The shortspine thornyhead best represents the EFH designation of this 
assemblage (DiCosimo and Kimball 2001).  
 
Slope Assemblage 
 
Slope rockfish are those species that, as adults, inhabit waters of the outer continental shelf and 
continental slope generally in depths greater than 150 to 200 m (NMFS-AKR 2005; ADFG4). A total of 21 
rockfish species comprise the slope assemblage which was further subdivided into the northern rockfish, 
Pacific ocean perch, rougheye/shortraker rockfishes, and other slope rockfish (Table 4-1; NMFS-AKR 
2005). These subgroups were established for protection from possible overfishing (DiCosimo and Kimball 
2001). The discussion of the northern rockfish, Pacific ocean perch, and rougheye/shortraker rockfishes 
habitat relating to life history and biology is used to characterize the slope rockfish assemblage. All of 
these species have EFH designation within the Gulf of Alaska OPAREA (NMFS-AKR 2005). 
 
Numerous other slope rockfish species of the genus Sebastes have been reported in the Gulf of Alaska 
and Bering Sea/Aleutian Islands (Eschmeyer et al. 1983) with several species being of commercial and 
ecological importance. Most are demersal or semidemersal, with different species occupying different 
depth strata (Love et al. 2002). Little or nothing is known concerning life history attributes of most of these 
rockfish in Alaska waters except for food habits of some of the more, common species such as sharpchin, 
harlequin, and redstripe which appear to planktivores (NMFS-AKR 2005). In the Gulf of Alaska, six 
species of these 17 slope rockfish make up 95% of the catch and estimated abundance: harlequin, 
redbanded, redstripe, sharpchin, silvergrey, and yellowmouth (Sebastes reedi) (NMFS-AKR 2005; NMFS 
2005a). Current available information on the remaining 11 of the other 17 slope rockfish that occur in Gulf 
of Alaska OPAREA is presented in Table 4-2. 
 

• Northern Rockfish (Sebastes polyspinis) 
 

Distribution—Northern rockfish range from north Pacific off Kuril Islands to Bering Sea at 
Pervenets Canyon and Commander-Aleutian chain to Graham Island, northern British Columbia 
(Allen and Smith 1988; Mecklenburg et al. 2002; Love et al. 2005). This species is the second 
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most abundant rockfish in the Gulf of Alaska west of the Kenai Peninsula (i.e., Portlock and 
Albatross Banks, etc.) and in the Aleutian Islands (Love et al. 2002; Clausen and Heifetz 2004).  
 
Habitat Preference—Northern rockfish is a middle shelf-mesobenthal species that occurs at 
depths from 10 to 740 m over cobble or rock bottoms but prefers depths ranging from 100 to 300 
m (Allen and Smith 1988; Love et al. 2002; NMFS-AKR 2005). In the Gulf of Alaska, adults and 
juveniles are semidemersal/semipelagic with adults inhabiting relatively shallow rises or banks of 
the outer continental shelf at depths of 75 to 150 m (Clausen and Heifetz 2004; NMFS 2004a). 
Juveniles are generally found more inshore and at shallower depths (<100 m) than adults 
(Clausen and Heifetz 2004). In Kalsin Bay, Kodiak Island, young-of-the-year were collected at a 
minimum depth of 10 m (NMFS 2004a). Larvae are pelagic and apparently metamorphose to a 
pelagic juvenile stage (NMFS 2004a). 
 
Life History—Information is unavailable on the migrations and movements of the northern 
rockfish (NMFS 2004a). Northern rockfish occur in large aggregations and co-occur with the light 
dusky rockfish and Atka mackerel (Love et al. 2002; NMFS 2004a). In the Bering Sea, Russian 
investigators reported this species in relatively shallow water for feeding in summer, than moving 
into deeper water in fall, winter, and spring (Love et al. 2002). 
 
Northern rockfish are viviparous with internal fertilization undergoing spawning from late spring 
through early summer (NMFS 2004a). 
 
Common Prey Species—Northern rockfish prey predominantly upon euphausiids, as well as 
copepods, hermit crabs, and shrimp (NMFS 2004a). 
 
EFH Designations—(NMFS-AKR 2005; Figures E-10 and E-11) 
 
o Larvae―EFH is the general distribution area located in pelagic waters along the entire shelf 

(0 to 200 m) and slope (200 to 3,000 m) throughout Gulf of Alaska. 
o Early and Late Juveniles―Insufficient information is available to determine EFH. 
o Adults―EFH is the general distribution area located in the middle and lower portions of the 

water column along the outer (100 to 200 m) slope and upper slope (200 to 500 m) 
throughout Gulf of Alaska on cobble and rock substrates.  

 
• Pacific Ocean Perch (Sebastes alutus) 

 
Distribution—Pacific ocean perch range from southern Japan and Sea of Okhotsk to Bering Sea 
at Navarin Canyon and Commander and Aleutian Islands to Punta Blanca, central Baja California 
(Mecklenburg et al. 2002; Love et al. 2005). This species is the most abundant rockfish in 
northern British Columbia, Gulf of Alaska, and Aleutian Islands (Allen and Smith 1988). 
 
Habitat Preference—Pacific ocean perch is an outer shelf-mesobenthal species (Allen and 
Smith 1988) occurring in patchy, localized aggregations from near surface to depths of 825 m, but 
are common from depths of 100 to 450 m (Mecklenburg et al. 2002). Adults are benthopelagic 
inhabiting offshore areas generally associated with cobble, gravel, mud, sandy mud, muddy sand 
substrates on flat or low-relief bottoms from 150 to 420 m (NMFS-AKR 2005). Adults are most 
prevalent on the shelf break, slope, and inside major gullies and trenches running perpendicular 
to the shelf break (NMFS-AKR 2005). Throughout its range, adults are generally found in along 
gullies, submarine canyons, pinnacles, seamounts, and submarine depressions of the upper 
continental slope (McCain et al. 2005).  
 
Juveniles are demersal residing inshore in shallower (37 m), rockier, high-relief areas containing 
cobble-boulder and epifaunal invertebrate cover (e.g., sea whips, sponges, etc.) before migrating 
to deeper offshore waters of the continental shelf by age three (Freese and Wing 2003; McCain 
et al. 2005). Large schools of juveniles have been found on the shelf near Albatross and 
Shumagin Banks (NMFS-AKR 2005). In the surface waters of the Gulf of Alaska, post-
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larvae/early juveniles are epipelagic. They generally remain pelagic for two to three years, if 
carried far offshore, than those carried into shallow waters who transform to a demersal existence 
within the first year and remain shallower than 250 m (McCain et al. 2005). Pacific ocean perch 
larvae are thought to be pelagic. They initially occur at mesopelagic depths over the continental 
slope, later rising to epipelagic depths, and drifting with the currents (McCain et al. 2005). Larvae 
may be transported to adult locations in upwelled waters or nearshore currents during the spring 
transition periods (Love et al. 2002). All life stages occur in euhaline waters at temperatures of 
2.5° to 6.5°C, although adults off British Columba and Oregon preferred temperatures ranging 
from 5° to 8°C (McCain et al. 2005).  
 
Life History—Migrations and movement patterns of the Pacific ocean perch are related to 
summer feeding and winter spawning (NMFS 1998a). In Alaskan waters, this species inhabits 
shallower depths (between 150 and 300 m) for feeding in the spring and summer, then migrates 
farther offshore to deeper waters (300 to 420 m) to spawn in the fall and winter (NMFS-AKR 
2005). Separate schools of males and females have been observed on feeding grounds at depths 
of 150 to 185 m in Unimak Pass and spawning concentrations at depths of 350 to 400 m off 
Prince William Sound and Yakutat Bay (DiCosimo and Kimball 2001). Adults form large schools 
30 m wide to 80 m deep, and as much as 1,300 m long as well as form spawning schools, 
whereas juveniles form ball-shapes schools near the surface (McCain et al. 2005). These 
onshore-offshore migrations may be affected by tidal cycles with higher flow rates that 
disaggregate schools (Love et al. 2002). Oceanic conditions may sometimes cause advection to 
suboptimal areas resulting in high recruitment (Ainley et al. 1993). Pacific ocean perch also 
display pronounced day-night behavior, disaggregating and rising off the bottom at night to feed, 
apparently following diel euphausiids migrations (NMFS-AKR 2005).  
 
Pacific ocean perch are viviparous with internal fertilization (Love 1996). Insemination occurs in 
early fall, fertilization in late fall, and parturition from at least January to July, primarily April and 
May (Love et al. 2002; NMFS-AKR 2005). Females are reported to release larvae at dusk, 20 to 
30 m off the bottom in depths of 360 to 400 m, with larvae rising to midwater depths of 215 to 275 
m (Love et al. 2002). In the Gulf of Alaska, known spawning areas are near major feeding areas, 
i.e., close to Yakutat, Unimak Pass, Kodiak Island, and adjoining islands (NMFS-AKR 2005). 
Reproduction takes place among seamounts and other steep areas that are associated with 
circulation patterns that limit their distribution (McCain et al. 2005).  
 
Common Prey Species—Pacific ocean perch are planktivorous preying primarily upon 
euphausiids and, to a lesser degree, on copepods, amphipods, and mysids (Carlson and Haight 
1976; Yang and Nelson 2000).  
 
EFH Designations—(NMFS-AKR 2005; Figures E-10 and E-12) 
 
o Larvae―EFH is the general distribution area located in the middle to lower portion of the 

water column along the inner shelf (0 to 50 m), middle shelf (50 to 100 m), outer shelf (100 to 
200 m), and upper slope (200 to 500 m) throughout Gulf of Alaska. 

o Early Juveniles―Insufficient information is available to determine EFH. 
o Late Juveniles/Adults―EFH is the general distribution area located in the middle and lower 

portions of the water column along the inner shelf (0 to 50 m), middle shelf (50 to 100 m), 
outer shelf (100 to 200 m), and upper slope (200 to 500 m) throughout Gulf of Alaska on 
cobble, gravel, mud, sandy mud, and muddy sand substrates.  

 
• Rougheye Rockfish (Sebastes aleutianus) 

 
Distribution—Rougheye rockfish range from north Pacific off northern Hokkaido, Japan and Kuril 
Islands to Bering Sea at Navarin Canyon and Commander Islands and Aleutian Islands to San 
Diego, southern California (Allen and Smith 1988; Mecklenburg et al. 2002). This species is most 
abundant in the north central and eastern Gulf of Alaska (DiCosimo and Kimball 2001; 
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Mecklenburg et al. 2002). Recent work has demonstrated that rougheye rockfish may comprise 
two separate species (Gharrett et al. 2005). 
 
Habitat Preference—Rougheye rockfish is a mesobenthal species that commonly occurs at 
water depths of 100 to 500 m, but can range from 25 to 900 m in depth (Allen and Smith 1988; 
Mecklenburg et al. 2002). This species is common in offshore waters along a narrow band of the 
continental slope at depths of 300 to 500 m, but rare in nearshore waters (Hart 1973; NMFS-AKR 
2005). Adults are demersal, whereas juveniles and larvae are pelagic (Krieger and Wing 2002; 
Love et al. 2002). Adults inhabit a wide range of habitats (Krieger and Ito 1999; Krieger and Wing 
2002) with highest densities occurring on steep slopes, seamounts (Mecklenburg et al. 2002), 
and boulders with sand or mud substrates (Krieger and Ito 1999). This species has a strong 
association with deepwater red tree corals (Primnoia spp.) that grow on boulders (Krieger and 
Wing 2002). Juveniles are generally found associated with shallower, more inshore areas (fjords: 
southeast Alaska) than adults (Carlson and Haight 1976). Young rougheye rockfish recruit to soft 
substrates, frequent boulders, and rocky slopes greater than 20° (Krieger and Ito 1999). 
Rougheyes have been found in water between minus 0.3° to 4.9°C (Love et al. 2002).  
 
Life History—Information is unavailable on the migrations and movements of the rougheye 
rockfish (McCain et al. 2005). Small juveniles may sometimes be found in schools, whereas 
larger fish are either solitary or in small groups (Love et al. 2002). This species in the northwest 
Pacific may aggregate more in the fall-winter months (November to December) than May through 
October (Love et al. 2002).  
 
Rougheye rockfish appear to be viviparous with internal fertilization and undergo parturition from 
December through April (NMFS-AKR 2005). Their spawning is apparently protracted lasting from 
July through late October and November (NMFS-AKR 2005).  
 
Common Prey Species—Rougheye rockfish prey primarily shrimps (pandalid) and various fish 
species such as myctophids (Yang and Nelson 2000). 
 
EFH Designations—(NMFS-AKR 2005; Figures E-10 and E-13) 
 
o Larvae―EFH is the general distribution area located in pelagic waters along the entire shelf 

(0 to 200 m) and upper slope (200 to 500 m) throughout Gulf of Alaska. 
o Early and Late Juveniles―Insufficient information is available to determine EFH. 
o Adults―EFH is the general distribution area located in the middle and lower portions of the 

water column along the outer shelf (100 to 200 m), and upper slope (200 to 500 m) 
throughout Gulf of Alaska on cobble and rock substrates. 

 
• Shortraker Rockfish (Sebastes borealis) 

 
Distribution—Shortraker rockfish range from Okhotsk Sea, Pacific off northern Hokkaido, Japan 
to Kamchatka Peninsula and the western Bering Sea to Navarin Canyon and Aleutian Islands 
south to Point Conception, California (Allen and Smith 1988; Mecklenburg et al. 2002). This 
species is most abundant in the Yakutat area (DiCosimo and Kimball 2001). 
 
Habitat Preference—Shortraker rockfish are an offshore, demersal species (Krieger 1992) that 
inhabits the middle shelf to the mesobenthal slope from 25 to 1,200 m, but commonly occurs from 
50 to 650 m (Allen and Smith 1988) or 100 to 600 m (Orr et al. 2000). In the vicinity of the 
Kamchatka Peninsula, shortraker rockfish were found as deep as 1,200 m (Mecklenburg et al. 
2002) and in the Gulf of Alaska, they are most abundant along a narrow band of the continental 
slope at depths of 300 to 500 m (Krieger 1992). Adults are demersal, whereas juveniles and 
larvae are pelagic (NMFS 2004a). Adults are common over rugged, steeply-sloped habitat (3° to 
12°) to moderately-sloped, bottom with fine-grained substrata of silt or pebbles and currents of 
0.1 to 0.4 km/hr (Krieger 1992; Krieger and Ito 1999; Mecklenburg et al. 2002). This species has 
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a strong association with deepwater red tree corals (Primnoia spp.) growing on boulders (Krieger 
and Wing 2002).  
 
Life History—In the Pacific waters of Kamchatka and western part of the Bering Sea, shortraker 
rockfish may perform seasonal vertical migrations with depth range expanding during the months 
of June through November and decreasing from spring to autumn (McCain et al. 2005). Migration 
may also occur in response to food availability with larger individuals undergoing greater 
movements than smaller individuals (McCain et al. 2005).  
 
Shortraker rockfish appear to be ovoviviparous with internal fertilization undergoing parturition 
from February through August (NMFS-AKR 2005). Their spawning is apparently protracted 
lasting from July through late October and November (NMFS-AKR 2005). In the western Bering 
Sea and off Kamchatka, spawning is reported in June and July at depths between 300 and 500 m 
(Love et al. 2002). Off British Columbia, larvae are released in April (McCain et al. 2005).  
 
Common Prey Species—Shortraker rockfish prey mainly upon shrimp, as well as cephalopods 
(squids), mysids, and deepwater fish such as myctophids and bathylagids (Yang and Nelson 
2000). 
 
EFH Designations—(NMFS-AKR 2005; Figures E-10 and E-13) 
 
o Larvae―EFH is the general distribution area located in pelagic waters along the entire shelf 

(0 to 200 m) and upper slope (200 to 500 m) throughout Gulf of Alaska. 
o Early and Late Juveniles―Insufficient information is available to determine EFH. 
o Adults―EFH is the general distribution area located in the middle and lower portions of the 

water column along the outer shelf (100 to 200 m), and upper slope (200 to 500 m) 
throughout Gulf of Alaska on cobble and rock substrates. 

 
Demersal Shelf Assemblage 
 
Demersal shelf rockfish are those species that occur on the continental shelf, reside on or near bottom, in 
nearshore, shallower waters, generally associated with rugged, rocky habitat (NMFS-AKR 2005; ADFG4). 
A total of seven rockfish species comprise the pelagic shelf assemblage (Table 4-1; NMFS-AKR 2005). 
The demersal shelf rockfish (DSR) assemblage was recognized as a FMP assemblage only east of 
137°W longitude. In 1992, DSR was recognized in East Yakutat extending its management westward to 
140°W longitude (DiCosimo and Kimball 2001). This management section of the Southeast Outside 
Subdistrict lies to the east of the Gulf of Alaska OPAREA and is managed jointly by the ADFG and NMFS 
(O'Connell et al. 2003). Of the seven species, the yelloweye rockfish is the most important species in 
terms of abundance and commercial value (DiCosimo and Kimball 2001). The EFH discussion of 
yelloweye rockfish habitat relating to life history and biology is used to characterize the demersal shelf 
rockfish assemblage. This species has EFH designation within the Gulf of Alaska OPAREA (NMFS-AKR 
2005). Current available information on the remaining six demersal shelf rockfish that occur in Gulf of 
Alaska OPAREA is presented in Table 4-2.  
 

• Yelloweye Rockfish (Sebastes ruberrimus) 
 

Distribution—Yelloweye rockfish range from south of Umnak Island, Aleutian Islands to 
Ensenada, northern Baja California; they are common from central California northward to the 
southeastern Gulf of Alaska (Phillips 1957; Love et al. 2002; Mecklenburg et al. 2002).  
 
Habitat Preference—Yelloweye rockfish are a middle-shelf, mesobenthal species (Allen and 
Smith 1988) that is commonly found at depths from 50 to 400 m (Mecklenburg et al. 2002) but 
occur in waters ranging from 15 to 549 m (Eschmeyer et al. 1983; Kramer and O'Connell 1995) 
on the continental shelf and slope, nearshore bays, and island passes (NMFS-AKR 2005). Adults 
and late juveniles are demersal, commonly found either on or over rocky reefs, in submarine 
canyons, around steep cliffs, offshore rugged pinnacles, and cobble, continuous rock, broken 
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rock, gravel, caves, large cracks, overhangs, and boulder habitats (Eschmeyer et al. 1983; 
O'Connell and Funk 1987; Love 1996; McCain et al. 2005). Early juveniles are found in areas of 
high structural relief (fjord-like areas with vertical walls covered cloud sponges) at depths greater 
than 15 m (Love et al. 2002). In the Gulf of Alaska, juveniles prefer shallow-zone broken-rock 
habitat (McCain et al. 2005). This species has a strong association with deepwater red tree corals 
(Primnoia spp.) growing on boulders (Krieger and Wing 2002). On Fairweather Grounds, Alaska, 
yelloweye rockfish were more abundant in deep-water areas (to 160 m deep) composed of 
bedrock, pinnacles, boulders, and interfaces containing structural and erosional scarps adjacent 
to sand and gravel sea floor compared to shallow-water banks (<100 m) comprised of few 
complex structures (McCain et al. 2005).  

 
Life History—Yelloweye rockfish are solitary, found either on or just over reefs (Love 1996), 
however, aggregations of 30 or more adults have been noted on the Bowie Seamount, off British 
Columbia (Love et al. 2002). This species does not undergo diel movements (McCain et al. 
2005). 

 
Yelloweye rockfish are ovoviviparous with parturition occurring in southeast Alaska between April 
and July with a peak in May (NMFS-AKR 2005) and off British Columbia from April to September 
peaking in May and June (Love et al. 2002).  
 
Common Prey Species—Yelloweye rockfish prey upon a variety of organisms, primarily fishes 
(small rockfishes, sand lances, herrings), crustaceans (caridean shrimp), small crabs (lithodid), 
green sea urchin (Strongylocentrotus droebachiensis), gastropods snails, and lingcod (Opiodon 
elongatus) eggs (McCain et al. 2005; NMFS-AKR 2005).  
 
EFH Designations—(NMFS-AKR 2005; Figures E-10 and E-14) 
 
o Larvae―EFH is the general distribution area located in pelagic waters along the entire shelf 

(0 to 200 m) and slope (200 to 3,000 m) throughout Gulf of Alaska. 
o Early Juveniles―Insufficient information is available to determine EFH. 
o Late Juveniles―EFH is the general distribution area located in the lower portion of the water 

column within bays and island passages and along the inner (0 to 50 m), middle (50 to 100 
m), and outer shelf (100 to 200 m) throughout Gulf of Alaska on rock substrates and in areas 
of vertical relief, such as crevices, overhangs, vertical walls, coral, and larger sponges. 

o Adults―EFH is the general distribution area located in the lower portion of the water column 
within bays and island passages and along the inner (0 to 50 m), middle (50 to 100 m), and 
outer shelf (100 to 200 m) and upper slope (200 to 500 m) throughout Gulf of Alaska on rock 
substrates and in areas of vertical relief, such as crevices, overhangs, vertical walls, coral, 
and larger sponges. 

 
Pelagic Shelf Assemblage 
 
Pelagic shelf rockfish (PSR) are those species that inhabit waters of the nearshore continental shelf and 
that typically exhibit a mid-water schooling behavior although they can sometimes be found associated 
with bottom habitats (NMFS-AKR 2005; ADFG4). A total of four rockfish species comprise the pelagic 
shelf assemblage. Until 1998, black rockfish (Sebastes melanops) and blue rockfish (S. mystinus) were 
also included in the assemblage (Table 4-1; NMFS-AKR 2005). In April, amendment 46 to the Gulf of 
Alaska groundfish FMP went into effect that removed these two species from the federal management 
plan and transferred their jurisdiction to the state of Alaska (Clausen et al. 2003). Of the four current 
species, genetic and morphometric studies indicate that two distinct species of dusky rockfish occur in the 
North Pacific Ocean: an inshore, shallow-water, dark-colored variety; and a light-colored variety found in 
deeper water offshore (Orr and Blackburn 2004). Throughout the Gulf of Alaska, the light dusky rockfish 
is the most important species in terms of abundance and commercial value (DiCosimo and Kimball 2001). 
The EFH discussion of light dusky rockfish habitat relating to life history and biology is used to 
characterize the pelagic shelf rockfish assemblage. This species has EFH designation within the Gulf of 
Alaska OPAREA (NMFS-AKR 2005). Current available information on the dark-colored variety and the 
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remaining two pelagic shelf rockfish that occur in Gulf of Alaska OPAREA is presented in Table 4-2. 
Currently, amendment 67 proposes to remove the dark-colored variety from the Gulf of Alaska groundfish 
FMP because it makes up a small portion of the total biomass of the PSR, is more often found in 
nearshore waters, and is caught in state fisheries. This species would be managed by the state of Alaska 
in both state and federal waters (NPFMC 2006). 

 
• Light Dusky Rockfish (Sebastes variabilis) 

 
Distribution—Light dusky rockfish range from Hokkaido, Japan; eastern Kamchatka to about 
60°N in the Bering Sea and along the Aleutian Islands to Johnstone Strait, British Columbia (Orr 
and Blackburn 2004; Love et al. 2005). The center of abundance for this species appears to be 
the Gulf of Alaska (NMFS-AKR 2005).  
 
Habitat Preference—Light dusky rockfish is an outer shelf-mesobenthal species that occurs at 
depths of 6 to 675 m (Love et al. 2005), but are most commonly found on offshore banks at 
depths of 100 to 300 m over cobble, rock, or gravel substrate (Love et al. 2002; Mecklenburg et 
al. 2002) or in rocky areas with vase-type sponges and/or deepwater red tree corals (Primnoa 
spp.; Krieger and Wing 2002; NMFS-AKR 2005). Adult and late juveniles are demersal, whereas 
larvae are presumed to be pelagic (NMFS-AKR 2005). In the nearshore waters of southeast 
Alaska, this species remains above boulder-rubble substrata, while in winter they hide within 
crevices in the substratum (Love et al. 2002).  
 
Life History—Information is unavailable on the migrations and movements of the light dusky 
rockfish (NMFS-AKR 2005). This species has a very patchy distribution and is usually found in 
large, dense aggregations in relatively shallow offshore banks (100 to 150 m) on the outer 
continental shelf (NMFS-AKR 2005). Light dusky rockfish have been observed in aggregations 
with other rockfish (e.g., northern rockfish, Pacific ocean perch) over rocky outcroppings in late 
spring and summer (Love et al. 2002).  
 
Light dusky rockfish are presumed to be a batch spawner and viviparous with internal fertilization 
undergoing parturition in the spring through summer (NMFS-AKR 2005). This species has been 
collected just prior to spawning in the northwestern Gulf of Alaska, west of Kodiak, in May and 
June (Love et al. 2002). 
 
Common Prey Species—Light dusky rockfish prey upon primarily on euphausiids as well as 
larval tunicates, cephalopods, pandalid shrimp, and hermit crabs (NMFS-AKR 2005). 
 
EFH Designations—(NMFS-AKR 2005; Figures E-10 and E-15) 
 
o Larvae―EFH is the general distribution area located in pelagic waters along the entire shelf 

(0 to 200 m) and slope (200 to 3,000 m) throughout Gulf of Alaska. 
o Early and Late Juveniles―Insufficient information is available to determine EFH. 
o Adults―EFH is the general distribution area located in the middle and lower portions of the 

water column along the outer shelf (100 to 200 m) and upper slope (200 to 500 m) throughout 
Gulf of Alaska on cobble, rock, and gravel substrates. 

 
Thornyhead Assemblage 
 
Thornyhead assemblage consists of two species: shortspine and longspine thornyheads (Table 4-1; 
NMFS-AKR 2005). Of the two species, the shortspine thornyhead is more abundant and common than 
the longspine thornyhead throughout the Gulf of Alaska accounting for about 90% of the other rockfish 
complex biomass (DiCosimo and Kimball 2001). The shortspine thornyhead is managed as a single stock 
in its own management group in the Gulf of Alaska (NMFS 2004a). The EFH discussion of the shortspine 
thornyhead habitat relating to life history and biology is used to characterize the thornyhead assemblage. 
This species has EFH designation within the Gulf of Alaska OPAREA (NMFS-AKR 2005). Current 
available information on the longspine thornyhead is presented in Table 4-2.  
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• Shortspine Thornyhead (Sebastolobus alascanus) 
 

Distribution—Shortspine thornyhead range from Seas of Okhotsk and Japan to Pacific Ocean 
and Bering Sea off Kamchatka to Navarin Canyon and Aleutian Islands to Boca de Santo 
Domingo, southern Baja California (Mecklenburg et al. 2002; Love et al. 2005). Two congeneric 
thornyhead species, the longspine thornyhead and the broadfin thornyhead (Sebastolobus 
macrochir), a species common off Japan, are infrequently encountered in the Gulf of Alaska 
(Gaichas and Ianelli 2003). 
 
Habitat Preference—Shortspine thornyhead is a mesobenthal species inhabiting areas over 
mud, sand, rock, sandy mud, muddy sand, cobble, and gravel substrates on the continental shelf 
and slope (Allen and Smith 1988; NMFS-AKR 2005). This species is commonly associated the 
arrowtooth flounder, Pacific ocean perch, sablefish, rex sole, Dover sole, shortraker rockfish, 
rougheye rockfish, and grenadiers (Gaichas and Ianelli 2003). Although they can occur at depths 
as shallow as 17 m (Love et al. 2002) and as deep as 1,524 m (Eschmeyer et al. 1983; Orr et al. 
1998, 2000), shortspine thornyhead are commonly found between depths of 100 and 800 m 
(Mecklenburg et al. 2002). Adults are demersal and can be found at depths ranging from about 
90 to 1,500 m (NMFS-AKR 2005). Off southeast Alaska, this species is abundant over hard 
bottoms consisting of cobble and rock-boulders at depths ranging from 200 to 350 m (Else et al. 
2002). Young juveniles and larvae are pelagic for about 14 to 15 months in midwater before 
transforming to a benthic stage where they occupy shallower waters than adults (Love 1996) at 
depths between 100 and 600 m (Jacobson et al. 2001). Larvae and eggs are pelagic (NMFS-AKR 
2005). Larvae are uncommon in the Gulf of Alaska (Matarese et al. 2003), but have been 
collected up to 560 km off the California coast (Cross 1987). 
 
Life History—Early life history stages of the shortspine thornyhead are likely widely transported, 
primarily via the Alaskan Gyre system and the California Current (Stepien et al. 2000) and 
possibly transported northward by the California Counter current (McCain et al. 2005). During 
January to June, juveniles undergo ontogenetic migration settling onto the continental shelf and 
then move into deeper water as they transform into adults (McCain et al. 2005). The ontogenetic 
migration transports particulate organic carbon from the bottom to the surface as the eggs, and 
particulate organic matter from the surface back down to the bottom as recruiting juveniles 
(Wakefield and Smith 1990). 
 
Shortspine thornyhead are thought to be oviparous and determined spawners in OMZ at depths 
between 600 to 1,000 m (Love 1996; Cooper et al. 2005). Spawned bi-lobed, gelatinous hollow 
egg masses rise to the surface between April and July in Alaska and late winter and early spring 
(December and May) off the west coast to develop and hatch (Wakefield and Smith 1990; 
Pearson and Gunderson 2003).  
 
Common Prey Species—Shortspine thornyhead prey upon crustaceans (pandalid shrimp, 
Tanner crab, amphipods), polychaete worms, and fishes including walleye pollock, capelin, and 
sculpins (Yang and Nelson 2000; NMFS 2004a). 
 
EFH Designations—(NMFS-AKR 2005; Figure E-16) 
 
o Eggs and Early Juveniles―Insufficient information is available to determine EFH. 
o Larvae―EFH is the general distribution area located in pelagic waters along the entire shelf 

(0 to 200 m) and slope (200 to 3,000 m) throughout Gulf of Alaska. 
o Late Juveniles and Adults―EFH is the general distribution area located in the lower portion 

of the water column along the middle (50 to 100 m), and upper to lower slope (200 to 1,000 
m) throughout Gulf of Alaska on mud, sand, rock, sandy mud, muddy sand, cobble, and 
gravel substrates. 
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Roundfish 
 
Members of the roundfish groups, exclusive of flounders, sole, halibut, and other flatfishes, have varying 
degrees of similarity, although they tend to have elongate body form (Eschmeyer et al. 1983). All four 
roundfish species: Atka mackerel, Pacific cod, walleye pollock, and sablefish representing three families: 
greenlings, cods, and sablefishes (Table 4-1; NMFS-AKR 2005) occur throughout the gulf and are 
managed separately under Gulf of Alaska groundfish FMP (DiCosimo and Kimball 2001; NMFS 2005a). 
The discussion of these species habitats relating to life history and biology characterizes their EFH 
designation in the Gulf of Alaska OPAREA (NMFS-AKR 2005). 

 
♦ Greenlings (Hexagrammidae) 

 
• Atka Mackerel (Pleurogrammus monopterygius) 

 
Distribution—Atka mackerel range from Sea of Japan and Sea of Okhotsk to Commander-
Aleutian chain and northern Bering Sea to Redondo Beach, southern California (Eschmeyer et al. 
1983; Love et al. 2005). This species is rare in eastern North Pacific when south of Alaska 
(Mecklenburg et al. 2002). Their center of abundance is the Aleutian Islands (DiCosimo and 
Kimball 2001) with marginal distributions extending into the southern Bering Sea and the western 
and central Gulf of Alaska (Lowe and Lauth 2003).  
 
Habitat Preference—Atka mackerel is an inner shelf-mesobenthal species occurring over gravel 
and rock substrates and vegetated areas of kelp on the continental shelf and inland passes 
(NMFS-AKR 2005). This species ranges from the lower intertidal to 720 m, but is usually found 
shallower than 300 m (Allen and Smith 1988; Mecklenburg et al. 2002). Adults are semi-
demersal/semi-pelagic occurring usually at depths less than 200 m and generally over rough, 
rocky, and uneven bottom areas where tidal currents are swift (NMFS-AKR 2005). Adults become 
demersal during spawning (NMFS-AKR 2005). Juveniles and larvae are pelagic, whereas eggs 
are demersal, adhering to solid objects (NMFS-AKR 2005). Planktonic larvae have been found up 
to 800 km from shore, usually in the upper water column (neustonic; NMFS-AKR 2005). All 
lifestages occur in water temperatures ranging from 2° to 20°C: adult/juveniles - 3° to 5°C; larvae 
- 2° to 12°C; and eggs - 3° to 20°C. Adult are found in salinity values of 177 psu (NMFS-AKR 
2005).  
 
Life History—Atka mackerel migrate annually to moderately shallow coastal waters during 
spawning, forming dense localized aggregations near the bottom (NMFS-AKR 2005). This 
species displays strong diel behavior with vertical movement away from the bottom, occurring 
almost exclusively during daylight with little to no movement at night (Nichol and Somerton 2002). 
 
Atka mackerel is oviparous with external fertilization/egg development (Love 1996). Females lay 
masses of demersal adhesive eggs in nests built and guarded by the males on rocky substrates 
and on kelp in shallow water (Love 1996; NMFS-AKR 2005). Spawning in Alaskan waters occurs 
from July through October peaking in June through September, but may occur intermittently 
throughout the year (NMFS-AKR 2005). Larvae are abundant in the Gulf of Alaska, east of 
Kodiak Island, during fall and winter (Matarese et al. 2003). 
 
Common Prey Species—Atka mackerel prey upon euphausiids (mainly Thysanoessa inermis 
and T. rachii), calanoid copepods, larval and hyperiid amphipods, and squid (Yang 1999; NMFS-
AKR 2005). 
 
EFH Designations—(NMFS-AKR 2005; Figure E-17) 
 
o Eggs/Early and Late Juveniles―Insufficient information is available to determine EFH. 
o Larvae―EFH is the general distribution area located in epipelagic waters along the shelf (0 to 

200 m), upper slope (200 to 500 m), and intermediate slope (500 to 1,000 m) throughout Gulf 
of Alaska. 
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o Adults―EFH is the general distribution area located in the entire water column from sea 
surface to the sea floor, along the inner (0 to 50 m), middle (50 to 100 m), and outer shelf (50 
to 100 m) throughout Gulf of Alaska on gravel and rock substrates and in vegetated areas of 
kelp. 

 
♦ Cods (Gadidae) 
 

• Pacific Cod (Gadus macrocephalus) 
 
Distribution—Pacific cod range from Yellow Sea off Manchuria, China, east to the Bering Sea, 
Aleutian Islands, and Gulf of Alaska, and south to Santa Monica, southern California (Miller and 
Lea 1972; Mecklenburg et al. 2002; Love et al. 2005). This species is widely distributed over the 
eastern Bering Sea, Aleutian Islands, and the Gulf of Alaska, but are most abundant in the central 
area of the Gulf of Alaska (DiCosimo and Kimball 2001).  
 
Habitat Preference—Pacific cod, a member of the inner shelf-mesobenthal community, is found 
near surface to depth of 875 m (Allen and Smith 1988), with the vast majority occurring in waters 
less than 350 m (Mecklenburg et al. 2002). Pacific cods are inhabitants of shallow, soft bottom 
habitats in marine environments (McCain et al. 2005). In the Bering Sea, this species was 
generally found over silty sediments and only occasionally observed in mixtures of silt, mud, 
sand, gravel, and cobble (Busby et al. 2005).  
 
Adults, juveniles, and eggs are demersal, whereas larvae are epipelagic (NMFS-AKR 2005). All 
lifestages prefer mud, clay, and silt as well as sand and gravel substrates (NMFS 2004a). Adults 
occur in depths from the shoreline to 500 m where the exhibit a demersal lifestage a shallow 
depths and a pelagic existence over deep waters (Mecklenburg et al. 2002; NMFS-AKR 2005). 
Juveniles are found mostly over the inner continental shelf at depths ranging from 60 to 150 m 
(NMFS-AKR 2005). Larvae are epipelagic occurring primarily in the upper 45 m of the water 
column, gradually moving into deeper water with increased age (McCain et al. 2005). Larvae are 
abundant in the Gulf of Alaska west of Kodiak Island along the Alaskan Peninsula (Matarese et 
al. 2003). Eggs are somewhat adhesive occurring in optimal water temperatures of 3° to 5°C, 
optimal salinity of 13 to 23 psu, and optimal oxygen concentrations ranging from to 2 to 3 ppm to 
saturation (NMFS-AKR 2005).  
 
Life History—Pacific cod undergo a seasonal bathymetric movement from deep spawning areas 
on the shelf edge and upper slope in the fall and winter to shallow middle-upper shelf feeding 
grounds in the spring and summer (Hart 1973; Mecklenburg et al. 2002).  
 
Pacific cod are oviparous with external fertilization and a batch spawner (Hart 1973). This species 
converges in large spawning masses reproducing in the sublittoral-bathyal zone at depths 
between 40 to 290 in areas of the continental shelf and slope from winter through spring in the 
Gulf of Alaska and the Bering Sea (NMFS-AKR 2005). Major aggregations occur between 
Unalaska Unimak Islands, southwest of the Pribilof Islands, and near the Shumagin group in the 
western Gulf of Alaska (NMFS 2004a). 
 
Common Prey Species—Pacific cod prey upon various organisms such as polychaetes, 
amphipods, crangonid shrimp, euphausiids, miscellaneous fish, fish discards, walleye pollock, 
and yellowfin sole (Yang and Nelson 2000). 
 
EFH Designations—(NMFS-AKR 2005; Figure E-18) 
 
o Eggs―EFH is the general distribution area located in pelagic waters along the entire shelf (0 

to 200 m) and upper slope (200 to 500 m) throughout Gulf of Alaska over soft substrates of 
mud and sand. 
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o Larvae―EFH is the general distribution area located in pelagic waters along the inner (0 to 
50 m) and middle shelf (50 to 100 m) throughout Gulf of Alaska over soft substrates of mud 
and sand. 

o Early Juveniles―Insufficient information is available to determine EFH. 
o Late Juveniles―EFH is the general distribution area located in lower portion of water column 

along the inner (0 to 50 m), middle (50 to 100 m), and outer (100 to 200 m) shelf throughout 
Gulf of Alaska over soft substrates of sand, mud, sandy mud, and muddy sand. 

o Adults―EFH is the general distribution area located in lower portion of water column along 
the inner (0 to 50 m), middle (50 to 100 m), and outer (100 to 200 m) shelf throughout Gulf of 
Alaska over soft substrates of sand, mud, sandy mud, muddy sand, and gravel. 

 
• Walleye Pollock (Theragra chalcogramma) 

 
Distribution—Walleye pollock range from Seas of Okhotsk and Japan to southern Chukchi Sea, 
Bering Sea and Gulf of Alaska to Carmel, central California (Miller and Lea 1972; Allen and Smith 
1988; Love et al. 2005). Of the four walleye pollock stocks, the Gulf of Alaska stock extends from 
southeast Alaska to the Aleutian Islands (170°W), with the greatest abundance in the western 
and central regulatory areas 147°W to 170°W (NMFS-AKR 2005). This species is the second 
most abundant groundfish stock, after the arrowtooth flounder, in the Gulf of Alaska (NMFS 
2004a). 
 
Habitat Preference—Walleye pollock is a neritic-mesopelagic species occurring to a depth of 
1,200 m (Mecklenburg et al. 2002); but commonly found in waters at depths from 30 to 300 m. 
Adults and juveniles are pelagic/semidemersal with adults inhabiting outer continental shelf and 
(Allen and Smith 1988) basin (>3,000 m) and juveniles occupying the entire shelf area (NMFS-
AKR 2005). Larvae and eggs are pelagic throughout the continental shelf with larvae occurring 
within the top 40 m and eggs 100 to 200 m in depth (NMFS-AKR 2005). 
 
Life History—Pollock are a semidemersal schooling fish, which become increasingly demersal 
with age (NMFS 2004a). This species undergoes seasonal migrations from overwintering areas 
along the outer shelf to shallow waters (90 to 140 m) to spawn and forage (DiCosimo and Kimball 
2001; NMFS-AKR 2005). In the eastern Bering Sea, Kotwicki et al. (2005) reported that the 
pollock feeding migrations may be driven by a combination of four factors: temperature, 
zooplankton production, currents, and length of daylight. Bays within Prince William Sound 
appear to be nursery areas for highly aggregated juveniles and adults (Wilson 1997; Stokesbury 
et al. 2000). 
 
Walleye pollock are oviparous with external fertilization and batch spawners (Love 1996; 
Matarese et al. 2003). Olson et al. (2002) found two major spawning areas in the Gulf of Alaska, 
one occurring in the Shumagin Island area between February 15 and March 1 and the other 
occurring in the Shelikof Strait sea valley between March 15 and April 1. Spawning depths have 
been observed from 46 to 366 m but preferred depths range from 92 to 229 m (Love 1996). 
Highest abundance of larvae occurred in slope waters of Shelikof Strait and eastern Bering Sea 
(Matarese et al. 2003).  
 
Common Prey Species—Walleye pollock prey upon euphausiids, calanoid copepods, 
crustaceans (pandalid shrimp), and fish such as walleye pollock, Pacific cod, arrowtooth flounder, 
flathead sole, Dover sole, Greenland turbot, Pacific halibut, capelin, euchalon, and Pacific sand 
lance (Yang and Nelson 2000; NMFS 2004a). 
 
EFH Designations—(NMFS-AKR 2005; Figure E-19) 
 
o Eggs―EFH is the general distribution area located in pelagic waters along the entire shelf (0 

to 200 m), upper slope (200 to 500 m), and intermediate slope (500 to 1,000 m) throughout 
Gulf of Alaska. 
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o Larvae―EFH is the general distribution area located in epipelagic waters along the entire 
shelf (0 to 200 m), upper slope (200 to 500 m), and intermediate slope (500 to 1,000 m) 
throughout Gulf of Alaska. 

o Early Juveniles―Insufficient information is available to determine EFH. 
o Late Juveniles―EFH is the general distribution area located in lower and middle portion of 

water column along the inner (0 to 50 m), middle (50 to 100 m), and outer (100 to 200 m) 
shelf throughout Gulf of Alaska. 

o Adults―EFH is the general distribution area located in lower portion of water column along 
the entire shelf inner (0 to 200 m) and upper (200 to 100 m) slope throughout Gulf of Alaska. 

 
♦ Sablefish (Anoplopomatidae) 
 

• Sablefish (Anoplopoma fimbria) 
 
Distribution—Sablefish range from off Pacific Ocean off central Honshu, Japan, to Aleutian 
Islands and Bower Banks to Bering Sea, south of St Lawrence Island, Alaska, and to Islas San 
Benito and Isla Cedros, central Baja California (Allen and Smith 1988; Love et al. 2005).  
 
There are at least three genetically distinct stocks off the west coast of North America: (1) south 
of Monterey Bay characterized by slower growth rates and smaller average size; (2) northern 
California to Washington that is characterized by moderate growth rates and sizes; and (3) off 
British Columbia and Gulf of Alaska characterized by fast growth rates and larger sizes. Only the 
British Columbia and Gulf of Alaska stock occur within the study area (Schirripa and Colbert 
2005). 
 
Habitat Preference—Sablefish is an inner shelf-bathybenthal species that is found over soft 
substrates on the continental slope, shelf gullies (Spencer Gully), and in deep fjords such as 
Prince William Sound and southeast Alaska (Allen and Smith 1988; DiCosimo and Kimball 2001; 
NMFS-AKR 2005). Adults and late juveniles are presumably demersal (NMFS-AKR 2005). Adults 
occur as deep as 2,740 m but are most abundant at depths between 200 and 1,200 m; whereas 
juveniles are rarely found at depths greater than 200 m (Mason et al. 1983; Love 1996; Jacobson 
et al. 2001). Adults and late juveniles utilized various substrates such as sand and mud 
(McFarlane and Beamish 1983), hard-packed mud and clay bottoms in the vicinity of submarine 
canyons (MBC 1987), or are associated with seamounts (e.g., Gulf of Alaska) (McCain et al. 
2005). Early juveniles are pelagic residing in shallow waters on the continental shelf during the 
first summer, semidemersal/semipelagic in nearshore bays and island passes till end of second 
summer (Umeda et al. 1983; NMFS-AKR 2005), then become demersal moving offshore onto the 
upper continental slope after age two (Sigler et al. 2001; NMFS 2004a). Larvae are neustonic 
occurring on middle/outer shelf, upper/lower slope, and basin (50 to 3,000 m) (NMFS-AKR 2005) 
with larvae being most abundant along shelf edges in the Bering Sea, Gulf of Alaska south and 
east of Kodiak Island, and along west coast off Washington and Oregon (Matarese et al. 2003). 
The abundance and distribution of larvae in the water column may be strongly influenced by the 
onset of upwelling conditions during the spring transition (McFarlane et al. 1997). Eggs are 
pelagic occurring on the upper/lower slope and basin (200 to 3,000 m; NMFS-AKR 2005) with 
eggs being collected along shelf edges near Unimak Pass, Gulf of Alaska, and along U.S. west 
coast (Matarese et al. 2003). All life stages occur in euhaline waters at temperatures of 2.9° to 
21.0°C: adults/large juveniles - 2.9° to 6.5°C; small juveniles - 11.7° to 16.5°C; larvae - 5.6° to 
16.5°C; and eggs - 3.8° to 6.5°C (Mason et al. 1983; MBC 1987). 

 
Life History—Sablefish are highly migratory for at least part of their life cycle. Substantial 
movements have been documented between the Bering Sea/Aleutian Islands and Gulf of Alaska 
(NMFS 2004a) and have been recorded as moving up to 2,735 km to mid-ocean seamounts 
(Love 1996). Sexually mature adults do not undergo any spawning migration (Hart 1973; Mason 
et al. 1983; McFarlane and Beamish 1983). Early juveniles descend to the bottom during the fall 
and remain in relatively shallow water for about a year before moving into deeper water (MBC 
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1987). Hart (1973) recognized localized movement from shallow summer waters to deeper waters 
in the winter. 
 
Sablefish are batch spawners and oviparous with external fertilization (Love 1996). Spawning 
occurs at depths of 300 to 500 m near the edges of the continental slope (Hart 1973) annually in 
the spring in the southern extent of their range (Richardson and O'Connell 2002) becoming more 
protracted to the north, lasting from fall to summer in the Bering Sea (Matarese et al. 2003) and 
along Canadian Pacific coast (January through April, peaking in February; Mason et al. 1983; 
MBC 1987). The peak spawning biomass of sablefish is located within the deep waters of the 
OMZ (McCain et al. 2005). The ontogenetic movement of sablefish into deep water to spawn is 
more strongly correlated with age than with size (Schirripa and Colbert 2005).  
 
Common Prey Species—Sablefish prey upon fishes (including walleye pollock, eulachon, 
capelin, Pacific herring, Pacific sand lance, and Pacific cod), squids, euphausiids, and jellyfish 
(Yang and Nelson 2000; NMFS 2004a).  
 
EFH Designations—(NMFS-AKR 2005; Figure E-20) 
 
o Eggs―EFH is the general distribution area located in deeper waters along the slope (200 to 

3,000m) throughout Gulf of Alaska. 
o Larvae―EFH is the general distribution area located in epipelagic waters along the middle 

shelf (50 to 100 m), outer shelf (100 to 200 m), and slope (200 to 3,000m) throughout Gulf of 
Alaska. 

o Early Juveniles―Insufficient information is available to determine EFH. 
o Late Juveniles/Adults―EFH is the general distribution area located in lower portion of water 

column, varied habitats, generally softer substrates, and deep shelf gullies along the slope 
(200 to 1,000 m) throughout Gulf of Alaska. 

 
Skates 
 
Skates of the family Rajidae that occur in the Gulf of Alaska are grouped into two genera: stiff-snout 
(robust rostral cartilage) species (Raja sp.) and soft-snout (flexible rostral cartilage) species (Bathyraja 
sp.) (Gaichas et al. 2003). Five of the 15 skate species reported for Alaska waters occur in Gulf of Alaska 
OPAREA (Mecklenburg et al. 2002; Stevenson 2004; Stevenson and Orr 2005). These species are 
represented by two Raja spp. (big and longnose skates) and three Bathyraja spp. (Alaska, Bering, and 
Aleutian skates) (NMFS-AKR 2005; Table 4-1) and are managed as a family under Gulf of Alaska 
groundfish FMP (NPFMC 2004a; NMFS 2005a). Since the beginning of domestic fishing in the late 1980s 
up through 2003, all skate species in the Gulf of Alaska have been managed under the “Other Species” 
FMP category. With development of a directed skate fishery in 2003, the skates were moved from the 
other species category into a target species category under amendment 63 to the FMP (NMFS 2004a; 
NPFMC 2005d). Since information related to breeding or spawning habitat, egg survival, hatching 
success, or other early life history characteristics is extremely sparse for skates in Alaskan waters, EFH 
discussion of the skate family general habitat relating to life history and biology is used to characterize the 
entire skate complex (Gaichas et al. 2003). This skate family represented by these five species has EFH 
designation within the Gulf of Alaska OPAREA (NMFS-AKR 2005). Current available information on each 
of the skate species is presented in Table 4-2.  

 
• Skates (Rajidae) 

 
Distribution—Skates inhabit marine waters nearly worldwide being most common in cold 
temperate to tropical regions (Mecklenburg et al. 2002). The big, longnose, Bering, and Aleutian 
skates range from the Bering Sea to California, whereas the Alaska skate occurs from Bering Sea 
to eastern Gulf of Alaska (Stevenson 2004).  
 
Habitat Preference—Skates live on the soft, muddy and sandy bottoms often resting partly 
buried, both close to shore and in deep water to 3,000 m (Mecklenburg et al. 2002). Adults, 



SEPTEMBER 2006 FINAL REPORT 

4-36 

juveniles, and eggs are demersal (NMFS-AKR 2005). Adults occur on the middle/outer shelf and 
upper slope in the Gulf of Alaska at depths less than 500 m, whereas juveniles probably remain in 
shelf and slope waters but their distribution is unknown (NMFS-AKR 2005). In the Gulf of Alaska, 
the two species of the genus Raja are generally shallow-water species most commonly occurring 
at depths ranging from 50 to 200 m (Stevenson 2004). Aleutian skates appear to be most 
common at depths of 100 to 200 m, while Alaska and Bering skates are also generally restricted 
to shallower waters rarely encountered at depths greater than 200 m (Stevenson 2004). In the 
Pribilof Islands region of the Bering Sea, Busby et al. (2005) reported Aleutian and Bering skates 
over silty sediment with no cover at depths of 55 to 248 m and the big skate on silt, mud, or sand 
covered with gravel-cobble at 36 to 208 m. Eggs are deposited on middle/outer shelf and upper 
slope areas in the Gulf of Alaska (NMFS-AKR 2005). 
 
Life History—Information is unavailable on the migrations and movements of skates (NMFS-
AKR 2005).  
 
Skates are oviparous with internal fertilization and deposit eggs (one to five or more) in horny 
cases for incubation (NMFS-AKR 2005). Raja spp. egg cases are mostly smooth having a short, 
tube-like horn at each of the four corners with a respiratory pore at the tip, whereas Bathyraja 
spp. egg cases are mostly rough having a long horn at each of the corners with a respiratory pore 
near the middle of the horn (Mecklenburg et al. 2002). Depending on the species in the genus 
Bathyraja, spawning seasons may be limited to little as one and as many as 13 along the eastern 
Bering Sea continental slope (Ebert 2005). 
 
Recent information has identified nursery grounds for the Alaska and Aleutian skates in the 
southeastern Bering Sea. Both sites are species-specific, relatively small (~5 NM2), located 
approximately 10 NM apart and have high reproductive activity during summer months (June and 
July) with duration of embryo development to hatching taking close to year.6 
 
Common Prey Species—Skates prey upon benthic epifauna (shrimp, crab, mollusk, and 
polychaetes) fishes (walleye pollock, flatfish, sculpin, eelpouts, and smelt) and benthic detritus 
(Orlov 1998; Mecklenburg et al. 2002; NMFS 2004a; NMFS-AKR 2005).  
 
EFH Designations—(NMFS-AKR 2005; Figure E-21) 
 
o Eggs/Larvae/Early and Late Juveniles―Insufficient information is available to determine 

EFH. 
o Adults―EFH is the general distribution area located in lower portion of water column on the 

shelf (0 to 200 m) and the upper slope (200 to 500 m) throughout Gulf of Alaska on mud, 
sand, gravel, and rock substrates. 

 
Other Species 
 
Other species are those species or species groups that currently are of slight economic value and are not 
generally targeted by the groundfish fishery. This category, however, contains species with economic 
potential of which are important ecosystem components, but insufficient data exists to allow separate 
management (NPFMC 2005c). This category consists of sculpins, sharks, squids, and octopi.  
 
Sculpins 
 
Sculpins are a large circumboreal family of demersal fishes representing the superfamily Cottoidea 
consisting of two separate families: Cottidae (sculpins) and Hemitripteridae (sailfin sculpins; Mecklenburg 
et al. 2002). Of the 43 species reported for the Gulf of Alaska (Gaichas et al. 1999), sculpins are 
represented by one Hemitripterus sp. (bigmouth sculpin) of the sailfin family and two Hemilepidotus spp. 
(yellow and red Irish lords) and two Myoxocephalus spp. (great and plain sculpins) of the sculpin family 
(Table 4-1; NMFS-AKR 2005). All five of these sculpin species occur throughout the gulf and are 
managed as a family under Gulf of Alaska groundfish FMP (NPFMC 2004a; NMFS 2005a). Since life 
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history information is not well known for sculpins in Alaskan waters, EFH discussion of the sculpin 
superfamily general habitat relating to life history and biology is used to characterize the entire sculpin 
complex (Gaichas et al. 2003). This sculpin superfamily represented by these five species has EFH 
designation within the Gulf of Alaska OPAREA (NMFS-AKR 2005). Current available information on each 
of the sculpin species is presented in Table 4-2. 
 

• Sculpins (Cottidae) 
 
Distribution—Sculpins inhabit cold, northern marine waters (Mecklenburg et al. 2002). 
Hemitripterus sp. and Hemilepidotus spp. range from Japan to northern and southern California, 
respectively, whereas Myoxocephalus spp. occurs from Japan to Puget Sound, Washington 
(Stevenson 2004).  
 
Habitat Preference—Sculpins occur in near shore shallow-water areas to deep offshore waters 
(1,000 m) along the continental shelf and slope (NMFS-AKR 2005). Adults, juveniles, and eggs 
are demersal, whereas larvae are pelagic in the neuston (NMFS-AKR 2005). Both adults and 
juveniles inhabit a broad range of habitats from rocky intertidal pools to muddy bottoms of the 
continental shelf and in rocky, upper slope areas (NMFS-AKR 2005). Larvae are distributed 
across broad areas of the shelf and slope, but occur predominately the inner/middle shelf year 
round (NMFS-AKR 2005). Eggs are deposited in rocky intertidal areas (Matarese et al. 2003). All 
sculpin genera (Hemitripterus, Hemilepidotus, and Myoxocephalus) occur throughout the Gulf of 
Alaska, Bering Sea, and Aleutian Islands generally at depths of less than 200 m with 
Hemilepidotus, and Myoxocephalus found at depths shallower than Hemitripterus (Stevenson 
2004). Busby et al. (2005) reported sculpins in the Pribilof Islands region of the Bering Sea to be 
associated with silt and mud with no cover at 50 to 240 m (Hemitripterus), mud with no cover at 
50 to 207 m (Myoxocephalus), or silt and mud with no cover and/or silt, mud, or sand covered 
with broken shell hash, gravel-cobble, or rocks-boulders at 33 to 248 m (Hemilepidotus). 
 
Life History—Larval sculpins exhibit diel vertical migration (NMFS-AKR 2005).  
 
Sculpin spawning generally occurs in the winter months laying adhesive eggs in nests amongst 
rocks with many species exhibiting parental care for eggs (nest guarding by the males) 
(Eschmeyer et al. 1983). All species lay eggs, but in some genera, fertilization is internal (NMFS-
AKR 2005).  
 
Common Prey Species—Sculpins prey upon small bottom invertebrates (crabs, shrimp, 
barnacles, mussels) and fish such as small flatfish, other sculpins, eelpouts, and smelt (NMFS 
2004a; NMFS-AKR 2005). 
 
EFH Designations—(NMFS-AKR 2005; Figure E-22) 
 
o Eggs and Larvae―Insufficient information is available to determine EFH. 
o Juveniles and Adults―EFH is the general distribution area located in lower portion of water 

column along the inner (0 to 50 m), middle (50 to 100 m), and outer (100 to 200 m) shelves 
and portions of the upper slope (200 to 500 m) throughout Gulf of Alaska on rock, sand, mud, 
cobble, and sandy mud substrates. 

 
Sharks 
 
Sharks and their relatives are a diverse group of cartilaginous fishes represented by the orders 
Carcharhiniformes, Lamniformes Squaliformes, and Hexanchiformes in the Gulf of Alaska (Mecklenburg 
et al. 2002). Of the seven shark species reported for the Gulf of Alaska (Gaichas et al. 2004), the 
following sharks: the piked or spiny dogfish and Pacific sleeper shark represented by the families 
Squalidae (dogfish) and Dalatiidae (sleeper), respectively, and the salmon shark by the family Lamnidae 
(mackerel), are most likely to be encountered in Gulf of Alaska and Bering Sea/Aleutian Islands fisheries 
(Table 4-1;  Courtney et al. 2004; NMFS-AKR 2005). All three sharks occur throughout the Gulf of Alaska 
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and are managed in aggregate as part of an “Other Species” complex in both the Gulf of Alaska and 
Bering Sea/Aleutian Islands FMP (NPFMC 2004a; NMFS 2005a). EFH has not been designated within 
the Gulf of Alaska OPAREA for these three shark species since information on their distribution, stock 
structure, and life history characteristics is extremely limited in the Gulf of Alaska and Bering Sea/Aleutian 
Islands (NMFS-AKR 2005). Current available information on these shark species is presented in Table 4-
2. 
 
Squids 
 
Squids are members of the molluscan class Cephalopoda (NMFS-AKR 2005). Little is known about which 
squid species inhabit the Gulf of Alaska, but they are most likely represented by the 18 species found in 
the eastern Bering Sea (Sinclair et al. 1999) and more temperate species of the family Loligo, which are 
regularly found in warmer years (Gaichas et al. 1999). In the Gulf of Alaska, the red or magistrate 
armhook squid represented by the family Gonaditae (armhook squids) and the Boreal clubhook 
(Onychoteuthis borealjaponicus) and giant or robust clubhook (Moroteuthgis robusta) squids of the family 
Onychoteuthidae (clubhook squids) are generally the most common, whereas the Eastern Pacific bobtail 
squid (Rossia pacifica) of the family Sepioloidae (bobtail squids) are less common (Table 4-1; NMFS-
AKR 2005). All four squids are representatives of the squid species complex and managed as part of the 
“Other Species” FMP category in the Gulf of Alaska (NMFS 2004a; NMFS-AKR 2005). They are not 
currently targeted by the Gulf of Alaska groundfish fisheries, but are caught as a bycatch (NMFS-AKR 
2005). Since the magistrate armhook squid is the most commercially important and the best studied, EFH 
discussion of this species general habitat relating to life history and biology is used to characterize the 
entire squid complex in the Gulf of Alaska (NMFS-AKR 2005). Current available information on the 
remaining three squid species is presented in Table 4-2. 

 
• Red or Magistrate Armhook Squid (Berryteuthis magister) 

 
Distribution—Magistrate armhook squid range from southern Japan throughout the Bering Sea, 
Aleutian Islands, and Gulf of Alaska to the U.S. west coast as far south as Oregon (Roper et al. 
1984).  
 
Habitat Preference—Magistrate armhook squid is widely distributed in waters from 30 to 1,500 
m (NMFS-AKR 2005). Adults and older juveniles are semi-pelagic occurring at mesopelagic 
depths (150 to 500 m) or near the bottom on the shelf, but predominate in the shelf/slope areas 
(NMFS-AKR 2005). Young juveniles are epipelagic (<100 m) or mesopelagic across the shelf, 
slope, and abyssal water from the coast to the open ocean. Eggs are demersal laid on mud, 
sandy mud, or muddy sand bottoms of the upper slope (200 to 800 m; NMFS-AKR 2005). All 
cephalopods are stenohaline, occurring only at salinities greater than 30 psu and temperatures of 
2° to 4°C (NMFS-AKR 2005). 
 
Life History—Magistrate armhook squid migrate seasonally, moving northward and inshore in 
the summer, and southward and offshore in winter, particularly in the western north Pacific 
(NMFS-AKR 2005). In the western Bering Sea, this species forms large dense schools over the 
continental slope between September and October (Gaichas et al. 1999). Three seasonal cohorts 
are identified in the Bering Sea for this squid: summer-hatched, fall-hatched, and winter-hatched. 
Growth, maturation, and mortality rates vary between these seasonal cohorts with each cohort 
using the same areas for different portions of their life cycle (e.g., fall-hatched use same area 
primarily as feeding ground and secondarily as a spawning ground) (NMFS 2004a). Most squid 
species undertake diurnal vertical migrations, rising toward the surface in the evening then 
returning into deep water in the morning (OCSEAP 1986).  
 
Little is known about the reproductive biology of squids. Fertilization is internal and development 
is direct (juveniles have no larval stage). Eggs of inshore species are often enveloped in a 
gelatinous matrix attached to substrate, while eggs of offshore species are extruded as drifting 
masses (NMFS-AKR 2005). Magistrate armhook squid migrate to slope waters to mate and 
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spawn from February to March in Japan and apparently year-round in the Bering Sea (NMFS-
AKR 2005).  
 
Common Prey Species—Magistrate armhook squid prey upon small forage fish, benthic cottid 
fish, myctophid fish, pelagic crustaceans such as euphausiids, hyperiid amphipods, and shrimp, 
and other cephalopods (NMFS-AKR 2005; Woods and Day8) 
 
EFH Designations—(NMFS-AKR 2005; Figure E-23) 
 
o Eggs and Young Juveniles―Insufficient information is available to determine EFH. 
o Juveniles and Adults―EFH is the general distribution area located in the entire water column 

from the sea surface to sea floor along the inner (0 to 50 m), middle (50 to 100 m), and outer 
(100 to 200 m) shelves and portions of the entire slope (500 to 1,000 m) throughout Gulf of 
Alaska. 

 
Octopus 
 
Octopi are members of the molluscan class Cephalopoda (NMFS-AKR 2005). In the Gulf of Alaska, the 
most common encountered octopods are the shelf demersal species: north Pacific giant octopus 
(Enteoctopus dofleini) represented by the family Octopodidae and the bathypelagic finned species, 
vampire squid (Vampyroteuthis infernalis) of the family Vampyroteuthidae (Table 4-1; NMFS-AKR 2005). 
Both octopuses are representatives of the octopus species complex and managed as part of the “Other 
Species” FMP category in the Gulf of Alaska (NMFS-AKR 2005). They are not currently a target of the 
GOA groundfish fisheries, but are caught as a bycatch (NMFS-AKR 2005). EFH has not been designated 
within the Gulf of Alaska OPAREA for these octopods since life information on their distribution, stock 
structure, and life history characteristics is extremely limited in the Gulf of Alaska (NMFS-AKR 2005). 
Current available information on these octopod species is presented in Table 4-2. 
 
Forage Fish Species 
 
Forage fishes, as a group, occupy a nodal or central position in the North Pacific food web, being preyed 
upon by marine mammals, seabirds, and commercially important groundfish species (NMFS-AKR 2005). 
Forage fish perform a critical role in the complex ecosystem functions of the Gulf of Alaska and the Bering 
Sea/Aleutian Islands management areas by providing the transfer of energy from the primary or 
secondary producers to higher trophic levels (NMFS 2004a). A diverse collection of species comprise the 
forage fish species that range in depth from intertidal to 1,000 m, occur in the water column from 
epiplankton to the benthos, and have vastly different life histories (Brodeur et al. 1999). In the Gulf of 
Alaska OPAREA, 52 species comprise the forage fishes represented by the following families: 
bristlemouths, lightfishes, and anglemouths (Gonostomatidae: six species), smelts (Osmeridae: five 
species including capelin, euchalon), deep-sea smelts (Bathylagidae: four species), gunnels (Pholidae: 
three species), lanternfishes (Myctophidae: eight species), sandfish (Trichodontidae: Pacific sand fish), 
sand lances (Ammodytidae: Pacific sand lance), pricklebacks, war-bonnets, eelblennys, cockscombs, and 
shannys (Stichaeidae: 20 species), and the order Euphausiacea (krill: four species) (Mecklenburg et al. 
2002; Conners and Guttormsen 2005). Amendments 36/39 to the Gulf of Alaska and Bering Sea/Aleutian 
Islands FMPs defined the forage fish species category and prevented the development of a commercial 
directed fishery on these ecologically important non-target species (NMFS 1998a). It also limited bycatch 
and placed limits on the retention, sale, barter, trade, or other commercial exchange of any species 
included in the group (Nelson 2003; Conners and Guttormsen 2005). EFH has not been designated within 
the Gulf of Alaska OPAREA for the forage fish species category since little is known about their life 
history characteristics or distribution and the fact that some species are rarely encountered in surveys, or 
the fishery, due to their size or habitat (Nelson 2003; Conners and Guttormsen 2005). Current available 
information on the forage fish families, individual species, and orders is presented in Table 4-2.  
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4.6 FISHERIES RESOURCES 
 
The commercial and recreational fishing industry is a valuable economic resource in the Gulf of Alaska 
OPAREA. Various fisheries throughout the study area make significant economic contributions in both 
domestic and foreign markets. Recreational fishing, based on angler expenditures, is also economically 
important to the study area (Witherell 2004). For this reason, there is much emphasis on protecting and 
managing these resources to maintain viability to both these industries. 
 
4.6.1 Introduction 
 
The varied topography of the study area offers plants and animals a great number of diverse 
environments. Fishery species utilize spawning, nursery, feeding, and seasonal grounds within the study 
area’s inshore (including bays and estuaries), nearshore, and offshore waters. See Chapter 2 for detailed 
descriptions of the oceanographic and biological environment of the study area.  
 
The occurrence and distribution of fishery activity is naturally related to the occurrence and distribution of 
target species (i.e., fish and invertebrates) and the ability of fishermen to locate and land these species. 
For most commercial and recreational fishing endeavors, successful fishing stems from the ability to 
anticipate the occurrence of target species at a given place and time. The distribution and abundance of 
fishery species in the study area depend greatly on the physical and biological factors associated with the 
individual species such as: salinity, temperature, dissolved oxygen, food/prey availability, habitat quality, 
reproductive/life cycles, seasonal movements, population dynamics, and recruitment success, among 
others (Helfman et al. 1999). With few exceptions, the process of fishing involves constant searching. The 
affinity of target species for particular habitats, the physiological tolerance to environmental factors, and 
the availability of food items are the primary factors influencing the spatial distributions of species. Life 
history stages and movements, along with seasonal environmental changes (e.g., salinity and 
temperature), are the primary factors that influence the seasonal distribution of fishes (Helfman et al. 
1999). 
 
Successful fishermen are able to “read the signs” and make educated guesses about where and when to 
fish. Recent technologies such as sonar, radar, and global positioning systems (GPS) as well as detailed 
bottom topography maps and real-time meteorological/hydrological information assist in the search for 
fishery species. Variations in distribution and abundance of fishery species are influenced by natural as 
well as human activities (Waite et al. 1994).  
 
4.6.1.1 Fisheries Problems 
 
Although natural patterns of variation are expected in marine fishery stocks, human activities are known 
to have definite effects on fish distribution and abundance. Primary among these human impacts are 
excessive fishing, habitat alteration, and water quality degradation (Saila and Pratt 1973; Malakoff 1997; 
Williams 1998; Lazaroff10). Human activities have the ability to affect nearly all estuarine species and the 
viability of coastal fisheries. Impacts in offshore areas involve habitat destruction and alteration due to 
fishing methods (e.g., dragging nets and dredges on the seafloor) (Auster and Langston 1998). 
 
Over the past two centuries and especially within the last 50 years, the overall intensity of fishery effort 
(commercial and recreational) has been increasing. High demand for fishery products and increases in 
recreational fishing activities have resulted in increased fishing pressure on the available resources, 
causing a decrease in fishery landings (Waite et al. 1994; Parker and Dixon 1998). Increased levels of 
technology and information have made searching and finding fish easier (SeaWeb 2002). While 
improvements in fishing gear and methods continue, overall catch rates in relation to effort expended are 
decreasing. Fishery declines are directly and indirectly attributed to several factors: habitat loss, physical 
habitat damage, natural events and cycles, fishing pressure, stream flow alteration, and degradation of 
water quality. Overfishing is considered one of the main causes in current declining catch rates (Waite et 
al. 1994). As fishery landings diminish, species once targeted as commercially desirable have changed to 
include those species that are less attractive but still available in harvestable quantities. Smaller fish, as 
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well as those species once discarded as bycatch, are now being targeted for commercial sales (Caddy et 
al. 1998; Pauly et al. 1998).  
 
4.6.1.2 Fisheries Management 
 
Wise management and an involved fishing community have become crucial to protecting fishery 
industries and maintaining fishery resources in a harvestable condition. At the federal level, laws, EOs, 
proclamations, and regulations have been created to aid in the conservation of fishery resources. One of 
the mandates of the SFA was the creation of a number of interstate management agencies, called FMCs, 
to oversee the condition of fishery stocks in the federal waters of the EEZ (3 to 200 NM from shore). The 
FMCs use FMPs to set forth management objectives for specific fishery resources and formulate 
strategies for the best way to achieve those objectives. The NMFS participates in fishery management 
efforts by providing fisheries data and analysis and by supervising the management of highly migratory 
fish species (e.g., oceanic sharks, tunas, billfishes, swordfish, and other species), none of which occur in 
the study area (NMFS 2004e). 
 
The NPFMC recommends fishery management measures to the NMFS. The NPFMC is one of eight 
FMCs in the U.S. and manages fisheries within the EEZ off the coast of Alaska including the Gulf of 
Alaska, Eastern Bering Sea, Chukchi Sea, and the Arctic Ocean. The NPFMC in conjunction with the 
ADFG manages the majority of the fishery resources in the study area. The council focuses on the major 
fisheries in the study area that require regional management. The NPFMC currently oversees four major 
FMPs and their associated amendments for groundfish (Bering Sea/Aleutian Islands and Gulf of Alaska), 
crab (Bering Sea/Aleutian Islands), salmon, and scallop. The ADFG is responsible for managing fisheries 
within 3 NM offshore. These management practices must remain consistent with federal laws.  
 
4.6.1.3 Fisheries Closures 
 
Fisheries closures are created for the purpose of recovering localized commercial and recreational fishery 
populations to harvestable levels. Through the fishery management efforts of NMFS, NPFMC, and the 
ADFG, certain marine areas are seasonally or permanently closed. Permanent (i.e., year-round) closures 
remain in place for the specified gear types (e.g., limited entry trawl and fixed gears, open access gears) 
until the managing bodies (i.e., NMFS) change the regulations. Changes to fishery regulations involving 
area closures are printed annually in the Federal Register. Closed areas may change over years in 
response to the status of fishery stocks. Seasonal and rolling closures are closed for specified parts of the 
year (e.g., Chiniak Gully Research Area in the southwestern portion of the Gulf of Alaska OPAREA to 
trawl fishing from 2006 to 2010) (NMFS 2006d). Rolling closures persist for a finite duration and are then 
re-designated and moved to another location to fulfill similar conservation or management goals (NMFS 
2005h; 2006a; 2006e). The recently designed HCAs and HPAs in the Gulf of Alaska: 10 GOASHCAs, 15 
ASHPAs, and 5 GOACHPAs are closed to federally permitted vessels from fishing with bottom contact 
gear and non-pelagic trawl gear (NMFS 2006d). Within the Gulf of Alaska OPAREA, one GOASHCA 
(Cable) is closed to bottom trawling and one ASHPA (Dall Seamount) is closed to all bottom-tending 
fishing gear (NMFS 2006d). 
 
4.6.2 Commercial Fisheries 
 
Commercial fisheries are generally categorized by the group of species targeted or the gear type used, 
with additional reference to season and location. For the purposes of this MRA, commercial fisheries are 
discussed by management group. Information on fishing regulations, gear utilization, landings, and the 
distribution of fishing effort (both spatial and temporal) is presented for each management group.  
 
Commercial fishing is by far the predominant human activity in the Gulf of Alaska, although a number of 
fisheries are at very depressed levels or are currently closed (Richardson and Erickson 2005). 
Commercial fishing activities off the Gulf of Alaska coast take place primarily on the continental shelf or 
near the shelf edge. The largest catches-per-unit-effort (CPUE) on the continental shelf typically occurs 
during summer months. The Gulf of Alaska continental shelf is a highly productive ecosystem that 
supports a number of commercially important fisheries including those for walleye pollock, Pacific cod, 
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sablefish, flatfish, rockfish, Atka mackerel, Pacific halibut, Pacific herring, Pacific salmon, scallops, crabs, 
and shrimp. From 1999 to 2002, annual landings on the Gulf of Alaska shelf averaged approximately 
250,000 mt of groundfish, 290,000 mt of salmon, and 20,000 mt of herring and shellfish. Little is known 
about fishery catches on the deeper parts of the slope, continental rise, in the deep central basin, and 
over the region’s numerous seamounts (Mueter 2004).  
 
There are four major commercial fisheries that operate in the Gulf of Alaska OPAREA and vicinity: the 
groundfish, Pacific halibut, salmon, and scallop fisheries (Table 4-3). There are several other fisheries 
that occur in the Gulf of Alaska (e.g., Pacific herring, clam, crab, shrimp, sea cucumber, sea urchin, and 
abalone), but those are all located shoreward of the OPAREA in Alaskan state waters (Ashe et al. 2005; 
Sagalkin 2005; Berceli and Trowbridge 2006; Trowbridge and Goldman 2006). Commercial fisheries that 
occur in federal waters off southern Alaska are described below. Some of these fisheries are managed 
federally (by the NMFS and NPFMC), some have their management activities deferred to the state level 
(ADFG), and others are jointly managed at the state, federal, and/or international levels. 
 
 
 
Table 4-3. Major commercial fisheries of the Gulf of Alaska OPAREA and vicinity including their 
seasons and gear types used. 
 
 

Fishery Season Gear 

Groundfish Fisheries 

Roundfish  
 walleye pollock  
 Pacific cod  
 sablefish  
 Atka mackerel 

Year round (seasons vary by species or group 
targeted and regulatory area) Trawls, Longlines, Pots, Jigs 

Flatfish  
 soles (Dover, rock, rex,  
 yellowfin, flathead) 
 Greenland turbot 
 arrowtooth flounder  
 Alaska plaice  

Year round (seasons vary by species or group 
targeted and regulatory area) Trawls, Longlines, Jigs  

Rockfish  
 slope assemblage  
 demersal shelf assemblage  
 pelagic shelf assemblage  
 thornyhead rockfish  

Year round (seasons vary by species or group 
targeted and regulatory area) Trawls, Longlines, Jigs 

Skates Year round (seasons vary by species or group 
targeted and regulatory area) Trawls, Longlines 

Halibut Fisheries 

Pacific Halibut  Late February through mid-November Longlines  

Salmon Fisheries 

Pacific Salmon  June through September Trolls  

Shellfish Fisheries 

Scallops Year round (seasons vary by registration area) Scallop dredges  

Source: NPFMC (1990; 2004b; 2005b) and NMFS-AKR (2005).  
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4.6.2.1 Groundfish Fisheries 
 
The most important commercial fisheries in the Gulf of Alaska OPAREA are the groundfish fisheries. The 
Gulf of Alaska continental shelf and slope support a large biomass of groundfish, particularly the wide 
shelf and banks around Kodiak Island. Groundfish fisheries in the Gulf of Alaska developed in the late 
1970s and have become a major source of food and income for residents of Alaska, Washington, and 
Oregon. Groundfish species harvested in the Gulf of Alaska include “target species” such as walleye 
pollock, Pacific cod, sablefish, Atka mackerel, several species of flatfish and rockfish, and skates. In 
addition, a number of “other species” are caught including squids, octopus, sharks, and sculpins. These 
species are of lesser economic value and are generally not targeted. Groundfish are often harvested in 
multispecies complexes, as it is common for multiple species to be caught at a time. The groundfish 
fishery is a complex industry in that it is conducted across a wide range of habitats using an assortment of 
fishing gears including trawls, hook-and-line gear, and pots. In 2002, 824 vessels participated in the 
groundfish fisheries in the Gulf of Alaska. Of these, 642 were hook-and-line vessels, 131 were pot 
vessels, and 123 were trawl vessels (NPFMC 2005c).  
 
Location of Fishery―Most commercial groundfish fisheries in the Gulf of Alaska take place in habitats of 
the continental shelf and upper slope. Longline fisheries for sablefish extend deeper into the lower slope 
habitat to about 1,200 m. No fisheries take place in the abyssal plain where commercial quantities of 
fishery resources are believed to be lacking. Fisheries of limited duration have taken place on selected 
seamounts (NPFMC 2005c). Fishing effort in the Gulf of Alaska varies by gear type. In the OPAREA and 
vicinity, trawl effort is concentrated along the continental shelf break as well as along the east side of 
Kodiak Island and in the Shelikof Strait (Figure 4-1). Longline effort also is prevalent along the shelf 
break, but is not nearly as important off Kodiak Island and the Alaska Peninsula (Figure 4-2). Pot fishing 
is the least common form of groundfish fishing in the OPAREA and vicinity, with nearly all effort occurring 
in the shallowest waters of the region (Figure 4-3). 
 
Current Regulations—Groundfish fisheries in federal waters of the Gulf of Alaska are managed by the 
NPFMC. The Gulf of Alaska groundfish FMP was first implemented in 1978 and was recently updated in 
2005. This FMP covers fisheries for all stocks of finfish in federal waters of the Gulf of Alaska except 
salmon, steelhead, Pacific halibut, Pacific herring, tuna, black rockfish, blue rockfish, and lingcod. 
Although officially recognized as groundfish, the latter three species are managed by the ADFG in both 
state and federal waters. The Gulf of Alaska management area for groundfish encompasses the Alaska 
EEZ, exclusive of the Bering Sea, between the eastern Aleutian Islands at 170°W and Dixon Entrance at 
132°40'W. The management area is divided into the Western, Central, and Eastern regulatory areas. The 
Gulf of Alaska OPAREA lies within the Eastern and Central regulatory areas (NPFMC 2005c).  
 
The Gulf of Alaska groundfish FMP recognizes single species and species complex management 
strategies. Single species management is recommended for stocks that are easily targeted by the 
harvesting sector and for which minimal mixing of other species occurs in the targeted catch. In the Gulf 
of Alaska, Pacific cod, walleye pollock, sablefish, Pacific ocean perch, thornyhead rockfish, flathead sole, 
rex sole, arrowtooth flounder, northern rockfish, and Atka mackerel are managed as single species. Other 
groundfish species that are usually caught in groups have been managed as complexes (also called 
assemblages). For example, shortraker and rougheye rockfish, other slope rockfish, pelagic shelf 
rockfish, demersal shelf rockfish, deepwater flatfish, shallow water flatfish, and “other species” have been 
managed within complexes (NPFMC 2004a). 
 
Conservation and management measures contained in the FMP apply exclusively to domestic fishing 
activities, as groundfish resources off Alaska have been harvested and processed entirely by U.S.-
flagged vessels since 1991. No portion of the annual optimum yield is allocated to foreign harvesters or 
foreign processors. Groundfish are managed through a number of measures including harvest guidelines, 
quotas, trip and landing limits, area restrictions, seasonal closures, and gear restrictions. King and Tanner 
crabs, Pacific halibut, Pacific salmon, steelhead trout, and Pacific herring are treated as prohibited 
species in the Gulf of Alaska groundfish fisheries. These species must be avoided when fishing for 
groundfish and immediately returned to sea with a minimum of injury except when their retention is 
authorized by law (NPFMC 2005c). 
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Gear—Groundfish species are harvested by trawl, longline, pot, and jig gear (Witherell 2004). Below are 
descriptions of these four gear types and the fish species they often catch in the Gulf of Alaska:  

 
o Trawls: sock-shaped nets having a wide mouth, which tapers into a narrow tail, called a codend. 

Trawls include bottom, midwater (pelagic), and pair trawls, and can be used to fish along the 
ocean floor or higher in the water column. Off Alaska, trawls are used to catch a wide variety of 
species including rockfish, flatfish, roundfish, squid, octopus, sharks, and skates.  

 
o Longline Gear: fishing lines that are deployed horizontally to which ganglions and hooks or pots 

are attached. Longlines can be stationary, anchored, or buoyed lines that may be hauled 
manually, electrically, or hydraulically. Off Alaska, longline gear is used to catch rockfish, 
sablefish, flatfish, Pacific cod, sharks, skates, and sculpins.  

 
o Pots: cages or baskets that are made from various materials such as wood, wicker, metal rods, 

wire netting, or plastic. They are designed to attract fish and hold them alive until fishermen return 
to haul in the gear. Pots may or may not be baited and usually lie on the seafloor, either singly or 
in a row. A rope runs from the pot to a buoy floating at the water’s surface, so fishermen can 
locate their gear. Off Alaska, pot gear targets Pacific cod and occasionally captures octopus.  

 
o Jigs: typically metal fishing lures with one or more hooks, usually deployed with a jiggling motion 

on or near the bottom. Off Alaska, jigs can be used to catch rockfish, flatfish, and Pacific cod. 
 

Season―Groundfish fisheries in the Gulf of Alaska operate year round. However, most commercial 
fishing activities occur at specific times of the year and in distinct parts of the OPAREA, depending upon 
the species being targeted, the gear type being used, and the total allowable catch. The NPFMC 
ultimately decides when each fishery is to be opened or closed and also has a role in determining the 
harvests allocations for each species (NPFMC 2005c). 
 
Landings―In 2005, 72% of all groundfish landed in the Gulf of Alaska were caught using trawl gear. 
Groundfish fishermen employing hook and line (e.g., longlines), pot/trap, and seldom-used hand troll and 
jig gear landed the remaining 28% (Table 4-4). Based upon observer data, trawl gear catch a much wider 
variety of groundfish species than longline and pot gear (Fritz et al. 1998), which is understandable since 
trawl gear is used to fish through a larger portion of the water column than longline and pot gear.  
 
 
 
Table 4-4. Groundfish landings in the Gulf of Alaska by gear type―2005. 
 
 

Gear Metric Tons % of Total Landings 
Trawls 108,385.9 72% 
Hook and Line (e.g., Longline) 22,780.1 15% 
Pots And Traps 20,070.1 13% 
Trolls and Jigs 122.0 <1% 
Total: 151,358.1 100% 

Source: PacFIN11 
 
 
Groundfish fisheries in the Gulf of Alaska generated approximately 147 million dollars of total revenue in 
2005. However, the actual economic value of these fisheries to the State of Alaska was far greater due to 
the many jobs, goods, and services these fisheries provided. Of all the groundfish species landed in the 
Gulf of Alaska, the sablefish created the most revenue (over 97 million dollars). Pacific cod and walleye 
pollock ranked a distant second and third in terms of total revenue produced (approximately 26 and 10 
million dollars, respectively). These three species of roundfish accounted for 91% of all revenue 
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generated by Gulf of Alaska groundfish fisheries. Flatfish, rockfish, skates, and rays accounted for the 
remaining 9% of revenue produced by groundfish fisheries in the Gulf of Alaska in 2005.11 
 
In terms of landings, walleye pollock accounted for the greatest tonnage in the Gulf of Alaska in 2005, 
with more than 53,000 mt landed. Pacific cod ranked second in landings at just over 40,000 mt, followed 
by sablefish at around 14,000 mt. These three roundfish species accounted for 72% of all groundfish 
landings in the Gulf of Alaska by weight.11 Over the past ten years, groundfish landings in the Gulf of 
Alaska have topped 150,000 mt annually, with a peak of nearly 250,000 mt landed in 1998 (Figure 4-4). 
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Figure 4-4. Commercial landings of groundfish in the Gulf of Alaska―1996 to 2005. Landings 
exclude fish discarded at sea. Source: PacFIN.11 
 
 
4.6.2.2 Halibut Fisheries 
 
The commercial fishery for Pacific halibut originated in 1888 (Hare 2004). Since then, it has become a 
thriving industry shared by many user groups, including the descendents of early indigenous fishermen, 
sport fishermen, directed commercial fishermen (those who target halibut), and incidental commercial 
fishermen (those who take halibut as bycatch in other commercial fisheries). From the beginning, the 
Pacific halibut fishery has been an international deep sea fishery, engaged in by fishermen from both the 
U.S. and Canada, principally in extraterritorial waters.  
 
Location of Fishery—The Pacific halibut fishery extends from northern California to the Bering Sea. 
Halibut fishing grounds occur throughout the entire Gulf of Alaska shelf and Aleutian Islands shelf area. 
Most halibut are caught at depths between 25 and 275 m, although some have been caught by trawl gear 
in waters over 500 m deep (Martin 1997).  
 
Current Regulations—Commercial fisheries for Pacific halibut are managed by a treaty between the 
U.S. and Canada and through recommendations of the IPHC. Pacific halibut is considered as one large 
interrelated biological stock, although it is regulated by subareas through catch quotas, time-area 
closures, and since 1995 in Alaska, by an individual fishing quota (IFQ) program adopted by the NPFMC 
and implemented by the NMFS. Commercial catch limits in the Gulf of Alaska OPAREA, located in IPHC 
Regulatory Area 3A (Figure 4-5), are higher than those in other areas of the eastern North Pacific since 
those waters are believed to be the center of Pacific halibut abundance (NMFS-AKR 2005). 
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Figure 4-5. Regulatory areas of the IPHC. The Gulf of Alaska OPAREA is located within Regulatory 
Area 3A. Image courtesy of Mr. Thomas Kong (IPHC).  
 
 
Gear—The commercial fishery is executed with stationary longlines onto which baited hooks are 
attached. No other types of fishing gear other than hook and line are permitted. Vessels participating in 
this fishery are primarily small (<18 m) and medium (18 to 27 m) catcher vessels (NMFS-AKR 2005). 
 
Season—Both U.S. and Canadian fisheries have moved from an open access fishery with short fishing 
seasons to an IFQ fishery that lasts eight months each year. In 2005, the commercial fishing season for 
Pacific halibut off Alaska extended from 27 February through 15 November (a total of 260 days). 
 
Landings—Regulatory Area 3A accounts for the largest share of the commercial halibut harvest in the 
eastern North Pacific Ocean, with Kodiak, Homer, and Seward making up the majority of the landings. 
From 1996 to 2005, commercial landings of Pacific halibut in Regulatory 3A fluctuated between 8,000 and 
12,000 mt annually (Figure 4-6).12 Commercial catches in all other IPHC regulatory areas were much less 
over that same time period. 
 
4.6.2.3 Salmon Fisheries  
 
Pacific salmon support numerous commercial, recreational, and subsistence fisheries in Alaska state 
waters. However, only a single commercial troll fishery and three historical coastal net fisheries are 
allowed in federal waters of the Alaska EEZ. All five species of Alaska salmon (chinook, chum, coho, 
pink, and sockeye) are fully utilized, and stocks in most regions of the state generally have rebuilt to or 
beyond previous high levels. Pink and sockeye salmon are the most abundant species in catches in the 
Gulf of Alaska (Eggers 2004). 
 
Location of Fishery—Pacific coast salmon fisheries occur from the coastline to approximately 40 km 
offshore from Alaska to as far south as Point Conception, California. The Alaskan commercial troll fishery 
is located just east of the OPAREA in the Southeast Alaska-Yakutat area, and occurs in both nearshore 
and offshore waters (NMFS-AKR 2005). The three traditional coastal net fisheries are located in the 
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Figure 4-6. Commercial landings and commercial catch limits for Pacific halibut in Regulatory 
Area 3A―1996 to 2005. Source: NMFS-AKR.12 
 
 
northern Gulf of Alaska in the following areas: inside Cook Inlet, near the mouth of the Copper River 
(Prince William Sound), and near False Pass (Alaska Peninsula). At this time, salmon fishing activities in 
the OPAREA are minimal to non-existent (NPFMC 1990). 
 
Current Regulations—Since 1978, salmon fisheries in federal waters of the EEZ off Alaska, east of 
175°E longitude, have been managed under the Alaska salmon FMP, which was last revised by the 
NPFMC in 1990. Under the FMP, all management measures for salmon fisheries are delegated to the 
State of Alaska (NMFS-AKR 2005). In general, salmon fisheries in the Alaska EEZ are managed through 
prescribed limits on harvests, fishing periods and areas, types and amounts of gear, commercial fishing 
effort (number of trollers), minimum length for chinook salmon, and reporting requirements. Federal 
waters in the Gulf of Alaska are divided into two salmon management areas (East and West) that are 
separated at Cape Suckling (143°53’36”W). The Gulf of Alaska OPAREA lies entirely within the West 
Area, which is currently closed to all commercial salmon fishing. Only three traditional coastal net 
fisheries are permitted in this management area (see above). These fisheries technically extend into the 
EEZ, but are conducted and managed as nearshore fisheries. Recreational fishing (primarily charter 
boats) is permitted throughout the West Area, although it is rare outside of state waters (NPFMC 1990). 
 
Gear—The Alaska salmon troll fishery is executed with a series of hooks that are trolled behind a moving 
vessel. Legal methods of trolling include power and hand trolling. A typical power troll vessel is 40 ft long 
and fishes with two to four poles. Baited hooks may be used on occasion, although lures, spoons, and 
hoochies fished behind a flasher are more commonly used. Trolling can occur over any bottom type and 
at almost any depth. In most situations, the gear rarely contacts the ocean bottom (NMFS-AKR 2005). 
The three traditional coastal net fisheries utilize gillnets and seines to capture salmon.  
 
Season—The commercial troll fishery for salmon in Southeast Alaska occurs nearly year round and has 
several management seasons. However, in federal waters commercial trolling only takes place from June 
through September. All outer areas and the EEZ are closed during the winter fishery, which occurs from 
October through April in Southeast Alaska’s internal waters (NPFMC 1990).  
 
Landings—Salmon landings in federal waters off Alaska are minor compared to those in state waters. 
From 1977 through 1989, the commercial troll fishery in the Alaska EEZ accounted for about 18% of the 
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troll harvest of chinook salmon, 10% of coho, 8% of chum, 7% of sockeye, and 6% of pink in terms of 
numbers of fish (NPFMC 1990). More recent numbers are currently not available. 
 
4.6.2.4 Scallop Fisheries  
 
Scallop fisheries in the Gulf of Alaska are relatively small compared to the region’s groundfish, halibut, 
and salmon fisheries. The weathervane scallop is the only commercially exploited scallop stock in the 
OPAREA. Weathervane scallop populations were first evaluated for commercial potential in the early 
1950s, although it was not until the late 1960s that interest in a fishery off Alaska took shape. Initial 
commercial fishing effort took place in 1967, when two vessels harvested weathervane scallops from 
fishing grounds off the east side of Kodiak Island. By the following year, 19 vessels entered the fishery. 
Since then, vessel participation and harvests have fluctuated greatly, but have remained below the peak 
levels experienced in the late 1960s (NPFMC 2005a).  
 
Location of Fishery—All commercial fisheries for scallops take place in relatively shallow waters of the 
continental shelf. Weathervane scallops are found at depths ranging from intertidal waters to depths of 
300 m, but abundance tends to be greatest between depths of 45 to 130 m on substrates consisting of 
mud, clay, sand, or gravel. Although weathervane scallops are widely distributed along the shelf, the 
highest densities in Alaska have been found to occur in discrete areas. Areas fished in the Gulf of Alaska 
include the east side of Kodiak Island and coastal waters from Yakutat to Kayak Island. Testimony from 
fishermen indicates that the scallop stocks around Kodiak Island are currently depressed (NPFMC 
2004b).  
 
Current Regulations—The scallop fishery in Alaska's EEZ is jointly managed by the state and federal 
government. Most aspects of scallop fishery management are delegated to the ADFG, while limited 
access and other federal requirements are under jurisdiction of the NMFS and NPFMC. The Scallop FMP 
was developed by the NPFMC and approved by the NMFS in 1995, with the most recent update in 2005. 
This FMP covers all scallop stocks off the coast of Alaska including weathervane, pink, spiny, and rock 
scallops. Under the FMP, the Alaska EEZ is divided into nine scallop registration areas (Figure 4-7). The 
Gulf of Alaska OPAREA lies within the Prince William Sound, Cook Inlet, and Kodiak registration areas 
(Areas E, H, and K, respectively). Commercial fishing in federal waters is limited by a federal license 
limitation program, which limits participation to nine vessels (NPFMC 2005a).  
 
 

 
Figure 4-7. Weathervane scallop fishery registration areas off Alaska. The Gulf of Alaska OPAREA 
lies within Registration Areas E, H, and K. Source: NPFMC (2004b). 
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Gear—Scallop dredges are the preferred fishing gear used by Alaskan scallop fishermen. A scallop 
dredge consists of a metal frame with spring-loaded teeth to which a chain-mesh bag is attached. The 
dredge is towed over suitable seabed habitats, where the teeth rake the seabed and collect the scallops. 
This gear is extremely robust and can be used over much harder ground than traditional trawls. As a 
consequence, scallop dredges can severely damage other seabed organisms and habitats. In order to 
protect susceptible king and Tanner crab populations, several areas along the Alaska coast are currently 
closed to scallop fishing. This includes a rather large area in Prince William Sound as well as ocean 
waters to the south (NPFMC 2004b). 
 
Season—Scallop fisheries in the Gulf of Alaska operate year round, with fishing seasons varying by 
registration area (NPFMC 2004b). The weathervane scallop regulatory season runs from 1 July through 
15 February of the following year in all registration areas of the state except Cook Inlet (Area H). In Cook 
Inlet, weathervane scallops may be taken from 15 August through 31 October in the Kamishak District 
and year round in all other districts, providing that the fisherman has been issued a permit for exploratory 
fishing for new scallop beds. Prior to each fishing season, guideline harvest ranges (GHRs) are 
established by registration area for the time period extending from July 1 through June 30 of the following 
year. The ADFG may decide to close an area at any appropriate level within the range if conditions 
warrant. A registration area or district may be closed in-season based on resource concerns due to 
declining CPUE, indications of little or no recruitment of scallops into the fishery, localized depletion, or 
other factors (Barnhart, J., ADFG, pers. comm., 25 January 2006).  
 
Landings—Weathervane scallop catches in Alaska peaked in 1969, when commercial landings totaled 
over 860 mt (Kruse et al. 2000) . Harvests off Kodiak and Yakutat accounted for nearly all of the landings 
in the early years of the fishery. Since 1991, Alaska scallop harvests have increasingly occurred in federal 
waters. In 1994, only 14% of the nearly 550 mt landed were harvested in state waters, with the remainder 
harvested in federal waters off Alaska. During the 2003/2004 fishing season, approximately nine mt of 
scallop meat was harvested from Registration Area E and 118 mt from Registration Area K. Recent 
landings data for Registration Area H are unavailable (NPFMC 2005a). 
 
Commercial Ports 
 
There are a multitude of ports along the northern Gulf of Alaska coast that support the commercial 
fisheries of the OPAREA and vicinity (Table 4-5). In 2004, commercial landings at Kodiak were by far the 
highest in terms of both weight (nearly 142,000 mt) and dollar value (91 million dollars). Kodiak is one of 
the world’s major centers of seafood production and has long been among the nation’s largest ports in 
terms of seafood volume and value of landings (Richardson and Erickson 2005). Nationally, Kodiak 
ranked fourth among all U.S. ports in terms of weight and value of fish landed in 2004. The ports of 
Cordova, Seward, Kenai, and Homer also ranked among the top fifty U.S. ports in terms of tonnage and 
value in 2004. Although landings at Cordova were the second highest among ports in the vicinity of the 
OPAREA in terms of weight, they were fourth in terms of dollar value. The reverse held for Homer, which 
was fifth among northern Gulf of Alaska ports in terms of weight, but third in terms of dollar value.  
 
 
 
Table 4-5. Commercial fishery landings by major port in the northern Gulf of Alaska—2004. 
 
 

Port City Weight (mt) Value (million $) 
Kodiak 141,793 91.0 
Cordova 18,370 29.0 
Seward 17,463 49.7 
Kenai 9,888 16.5 
Homer 8,210 39.8 

Source: NMFS13 
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Different species of fish are likely to be landed at different ports within the northern Gulf of Alaska region. 
Salmon, walleye pollock, and Pacific cod are the chief species landed at Kodiak, while Pacific halibut and 
sablefish are primarily landed at Homer and Seward. As a result, commercial fishermen operating out of a 
specific port tend to target the species of fish that are principally landed there. 13 
 
4.6.3 Recreational and Subsistence Fisheries 
 
Recreational and subsistence fisheries are industries in themselves. Anglers participating in these 
fisheries do not receive a significant amount of income from their catch, but rather fish for pleasure or to 
provide food and other goods for personal consumption. Recreational and subsistence fishermen may 
use a variety of fishing gears. The most common gear type used by Alaskan recreational fishermen is rod 
and reel (angling) gear with artificial lures or live/dead bait, as many of them fish from docks, beaches, 
and jetties located along the shore or from small boats that cannot venture beyond calm, protected 
coastal waters. Subsistence fishermen, on the other hand, are more similar to commercial fishermen in 
that they often utilize trawl, longline, pot, jig, and troll gear (NMFS-AKR 2005).  
 
The State of Alaska has management authority over all recreational fisheries in state waters except those 
targeting Pacific halibut. State regulations for recreational fisheries also apply in federal waters of the 
EEZ. For subsistence fisheries, the federal government has management jurisdiction over activities on 
Alaskan lakes, rivers, and limited marine waters within and adjacent to federal public lands (USFS and 
USFWS 2006). For waters on state and private property (which includes most marine waters in Alaska), 
the state possesses management authority (NMFS-AKR 2005).  
 
Data on recreational and subsistence fishing in the Gulf of Alaska are limited (Richardson and Erickson 
2005). Recreational fishing mainly occurs off southeastern Alaska and along the northern Gulf of Alaska 
coast, including Prince William Sound, Kenai Peninsula, Cook Inlet, and Kodiak Island (Squire and Smith 
1977). Fishing derbies for salmon and halibut are regularly held in Seward, Cordova, Homer, and 
Valdez.14 Sportfishing charters also routinely operate out of each of these ports. Subsistence fishing 
primarily occurs in coastal areas to the west and north that are relatively inaccessible to most recreational 
anglers. Nearly all recreational and subsistence fishing activities occur in state waters, as rough waters 
are a limiting factor further offshore (Squire and Smith 1977; NPFMC 1990, 2005a; NMFS-AKR 2005). As 
a result, these fisheries are not expected to operate within the OPAREA and are not discussed further.  
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5.0 ADDITIONAL CONSIDERATIONS 
 
5.1 MARITIME BOUNDARIES: TERRITORIAL WATERS, CONTIGUOUS ZONE, AND EXCLUSIVE ECONOMIC 

ZONE 
 
Maritime boundaries are critical elements that affect the planning of activities in the marine environment.1 
They delimit the extent of a nation's sovereignty, exclusive rights, jurisdiction, and control over the ocean 
areas off its coast. Maritime boundaries may include a 12 NM territorial sea, an 18 to 24 NM contiguous 
zone, a 200 NM EEZ, and a nation’s continental shelf (Figure 5-1). Figure 5-1 is a generic representation 
of the U.S. maritime boundaries and the continental shelf may fall within the EEZ in certain areas. Since 
maritime boundaries are delimited, rather than demarcated, there is generally no physical evidence of the 
boundary. As a result, there can often be confusion, disagreement, and conflicting versions of marine 
boundaries between distinct nations and/or territories.2  
 
Although the U.S. and other nations historically used 3 NM as their seaward territorial limit, some 
American states (e.g., Texas and the Gulf Coast of Florida) and territories (e.g., Puerto Rico) have 
historical seaward boundaries of 3 marine leagues or 9 NM. These territorial limits were measured from 
the baseline of each nation or state. The U.S. has traditionally used the “rule of the tidemark” as the 
baseline from which to measure the width of its territorial waters. This baseline coincides with the 
MLLW/tide line found along the shore and is often termed the “normal” baseline (Kapoor and Kerr 1986; 
Prescott 1987; Figure 5-1). At the mouths of bays, rivers, or other areas where the coastline is not 
continuous, a straight baseline is drawn over the coastal feature. Rather than use the normal baseline, an 
increasing number of countries use either the straight baseline or archipelagic baseline system from 
which to measure their territorial waters (Kapoor and Kerr 1986; Prescott 1987). 
 
The 3 NM limit was the standard until the latter half of the twentieth century when the extent of U.S. 
territorial waters was redefined. In 1945, President Truman issued Presidential Proclamation No. 2667 
(also known as the Truman Proclamation) claiming jurisdiction and control over all the natural resources 
of the seabed and subsoil of the entire continental shelf adjacent to the coasts of the U.S. The Truman 
Proclamation did not include jurisdiction or control over the waters overlying the U.S. continental shelf. In 
1953, the Truman Proclamation was nullified and replaced by the Outer Continental Shelf Lands (OCS) 
Act. The OCS Act placed the subsoil and seabed of the OCS under U.S. jurisdiction. Section 1331 of this 
act defines the OCS as “…all submerged lands lying seaward and outside of the area of lands beneath 
navigable waters as defined in section 1301 of this title…”.3 Like the Truman Proclamation, the OCS Act 
did not give the U.S. authority over the waters above the continental shelf seabed, thereby leaving them 
open to navigation and fishing (Table 5-1). 
 
In 1976, the U.S. followed the trend established by the United Nations (U.N.) by drafting a piece of 
legislation known as the FCMA. The FCMA established a 200 NM fishery conservation zone extending 
outward from the U.S. baseline. This 200 NM zone was designed to protect and conserve the fisheries of 
the U.S. and its territories. With the official enactment of the FCMA in 1977, the U.S. formally claimed a 
200 NM fishery conservation zone in which it exercised exclusive fishery management authority, except in 
cases where a country was situated within 400 NM (Table 5-1). In the Gulf of Mexico, for instance, Cuba 
and Mexico are located less than 400 NM away from the U.S. fishery conservation zone boundary. 
Pending the establishment of permanent maritime boundaries by treaty or agreement with these nations, 
the FCMA set forth fishery limits based on a median line drawn equidistantly between two nations where 
a 200 NM limit is not possible (DoS 1977). 
 
In 1976, Mexico established an EEZ at 200 NM. To delineate the maritime boundaries between the U.S. 
fishery management zone and Mexico’s EEZ, an agreement between the two nations was signed and 
entered into force in 1976 that provisionally established the maritime boundaries in the Gulf of Mexico and 
the Pacific Ocean so that the two nation’s maritime zones did not overlap.4 A treaty between the U.S. and 
Mexico in 1978 formalized the maritime boundaries established by the 1976 agreement; the treaty was 
ratified by Mexico in 1979, but was not ratified by the U.S. until 1997 (Figure 5-2).4 
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Figure 5-1. A 3D depiction of the U.S. maritime boundaries. Tidal datums – MHHW, MHW, MLW, 
and MLLW. Image taken from: NOAA2, used with the permission of Mr. David Stein. 
 
 
By the early 1980s, it was evident that the U.S. needed to control more than fisheries outside of its 
territorial waters. In 1983, President Reagan recognized the necessity of protecting, controlling, and 
developing the ocean area adjacent to the territorial waters of the U.S. by issuing Presidential 
Proclamation No. 5030 (Table 5-1). This proclamation established an EEZ that extended 200 NM from 
the U.S. baseline and included all areas adjoining the territorial waters of the U.S. and its territories, 
except where another country is less than 400 NM from the U.S. The establishment of the EEZ gave the 
U.S. sovereign rights over the natural resources within the 200 NM zone, but it did not affect the lawful 
use of this zone by other nations for navigation or overflight (Table 5-2).3 Sovereign rights include the 
rights to explore, exploit, conserve, and manage natural resources. 
 
The U.S. EEZ covers approximately 7.8 million km2 of ocean space, half of which is found in the western 
Pacific Ocean around U.S. possessions such as Hawai’i, American Samoa, Guam, and the 
Commonwealth of the Northern Mariana Islands (CNMI). Overlapping boundaries with other nations exist 
in 25 situations. International maritime boundaries are those agreed upon by one or more countries to 
resolve these overlapping claim issues. In cases where a nation’s 200 NM EEZ overlaps with that of 
another country, both countries’ EEZs are deemed to end at what is called the “median line," an 
imaginary line that is equidistant from the baseline of each country. 
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Table 5-1. Timeline detailing the establishment of U.S. jurisdiction and maritime boundaries in the 
Gulf of Alaska OPAREA by treaty, legislation, and presidential proclamation. 
 
 
♦ From Antiquity to the Early Twentieth Century: nations individually established seaward boundaries of 3 to 9 

NM under the “cannon shot” concept. 
♦ 1945–Truman Presidential Proclamation No. 2667 on the Continental Shelf: for the purpose of conserving 

and utilizing natural resources, the U.S. claimed jurisdiction and control of the subsoil and seabed of the 
continental shelf contiguous to its coast. The waters overlying the continental shelf were not affected.  

♦ 1945–Truman Presidential Proclamation No. 2668 on Coastal Fisheries: conservation zones were 
established in areas of the high seas contiguous to U.S. coasts for the purpose of protecting coastal fishery 
resources. 

♦ 1953–Outer Continental Shelf Act: the subsoil and seabed of the OCS was declared to be under U.S. 
jurisdiction, control, and power. The waters overlying the OCS were not affected by this act, so fishing and 
navigation were unrestricted. This act nullified Presidential Proclamation No. 2667 (67 Stat. 462, 43 U.S.C. 1331 
et seq.). 

♦ 1958–U.N. Convention on the Law of the Sea I: the U.N. convened the first international conference on 
maritime boundaries.  

♦ 1960–U.N. Convention on the Law of the Sea II: the second U.N. conference convened on international 
maritime boundaries. 

♦ 1973–U.N. Convention on the Law of the Sea III: the third U.N. conference convened on international maritime 
boundaries. 

♦ 1976–Fishery Conservation and Management Act: this legislation established a fishery conservation zone 
extending 200 NM from the U.S. baseline, except in several areas such as the Caribbean Sea, where to the 
west, south, and east of Puerto Rico and the USVI, the limit of the fishery conservation zone was determined by 
geodetic or straight lines connecting points of latitude and longitude that were delineated in the act. 

♦ 1977–Fishery Conservation and Management Act: the fishery conservation zone, established by the 1976 
FCMA, went into effect. 

♦ 1982–U.N. Convention on the Law of the Sea Treaty: an international treaty developed by the U.N. but not yet 
ratified by the U.S. The U.N. Convention on the Law of the Sea lays down a comprehensive regime of law and 
order in the world's oceans and seas by establishing rules governing all uses of the oceans and their resources. 
Most nations, including the U.S., adhere to its guidelines for maritime boundaries, including territorial seas, 
contiguous zones, and EEZs. 

♦ 1983–Reagan Presidential Proclamation No. 5030 on the EEZ: an EEZ was formally established to facilitate 
wise development and use of the oceans consistent with international law as well as to recognize the zone 
adjacent to a nation’s territorial seas where a nation may assert certain sovereign rights over natural resources. 
Establishment of the U.S. EEZ advanced the development of ocean resources and promoted protection of the 
marine environment but did not affect other lawful uses of the zone, including navigation and overflight. This 
proclamation set the EEZ at 200 NM from the baselines of the U.S. and its territories, except where nations are 
less than 400 NM apart. In such cases, equidistant lines delineated the EEZ boundary. The EEZ boundaries 
coincided with those established by the 1976 FCMA. This proclamation did not affect existing U.S. policies 
concerning the continental shelf, marine mammals, or fisheries. Jurisdiction and sovereign rights will be 
exercised in accordance with rules of international law. 

♦ 1988–Reagan Presidential Proclamation No. 5928 on the Territorial Sea: the seaward extent of the U.S. 
territorial sea was extended to 12 NM from the baseline of the nation and its territories by this proclamation. The 
territorial sea is the zone over which the U.S. exercises supreme sovereignty and jurisdiction from the airspace 
over the sea to the seabed and its soil. This extension of the territorial sea advanced national security and other 
interests of the U.S. This proclamation did not extend or alter existing federal or state laws (jurisdiction, rights, 
legal interests, or obligations). 

♦ 1994–UN Convention on the Law of the Sea: the UN entered into force the 1982 Law of the Sea Treaty. It has 
yet to be ratified by the U.S. 

♦ 1999–Clinton Presidential Proclamation No. 7219 on the Contiguous Zone: the contiguous zone of the U.S. 
was established 24 NM from the nation’s baseline by this proclamation. The contiguous zone is the area where 
the U.S. exercises the control necessary to prevent and punish infringement of its fiscal, customs, immigration, or 
sanitary laws and regulations within its territorial sea. Establishment of the U.S. contiguous zone advanced the 
law enforcement and public health interests of the nation. This proclamation did not change existing federal or 
states law and did not alter the rights of the U.S. in the EEZ. 

 
Source: DoS (1977), U.S. President (1988), de Blij and Muller (1999), DOALOS3, and Rosenberg.5 
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Table 5-2. The maritime boundaries of the U.S. and their seaward and jurisdictional extents. 
 
 

Maritime Boundary Seaward Extent Jurisdictional Extent 
State Waters 3 to 9 NM from U.S. baseline State or territory jurisdiction over 

(depending on state’s historical  the air, sea, and seabed  
 maritime boundary) 
Territorial Waters 12 NM from U.S. baseline Federal jurisdiction over the air, 

sea, and seabed  
Contiguous Zone 24 NM from U.S. baseline  Power to prevent and punish for 

infringement of fiscal, customs, 
immigration, and sanitary laws  

Exclusive Economic Zone 200 NM from U.S. baseline Sovereign rights over all natural  
(EEZ)  resources and jurisdiction to  
  protect the marine environment 
 
Source: DOALOS3 
 
 
The U.N. Law of the Sea Treaty, created in 1982 and entered into force in 1994, delimited the 
international maritime sovereignties of coastal nations as 12 NM for territorial seas, 18 to 24 NM for a 
contiguous zone, and 200 NM for an EEZ (54 FR 777). While the U.S. has not yet signed the Law of the 
Sea Treaty, it does recognize and abide by many of its rules. For instance, in 1988, U.S. Presidential 
Proclamation No. 5928 extended the seaward territorial limit of the U.S. to 12 NM from the baseline 
(Table 5-1). This expansion of federal territorial waters from 3 NM (or in some cases 9 NM) to 12 NM 
provided the U.S. with jurisdiction and supreme power over this area (Table 5-2). The seabed and its 
resources, the biota found in the water column, and the airspace above the territorial seas, as well as the 
use of surface waters, are all under the jurisdiction of the U.S. Although the territorial waters of the U.S. 
extend 12 NM seaward from its baseline, the part of the territorial sea closest to shore (3 to 9 NM) 
remains under the primary jurisdiction of each coastal state.  
 
U.S. control over the waters adjacent to its shores was further solidified in 1999 when President Clinton’s 
Presidential Proclamation No. 7219 extended U.S. federal jurisdiction by the additional 12 NM maximum 
allowed by international law. This 24 NM contiguous zone is measured from the U.S. baseline and, as its 
name implies, is an area contiguous or next to a nation’s territorial waters that provides an added area of 
limited jurisdiction. The U.S. makes no territorial claims within its contiguous zone, but it does, however, 
claim the right to exercise the control necessary to prevent infringement of its fiscal, customs, 
immigration, or sanitary laws/regulations and to punish infringement of these laws/regulations committed 
within the zone.3 The establishment of the U.S. contiguous zone additionally advances both the law 
enforcement and public health interests of the U.S. (Table 5-1). 
 
5.1.1 Maritime Boundaries in the Gulf of Alaska OPAREA 
 
The Gulf of Alaska OPAREA is predominately located the U.S. EEZ (Figure 5-2). The northern portion of 
the OPAREA briefly extends into domestic territorial waters and contiguous zone. One warning area, W-
612, is located across the northern extent of the OPAREA, terminating in waters just outside OPAREA 
boundaries. For more information on this location see Chapter 1. 
 
5.1.2 U.S. Maritime Boundary Effects on Federal Legislation and Executive Orders 
 
According to the presidential proclamations and treaties that established or extended the maritime 
boundaries of the U.S. (territorial waters, contiguous zone, and EEZ), existing federal or state laws or any 
associated jurisdiction, rights, legal interests, or obligations were not extended or altered in any way. The 
following federal legislation and EOs have associated maritime zones or boundary limitations. The 
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maritime boundary associations detailed in the legislation or orders relevant to the Gulf of Alaska 
OPAREA are listed below (see Section 1.3 for a full description of the legislation and their applications). 
The term ‘high seas’ generally refers to international waters outside the jurisdiction of any single nation. 
 
The MMPA protects, conserves, and manages marine mammals in waters under the jurisdiction of the 
U.S., which are defined by the MMPA as the U.S. territorial seas, EEZ, and the eastern special areas 
between the U.S. and Russia. The act further regulates “takes” of marine mammals on the global 
commons (i.e., the high seas or Antarctica) by vessels or persons under U.S. jurisdiction. 
 
The ESA regulates the protection, conservation, or management of endangered species in the U.S. 
territorial land and seas as well as on the high seas. 
 
The MSFCMA, also known as the SFA, claims sovereign rights over fish and fishery management in the 
U.S. EEZ, except for HMS. The U.S. cooperates with nations or international organizations involved in 
fisheries for the HMS in order to conserve and promote optimum yields of the species in their entire range 
in and beyond the U.S. EEZ. 
 
NEPA establishes a CEQ and a national policy that encourages productive harmony between humans 
and their environment. It also promotes efforts that will prevent or eliminate damage to the environment 
and biosphere and stimulate the health and welfare of man. Jurisdiction of this act includes the territorial 
lands and waters of the U.S. to the limit of the territorial seas. 
 
The MPRSA regulates the dumping of materials in the ocean. It is applicable to material transported by 
any U.S. person, vessel, aircraft, or agency from any location in the world and by any person outside the 
U.S. intending to dump materials in U.S. territorial seas and the contiguous zone. 
 
EO 12114 extends environmental impact evaluation requirements for U.S. federal agencies beyond the 
territorial seas and contiguous zone to include the environments of other nations and the global commons 
outside the jurisdiction of any nation. 
 
The MPPRCA prohibits pollution of the marine environment by any vessel with U.S. registry or under U.S. 
authority and all vessels in the U.S. territorial waters or EEZ. 

 
5.2 NAVIGABLE WATERWAYS AND COMMERCIAL SHIPPING LANES 
 
Navigable waterways of the U.S. are those waters that are presently used to transport interstate or 
foreign commerce. A determination of navigability, once made, applies laterally over the entire surface of 
the water body and is not extinguished by later actions or events that impede or destroy navigable 
capacity (33 CFR 329.4). There are more than 40,000 km (21,000 NM) of commercially navigable 
waterways under the U.S. transportation system.  
 
Commercial vessels enter and cross the Gulf of Alaska OPAREA on a routine basis. Throughout 
southcentral Alaska, commercial shipping routes are highly structured and controlled, even in open ocean 
areas. Commercial shipping in the Gulf of Alaska is dominated by cargo transports, container freight, 
crude oil tankers, and barges. Military vessels, ferries, and large and small commercial and recreational 
fishing vessels also converge in the Gulf of Alaska. Highly diversified commercial fishing vessels 
(trawlers, longliners, gillnetters, purse seiners, and crabbers) navigate the Gulf where extraordinary 
conditions can become compounded by the area’s seasonal darkness, numerous fishing closures, cold 
waters, and icing (NMFS-AKR 2005). Two primary shipping lanes radiate from the Gulf of Alaska to 
Honolulu, Hawaii and San Francisco, California (Figure 5-3). The Alaska Marine Highway System 
operates a ferry network throughout Alaska and consists of nearly 14,500 km of coastal ocean routes 
(DeVaughn n.d.). Ports and feeder communities serviced throughout southeast Alaska are located along 
Prince William Sound, the Gulf of Alaska, Lower Cook Inlet, and Kodiak Island. Important ports in the 
area include Kodiak, Alaska’s largest commercial fishing port, and Valdez, the southern terminus of the 
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1,300-km trans-Alaska pipeline that originates in Prudhoe Bay. Additionally, minor ports are located 
throughout the region: Anchorage, Cordova, Homer, Kodiak, Nikiski, Seward, Whittier, and Yakutat 
(Figure 5-3). Anchorage was ranked twenty-fourth and forty-ninth among U.S. ports in waterborne 
exports and foreign waterborne commerce, respectively, for calendar years 1997 through 2004.6  
 
Vessel traffic in the vicinity of the Gulf of Alaska OPAREA’s major ports is often governed by a system of 
Traffic Separation Schemes (33 CFR 167). A Traffic Separation Scheme is an internationally recognized 
routing designation created by the USCG that separates opposing flows of vessel traffic into lanes, 
including a zone between lanes where traffic is to be avoided. These schemes, which are delineated by a 
series of geographic (latitude/longitude) coordinates, allow for safe navigation into and out of major ports. 
Vessels are not required to use designated Traffic Separation Schemes, but failure to use one, if 
available, would be a major factor for determining liability in the event of a collision. A Traffic Separation 
Scheme adopted by the IMO in 1992 is located within the vicinity of the Gulf of Alaska OPAREA (Figure 
5-3). The scheme consists of four parts: Prince William Sound Traffic Separation Scheme, Valdez Arm 
Traffic Separation Scheme, and two precautionary areas that terminate south of Prince William Sound 
within the Gulf of Alaska (USCG 2002). North America suffered its largest marine spill in 1989 when an oil 
tanker failed to adhere to the internationally recognized ocean route. Shortly after leaving Port Valdez, the 
Exxon Valdez grounded along Bligh Reef; consequently, 11 million gallons of oil impacted over 2,400 km 
of Prince William Sound coastline, surrounding habitat, and species therein (Ott 1999). 
 
In addition to the USCG and established routing systems, the Shipping Safety Partnership was recently 
created in 2005 by state and federal officials with the specific purpose of addressing maritime safety 
issues and improving traffic safety within the waters of Alaska. The task force was formed in response to 
the cargo ship, Selendang Ayu, grounding on Unalaska Island in 2004. Vessel tracking and 
communication, rescue and emergency operations, and vessel construction standards are key issues the 
task force focuses on to prevent future maritime disasters and reduce potential risks associated with 
maritime transportation (Woolford 2005).  
 
5.3 FEDERAL MARINE MANAGED AREAS 
 
Marine Protected Areas (MPA), as defined in EO 13158, are "any area of the marine environment that 
has been reserved by federal, state, territorial, tribal, or local laws or regulations to provide lasting 
protection for part or all of the natural and cultural resources therein." Section 5 of EO 13158 stipulates, 
"…each Federal agency whose actions affect the natural or cultural resources that are protected by MPAs 
shall identify such actions. To the extent permitted by law and to the maximum extent practicable, each 
Federal agency, in taking such actions, shall avoid harm to the natural and cultural resources that are 
protected by an MPA." EO 13158 requires federal agencies to prepare annual reports describing the 
actions they have taken over the previous year to implement the order. EO 13158 proposes the 
development of a national system of MPAs and provides a formal but vague definition of a 'marine 
protected area.' As such, the National MPA center is developing an MPA classification system that 
provides definitions and qualifications for the various terms within the EO (NMPAC 2005).  
 
The new MPA definition is narrower and has stricter criteria. The new classification system is designed to 
objectively define MPAs by six fundamental characteristics: primary conservation goal, level of protection, 
permanence of protection, constancy of protection, scale of protection, and allowed extractive activities 
(NMPAC 2004). The intent of MPAs is to be an effective conservation tool for sustaining ocean 
ecosystems (NRC 1999; NRC 2000). 
 
Many areas of U.S. marine waters receive some level of managed protection. NOAA and the DoI are 
documenting all marine sites, and the National MPA Center is compiling a comprehensive inventory of all 
federal, state, tribal and local sites that meet certain criteria of either a MMA or an MPA. MMAs are similar 
to MPAs in that they have a conservation or management purpose, defined boundaries, and some legal 
authority to protect resources. However, MMAs encompass a wider range of management intents, which 
include areas of protection for geological, cultural, or recreational resources that might not be included 
under the definition provided in EO 13158 for MPAs. MMAs may also include areas that are managed for 
reasons other than conservation (e.g., security zones, shellfish closures, sewage discharge areas, and 
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pipeline and cable corridors). NOAA and DoI work with federal, state, and local agencies to conserve and 
protect the nation’s natural resources. The National Park Service (NPS) and USFWS are bureaus of DoI 
that address MPA concerns; NOAA MPA program offices include NOS, the National Estuarine Research 
Reserve System (NERRS), the NMS Program, and NMFS. 
 
To date, federal sites have been added to the national MMA Inventory with an initial subset of data being 
collected. Full data sets are at various stages of completion for some sites. The data are in the process of 
being reviewed and updated by each responsible agency, and a final Inventory is expected in 2006. 
Estimates predict that upon completion of the Inventory, approximately 1,500 to 2,000 sites will be 
included in the database (NMPAC 2005). Once the MMA Inventory is complete, the MPA Classification 
System will be applied and official MPA designations will be made. Only sites in the MPA list are subject 
to the ‘avoid harm’ stipulation stated in EO 13158. Seven sites are located within the Gulf of Alaska 
OPAREA and vicinity (Figure 5-4). 
 
5.3.1 National Marine Sanctuaries 
 
There are 14 sites in the NMS Program, creating a system that protects over 388,000 km2 of U.S. ocean 
waters and habitats. The program includes 13 designated NMS throughout the U.S., as well as the 
Northwestern Hawaiian Islands Coral Reef Ecosystem Reserve that has been proposed for sanctuary 
status (NOAA-NMS 2005). Each NMS has an established management plan that guides the activities and 
sanctuary programs, sets priorities, and contains relevant regulations. More information on NMS may be 
found at the NMS Program website.13 There are no NMS located within the boundaries of the Gulf of 
Alaska OPAREA.  
 
5.3.2 National Park System Sites 
 
The NPS administers all areas that are protected and managed under the U.S. National Park System. 
NPS and the DoI cooperate to protect the integrity of the nation’s natural heritage along 6,000 km of 
coastline and over 3 billion acres of the OCS. The NPS Organic Act of 1916 established the NPS with 
“the fundamental purpose to conserve the scenery and the natural and historic objects and the wildlife 
therein and to provide for the enjoyment for the same in such manner and by such means as will leave 
them unimpaired for the enjoyment of future generations" (DoI 2000). As a bureau of the DoI, NPS shares 
the department’s commitment to the environment while addressing concerns and interests of American 
Indians, Alaska Natives and affiliated Island Communities (DoI 2003).  
 
The National Park System is composed of 388 areas covering more than 340,000 km2 in 49 states, the 
District of Columbia, American Samoa, Guam, Puerto Rico, Saipan, and the USVI (DoI 2003). The 
system includes national parks, monuments, seashores, memorials, preserves, historical parks, historical 
sites, and recreational areas that are distinguished for their historic or prehistoric importance, scientific 
interest, or superior recreational assets (DoI 2003). One national park is located in the vicinity of the Gulf 
of Alaska OPAREA. 
 
5.3.2.1 National Parks 
 

• Katmai National Park and Preserve—The area was initially designated a National Monument in 
1918 to recognize the Valley of Ten Thousand Smokes that formed after the cataclysmic 
Novaropta volcano eruption in 1912.15 The explosion deposited over 200 m of pumice and ash 
that remained undiscovered for four years until an expedition prompted the areas designation as 
a natural wonder by NPS.15 By 1980, the sites’ boundaries had been extended several times to 
total over four million acres of land and marine environment. In response to the large additions of 
protected land, the site was re-designated a Natural Park and Preserve, much of which is 
deemed wilderness by NPS. 
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The site is located approximately 500 km southwest of Anchorage on the Alaskan Peninsula and 
encompasses all islands and coastal waters within 8 km of the Shelikof Strait shore.16 The 
Aleutian Range traverses the peninsula and represents one of the most active volcano regions in 
the world. Nearshore habitats span 772 km of coastline and include sandy beach, marsh, bays 
and estuaries, costal uplands, and rocky promontories.17 The nation’s largest brown bear and 
sockeye salmon populations coexist and exploit the resources of surrounding lakes and marine 
environments. 

 
5.3.2.2 National Seashores 
 
NPS protects and manages 10 national seashores in the U.S. There are no national seashores located 
within the boundaries of the Gulf of Alaska OPAREA. 
 
5.3.2.3 Ecological/Historical Preserves 
 
Ecological preserves are managed by the NPS. No ecological or historical preserves exist in the Gulf of 
Alaska OPAREA. 
 
5.3.3 Critical/Protected Habitats 
 
One of the many responsibilities of NMFS is to promote the recovery of federally protected marine 
species. To satisfy this responsibility, NMFS uses its authority to designate critical habitats and protected 
areas for threatened and endangered species. Critical habitat has been proposed for the North Pacific 
right whale in portions of the western Gulf of Alaska and in the southeastern Bering Sea (NMFS 2005b); 
however, neither of these areas are located in the Gulf of Alaska OPAREA.  
 
Established critical habitats and protected areas are located throughout the Gulf of Alaska to safeguard 
threatened Steller sea lion populations. Designated critical habitat includes a 37 km buffer around all 
major haulout sites and rookeries; all terrestrial, air, and aquatic zones within a 915 m radius; and three 
offshore foraging areas along eastern Alaska (NMFS 1997a). Additionally, protected areas throughout the 
Gulf of Alaska restrict groundfish harvest to minimize harmful impacts of fishing methodology and 
equipment to ocean bottom habitat (Witherell 2004). Fishing restrictions also reduce food resource 
competition by increasing Steller sea lion prey abundance (NMFS 1997a). A widespread Atka mackerel 
closure established in 2002 under MSFCMA extends from the coastline to the EEZ boundary (200 NM) 
throughout the Gulf of Alaska. Protected areas are also located around Steller sea lion haulout and 
rookery sites with coverage varying from 5.6 to 37 km. Access, harvest, and fishing restrictions are 
modified for all 79 sites. Restriction enforcement and fishery management are controlled by NOAA, 
NPFMC, and USCG.16 Further information regarding marine mammal critical habitat is available in 
Chapter 3.1 of this MRA. 
 
5.3.4 National Wildlife Refuges 
 
The USFWS, which oversees the National Wildlife Refuge System (NWRS), protects a significant amount 
of marine habitat within U.S. waters. The NWRS is comprised of 538 established NWR within 38 million 
ha of diverse ecosystems. Approximately 140 to 150 refuges contain marine and estuarine habitat. These 
MMAs provide important habitat for a number of threatened and endangered mammals, plants, birds, and 
reptiles. The NWRS also contains about 10,500 km2 of coral reefs and adjacent ocean habitat. Three 
NWR that contain a marine component are located throughout the Gulf of Alaska. Together with federal 
agencies and legislation, the operation and management of Alaska NWRs is also influenced by policy 
documents such as the Alaska National Interest Lands Conservation Act of 1980 (USFWS 2004a). 
 

• Alaska Maritime NWR—Established in 1869 and managed by the DoI, the refuge represents 
some of the nation’s initial attempts to conserve natural habitats and the species therein.16 The 
extensive site includes 1.8 million ha that span from southeast Alaska (Forrester Island), along 
the volcanic Aleutian archipelago, and terminate at the nation’s most southwestern point in the 
Pacific Ocean.18 Habitat features include islands, islets, rocks and rocky outcroppings, tundra, 
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and cliffs, with the majority of associated terrestrial component designated wilderness. The 
environment provides established refuge for over 40 million seabirds and a diverse array of 
marine mammals and flora.16,18  
 

• Becharof NWR—The biological focus of this 485,000 ha refuge is Becharof Lake, a 121,000 ha 
glacial lake that serves as a nursery to the world’s second largest run of sockeye salmon and 
attracts a comparatively large brown bear population (USFWS 2004a). Located on the Alaskan 
peninsula, volcanic mountains plummet to the Shelikof Strait and associated coastal lowlands 
and rocky outcroppings or to inshore wetlands. The purpose of the site is to protect terrestrial and 
marine wildlife and habitats in their natural arrangement in and around Becharof Lake (USFWS 
2004a). 

 
• Kenai NWR—Although originally deemed a protected area in 1941 to mange Alaska/Yukon 

moose populations, the area was re-designated a Wildlife Refuge in 1980 to provide added 
protection to the abundance of fauna and flora within refuge boundaries (USFWS 1995). Located 
at the base of the Alaskan peninsula, the refuge encompasses roughly 800,000 ha of land, ice, 
and coastal waterways that protect numerous fish species, terrestrial mammals, and migratory 
waterfowl and shorebirds (USFWS 1995). 

 
5.3.5 National Estuarine Research Reserves 
 
NERRS is a partnership between NOAA and the coastal states. The system is a network of 26 reserves, 
consisting of relatively pristine estuarine areas that contain key habitat and are protected from significant 
ecological change or developmental impacts.19 The reserves also provide reference sites for research, 
monitoring, and educational programs that focus on functional estuarine ecosystems. National Estuarine 
Research Reserves (NERR) includes a variety of rare, endangered, and threatened species. The DoD is 
not exempt from any NERR regulations (15 CFR 921). 
 

• Kachemak Bay NERR—Located along the southwestern coast of Kenai Peninsula, the 4,000 km2 
site features tidal mud flats, subtidal habitat, glaciers, and upland forest. The purpose of the site 
is to provide long-term research and conservation opportunities while maintaining economy and 
lifestyle in one of the most productive and intensely used estuaries in Alaska (ADFG 1993).  

 
5.4 STATE MARINE MANAGED AREAS 
 
NOAA and the DoI are working with state agencies to collect data on sites included in the national MMA 
Inventory. A State Advisory Group was established with regional representatives to guide the 
development of the state data collection process. As of July 2005, states have identified over 1,400 
MMAs within 35 coastal states, commonwealths, and territories, although various levels of data analysis 
and GIS compilation exist throughout the nation (NOAA 2005). In comparison to federal-level MMAs, 
state-level sites are generally more diverse and complex in regards to programs and policies. This 
complexity requires an organized and detailed network of sites and authorities to allow for coordination 
among all levels of government involvement (Davis et al. 2004). Although, there are no state-level MMAs 
in the MMA Inventory for the state of Alaska, 19 state marine parks recognized by Alaska DNR are 
located within the vicinity of the Gulf of Alaska OPAREA. 
 
5.4.1 Alaska State Marine Parks 
 
The Alaska DNR manages the state’s marine parks to “maintain natural, cultural, and scenic values; 
maintain fish and wildlife resources and lawful existing uses of marine and coastal resources; and to 
promote recreation and tourism in the state (AS 41.21.300(a)).”20 DNR’s division of Parks and Outdoor 
Recreation develop management plans that define each area’s specific purpose and outline operation 
and management objectives.20 Nineteen remote state marine parks are located north of the Gulf of Alaska 
OPAREA along the coasts of Prince William Sound and Resurrection Bay.21 
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6.0 RECOMMENDATIONS 
 
The Gulf of Alaska is one of the world’s most productive ecosystems. It provides suitable habitat for a 
wide variety of marine mammal, bird, and fish species and also serves as potential summer habitat for 
sea turtles (notably the leatherback). The surrounding area is also home to more than half of Alaska’s 
human population. As a result, the Gulf of Alaska is one of the most heavily utilized and studied 
ecosystems in the North Pacific Ocean.  
 
One of the most comprehensive environmental research programs currently being conducted in the North 
Pacific Ocean is the Gulf of Alaska Ecosystem Monitoring and Research (GEM) program. Adopted by the 
Exxon Valdez Oil Spill Trustee Council in 1999, the GEM program is a long-term commitment to gathering 
information on the physical and biological components that comprise this world-renowned marine 
ecosystem. The GEM program is dedicated to building continuous monitoring projects that are relevant to 
the status and future of natural resources of interest to humans, in partnership with coastal communities, 
government agencies, and non-governmental organizations. Not only does the GEM program provide 
opportunities for public involvement and interagency collaboration, it also provides a wealth of accessible 
and informative data on the Gulf of Alaska ecosystem (Mundy 2005). 
 
Other long-term investigative projects in the Gulf of Alaska include the Gulf Apex Predator-Prey Project 
(GAP), the Outer Continental Shelf Environmental Assessment Program (OCSEAP), and the Global 
Ocean Ecosystems Dynamics (GLOBEC) Gulf of Alaska Monitoring Program. As a result of these 
investigations, scientists know a great deal about the Gulf of Alaska ecosystem, from its coastal 
watersheds and nearshore environments to waters of the Alaska Coastal Current system and further 
offshore (i.e., beyond the shelf break). However, despite the resulting wealth of information and data that 
are available for the OPAREA, several data gaps became evident during the preparation of this MRA. 
 
The following recommendations, conceived by the MRA authors, are designed to improve our 
understanding of the marine resources in the Gulf of Alaska, especially those resources that may be 
potentially affected by Navy operations. Each recommendation is assigned a priority value of 1, 2, or 3; 1 
is the highest priority while 3 is the lowest. The priority designations are relative to each other and in no 
way refer to a recommendation’s overall value. The relative cost of each recommendation is labeled as 
low, moderate, or high. Low-cost recommendations may be completed at a cost of several hundred to a 
few thousand dollars. Moderate-cost projects could range from thousands to tens of thousands of dollars, 
while high-cost research initiatives range from tens of thousands to over one hundred thousand dollars. 
The recommendations below are grouped into those related to the production and evaluation of the MRA 
and those needed to adequately complete environmental documentation for the MRA. 
 
6.1 MARINE RESOURCES ASSESSMENTS 
 

 Revise the Gulf of Alaska OPAREA MRA once every five years. The MRA would need a full revision 
of the text, data, GIS maps, and other informational components so that newly available data sets 
and published literature can be incorporated. The Navy needs the best (i.e., most recent, most 
complete, and most accurate) available information to evaluate future actions and consider 
adjustments to training exercises or operations in order to mitigate any potential impacts to protected 
marine resources. Periodic updates would be of moderate cost relative to the initial MRA. Cost: High. 
Priority: 1. 

 
 Subject the Gulf of Alaska OPAREA MRA to peer review. Peer-review by regulatory agencies (e.g., 

NMFS and USFWS), the general scientific community, and potential government users (e.g., MMS 
and USCG) would increase the effectiveness of this MRA. Biologists from universities and 
government agencies (such as those listed in Table 6-1) could evaluate the collection, synthesis, and 
interpretation of data, including data completeness, and provide suggestions for improvements to the 
MRA. Cost: Low. Priority: 1. 
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Table 6-1. Suggested expert reviewers for the Gulf of Alaska OPAREA MRA. 
 
 

Name Affiliation Expertise Address Email 

Bruce Wing, Ph.D.  NMFS-AFSC, Auke 
Bay Laboratory  

Sea turtles, 
deep sea 
corals  

NMFS-AFSC 
Auke Bay Laboratory 
11305 Glacier Hwy. 
Juneau, AK  99801-8626 

bruce.wing@noaa.gov 

David Irons USFWS Birds 
USFWS - Region 7 
1011 East Tudor Road 
Anchorage, AK  99503 

david_irons@fws.gov 

David Witherell  NPFMC  Fish and 
fisheries 

North Pacific Fishery Management 
Council 
605 West 4th Avenue, Suite 306 
Anchorage, AK  99501-2252 

david.witherell@noaa.gov 

Donald McAlpine, Ph.D.  New Brunswick 
Museum  Sea turtles  

New Brunswick Museum 
277 Douglas Ave.  
St. John, New Brunswick E2K 1E5 

dmcalpin@nb.aibn.com 

Jay Barlow, Ph.D. NMFS-SWFSC Cetaceans 
NMFS-SWFSC 
8604 La Jolla Shores Dr  
La Jolla, CA 92037 

jay.barlow@noaa.gov 

Jen Burnaford, Ph.D. University of Puget 
Sound Habitats 

University of Puget Sound 
Department of Biology 
1500 N. Warner St. 
Tacoma, WA   98416 

jburnaford@ups.edu 

Jonathan Heifetz, Ph.D. NMFS-AFSC, Auke 
Bay Laboratory  

Benthic 
habitats 

NMFS-AFSC 
Auke Bay Laboratory 
11305 Glacier Hwy. 
Juneau, AK  99801-8626 

jon.heifetz@noaa.gov 

Joseph Uravitch  National MPA 
Center  

Marine 
managed 
areas  

National MPA Center 
NOS, NOAA 
1305 East-West Hwy., SSMC4 
Silver Spring, MD  20910-3281 

joseph.uravitch@noaa.gov 

Kate Wynne, Ph.D. University of 
Alaska, Fairbanks 

Marine 
mammals 

University of Alaska, Fairbanks  
118 Trident Way  
Kodiak, AK  99615 

kate.wynne@uaf.edu 

Kent Wohl USFWS Birds 

USFWS  
Migratory Bird Office, 
1011 E. Tudor Rd. 
Anchorage, AK  99503-6199 

kent_wohl@fws.gov 

Lyman Thorsteinson 
USGS-Western  
Fisheries Research 
Center  

Fish and 
fisheries  

U.S. Geological Survey 
Western Fisheries Research Center
6505 NE 65th St. 
Seattle, WA  98115 

lyman_thorsteinson@usgs.gov 
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Table 6-1. Continued. 
 
 

Name Affiliation Expertise Address Email 

Paul Wade, Ph.D. NMFS-NMML Cetaceans  
NMML / NOAA Fisheries  
7600 Sand Point Way NE  
Seattle, WA 98115 

paul.wade@noaa.gov  

Peter Dutton, Ph.D. NMFS-SWFSC Sea turtles  
NMFS-SWFSC 
8604 La Jolla Shores 
La Jolla, CA 92037 

peter.dutton@noaa.gov 

Peter Etnoyer  MCBI and 
Aquanautix  

Deep sea 
corals 

Aquanautix Consulting 
3777 Griffith View Dr. 
Los Angeles, CA  90039 

peter@aquanautix.com 

Phillip Clapham, Ph.D. NMFS-NMML Large 
cetaceans 

AFSC-NMFS-NMML 
Bldg 4 
7600 Sand Point Way NE 
Seattle, WA  98115 

phillip.clapham@noaa.gov  

Richard Lanctot, Ph.D. USFWS Black 
oystercatcher

USFWS 
Migratory Bird Management 
1011 East Tudor Road, MS 201 
Anchorage, AK  99503 

richard_lanctot@fws.gov 

Rob Suryan, Ph.D. Oregon State 
University Albatross 

Hatfield Marine Science Center, 
2030 SE Marine Science Dr. 
Newport, Oregon  97365 

rob.suryan@oregonstate.edu 

Robert DeLong, Ph.D. NMFS-NMML Pinnipeds  

AFSC-NMFS-NMML 
Bldg 4  
7600 Sand Point Way NE  
Seattle, WA 98115 

robert.delong@noaa.gov  

Sally Mizroch, Ph.D. NMFS-NMML Large 
cetaceans  

NMFS-NMML 
7600 Sand Point Way NE  
Seattle, WA  98115 

sally.mizroch@noaa.gov 

Verena Gill USFWS-
Anchorage Birds 

USFWS 
MS 341 
1011 E. Tudor Rd. 
Anchorage, AK 99503-6199 

verena_gill@fws.gov 

 
 

Obtain protected species data sets for the Gulf of Alaska OPAREA that may not have been available 
for inclusion in this assessment. While all available comprehensive data have been included (Table 
A-1) acquiring the following data sets may ensure more complete data coverage: 

 
• NMFS ship strike database (contact: Greg Silber, Ph.D., NMFS-Silver Spring)  
• Updated North Pacific right whale database (contact: Paul Wade, Ph.D., NMFS-NMML)  
• Structure of Populations, Levels of Abundance and Status of Humpbacks (SPLASH) marine 

mammal sighting data for 2005 (contact: Paul Wade, Ph.D., NMFS-NMML)  



SEPTEMBER 2006 FINAL REPORT 

6-4 

• Distribution and Abundance of Residents and Transients (DART) killer whale survey data for 
2001 through 2003 (contact: Paul Wade, Ph.D., NMFS-NMML)  

• Platforms of Opportunity (POP) data prior to 1994 (contact: Robyn Angliss, Ph.D., NMFS-NMML) 
 

 Acquisition and analysis of existing data is less expensive than physically collecting new marine 
mammal and sea turtle survey data. The potential contribution of these data sets to our 
understanding of the distribution of these protected species is high. Cost: Moderate. Priority: 1. 

 
6.2 ENVIRONMENTAL DOCUMENTATION 
 

 Support a survey of the southern and offshore regions of the OPAREA to obtain accurate, high-
resolution bathymetry data. Currently, high-resolution bathymetry is available only for the northern 
extent of the OPAREA. High-resolution bathymetry that spans the OPAREA will better allow for an 
accurate assessment of shelf bathymetry. Cost: High. Priority: 2. 

 
 Encourage the placement of instruments on Navy and Coast Guard vessels, ferries, tankers, and 

cruise ships that traverse the Gulf of Alaska to help scientists obtain oceanographic data such as 
water temperature, salinity, and ocean nutrients. Collection of these data over the long term will allow 
for a better understanding of how offshore changes might affect productivity throughout the Gulf of 
Alaska ecosystem. Cost: High. Priority: 3. 

 
 Support the funding to enhance monitoring of harmful algal blooms in the region. Increased toxicity in 

contaminated shellfish can cause serious injury or death. Currently, the majority of bloom-induced 
illnesses go unreported. A higher resolution monitoring system is necessary in the region to prevent 
bloom-induced poisoning in the Gulf of Alaska waters. Cost: Low to Moderate. Priority: 2. 

 
 Living substrates (e.g., corals, sponges, sea anemones, sea whips, sea pens, ascidians, and 

bryozoans) have been identified as important marine habitats and are susceptible to impacts from 
fishing activities. Currently, the NMFS is conducting fish surveys to determine the distribution and 
diversity of fishes associated with these deepwater living substrates. In order to facilitate best 
management practices, it is recommended to fund a survey effort to support these surveys and/or 
fund additional surveys that focus on the distribution and condition of deepwater living substrates on 
the continental shelf, slope, and seamounts of the Gulf of Alaska. Collection of data and development 
of benthic habitat maps will provide researchers with essential knowledge regarding the various living 
substrates of the region and will also assist the Navy to better identify habitats capable of supporting 
rare and endangered species. Cost: High. Priority: 1. 

 
 Fund dedicated marine mammal and sea turtle aerial and/or shipboard surveys in portions of the Gulf 

of Alaska OPAREA designated as areas of “no systematic survey effort” (Figures 6-1 and 6-2). While 
it is essential that the NMFS-NMML and other agencies continue surveying in previously studied 
areas to account for seasonal and inter-annual variations in the distribution and abundance of 
protected species stocks, it is also critical to gather data for areas where survey effort has not taken 
place (or has occurred at lower levels). By focusing attention on these areas, a more complete picture 
of marine mammal and sea turtle distribution may emerge. Given the high-profile status of these 
protected species, it would be beneficial to learn as much as possible about them, especially their 
distribution. Sea bird observations could also be included in these protected species surveys. 
Additionally, further funding by the Navy will provide the NMFS-NMML the means to provide greater 
focus on data collection and thereby greatly improve the ability to estimate species densities within 
the region. These surveys should include: 

 
• Summer aerial or shipboard surveys in regions of the OPAREA where there is a lack of 

systematic survey effort; specifically, all waters outside of the southwest corner (Figure 6-1). Due 
to the distance of these areas from shore, shipboard surveys would be the most feasible survey 
method. In the Gulf of Alaska, sighting conditions are most optimal and protected species are 
most abundant during this time of year, so expansion of survey efforts during these months 
should be a high priority. Cost: High. Priority: 1. 
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Winter aerial or shipboard surveys throughout the entire OPAREA (Figure 6-2). Shipboard surveys would 
be necessary for much of the OPAREA due to its distance from shore, although rough waters during this 
time of year could make sightings conditions extremely poor. As a result, surveys during winter months 
are a lower priority. Cost: High. Priority: 2. 
 

 Support onboard specialists to collect marine mammal and sea turtle sighting data during dedicated 
oceanographic or fisheries surveys within the OPAREA. This can be done at a relatively low cost 
(primarily the salaries of the observers) since the monitoring would occur simultaneously with ongoing 
cruises. An interagency agreement may facilitate this effort. The cruise tracks of existing surveys are 
usually predetermined to address concerns of the group conducting the survey and may not 
necessarily address those areas of particular concern to the Navy. Nevertheless, existing research 
cruises are valuable opportunities to collect a suite of data of interest to the Navy (the alternative, 
dedicated cruises, offer the benefit of controlling survey design and focus, but are very expensive). 
Cost: Low. Priority: 1. 

 
 Fund a compilation and interpretation of large whale movements in the North Pacific Ocean much like 

Clapham et al. (2004) did by analyzing monthly occurrence records for the North Pacific right whale. 
The fin and blue whale would be relatively easy subjects. Cost: Low. Priority: 1. 

 
 Fund killer whale tagging efforts in Prince William Sound and the Kenai Fjords being conducted by 

Dr. Craig Matkin (North Gulf Oceanic Society). Preliminary tagging work indicates that resident killer 
whales are making their way into the OPAREA; the duration of time spent in the area is unknown and 
is important for understanding potential impacts of Navy activities to this species. Cost: Moderate. 
Priority: 2. 

 
 Continue to support passive acoustic surveys (e.g., autonomous hydrophone) for marine mammals 

within the OPAREA to provide additional data on the occurrence of large whale species. Acoustic 
surveys have been conducted in conjunction with some sighting surveys and are particularly useful 
for vocal, deep-diving species such as sperm whales, which spend less time at the surface and are 
often missed during visual sighting surveys. Acoustic equipment and ship costs make this program 
potentially expensive. However, information can be collected irrespective of weather conditions, 
providing important seasonal occurrence information. Cost: Moderate to High. Priority: 1. 

 
 Support an effort to update the Stinson (1984) report on the biology and distribution of sea turtles in 

the eastern North Pacific Ocean. A vast amount of information on sea turtles in this region has been 
collected over the past 20 years. It is suggested that this information be synthesized and presented in 
a single document, rather than scattered among journal articles, recovery plans, sighting/stranding 
databases, and gray literature. Cost: Low to Moderate. Priority: 2. 

 
 Encourage the creation of a public sightings network for marine mammals and sea turtles in Alaskan 

waters. In western Canada, the British Columbia Cetacean and Sea Turtle Sightings Networks have 
helped researchers learn more about when these species are in Canadian waters, how many are 
there, and where they are going. A public sightings program in Alaska could have similar success, 
especially if it involved the state’s commercial, recreational, and subsistence fishermen as well as 
other mariners who don’t have NMFS observers onboard. Cost: Low to Moderate. Priority: 1. 

 
 Support the utilization of satellite-tracking technology to monitor the movements of species of special 

interest. Several species of endangered cetaceans and sea turtles are known or have the potential to 
occur in the Gulf of Alaska OPAREA, yet comparatively little is known about their movements. 
Knowledge of their potential movements would greatly aid our understanding of their behavior and 
ecology. Given the endangered status of certain whales, sea turtles, and other protected species, 
such studies are tremendously important. Satellite-tracking programs are expensive, precluding the 
study of more than a few individuals. While insights on an individual’s behaviors or movements may 
be gained, questions at the population level may go unanswered. Cost: Moderate. Priority: 2. 
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 Support the marine mammal and sea turtle stranding networks, particularly with analyses of their 
collected data. For the sea turtles, strandings represent a large percentage of known occurrences in 
the Gulf of Alaska. Stranding network data could be utilized to determine the species diversity in the 
area, collect life history information on diet and reproduction, assist with stock determination, and 
assess impacts of human activities. Photographs of individual whales can supplement aerial surveys 
in the determination of movement patterns and stock structure for those species with photo-
identification catalogs. Cost: Low. Priority: 2. 

 
 Provide funding to continue the integration of various seabird datasets into the NPPSD. The NPPSD 

is an ongoing project that will serve as a repository and server for future pelagic bird survey data from 
the North Pacific Ocean. Cost: Moderate. Priority: 2. 

 
 Support the funding of studies to determine hearing capabilities of Pacific salmonids. As noted by 

Hastings and Popper (2005), such data would be of particular value if it were for animals of different 
lifestages and sizes since it is possible that hearing capabilities change with age and/or size of the 
fish. Cost: Moderate. Priority: 2. 

 
 Update EFH identifications/descriptions/maps and HAPCs as revised, redesignated, or additional 

amendments and/or plans become available from the NPFMC and NMFS (e.g., Aleutian Islands 
Fishery Ecosystem Plan). Cost: Low. Priority: 1.  

 
 Support the NPFMC in their continuing efforts to develop an interactive database of EFH data and 

information for the Gulf of Alaska. This database currently provides user-friendly access to all EFH 
data and maps for the region. Cost: Low to Moderate. Priority: 1.  

 
 Update the map and information relevant to MMAs (Figure 5-4). When this MRA report was 

prepared, the criteria for MPA designation were in development by the National MPA Center, with 
2005 as the estimated time of completion. Both state and federal site information and GIS data are 
currently being analyzed and incorporated into the MMA Inventory. Federal, state, territory, local, and 
tribal management authorities and programs influence the designation, development, and 
implementation of MPA sites into the MMA Inventory. Cost: Low. Priority: 1.  
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9.0 GLOSSARY 
 
Abiotic—nonliving 
 
Abundant—an indication of the plentifulness of a species at a particular place and time; an abundant 
species is more plentiful than an occasional or rare species 
 
Abyssal plain—flat, sediment-covered part of the ocean floor between the continental rise and the mid-
ocean ridge at a depth greater than 4,000 to 5,000 m 
 
Abyssal zone—flat, sediment-covered part of the ocean floor between the continental rise and the mid-ocean 
ridge at a depth between 4,000 and 7,000 m 
 
Adult—developmental stage characterized by sexual or physical (full size and strength) maturity 
 
Advection—differential motion within a fluid; changes in properties (e.g., temperature, salinity) that take place in 
the presence of horizontal or vertical flows of seawater (i.e., currents) represent advective changes 
 
Aerobic—life or biological processes that can occur only in the presence of oxygen 
 
Aggregation—group of animals that forms when individuals are attracted to an environmental resource 
to which each responds independently; the term does not imply any social organization 
 
Aggression—a set of social interactions ranging from threats to open fights, reflecting a conflict of 
interest over limited resources and having the potential to cause injuries and sometimes death to 
participants. Generally refers to conflict involving members of the same species by may refer to any 
interaction of this kind 
 
Agonistic behavior—see aggression 
 
Alaska Gyre System—dominant circulation feature in the Gulf of Alaska formed by the counterclockwise flow 
of the Subarctic Current and its continuation as the Alaska Current 
 
Alaska Stream—steady, swift current that flows westward approximately 150 km from the coast and reaches to 
the ocean floor 
 
Algae—a number of primarily aquatic, photosynthetic groups (taxa) of plants and plant-liked protists ranging in 
size from single cells to large, multicellular forms (i.e., giant kelp) that have no seeds, roots, stems, flowers or 
leaf systems  
 
Alpha male—the dominant male 
 
Amphipod—an order of laterally compressed (shrimp-like) crustaceans with thoracic gills, no carapace, 
and similar body segments. An important component of zooplankton and benthic invertebrate 
communities 
 
Anadromous species—referring to the life cycle of fishes, such as salmon, in which adults travel upriver 
from the sea to breed, usually returning to the area where they were born 
 
Anaerobic—life or biological processes that occur in the absence of oxygen 
 
Anchovies—a small herring-like schooling saltwater plankton-feeding marine fish of the family Engraulidae  
 
Annelid worms—invertebrate animals of the phylum Annelida in which the body is typically made up of a 
series of rings or segments covered by a soft cuticle and lacking jointed appendages (e.g., marine worms) 
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Anomaly—something irregular or abnormal 
 
Anthropogenic—describing a phenomenon or condition created, directly or indirectly, as a result of 
human activity  
 
Appendicularia—free-swimming tadpole-shaped tunicate resembling larvae of other tunicates 
 
Area of primary occurrence—for the MRA, it is the areas and habitats where the marine mammal or sea turtle 
species is primarily found 
 
Area of rare occurrence—for the MRA, it is the areas and habitats where the marine mammal or sea 
turtle species is not expected to be found regularly 
 
Area of secondary occurrence—for the MRA, it is the areas and habitats where the marine mammal or sea 
turtle species may be found, especially during “anomalous” environmental conditions 
 
Arribada—a large aggregation of female sea turtles exiting the ocean together to nest at the same time 
and the same place 
 
Arrow worms—known as Chaetognaths, these torpedo-shaped, 2 to 120 mm long, chordata are found in 
marine plankton 
 
Artificial habitat—a human-made, estuarine/marine habitat (sunken ships, artificial reefs: rubble, concrete 
igloos, FADs) created in navigable waters of the U.S. or in waters overlying the continental shelf to attract 
aquatic life 
 
Artificial reef—a human-made, marine habitat (sunken ships, concrete igloos, rubble) created in the 
navigable waters of the U.S. or in waters overlying the continental shelf to attract aquatic life 
 
Assemblage—the populations of various species from a larger taxon characteristically associated with a 
particular environment that can be used as an indicator of the environment 
 
Audiogram—a hearing sensitivity curve drawn as a function of frequency and sound pressure level; 
describes the hearing ability of an animal 
 
Auditory-evoked potential study—an electrophysiological far-field recording of the auditory nerve and 
its associated accessory auditory nuclei in response to a sound stimuli 
 
Baleen—the interleaved, hard, fibrous plates made of keratin (protein in fingernails and hair) that hang 
side by side in rows from the roof of the mouth of mysticete whales; baleen takes the place of teeth and 
serves to filter the whale’s food from the water 
 
Bank—an elevation of the sea floor located on a continental (or island) shelf and over which the depth of 
water is relatively shallow (20 to 200 m) but sufficient for surface navigation 
 
Barnacles—a collective name for various marine crustaceans of the subclass Cirripedia; the adults form 
a hard outer shell and attach to underwater surfaces such as rocks and ships, as well as to certain 
whales 
 
Baseline—the line from which maritime boundaries (EEZ, contiguous zone, territorial waters) are 
measured; in the U.S., the baseline is the low tide line except at the mouths of inland water bodies (bays) 
where a closing line (straight line) is drawn 
 
Basking—an activity performed by pinnipeds and sea turtles while on land in which they expose 
themselves to pleasant warmth 
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Batch spawner—species that spawns repeatedly, releasing batches of eggs and sperm into the sea for 
external fertilization and development  
 
Bathyal—of or relating to the region of the ocean bottom between the sublittoral and abyssal zones, from 
depths of 200 to 4,000 m (660 to 13,000 ft) 
 
Bathybenthal—intermediate and lower continental slope usually at depths of 50 to 2,500 m in the Northeast 
Pacific Ocean 
 
Bathylagids—see deep-sea smelts 
 
Bathymetry—the topography of the ocean floor; study and mapping of the ocean depths 
 
Bay—a body of water partly enclosed by land but with a wide outlet to the sea 
 
Beaked whales—members of the Family Ziphiidae, includes the genus Ziphius, Mesoplodon, 
Indopacetus, and Berardius 
 
Behavioral audiogram—a graphic representation of an animal’s auditory threshold that is determined by 
tests with trained animals; measures the hearing ability of an animal 
 
Benthic—organisms living on or near the ocean floor; the term is used irrespective of whether the sea is 
shallow or deep 
 
Benthopelagic—the ecological zone from the seabed to 100 m above the seabed 
 
Benthophagous—organism that feeds on benthos 
 
Benthos—organisms that live in, on, or are attached to the ocean bottom substrate 
 
Bight—an inward bend or bow in the coastline  
 
Biomass—the amount of living matter per unit of water surface or water volume 
 
Biotic—pertaining to life or living organisms  
 
Bivalve—group of marine or freshwater bilaterally symmetrical mollusks that consist of a soft body protected by 
two hinging calcareous shells (e.g., clams, oysters, scallops, mussels); are mostly sedentary filter feeders 
 
Blackfish—a colloquial term adopted from American whalers and sometimes applied to pilot whales and 
other superficially similar species, including false killer, pygmy killer, and melon-headed whales 
 
Bloom—the usually seasonally dense growth of algae or phytoplankton that is triggered by an increase in 
the nutrient concentration or increased availability of light 
 
Blowhole—the nostrils or nasal openings on top of the head of a cetacean 
 
Blubber—a specialized layer of fat found between the skin and underlying muscle of many marine 
mammals; it is used primarily for insulation and energy storage 
 
Bottlenose dolphin—the former common name for Tursiops truncatus, now called the common 
bottlenose dolphin  
 
Brachyuran crabs—a group of crustaceans including the true crab characterized by a short abdomen 
concealed under the cephalothorax  
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Brackish—having a salinity between that of fresh and sea water 
 
Bristlemouths—known as lightfishes or anglemouths, are a group of deep-sea, luminous fishes with red or 
green light organs (photophores) arranged in a neat row along their belly and on the bottom of their head 
 
Brittlestar—starfishlike echinoderm belonging to class Ophiuroidea that has 5 to 8 elongate, slender, cylindrical 
arms distinctly radiating from a flat central disc  
 
Broadcast spawner—a fish or invertebrate which release their gametes into the water, where fertilization 
occurs; without parental care 
 
Brown algae—division of algae (Phaeophycophyta) consisting of large macroscopic forms occurring 
widespread in marine habitats attached either to rocks, stones, or coarser algae (kelp); commonly found 
in relatively shallow water in the intertidal and subtidal zones along the coast, in estuaries, and muddy 
bottoms of slat marshes 
 
Bryozoans⎯phylum of small, aquatic colonial animals that are commonly called moss animals; each 
zooid or animal in the colony has a crown of ciliated tentacles 
 
Bubble netting—a coordinated feeding technique of humpback whales, in which they use bubbles to 
corral and trap small fish or invertebrates 
 
Bull—a male seal or whale, especially an adult male 
 
Buoy—a bright-colored float attached by rope to the seabed to mark channels in a harbor or underwater 
hazards 
 
Bycatch—marine species caught along with targeted species in a fishery, but which are not sold or kept for 
personal use, and includes economic and regulatory discards 
 
Byssal threads—long, strong, adhesive threads secreted by byssus glands found on foot of some bivalve 
mollusks 
 
Calanoid copepod—a crustacean zooplankton that has a barrel-shaped body, found in all oceans of the world, 
and is an important food source for many fishes 
 
Calcareous—composed of calcium or calcium carbonate  
 
Calf—a young animal dependent on its mother 
 
California Current—ocean current that flows southward along the west coast of the U.S. to the northern part of 
Baja California; formed by parts of the North Pacific Current and the Subarctic Current  
 
Callosity—a patch of thickened, keratinized tissue on the head of a right whale, inhabited by large 
numbers of whale lice 
 
Calving interval—the period of time from one birth to the next, generally applicable to cetaceans 
 
Calving—the process of giving birth by a whale, dolphin, porpoise, or manatee 
 
Candidate species—a species that is the subject of either a petition to list or status review, and for which 
the NMFS or USFWS has determined that listing may be or is warranted  
 
Canopy—a fairly continuous layer in forests produced by the intermingling of branches of trees 
 
Caprellid—species of amphipods commonly known as skeleton shrimp  
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Carangids—burrowing shrimp 
 
Carapace—the outer covering of the back of a sea turtle, which is bony for all sea turtle species with the 
exception of the leatherback, which has a leathery covering 
 
Carbonate⎯type of rock or sediment formed of carbonate (CO3

-2) and another element such as calcium 
or magnesium; limestone and dolomite are common carbonate rocks 
 
Caridean shrimp—a caridoid decapod crustacean with phyllobranchiate gills, second abdominal pleura 
forming a caridean saddle, and usually two pairs of chelae but never three 
 
Carnivora—an order of living and extinct mammals that includes such species as pinnipeds and otters 
 
Carnivore—an animal that feeds exclusively on another animal’s tissue 
 
Carrying capacity—the maximum population of a particular species a particular region can support 
without hindering future generations' ability to maintain the same population. The carrying capacity of an 
environment will vary for different species in different habitats, and can change over time due to a 
species’ impact on its environment, as well as other environmental factors 
 
Cartilaginous—composed of cartilage 
 
Catch-per-unit-effort (CPUE)—measure of a species relative abundance 
 
Category 1 fishery—exploited species that can not be place on any of the subsequent categories, 
because of lack of data 
 
Cephalopods—any marine mollusk of the class Cephalopoda, with the mouth and head surrounded by 
tentacles (squid, octopus, cuttlefish) 
 
Cetaceans—whales, dolphins, and porpoises 
 
Chaetognaths—known as arrowworms that are active elongated, transparent predators in marine plankton  
 
Charter fishing—fishing from a vessel carrying a passenger for hire (as defined in Section 2101(21a) of Title 
45, U.S. Code) who is engaged in recreational fishing  
 
Cheloniidae—the family of hard-shelled sea turtles that includes the green turtle, loggerhead turtle, 
hawksbill turtle, Kemp's ridley turtle, olive ridley turtle, and flatback turtle  
 
Chevron—a V-shaped stripe 
 
Chitons—marine mollusks of the order Polyplacophora that consist of long oval bodies covered by calcareous 
plates which are partially or totally covered by thick, bristly girdle; lives on rocks 
 
Chlorophyte—green algae 
 
Circumglobal—ranging all the way around the world 
 
Circumpolar—ranging all the way around high northern or southern latitudes 
 
Cladocerns—order of microscopic crustaceans with trunk limbs enclosed in a carapace used for feeding and 
antennae used for swimming; called water fleas  
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Clan—one or more killer whale pods that share a related dialect; pods within a clan have probably 
descended from a common ancestral group and therefore are probably more closely related to each other 
than to pods from other clans 
 
Click—a broad-frequency sound used by toothed whales for echolocation and which may serve a 
communicative function; usually with peak energy between 10 kHz and 200 kHz 
 
Clutch—a total number of eggs from one nesting 
 
Cnidarians⎯the phylum of animals that includes corals, sea fans, sea anemones, hydroids, and jellyfish; 
known for the stinging cells on their tentacles; these animals exhibit two body types, polyps (may be 
attached or planktonic) or medusa, sometimes at different periods of one species development 
 
Coastal water—water that is along, near, or relating to a coast  
 
Coast—the boundary where land and water meet 
 
Cochlea—a spiral bony structure in the inner ear that looks like a snail shell and contains over 10,000 
tiny hair cells, which are the receptor organs essential for hearing and that bend in response to sound 
waves, the bending of the hair cells in stimulates nerve cells to send messages to the brain, which the 
brain interprets as sound 
 
Cockscombs—see pricklebacks 
 
Coda—a patterned series of 3 to 20 clicks lasting about 0.5 to 2.5 seconds, used by sperm whales for 
communication 
 
Cods—any of various marine fishes of the family Gadidae, especially the Pacific hake  
 
Cold-core ring—an eddy or circular current of warm water; in the North Atlantic Ocean, the water in cold-
core rings circulates cyclonically (counterclockwise)  
 
Cold-temperate—a latitudinal zone extending between 45 degrees and 58 degrees in both northern and 
southern hemispheres  
 
Colonial—nesting in groups or colonies rather than in isolated pairs 
 
Colony—highly integrated group of animals; herein refers specially to birds and land-breeding pinnipeds 
 
Commercial fishing—fishing in which the fish is harvested, either in whole or part, are intended to enter 
commerce through sale, barter, or trade  
 
Common—in the case of sea turtles, common means that sea turtles have been recorded in all, or nearly 
all, proper habitats, but some areas of the presumed habitat are occupied sparsely or not at all and/or the 
region regularly hosts large numbers of the species 
 
Community—killer whales that can be linked together through associations form a community. Although 
all whales in a community may not have been observed to mix, all can be linked together through 
intermediate associations 
 
Conspecific—member of the same species, and in many cases, the same age or even sex 
 
Continental Divide—the line of summits in the Rocky Mountains that separate streams flowing toward 
the Gulf of California and Pacific from those flowing toward the Gulf of Mexico, Hudson Bay and the Arctic 
Ocean 
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Continental margin—the boundary or transition between the continents and the ocean basins that 
consists of the physiographic provinces of the continental shelf, continental slope, and continental rise 
 
Continental rise—the province of the continental margin with a sloping seabed (1:100 to 1:700 gradient 
change) and a generally smooth surface, which lies between the abyssal plains and continental slope 
 
Continental shelf break—the area where the slope of the seabed rapidly changes from gently sloping to 
steeply sloping and the continental shelf gives way to the continental slope 
 
Continental shelf—the province of the continental margin with a gently seaward-sloping seabed (1:1000 
gradient change) extending from the low-tide line of the shoreline to 100 to 200 m water depth where 
there is a rapid gradient change 
 
Continental slope—the province of the continental margin with a relatively steeply sloping seabed (1:6 to 
1:40 gradient change) that begins at the continental shelf break (about 100 to 200 m) and extends down 
to the continental rise; along many coasts of the world, the slope is furrowed by deep submarine canyons 
 
Copepods—very small planktonic crustaceans present in a wide variety and great abundance in marine 
habitats, forming an important basis of ecosystems; they are a major food of many marine animals and 
are the main link between phytoplankton and higher trophic levels 
 
Coral reef—a massive, wave-resistant structure built largely by colonial, stony coral via deposition of 
calcium carbonate  
 
Coraline algae—algae that contains a coral-like, calcareous outer covering 
 
Cosmopolitan—having a broad, wide-ranging distribution 
 
Cottids—see sculpin 
 
Countershading—a form of camouflage exhibited by many fish and cetaceans, with dark upper body 
surfaces and lighter undersides. When viewed from above the darker dorsal surface blends in with the 
water; from below the lighter ventral surface matches the light coming from the sky, making the animal 
hard to see 
 
Crangon shrimp—commonly called bay shrimp having a slender body and a depressed abdomen 
 
Crèches—a group of young animals all around the same age that herd together 
 
Crinoids⎯class of sessile echinoderms commonly called sea lilies and feather stars; these animals have 
a cup-shaped body that attaches to the substratum by a stalk (sea lilies) and have feathery arms; class 
Crinoidea of the phylum Echinodermata  
 
Critical habitats—the portion (minimum) of the habitat that is essential for the survival for certain 
protected (threatened and endangered) species (whales or sea turtles) and may include areas essential 
for feeding or reproduction by those species 
 
Crustaceans⎯arthropods that have two pairs of antennae and a hard exoskeleton; lobster, shrimp, and 
crabs are the most familiar examples  
 
Ctenophores—marine animals superficially resembling jellyfishes but having biradial symmetry and swimming 
by means of eight meridional bands of transverse ciliated plates 
 
Cumaceans—sediment-dwelling invertebrate with a carapace that encloses the anterior thoracic segments, 
which form a gill chamber 
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Curved carapace length (CCL)—the length of a sea turtle's carapace as measured by researchers 
working on nesting beaches with a flexible tape measure 
 
Cyanobacteria—large and varied group of bacteria which possess chlorophyll a and carry out photosynthesis 
in the presence of light and air, with concomitant production of oxygen; formerly regarded as algae and called 
blue-green algae; may be single-celled or filamentous and may or may not be colonial; many species carry out 
the fixation of atmospheric nitrogen; widely distributed in marine and freshwater environments in littoral zone on 
soil, rocks, and plants as epiphytes or symbionts; may produce harmful algal bloom in low-salinity systems with 
excessive nutrients 
 
Cyclonic—counterclockwise circulation in the Northern Hemisphere or clockwise in the Southern 
Hemisphere; in oceanography, synonymous with cold-core ring 
 
Decapod—order of freshwater, marine, and terrestrial crustaceans having five pairs of legs on the thorax and a 
carapace completely covering the throat (e.g., shrimps, crabs, lobsters)  
 
Decibel (dB)—a logarithmic measure of sound strength; it is a ratio of intensity (pressure) at reference 
range compared with a with a reference level; in air, the reference pressure is 20 µPa and the reference 
range is 1 m, while for underwater sound, the reference is 1 µPa and the reference range is also at 1 m 
 
Decorator crab—also called spider crab; have triangular convex bodies and slender legs and are covered with 
hooked setae to which foreign objects become attached (i.e., algae, sponges, sessile organisms) 
 
Deep scattering layer—a layer of dense aggregation of fishes, squid, and other species found at depth 
that migrate vertically in the water column each day; the layer of organisms moves toward the surface at 
night to feed and returns to depth at dawn  
 
Deep-sea smelts—small fishes with very large eyes and scales found in mesopelagic and bathypelagic zones 
 
Deepwater—the area of the ocean that is past the continental shelf break, deeper than 100 to 200 m of 
water 
 
Delayed implantation—in mammals it is the suspended development of an embryo between shortly after 
conception and subsequent attachment (implantation) to the uterine wall 
 
Delimitation—fixing a boundary 
 
Delphinus—it is the genus of oceanic dolphins consisting of short-beaked and long-beaked common 
dolphins, which are similar in appearance 
 
Demersal—applied to fish that live close to the seafloor, such as cod and hake  
 
Demography—birth and death rates that determine a population’s dynamics; abundance, age, and sex 
structure of the population and reproductive status and life cycle of individuals 
 
Density—physical property measured by mass per unit volume; in biology, the number of organisms per 
unit of distance 
 
Dermochelyidae—the family of leatherback sea turtles  
 
Desiccation—removal of water; the process of drying 
 
Detritus—organic or inorganic loose matter formed of remains of plants and animals or disintegration of rocks 
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Dialect—refers to killer whales; a unique set of discrete calls made by an individual whale and its fellow 
group or pod members; dialects differ among resident pods, but individuals and groups within the west 
coast transient community share generally the same distinctive set of discrete calls and have little dialect 
variation 
 
Diatoms—microscopic algae (Bacillariophyceae) in which the cell wall (frustule) is composed of silica and 
consists of two major valves and girdle bands; unicellular, colonial, or filamentous; important components of 
freshwater and marine habitats as members of both planktonic and benthic communities; comprised of two 
major types based on symmetry: pennate – bilateral, centric – radial; forms the primary food base for marine 
ecosystems; may produce harmful algal blooms in marine habitats (domoic acid producing psuedo-nitzschia) 
 
Diel—refers to 24-hour activity cycle based on daily periods of light and dark 
 
Dinoflagellates—microscopic single-celled plant of the class Pyrrhophyceae that has two flagella, one 
propelling water to the rear and providing forward motion, attached just behind the center of the body and 
directly posteriorly, the other causing the body to rotate and move forwards, forming a transverse ring or spiral of 
several turns around the center of the body; some are naked, others are covered with a membrane or plates of 
cellulose; often abundant; dense growths may produce luminescent bays and harmful algal bloom in freshwater 
and marine habitats (Alexandria) 
 
Dispersal—spreading of individuals throughout suitable habitat within or outside the population range. In a 
more restricted sense, the movement of young animals away from their point of origin to locations where they 
will live at maturity 
 
Display—any behavior that conveys information, usually to member of the same species or to predators; 
often used during mating or territory defense 
 
Diurnal—active or occurring during daylight hours; having a daily cycle 
 
Dominant species—species most prevalent in a particular community, or at a given period 
 
Dorsal—relating to the upper surface of an animal 
 
Drift algae—detached intertidal and subtidal kelp forming floating mats 
 
Ebb tide—outgoing or falling tide  
 
Echinoderms⎯ phylum of marine invertebrates having bilateral symmetry in larval forms and usually a 
five-sided radial symmetry as adults, a calcareous endoskeleton, and a water vascular system (e.g., sea 
cucumbers, sea urchins) 
 
Echinoid⎯referring to echinoderms, e.g., sea urchins and sand dollars 
 
Echiuroids—unsegmented marine worms with one or more pairs of bristles; live in sand or rock crevices 
intertidally or in shallow water 
 
Echolocation—the production of high-frequency sound waves and reception of echoes to locate objects 
and investigate the surrounding environment  
 
Ecosystem—a system of ecological relationships in a local environment comprising both organisms and 
their nonliving environment, intimately linked by a variety of biological, chemical, and physical processes 
 
Eddy—the circular movement of water  
 
Eelblennys—see pricklebacks 
 



SEPTEMBER 2006 FINAL REPORT 

9-10 

Eelgrass—vascular flowering plants of the genus Zostera that are adapted to living under water while rooted in 
shallow sediments of bays and estuaries 
 
Eelpout—elongate, tapering marine fish commonly found in the North Pacific 
 
El Niño—wind-driven reversal of the Pacific equatorial currents resulting in the movement of warm water 
towards the coasts of the Americas, considered a natural cyclical atmospheric/oceanic phenomenon; El 
Niño is often termed the El Niño/Southern Oscillation, or "ENSO" 
 
Elasmobranch—fishes of the class Chondrichthyes that are characterized by having a cartilaginous 
skeleton; includes sharks, skates, and rays 
 
Electroreception—the ability to detect magnetic fields radiated by marine animals 
 
Embayment—an indentation in the shoreline that forms a bay 
 
Embryogenesis—development of an embryo 
 
Emigration—a movement out of an area by members of a population 
 
Endangered species—any animal or plant species in danger of extinction throughout all or a significant 
portion of its range; the authority to list a species is shared by the USFWS (plants and animals on land) 
and NMFS (most marine species) under provisions of the ESA 
 
Endemic—occurring in a specific area  
 
Environmental impact statement (EIS)—a detailed written statement that helps public officials make 
decisions that are based on understanding of environmental consequences and to take actions that 
protect, restore, and enhance the environment 
 
Epibenthic—refers to organisms living on the ocean floor 
 
Epifauna⎯animals living on the surface of the ocean floor; any encrusting fauna 
 
Epi-mesopelagic—zone of marine waters between epipelagic and mesopelagic  
 
Epipelagic—the oceanic zone from the surface to 200 m  
 
Equidistant line or equidistance—a median line, every point of which is the same distance from the 
nearest points on the baselines of two countries 
 
Essential fish habitat (EFH)—those habitats necessary to fish for spawning, breeding, feeding, or 
growth to maturity; designated by the NMFS 
 
Estuary—a semi-enclosed body of water where freshwater mixes with saltwater; often an area of high 
biological productivity and important as nursery areas for many marine species  
 
Euhaline—water with salt concentrations of 30 to 40 ppt 
 
Euphausiids—known as krill, these are pelagic shrimp-like crustaceans 
 
Euphotic zone—the uppermost area of the ocean (up to 150 m) that is sufficiently illuminated to permit 
photosynthesis by phytoplankton, algae, and submerged aquatic vegetation  
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Evolutionary significant unit (ESU)—refers to salmonids; a population that is substantially 
reproductively isolated from conspecific populations and represents an important component in the 
evolutionary legacy of the species 
 
Exclusive Economic Zone (EEZ)—all waters from the low-tide line outwards to 200 NM (except for 
those that are close together, i.e., Mediterranean countries) in which the inner boundary of that zone is a 
line coterminous with the seaward boundary of each of the coastal states; the country has the power to 
manage all natural resources  
 
Extirpated—species that no longer exists in the wild 
 
Extralimital—outside the normal limits of an animal’s distributional range; in the case of marine 
mammals, a species that does not normally occur in the area, but for which there are one or more records 
that are considered beyond the normal range of the species 
 
Eye patch—the elliptically-shaped white patch located above and behind a killer whale’s eye 
 
Falcate—sickle-shaped and curved (refers to the dorsal fin of some cetaceans) 
 
Fathom—a marine unit of measure of water depth equaling 1.83 m 
 
Fauna—animal life of a region 
 
Fecundity—the potential of an organism to produce offspring (measured as a number of gametes)  
 
Fishery Management Plan (FMP)—plan prepared by a Regional Fishery Management Council or by NMFS (if 
a Secretarial plan) to manage fisheries 
 
Fishery—one or more stocks of fish that can be treated as a unit for purposes of conservation and 
management and that are identified on the basis of geographical, scientific, technical, recreational and 
economic characteristics, and any fishing for such stocks 
 
Fjord—a glacially over deepened valley, usually narrow and steep-sided, extending below sea level and filled 
with salt water 
 
Flank—side of the body; used mainly to refer to the side of the posterior half of the body 
 
Flatfish—members of the fish order Heterosomata which swims or lies on one side of its body; sides are greatly 
flattened and compressed; mainly marine animals (e.g., flounders, soles)  
 
Flipper—the flattened forelimb of a marine mammal 
 
Flood tide—incoming or rising tide  
 
Flora—all the plant species of a given area 
 
Flotsam—floating refuse or debris 
 
Flounder—see flatfish 
 
Flukes—the horizontally spread tail of a cetacean  
 
Flying gurnard—a species of gurnard of the genus Cephalacanthus or Dactylopterus with very large pectoral 
fins; able to fly like the flying fish, but not for great distances  
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Forage fish—any fish eaten by larger predatory fish, seabirds, or marine mammals, usually swimming in large 
schools 
 
Forage—the act of searching for food or provisions 
 
Front or frontal—see ocean front 
 
Fundamental frequency—the lowest frequency of a harmonic series; measured in the Hz (cycles per 
second) 
 
Fusiform—spindle-shaped or torpedo-shaped and tapering at one or both ends 
 
Gadids—members of the family Gadidae which includes Pacific cod and hake 
 
Gametes—mature egg or sperm, capable of reproduction after fertilization with sperm or egg from same 
species  
 
Gammarid amphipods—amphipods commonly associated with sediments 
 
Gape—the mouth in cetaceans, usually referring to the junction of upper and lower lips 
 
Gap winds—strong winds driven through low passes or major breaks in mountain barriers 
 
Gastropods⎯class of symmetrical, univalve mollusks that have a true head, an unsegmented body, and 
a broad, flat foot 
 
Genera—one of taxonomic or scientific classifications of plants and animals  
 
Gestation—period of development in the uterus from conception until birth (pregnancy) 
 
Gillnet—a type of fishing gear made of rectangular mesh panels that are set more or less vertically in the 
water so that fish swimming into it are entangled by their gills; they can be set to fish at the surface, 
midwater, or on the bottom of the water column 
 
Gonochoristic—referring to a species that has separate sexes (i.e., male and female individuals) 
 
Greenlings—small cold-water fishes of the family Hexagrammidae found only on the Pacific coast  
 
Gregarious—used to describe animals that form social groups 
 
Grenadier—deep-water, medium size fish covered with tough scales 
 
Groundfish—group of fishes that spend most of their live on or near the ocean floor (e.g., rockfish, flatfish, 
roundfish, skates, sharks, chimeras); also known as demersal species  
 
Guideline harvest level—a level of allowable harvest in a fishery used as a means control effort  
 
Gullies—trough or lengthy, narrow, depression in the sea floor extending into a continental shelf or toward a 
seacoast 
 
Gunnels—elongate, compressed, blenny-like fishes of the marine littoral zone 
 
Gyre—circular movement of waters, larger than an eddy; usually applied to oceanic systems 
 
Habitat—the organisms and physical environment in a particular place: an organism’s ecological support 
(maintenance system)  
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Habitat area of particular concern (HAPC)—discrete areas within essential fish habitat (EFH) that either play 
especially important ecological roles in the life cycles of federally managed fish species or are especially 
vulnerable to degradation from fishing or other human activities  
 
Habitat preference—the choice by an organism of a particular habitat in preference to others 
 
Hardbottom community—area of bottom habitat with three-dimensional character providing physically 
stable shelter and substrate for large populations of sessile or attached invertebrates and fishes 
 
Harem—a group of females whose breeding is controlled by a single male who seeks to prevent other 
males from breeding with them 
 
Harpacticoid copepods—an order of the subclass Copepoda, in the Crustacea subphylum. Members 
are benthic copepods found in both marine (most families) and freshwater environments 
 
Harvest—fish killed as a result of encounters with fishing gear 
 
Hatchling—a newly hatched bird, amphibian, fish, or reptile 
 
Haul out⎯the process by which pinnipeds crawl or pull themselves out of the water onto land 
 
Haulout site⎯intertidal rock outcrops, sandbars, shoals, mudflats, or sandy beaches where marine 
animals, such as pinnipeds, periodically and purposefully come ashore 
 
Headlands—high, steep-faced promontory extending into the sea  
 
Heart urchin—any sea urchin of the order Spatangoida, characterized by having heart-shaped or oval bodies, 
modified for burrowing in sand 
 
Herbivore—an animal that eats plants as its main source of energy 
 
Hermit crab—small soft-bodied marine crustacean living in cast-off shells of gastropods  
 
Herring—any of various marine fishes of the family Clupeidae, especially a commercially important food fish 
(Clupea harengus) of the Pacific and Atlantic waters 
 
Heterogeneous—having a non-uniform structure or composition 
 
Holdfast—the algal (seaweed) equivalent of roots that attaches the organism to a surface or the seafloor 
 
Homing—orienting or directing homeward or to a destination 
 
Hook and line gear—includes pelagic longlines used to target tuna and swordfish  
 
Hybridize—process of cross-mating between two or more species 
 
Hydric soil—soils that are saturated or flooded long enough during the growing season to develop 
anaerobic conditions that favor the growth and regeneration of hydrophytic vegetation 
 
Hydrographic—used with reference to the structure and movement of bodies of water, particularly currents and 
water masses 
 
Hydrography—the science of measuring and describing the surface waters of the Earth 
 
Hydroids⎯class of solitary or colonial coelenterates that have a hollow cylindrical body closed at one 
end with a mouth surrounded by tentacles at the other end 
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Hydrophone—transducer for detecting underwater sound pressures; an underwater microphone 
 
Hyperiid amphipods—family and suborder of Amphipoda with very large head and eyes, five abdominal 
segments and seven pairs of thoracic legs  
 
Hypersaline—water with a high concentration of dissolved mineral salts present 
 
Hypoxia—waters with a low oxygen concentration, usually less than 20 milligrams per liter; hypoxic 
waters are considered oxygen-depleted 
 
Ice floe—a large mass of sea ice (pack ice) kept in motion by winds, currents, and wave action 
 
Ichthyofauna—all fish that live in a particular area 
 
Immature—refers to bird; one hatched in the spring of the same year 
 
Incidental fisheries bycatch—the catch of additional species, such as fishes, turtles, or marine 
mammals, that are not targeted by a fishery but are harvested in addition to the target or sought after 
species  
 
Incubation—the act of keeping an egg warm so that development is possible 
 
Individual fishing quota (IFQ)—a federal permit to harvest a quantity of fish, usually expressed as a 
percentage of a fishery's total allowable catch that may be held for exclusive use by an individual  
 
Infaunal—invertebrates living in the sediment of the seafloor  
 
Infrasonic—sound at frequencies too low to be audible to humans, generally below 20 Hz 
 
Inlet—a bay, cove, or other recess along a coast; a narrow passage of water, as between two islands 
 
Inshore—lying close to the shore or coast 
 
Insular—geographically isolated 
 
Inter-nesting interval—the amount of time between successive sea turtle nesting events during the 
nesting season  
 
Interpolate—extrapolation to predict values for a parameter between limited data points 
 
Interstitial—pertaining to, or occurring within, the pore spaces (interstices) between sediment particles 
 
Intertidal—marine or estuarine environment that lies between the area of shore exposed between high 
and low tide 
 
Isobath—bathymetric contour of equal depth; usually shown as a line linking points of the same depth 
 
Isopods—shrimp-like animals of the order Isopoda that have their body flattened dorso-ventrally 
 
Isotherm—contour of equal temperature; usually shown as a line linking points of the same temperature  
 
Iteroparity—reproductive strategy where individuals reproduce several times throughout their life 
 
Iteroparous—an organism that reproduces several times during its lifespan (i.e., does not die after spawning) 
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IUCN Red List—a list of animal species and subspecies thought to be threatened with extinction and those 
which are known or thought to have become extinct in the wild 
 
Jellyfish—any various free-swimming coelenterates having disc or bell-shaped body of jellylike consistency 
having long tentacles with nematocysts of the classes Scyphozoa and Hydrozoa of the phylum Cnidaria  
 
Jetties—structure use at inlets to stabilize the position of the navigation channel, to shield vessels from wave 
forces, and to control the movement of sand along the adjacent beaches so as to minimize the movement of 
sand into the channel 
 
Jig—typically metal fishing lure with one or more hooks, usually deployed with a jiggling motion on or 
near the bottom  
 
Juvenile—mostly similar in form to adult but not yet sexually mature; a smaller replica of the adult  
 
Katabatic winds—a wind produced by the flow of cold dense air down a slope (as of a mountain or 
glacier) 
 
Kelp—usually large blade-shaped or vinelike brown algae of the order Laminariales that typically grows on rock 
or stony bottoms (i.e., giant kelp, bull kelp, etc.) 
 
Kilopascal (kPa)—a standard unit of pressure in the International System of Measurements 
 
Krill—see euphausiids 
 
La Niña—when ocean temperatures in the eastern equatorial Pacific are unusually cold; it is essentially 
the opposite of the El Niño phenomenon; La Niña sometimes is referred to as the cold phase of an El 
Niño Southern Oscillation event (ENSO) 
 
Lactation—secretion or formation of milk by the mammary glands for the purpose of nursing offspring 
 
Lair—a resting place used by an animal; often for giving birth, nursing young, or hibernating; den 
 
Lancetfish—large elongate scaleless oceanic fish with sharp teeth and a long sail-like dorsal fin of the family 
Alepisauridae  
 
Lanternfish—small, usually deep sea fish with many luminescent spots on their bodies of the family 
Myctophidae 
 
Larvacean tunicates—small transparent animals found in marine plankton  
 
Larval—young fish between time of hatching and attainment of juvenile characteristics 
 
Leads—long narrow channels of open water in the sea ice which form between pack ice and the shore 
 
Lithodid crab—inhabitant of cold oceans which have short body forms and no longer house the abdomen 
within shells 
 
Lithosphere—the rigid outer zone of Earth, which includes the continental crust, the oceanic crust, and 
the part of the upper mantle 
 
Littoral—the zone or division of the ocean bottom that lies between the high and low tide lines; intertidal 
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Live bottom community—a concentration of benthic invertebrates and demersal fishes that is 
associated with a region of vertical relief and structural complexity that can be organic (e.g., coral 
skeletons) and inorganic (e.g., rocks) in origin; such oasis-like communities are often surrounded by 
expanses of bottom with little relief or structure 
 
Longline gear—lines that are deployed horizontally to which gangions and hooks or pots are attached; can be 
stationary, anchored, or buoyed lines that may be hauled manually, electrically, or hydraulically; gear is most 
often used to catch rockfish and sablefish 
 
Longline—a type of fishing gear using a buoyed line onto which are attached numerous branch lines 
each terminating in a baited hook; longlines may extend for tens of kilometers and are usually left to drift 
in surface waters or near the seafloor  
 
Lost year—the early juvenile stage (first years of life) of most sea turtle species that is spent far offshore; 
few turtles are observed during this time 
 
Low-frequency sound—sound having frequencies below 1,000 Hz 
 
Lumpsuckers—small scorpaeniform marine fish of the family Cyclopteridae whose pelvic fins have evolved 
into adhesive discs which allows the fish to attach itself to substrate 
 
Macro-algae—large algae, commonly referred to as seaweed 
 
Macrofauna—small to moderate sized invertebrates living on and in bottom sediments 
 
Macrophyte—macroscopic plant in an aquatic environment 
 
Macroscopic algae—large algae, commonly referred to as seaweed 
 
Macrourids—common and abundant deep-sea fishes; also known as rattails or grenadiers of the family 
Macrouridae  
 
Mantle—the wings, shoulder feathers, and back of a bird when differently colored from the rest of the body 
 
Map projection—a mathematical formulation that transforms feature locations on the Earth’s curved 
surface (three-dimensional) to a map’s flat surface (two dimensional) 
 
Masking—obscuring of sounds of interest by interfering sounds, generally at similar frequencies 
 
Matriarch—the eldest female in a matrilineal group, pod, or subpod 
 
Matriline—the basic social unit of resident killer whales, comprised of a mature female and her 
immediate descendants; descendants may include mature males and mature daughters and their 
offspring 
 
Maturation—process of becoming mature 
 
Maximum sustained (sustainable) yield (MSY)—largest long-term average catch or yield that can be 
taken from a stock or stock complex under prevailing ecological and environmental conditions 
 
Mean—(arithmetic) average 
 
Median—(arithmetic) the middle number in a set of data when it is calculated from lowest to highest; it is 
an indicator of central location in a dataset 
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Melon—a fatty cushion forming a bulbous “forehead” in toothed whales; may act to focus sound for 
echolocation 
 
Mesobenthal—pertaining to the upper continental slope (depths of 200 to 500 m) in the Northeast Pacific 
 
Mesohaline—water with a salt concentration of 5 to 18 ppt  
 
Mesopelagic—ocean zone of intermediate depths from about 200 to 2,000 m below the surface, where 
light penetration drops rapidly and ceases 
 
Mesoplodon—a genus of beaked whales, which includes the Blainville’s beaked whale, Ginkgo-toothed 
beaked whale, Hubbs’ beaked whale, Perrin’s beaked whale, and pygmy beaked whale 
 
Mesoscale—large scale 
 
Meso-zooplankton—medium-sized zooplankton (size range of 20 to 200 microns) 
 
Metabolism—all biochemical reactions that take place in an organism 
 
Metadata—information about a geographic information system (GIS) shapefile or coverage file that 
describes the source of the data or information, the creation date, the data format, the projection, the 
scale, the accuracy, and the reliability of the GIS file with regard to some standard 
 
Metamorphosis—process of transforming from one body form to another form during development (e.g., 
tadpole changing to a frog) 
 
Micro-algae—smaller algae between 20 and 200 microns in diameter 
 
Microflagellates—tiny (less than 20 microns), diverse microorganisms including coccolithophores with 
coccolith plates and green flagellates such as Chlamydonomas  
 
Microhabitat—a smaller part of a habitat that has some internal interactions allowing it to function self-
sufficiently within a generally larger habitat 
 
Micro-zooplankton—single cell animals that drift with or carried with the motion of the currents 
 
Migration⎯periodic movement between one habitat and one or more other habitats involving either the 
entire or significant component of an animal population; this adaptation allows an animal to monopolize 
areas where favorable environmental conditions exist for feeding, breeding, and/or other phases of the 
animals’ life history 
 
Mollusk—largely aquatic phylum of bilaterally symmetrical, unsegmented invertebrates consisting of snails, 
squids, octopuses, clams, and others 
 
Molt—for pinnipeds, this refers to shedding the fur; belugas are the only cetacean known to do this–the 
top layer of skin is shed all at one time of the year versus other cetaceans which continuously are 
sloughing skin 
 
Moraine—an accumulation of boulders, stones and other debris carried and deposited by a glacier 
 
Morphology—the form and structure of an organism considered as a whole; appearance 
 
Morphometric—the study of comparative morphological measurements 
 
Mudflat—muddy or sandy coastal strip usually submerged by high tide 
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Munid crab—crustaceans belonging to the family Galathoidae 
 
Mussel—bivalve mollusk of class Lamellibranchiata found in salt and fresh water, attached to substrates by 
byssal threads 
 
Myctophids—family (Myctophidae) of small oceanic fishes which live between 2,000 to 4,000 m; 
characteristically have numerous small photophores on side of the body; contribute to sound-scattering layers in 
the ocean 
 
Mysids—small shrimp-like crustaceans  
 
Mysticeti—suborder of cetaceans comprised of the baleen whales 
 
Natal—of or associated with the time or place of one's birth 
 
Nasal septum—the wall of flexible cartilage dividing the nasal cavity into halves 
 
Nautical mile (NM)—a distance unit used in the marine environment that is equal to one minute of 
latitude or 1.85 km 
 
Nearshore—an indefinite zone that extends seaward from the shoreline 
 
Nekton—actively swimming pelagic organisms that are able to move independently of water currents; typically 
within the size range of 20 mm to 20 m 
 
Nemerteans—any of a phylum (Nemertea) of often vividly colored marine worms, most of which burrow in the 
mud or sand along seacoasts, often called ribbon worms  
 
Neonate—a newborn  
 
Neritic zone—the shallow portion of pelagic ocean waters; ocean waters that lie over the continental 
shelf, usually no deeper than 200 m 
 
Neustonic—organisms living on or just under the water surface, often dependent on surface tension for support 
 
Nocturnal—applied to events that occur during nighttime hours  
 
North Pacific Transition Zone (NPTZ)—an oceanwide feature associated with the oceanic and atmospheric 
gyre scale circulations and air-sea energy exchange process; bounded on the north and south by the subarctic 
and subtropical frontal zones; region where rapid changes occur in thermohaline structure, hydrostatic stability 
structure, and biological species composition; extends from Japan to North America flowing eastward and fed 
by the Kuroshio and Oyashio Currents 
 
North Pacific—the part of the Pacific Ocean found north of the Equator 
 
Nudibranch—member of the mollusk class Gastropoda that has no protective covering as an adult; carries on 
respiration by gills or other projections on the dorsal surface (sea slug) 
 
Nursey—habitat suitable for protection and growth during an organism’s early life stages 
 
Occurrence record⎯a marine mammal or sea turtle sighting (aerial or shipboard survey), stranding, 
incidental fisheries bycatch, nesting, or tagging data record for which location information is available. An 
occurrence record, especially sighting occurrence records, may represent the occurrence of one or 
multiple animals of a particular species; for instance, one occurrence record from a marine mammal 
sighting survey may indicate that 34 short-finned pilot whales were observed at a location but this 
information would be plotted on a MRA map figure as one occurrence record  
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Ocean front⎯a boundary between two water or air masses that have different densities; water density 
differences are caused by differences in temperature or salinity 
 
Oceanic zone—the deepwater portion of pelagic ocean waters; ocean waters beyond the continental 
shelf or that are deeper than the depth of water overlying the continental shelf break (typically 100 to 200 
m deep) 
 
Oceanography—the scientific study of the oceans, including the chemistry, biology, geology, and 
physics of the ocean environment 
 
Octave band—the frequency band whose upper limit in Hz is twice the lower limit 
 
Octopus—one of family (Octopodidae) of cephalopods with round or saclike bodies, eight arms, no shell and, 
generally, without fins 
 
Odontoceti—the suborder of cetaceans comprised of toothed whales (e.g., beaked whales, dolphins, 
porpoises, sperm whale) 
 
Offshore killer whales—a little-known population of killer whales, found mostly in offshore waters off 
British Columbia but also identified in California, Washington State, and southeastern Alaska; more 
closely related genetically to residents than transients; appear to travel in generally larger groups than 
residents or transients 
 
Offshore—open ocean waters over the continental slope that are deeper than 200 m; water beyond the 
continental shelf break  
 
Olfactory—relating to the sense of smell 
 
Oligotrophic—water that is lacking in nutrients, which results in low primary production 
 
Omnivore—an animal that feeds on both plant and animal tissue 
 
Ontogenetic migration—occupation by an animal of different habitats at different stages of development 
 
Ophuiroid—echinoderms known as basket stars or brittle stars that have long, slender, jointed arms 
distinctly separated from the body 
 
Opisthobranchs—gastropods with a well-developed shell and a single gill 
 
Opportunistic—used to describe organisms that take advantage of all feeding opportunities and do not 
prey on a few specific items 
 
Optimum sustainable population—with respect to any population stock, the number of animals which 
will result in the maximum productivity of the population or the species, keeping in mind the carrying 
capacity of the habitat and the health of the ecosystem of which they form a constituent element 
 
Orography—undulations on the surface of the Earth of any size and shape 
 
Osmerid—see smelts 
 
Ostracods—crustacean like crabs and lobsters that have thicker ornamented valves 
 
Otariids—the eared seals (sea lions and fur seals), which use their foreflippers for propulsion; from the 
family Otariidae 
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Overfish—a rate or level of fishing mortality that jeopardizes the capacity of a fishery to produce the 
maximum sustainable yield on a continuing basis 
 
Overwinter—staying the winter in one area  
 
Oviparous—producing eggs that develop and hatch outside the maternal body (i.e., externally) 
 
Ovoviviparous—giving birth to live young which have developed from eggs that hatched within the 
mother's body  
 
Oxygen minimum zone (OMZ)—a layer in which the descending food material that’s passing through the 
water column has been degraded by bacterial activity. As the food is degraded, a lot of oxygen is used by the 
bacteria, resulting in a minimal amount left in the water column 
 
Pack ice—sea ice, especially that which is unattached to land and usually moving and shift to same 
extent 
 
Pandalid shrimp—coldwater “true shrimp” are commercially important nearshore and offshore members of the 
infraorder Caridea 
 
Parturition—act of giving birth  
 
Pathogen—an biological agent that cause disease or illness to its host 
 
Pectoral fin—flipper; flattened fore-limb of a cetacean (supported by bone) 
 
Pelage—the fur or hair covering a mammal 
 
Pelagic—open ocean; the primary division or zone in the open ocean that encompasses the entire water 
column and is subdivided into the neritic (shallow) and oceanic (deep) zones 
 
Phaeophyte—brown algae 
 
Phocids—all of the “true” seals (i.e., “earless” species); from the family Phocidae. Generally used to refer 
to all recent pinnipeds that are more closely related to Phoca than to otariids or the walrus 
 
Photic zone—the uppermost zone in the water where sunlight permits photosynthesis  
 
Photo-identification—the use of photographs to identify animals individually; for example, dorsal fin 
shape and markings for dolphins and the underside of flukes for humpback whales 
 
Photosynthesis—the autotrophic process in which solar energy is converted into organic matter (cellular 
energy) by synthesizing water and carbon dioxide with chlorophyll; plants, algae, and phytoplankton 
synthesize organic compounds via this process 
 
Physiographic—pertaining to geographic features of the Earth’s surface  
 
Physiography—physical geography of the ocean bottom and continental margins 
 
Phytoplankton—microscopic, photosynthetic plants and plant-like protists (algae) of the epi-pelagic and 
neritic zones that are the base of offshore food webs on which ultimately most shellfish, fish, birds, and 
marine mammals depend; drift with currents, but usually have some ability to control their level in the 
water column 
 
Pinnacles—sharp pyramidal or cone-shaped rock partly or completely covered by water 
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Pinnipeds—seals, sea lions, fur seals, and walruses 
 
Piscivorous—a carnivorous animal that eats fish  
 
Planktivore—an animal that eats phytoplankton and/or zooplankton 
 
Planktivorous—an organism that feeds on planktonic organisms 
 
Planktonic—of or relating to plankton 
 
Plankton—organisms (plant or animal) that drift in the water column and cannot propel or move 
themselves  
 
Plume—a column of water 
 
Pod—in resident killer whales, a group of maternally related individuals that tend to travel together; in 
transient killer whales, the term ‘group’ is used in preference to ‘pod’ because groups are not necessarily 
made up of related animals  
 
Polar—in latitudes near one of the poles (North or South), typified by cold and ice-infested waters 
 
Pollock—important food and game fish of the northern seas, related to cod  
 
Polychaete—class of soft-bodied, metamerically segmented coelomate worms that bears bristles and fleshy 
appendages on most segments; marine; may be free-swimming, errant, burrowing or tube dwelling 
 
Polyhaline—water with a salt concentration between 18 and 30 ppt  
 
Population—a group of individuals of the same species occupying the same area 
 
Posterior—situated near or toward the back of an animal's body 
 
Practical salinity unit (psu)—the currently used dimensionless unit for salinity, replacing parts per 
thousand (ppt) 
 
Predation—an interspecific interaction where one animal species (predator) feeds on another animal or pant 
species (prey) while the prey is alive or after killing it. The relationship tends to be positive (increasing) for the 
predator population and negative (decreasing) for the prey population 
 
Prey—animal hunted or caught for food 
 
Priapulids—phylum of marine worms with an extensive spiny proboscis 
 
Pricklebacks—inshore and tide pool fishes of the family Stichaeidae often found in crevices of the rocky 
intertidal areas or among seaweeds  
 
Primary producer—an autotroph or organism able to utilize inorganic sources of carbon and nitrogen as 
starting materials for biosynthesis; uses either solar or chemical energy 
 
Proboscis—a flexible, elongated snout of certain animals 
 
Psycho-acoustic study—a behavior study used to measure the hearing ability of an organism (e.g., 
operant conditioning where an animal is behaviorally trained using positive reinforcement to respond to 
sound stimuli) 
 
Pup—a young animal of various species, especially young pinnipeds 
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Pupping—the process of giving birth by pinnipeds 
 
Purse seine—a large commercial fishing net pulled by two boats, with ends that are pulled together 
around a shoal of fish so that the net forms a pouch or “purse”  
 
Pycnocline—a zone of marked water density gradient that is usually associated with depth 
 
Pyrosomas—blue-green bioluminescent, pelagic, tunicates that form thimble-shaped colonies of the genus 
Pyrosoma 
 
Range—the maximum extent of geographic area used by a species 
 
Rare—a plant or animal restricted in distribution or number; in the case of sea turtles, rare means that a 
species occurs, or probably occurs, regularly within the region but in very small numbers; in the case of 
marine mammals, rare means a species that only occurs in the area sporadically  
 
Recreational fishing—fishing for sport or pleasure  
 
Redd—nest made in gravel consisting of a depression dug by a fish for egg deposition (and then filled) and 
associated gravel mounds  
 
Regular—in the case of marine mammals, a species that occurs as a regular or normal part of the fauna 
of the area, regardless of how abundant or common it is 
 
Relief—the inequalities (elevations and depressions) of the sea bottom 
 
Remigration interval—the amount of time between successive sea turtle nesting seasons 
 
Resident killer whales—a form of killer whales that feeds preferentially on fish, especially salmon, and 
has a very stable social structure 
 
Rhodophyte—red algae 
 
Robust—powerfully built 
 
Rock crab—any one of several species of large crabs of the genus Cancer 
 
Rockfish—marine food and game fish of the genus Sebastes found along the northern coasts of America and 
Europe   
 
Rookery—an animal’s breeding ground; it is the specific beach on which they nest (turtle) or pup 
(pinniped) 
 
Rorqual—any of six species of baleen whales (the minke, blue, humpback, fin, Bryde’s, or sei whale) 
belonging to the family Balaenopteridae; characterized by a variable number of pleats that run 
longitudinally from the chin to near the umbilicus; the pleats expand during feeding to increase the 
capacity of the mouth 
 
Rostrum—the snout or beak of a cetacean; in fish, a forward projection of the snout 
 
Roundfish—an ordinary market fish exclusive of flounders, soles, halibut, and other flatfishes  
 
Saddle—a light-colored patch behind the dorsal fin of some cetaceans 
 
Sagittal crest—prominence on top of he cranium, causing a noticeably raised forehead on males of 
some otariid pinniped species 
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Salinity—the concentration of salt in water, measured in practical salinity units (psu) 
 
Salmonid—a member of the Salmonidae family of fishes 
 
Salp—barrel-shaped tunicate without an exoskeleton that forms asexual polymorphic colonies that are found in 
the upper levels of most oceans 
 
Salt marsh—coastal ecosystem that is inundated by seawater for some period of time; plants in this 
ecosystem have special adaptations to survive in the presence of high salinities  
 
Sand fish—any various marine scaleless fishes that live or burrow in sandy or muddy bottoms 
 
Sand lances—known as sand eels, this common forage fish of the family Ammodytidae has a narrow, 
elongate, subcylindrical body with a pointed snout, forked tail, and long dorsal and anal fins  
 
Sand spit—type of bar or beach that develops where a re-entrant occurs, such as at a cove, bay, or river 
mouth. Spits are formed by the movement of sediment (typically sand) along a shore by longshore drift 
 
Sanddabs—any of various important marine food flatfishes of the family Paralichthyidae  
 
Sardines—any of various small or half-grown edible herrings or related fishes of the family Clupeidae  
 
Saury—a slender long beaked fish of the family Scombersocidae  
 
Scallop—bivalve having shell with two distinctive parts 
 
Scallop dredge—a dredge consisting of a metal frame with spring-loaded teeth to which a chain-mesh 
bag is attached; it is towed over suitable seabed habitats, where the teeth rake the seabed to collect 
scallops  
 
Scarp—a line of cliffs produced by faulting or erosion 
 
School—a social group of fish, drawn together by social attraction, whose members are usually of the 
same species, size, and age; the members of a school move in unison along parallel paths in the same 
direction 
 
Scleractinian—hard or stony corals known as true corals that dominate reef ecosystems; they have a 
compact calcareous skeleton and polyps with no siphonoglyphs (grooves) 
 
Sculpin—any of numerous spiny large-headed broad-mouthed usually scaleless scorpaenoid fishes  
 
Scutes—long, thickened scales that cover underlying bony plates of carapace and plastron of sea turtles 
that are used for protection 
 
Scyphozoans—any of various marine coelenterates of the class Scyphozoa, which includes large jellyfishes, 
characterized by the absence of a velum and by a polyp stage that is very small or lacking entirely  
 
Sea anemones⎯large, heavy, complex polyps that belong to the cnidarian class Anthozoa 
 
Sea cucumbers—echinoderm having a flexible sausage-shaped body with tentacles surrounding the mouth 
and tube feet; free-living feeder 
 
Sea lilies—class of sessile echinoderms referred to as crinoids; these animals have a cup-shaped body that 
attaches to the substratum by a stalk and has feathery arms; filters food particles from the currents flowing past 
them  
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Sea pen—member of alcyonarian order Pennatulacea which exist as colony of specialized individuals; may be 
long, slender, feathery and bear polyps 
 
Sea stars—one of the class Asteroidea of echinoderms having flat, usually fine-armed body containing 
embedded calcareous plates bearing spines or tubercles  
 
Sea surface temperatures (SST)—the temperature of the layer of seawater (approximately 0.5 m deep) 
nearest the atmosphere 
 
Sea urchins—one of the class (Echinoidea) of echinoderms in which the body is covered by hard shell (test) 
composed of fitted immovable plates with often large and sharp spines that are articulated at bases; may be of 
various sizes - spherical, depressed spherical, discoid, or round   
 
Sea valley—on a continental shelf, a relatively shallow, wide depression with gentle slopes, the bottom of which 
grade continuously downward 
 
Sea whip—alcyonarian of order Gorgonacea with hard skeleton and long flexible body with few or no branching 
arms 
 
Seamount—an undersea mountain rising more than 914 m from the sea floor, but having a summit at least  
305 m below sea level (in contrast to an island) 
 
Sediment—solid fragmented material, either mineral or organic, that is deposited by ice, water, or air  
 
Semelaprous—animals that have a single reproductive period during their lifespan  
 
Semi-demersal—refers to species found in water column a few meters above the bottom 
 
Semi-pelagic—fish that spend part of their life on the bottom and part in the water column above  
 
Sergestid shrimp—several species of non-commercial shrimp of the decapod crustacean Family Sergestidae 
 
Sessile—used to describe an animal that is attached to something rather than free moving 
 
Set gillnets—gillnets that are anchored to the seafloor and may be fished on the ocean bottom or floating 
above the anchors; used to catch California halibut, sharks, white seabass, barracuda, white croaker, flying fish, 
and rockfish 
 
Sexual maturity—the state in which an animal is physiologically capable of reproducing 
 
Sexually dimorphic—differences in the appearance of the sexes of a species; size differences are a 
primary difference where males are generally larger than females; other differences may be in body 
shape and color 
 
Shallow water—water that is between the shore and the continental shelf break or shallower than 200 m 
 
Shannys—see pricklebacks  
 
Shelf break (continental)—region where the slope of the seabed rapidly changes from gently sloping to 
steeply sloping and the continental shelf gives way to the continental slope; the world-wide average water 
depth at which the shelf break is found is 155 m, but on average, the shelf break usually occurs between 
100 to 200 m water depth 
 
Shelf break region—the geographic area surrounding the continental shelf break and including both the 
outer continental shelf and upper continental slope 
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Sipunculans—small unsegmented marine worm that when disturbed retracts its anterior portion into the body 
giving the appearance of a peanut  
 
Site fidelity—the tendency to return to the same site repeatedly  
 
Smelt—family of saltwater small streamlined fish superficially like herring but possessing an adipose fin like 
salmon and trout that enters streams and ponds to spawn  
 
Smolt—a young Salmonidae (e.g., salmon or trout) which has developed silvery coloring on its sides, 
obscuring the parr marks, and which is about to migrate or has just migrated into the marine environment 
 
Smoltification—process of transforming a Salmonidae species (e.g., trout or salmon) from a parr to a 
smolt in preparation to leave the freshwater environment and enter the marine environment; during this 
transformation, the functioning of the gills and kidneys must be reversed 
 
Snow crab—also called Tanner crabs; have circular bodies surrounded by five pairs of long, flat legs; found on 
sandy ocean bottoms at depths of 1 to 470 m 
 
Soft bottom—loose, unconsolidated substrate characterized by fine to coarse-grained sediment 
 
Source level—the acoustic pressure that would be measured at a standard distance (usually 1 m) from a 
point source radiating the same amount of sound as the actual source 
 
South Pacific—the part of the Pacific Ocean found south of the Equator 
 
Spawn—the release of eggs and sperm during mating 
 
Species diversity—the number of different species in a given area 
 
Species of concern—a species about which the NMFS has some concerns regarding status and threats, 
but for which insufficient information is available to indicate a need to list the species under the ESA  
 
Species—a population or series of populations of organisms that can interbreed freely with each other 
but not with members of the other species 
 
Sponge—animals of the phylum Porifera which are sessile, mostly marine, water-dwelling filter feeders that 
pump water through their matrix to filter out particulates of food matter 
 
Squid—one of the order (Decapoda) of cephalopods in which body is cigar-shaped or globose and bears 10 
arms, eight of which are of equal length with suckers along entire length and two are longer with suckers only on 
broad, terminal position; shell, in most, is embedded in body or absent 
 
Standard deviation (S.D.)—a statistical measure of the amount by which a set of values differs from the 
arithmetical mean; simply, how widely values are dispersed from the mean 
 
Stenohaline—capable of existence only within narrow range of salinity 
 
Stock structure—the genetic diversity of a stock 
 
Stock—a genetically separate population of a species (biological stock), or a discrete population subject 
to management (management stock) 
 
Stranding—the act where marine mammals or sea turtles accidentally come ashore, either alive or dead  
 
Strata—sedimentary bed or layer of generally homogeneous rock, independent of thickness 
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Strategic stock—any marine mammal stock: (1) from which the level of direct human-caused mortality 
exceeds the potential biological removal level; (2) which is declining and likely to be listed as threatened 
under the Endangered Species Act; or (3) which is listed as threatened or endangered under the 
Endangered Species Act or as depleted under the Marine Mammal Protection Act 
 
Subadult—maturing individuals that are not yet sexually mature 
 
Subarctic—pertaining to regions adjacent to the Arctic Circle  
 
Subduction—process in which one lithospheric plate collides with and is forced down under another 
plate and drawn back into the Earth's mantle 
 
Sublittoral—benthic region extending from mean low waters to a depth of about 200 m 
 
Submarine canyon—narrow, deep depression or steep-sided valley cut in the continental shelf or slope 
formed by river of glacial erosion before the shelf was submerged 
 
Submarine ridge—a ridge of submarine mountains where two massive tectonic plates are moving apart 
 
Subpopulations—an identifiable fraction or subdivision of a population  
 
Subsistence—ways in which indigenous people use the environment and the resources it provides (e.g., 
salmon) to meet the nutritional needs of the members of the society  
 
Subsistence fishery—a fishery that catches fish for the sustenance of families, communities, and 
cultures; in Alaska, it is a protected fishery reserved for Alaskan residents 
 
Substrata—layer or base on which animal or plant lives 
 
Substrate—the material to which an organism is attached or in which it grows and lives; also, the 
underlying layer or substance 
 
Subtidal—marine or estuarine environment that lies below mean low-water; always submerged in a tidally-
influenced area  
 
Subtropical—the regions lying between the tropical and temperate latitudes 
 
Suction feeding—capture of prey using suction, generally with the tongue employed as a piston to 
create a vacuum pressure 
 
Summer season—period of time within the Gulf of Alaska OPAREA from May to October 
 
Surf line—point offshore where waves and swells are affected on by the underwater surface and become 
breakers  
 
Surf zone—area of the water from the surf line to the beach 
 
Suspension feeder—an organism that feeds by capturing particles suspended in the water column 
 
Sympatric—species or subspecies occurring together; having overlapping areas of distribution 
 
Talus—weathered rock which has fallen from and accumulated at the bottom of a cliff 
 
Taxa (taxon)—a defined unit (e.g., species, genus, or family) in the classification of living organisms 
 
Taxonomy—the study of the rules, principles, and practice of classification, especially of living organisms 
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Temperate—between subpolar and subtropical regions, where the mean annual temperature ranges 
between 50 and 55°F (10 to 13°C) 
 
Temporary threshold shift (TTS)—a temporary impairment in hearing ability caused by exposure to 
strong sounds 
 
Terrigenous⎯derived from land or a continent 
 
Territory—an area occupied exclusively by one animal and defended by aggressive behavior or displays  
 
Thermocline—a relatively narrow boundary layer of water where temperature decreases rapidly with 
depth; little water or solute exchange occurs across the thermocline which is maintained by solar heating 
of the upper water layers 
 
Thermohaline circulation—density-driven water circulation caused by differences in temperature and/or 
salinity 
 
Thermoregulatory—an organism’s ability to maintain a specific body temperature regardless of the 
environmental temperature  
 
Thornyhead—marine fish of the genus Sebastolobus found along the Pacific coast of America   
 
Threatened species—any plant or animal species likely to become endangered within the foreseeable 
future throughout all or a part of its range; the authority to designate a species as threatened is shared by 
the USFWS (terrestrial species, sea turtles on land, manatees) and NMFS (most marine species) under 
provisions of the Endangered Species Act 
 
Tidepools—pool of waters remaining on beach or ref after recession of tide 
 
Tintinnids—suborder (Tintinnidea) of microscopic, planktonic Protozoa which possess a lorica or vase-like shell 
with tentacle-like organelles; often covered by diatoms, sponge spicules or other small particles; widely 
distributed in open seas and coastal waters 
 
Topography—physical features of the ocean floor, such as mounds or ridges 
 
Total allowable catch—number or weight of fish which may be harvested in a specific unit of time 
 
Total length—the longest measurable distance from the outermost portion of a fish’s snout lengthwise to 
the outermost portion of the tail fin  
 
Traffic separation scheme—a plan, generally internationally agreed on, by which vessels in congested 
areas use one-way lanes to lessen the danger of collisions 
 
Transboundary—across borders 
 
Transient killer whales—a form of killer whales that feeds preferentially on marine mammals and has a 
looser social structure than that of residents; transients also differ from residents in dorsal fin shape, 
group size, behavior, vocalizations, and genetics 
 
Transition Zone—an area of mixing between the cold, low-salinity, highly productive subarctic water and the 
warmer, more saline and less productive subtropical water 
 
Trans-oceanic—on or from the other side of the ocean 
 
Trans-Pacific—spanning or crossing the Pacific Ocean 
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Trap or pot—generally constructed of galvanized wire that may or may not be vinyl coated; usually 
distributed throughout shallow water in the spring and summer and moved into deeper waters as winter 
arrives; used to target spot prawns, spiny lobster, and rock crabs 
 
Trawl net—a towed fishing gear or net that consists of a cod-end or bag for collecting the fish or other 
target species; trawls can be towed at any depth of the water column 
 
Troll gear—consists of up to six stainless steel lines running from hydraulic spools to outrigger poles from 
which they are spread and suspended from the boat. Baited hooks are then attached to the stainless 
steel mainlines at regular intervals using monofilament leaders. The lines are then pulled slowly through 
the water (trolling). Used to target both salmon and albacore tuna 
 
Trophic level—a step in the transfer of food or energy within a chain 
 
Tropical—the geographic region found in the low latitudes (30° north of the equator to 30° south of the 
equator) characterized by a warm climate 
 
Tunicates—any of various chordate marine animals of the subphylum Tunicata or Urochordata having a 
cylindrical or globular body enclosed in a tough outer covering (i.e., sea squirts and salps) 
 
Tursiops—the genus of bottlenose dolphins comprised of the common bottlenose dolphin (Tursiops 
truncatus) and the Indo-Pacific bottlenose dolphin (Tursiops aduncus) 
 
Unknown—for the MRA occurrence polygons, it is the area and habitats for which insufficient information 
is available to establish occurrence due to lack of survey effort (best judgment follows then whether the 
area would be anticipated to be of primary or secondary occurrence) 
 
Upwelling—movement of dense, cold, nutrient-rich water up from ocean depths to the surface 
 
Upwelling season—occurs off the Pacific Northwest coast from April through September when upwelling 
conditions are high 
 
Uro-genital area—portion of ventral surface around and near the excretory and genital orifices 
 
Vagrant—a wanderer, in the same sense of an animal moving outside the usual limits of distribution for 
its species or population 
 
Ventral—relating to the underside (or belly side) of an animal 
 
Vertebrates—animals with a backbone 
 
Viviparous—type of development in which the young are born alive after having been nourished in the uterus 
by blood from the placenta  
 
War-bonnets—see pricklebacks 
 
Warm-core ring—an eddy or circular current of warm water; in the North Atlantic Ocean, the water in 
warm-core rings circulates anticyclonically (clockwise) and the rings are formed when meanders pinch off 
the northern side of the warm Gulf Stream 
 
Water column—a vertical column of seawater extending from the surface to the sea bottom  
 
Water mass—a body of water that can be identified by a specific temperature or salinity  
 
Wave-cut platform—gently sloping rock surface found at the foot of a coastal cliff; covered by water at high tide 
but exposed at low tide; can be up 1.0 km in length  
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Weaning—the end of the lactation period; the process of changing from milk to a solid diet in juvenile 
mammals 
 
Wetland—an area inundated by water frequently enough to support vegetation that requires saturated 
soil conditions for growth and reproduction; generally includes swamps, marshes, springs, seeps, or wet 
meadows; they can be freshwater or saltwater 
 
Whale lice—amphipod crustaceans of the family Cyanidae; adapted for living in crevices and other 
secure places on the skin of cetaceans (for example, gray whales), on which whale lice largely feed 
 
Whistle—a narrow band frequency sound produced by some toothed whales and used for 
communication; they typically have energy below 20 kHz 
 
Wind jets—narrow, concentrated, strong wind phenomena 
 
Winter—period of time within the Gulf of Alaska OPAREA from November to April 
 
Young-of- the-year (YOY)—a juvenile fish less than 1 year old 
 
Zoobenthos—invertebrate animals that live in or on seabed habitats, including the intertidal zone 
 
Zooplankton—diverse group of non-photosynthesizing organisms that drift freely in the water or its 
surface; zooplankton are composed of a wide range of invertebrates, including larval forms of fish and 
shellfish 
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Appendix A-1. Data confidence and Gulf of Alaska OPAREA GIS maps. 
 
 
The level of data confidence is dependent upon three factors: precision, accuracy, and currency. Each of 
these three factors are in turn affected by all the variables involved in obtaining data and putting the data 
into a GIS in order to display the data on a map. Following is a brief description of the three main factors 
and some of the subsequent variables that figure into overall level of confidence. 
 

 Precision—Refers to whether or not the description of the data is specific or non-specific. It is 
possible to have data recorded very precisely but with very low accuracy. In other words we may say 
that 2 + 2 = 5.12546732, where the sum is given very precisely but inaccurately. GPS offer the 
highest level of precision for recording locations. 

 
 Accuracy—Refers to how well the data reflect reality. There may be 10 sightings of harbor porpoises 

in an area, but they may actually have been common dolphins. Even if the locations were precisely 
recorded, the data are still not accurate. Some variables that affect accuracy are who originally 
recorded the data (source reliability), how many people have processed/altered the data since it 
originated (number of iterations), and the method used to record the data.  

 
 Currency—Refers to how recently the data were obtained. Because recent developments in 

equipment and methods have improved precision and accuracy, confidence is higher for data that 
have been recorded more recently. 

 
 

Gulf of Alaska OPAREA 
Map Examples Description of Map Data 

Confidence 
Level 

Bathymetry, Sea Surface 
Temperature, Chlorophyll, 
Benthic Habitats, Marine 
Mammal and Sea Turtle 
Occurrence Maps, Maritime 
Boundaries, Marine Managed 
Areas  

Data from original/reliable 
sources. Provided in a digital 
format with geographic 
coordinates given. Identified 
as “source data” in map 
captions. 

High 
57 maps 

(64% of total 
number of maps) 

EFH, Navigable Waterways, 
Circulation, Geological 
Features 

First- or second-hand data 
sources. Locations obtained 
through scanning geo-
referenced* maps. Identified 
as “source map(s) scanned” 
in map captions. 

Medium 
30 maps 

(34% of total 
number of maps) 

Migration Maps 

First- or second-hand data 
sources. Locations obtained 
by digitizing from written 
descriptions with no 
coordinate data or by altering 
and/or interpreting raw data. 
Identified respectively as 
“source information” or “map 
adapted from” in map 
captions. 

Low 
3 maps 

(2% of total 
number of maps) 

* Geo-referenced–Refers to data, maps, and images with points that can be matched to real 
world coordinates so that the data can be accurately positioned in a GIS. 
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Appendix A-2. Map projections. 
 
 
Since understanding the role map projections play in the creation of valid and usable maps is so critical, 
further explanation of this issue is provided. A geographic reference system (such as latitude and 
longitude) is based on the angles measured from the earth’s center. A planar coordinate system, on the 
other hand, is based on measurements on the surface of the earth. To meaningfully transfer real world 
coordinates (in three dimensions) to planar coordinate (two dimensions), a transformation process has to 
be applied. This transformation process is called a projection. Such a transformation involves the 
distortion of one or more of the following elements: shape, area, distance, and/or direction. The user 
typically dictates the choice of a projection type to ensure the least distortion to one or more of the four 
elements. Choice of a particular projection is dictated by issues such as the location of the place on 
Earth, purpose of the project, user constraints, and others.  
 
The length of one degree of longitude will vary depending on what latitude on Earth the measurement is 
taken. The geographic coordinate system measures the angles of longitude from the center of the Earth 
and not distance on the Earth’s surface. One degree of longitude at the equator measures 111 km versus 
0 km at the poles. Using a map projection mitigates this difference or seeming distortion when using 
geographic coordinates. However, when multiple data sources with multiple projection systems are used, 
the most flexible system to standardize the disparate data is to keep all data unprojected. Thus, the maps 
in this MRA are untransformed, meaning they are shown unprojected on the map figures and their 
associated geographic data are delivered unprojected.  
 
Since the measurement units for unprojected, geographic coordinates are not associated with a standard 
length, they cannot be used as an accurate measure of distance. Since the maps in the assessment 
report are in geographic coordinates, the map figures should not be used for measurement and the scale 
information only provides approximate distances. The map scales and reference datum used on all maps 
in this MRA are presented in nautical miles. 
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Appendix A-3. Overview of research efforts that provide occurrence information for marine 
mammals and sea turtles in the Gulf of Alaska OPAREA. 
 
 
To subjectively determine the areas of occurrence for marine mammals and sea turtles in the Gulf of 
Alaska OPAREA, attempts were made to compile available records from aerial and shipboard survey 
sightings, strandings, incidental fisheries bycatch, tagging, pinniped haulout sites, and 
miscellaneous/opportunistic encounters in the OPAREA and vicinity. The following is intended to be a 
review of the many comprehensive research efforts conducted and/or sponsored by federal, state, and 
academic institutions directed at the marine mammal and sea turtle species in the region. For a variety of 
reasons, it was not possible to obtain every data source in existence; however, a large number of data 
sets were collected (Table A-1). Comprehensive data sources that were available for inclusion in this 
MRA are described below. The occurrence polygons were based on both the aerial and shipboard survey 
(on-effort) data, as well as known habitat preferences of individual species in the Gulf of Alaska. 
 
 
 
Table A-1. Inventory of the marine mammal and sea turtle data sources included in the marine 
resources assessment for the Gulf of Alaska OPAREA.  
 
  

DATA SOURCE RECORD DATES 

Aerial Surveys  
NMML Small Cetacean (coastal) Aerial Survey 1998, Gulf of Alaska  1998 

Shipboard Surveys  
NMFS-NMML Structure of Populations, Levels of Abundance, and Status of 
Humpback whales (SPLASH) 2004 

OCSEAP Shipboard Surveys – Miller Freeman 1987 
Gulf-Apex Predator Prey (GAP) 2001-2003 
Distribution and Abundance of Residents and Transients (DART) 2001-2003 

Strandings  
NMFS Marine Mammal Stranding Network database 1994-2004 

Incidental Fisheries Bycatch Records  
Alaska Fisheries Science Center Observer Program 1997, 1999-2000 

Mixed/Miscellaneous Data Sources  
North Pacific Right Whale Database  1900-1999 
NMFS Platforms of Opportunity (POP) database 1989-1997 
Lamont-Doherty Earth-Observatory’s Seismic Program in the Gulf of Alaska 2004 

Published Literature and Reports  
Bane  1992 
Fiscus et al.  1969 
Fiscus et al.  1976 
Forsell and Gould  1981 
Hodge and Wing  2000 
Ivashin and Rovnin  1967 
MacLean and Koski  2005 
Yochem and Leatherwood  1985 

 
 
The Outer Continental Shelf Environmental Assessment Program (OCSEAP) grew out of this 
cooperative effort between NOAA and the MMS. This program, managed through NOAA, began 
investigating the Gulf of Alaska in 1975 using an interdisciplinary approach. This interdisciplinary 
approach was undertaken to provide the legislature, other decision makers, and the public information 
necessary to manage oil and gas development in the region and to minimize potential effects on both 
marine and coastal environments (Hood and Zimmerman 1986). In the decade following the inception of 
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OCSEAP, over 100 studies focused on the Gulf of Alaska and its unique environment. These 
investigations included shipboard surveys, aerial surveys, and a review of the POP database (see 
description below). Much of the research conducted in the Gulf of Alaska is directly or indirectly related to 
OCSEAP. 
 
Aerial and Shipboard Surveys 
 
Aerial and shipboard surveys constitute a majority of the marine mammal data collected for this MRA. 
Henwood and Epperly (1999) and Forney (2002) provide brief descriptions of how aerial and shipboard 
surveys are conducted. Aerial or shipboard observers collect line-transect data during daylight hours, 
weather permitting (i.e., no rain, Beaufort sea state <5). Surveys are generally conducted along pre-
designated transect lines following established sampling methods that allow for abundance estimates in 
an area of interest. Any target animal sightings that occur while the observation platform (e.g., ship or 
plane) is traveling along the transect line and observers are actively searching for animals are noted as 
“on-effort” sightings, and can be included when estimating abundances and/or densities in an area. Any 
sightings that occur while the observation platform is diverted from or in transit to the transect line are 
recorded as “off-effort” sightings. It should be noted that few surveys have been conducted in the waters 
in the vicinity of the Gulf of Alaska OPAREA, and survey effort is non-existent in the majority of the waters 
of the OPAREA (Figures A-1 and A-2), which likely accounts for the small number of sightings reported 
for the region. The Gulf of Alaska OPAREA has been surveyed much more intensely during the summer 
(May to October; Figure A-2) than during the winter (November to April; Figure A-1). 
 

 Aerial Surveys 
 
The typical goal of an aerial survey is to estimate the overall density or abundance of a given marine 
mammal or sea turtle population. Aerial surveys are appropriate when little is known about the distribution 
and abundance of a population or species over relatively large areas. Such surveys help identify “hot 
spots” for future studies. Surveys can then be conducted to monitor trends in seasonal or annual 
variations in distribution and abundance patterns. Aircraft are also often used in fine-scale surveys over a 
subregion of a study area.  

 
• From November 1975 to April 1977, aerial surveys were flown over the Alaska coastal and outer-

continental-shelf waters (Harrison and Hall 1978). The surveys were designed to determine the 
seasonal distribution and abundance of marine mammals and birds. Approximately 40,000 km of 
trackline were surveyed in the Gulf of Alaska during January through October, with fairly intensive 
surveys occurring south of the Alaska Peninsula and extending from Kodiak Island west to the 
Aleutian Islands (Harrison and Hall 1978; Laidre et al. 2000).  

 
• NMFS-NMML abundance studies of harbor porpoise in Alaska were conducted from 1991 to 

1993 (Dahlheim et al. 2000; NOAA1). Aerial surveys were conducted in different regions of Alaska 
each year (1991: Cook Inlet and Bristol Bay; 1992: Kodiak Island and the south side of the 
Alaskan Peninsula; and 1993: offshore of southeastern Alaska to Prince William Sound) Surveys 
included lines extending 15 nmi seaward, or to the 50 fathom line, whichever was the farthest 
offshore. These data were not provided for inclusion in the report. 

 
• In 1997, researchers from NMFS-NMML initiated a 3-year survey (the NMML Small Cetacean 

[coastal] Aerial Survey, Gulf of Alaska) to complete new abundance estimates of harbor 
porpoise and Dall’s porpoise in the Gulf of Alaska. These surveys were a follow up to the NMFS-
NMML abundance studies of harbor porpoise in Alaska conducted from 1991 to 1993 (Dahlheim 
et al. 2000). Researchers from the NMFS-NMML Cetacean Assessment and Ecology Program 
conducted line transect aerial surveys for harbor porpoise and Dall’s porpoise from 27 May to 28 
July 1998 (Waite et al. 2003; NOAA2). Transects covered the offshore waters (to the 1,800 m 
isobath) from Cape Suckling to Unimak Pass (offshore of Kodiak Island), Prince William Sound, 
and Shelikof Strait. Data from 1997 and 1999 did not occur within the data extent for this report 
(Waite et al. 2003; NOAA2). 
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• In 2001 and 2002, the NMFS-NMML Polar Ecosystems Program (PEP) conducted counts of 
harbor seals in Alaska for estimation of population abundance and long-term trends.3,4 Surveys 
were conducted in August of each year. The Gulf of Alaska region included the south side of the 
Alaska Peninsula and ran from Unimak Pass to Kayak Island, east of Prince William Sound. 
Locations of all seal haul-out sites were recorded and mapped using a global positioning system. 
Data were received from Robyn Angliss (NMFS-NMML) and included on the maps in the report. 

 
• The NMFS-NMML PEP conducted seasonal aerial surveys of harbor seals in southern Cook Inlet 

and the Barren Islands under an Interagency Agreement between the Minerals Management 
Service (MMS) and NMFS.5 Surveys in Cook Inlet during the seals’ pupping and molting 
seasons, as well as during early spring and late fall, when foraging and haul-out behavior, are not 
constrained.5,6  

 
 Shipboard Surveys 

 
Shipboard surveys are designed to collect data to address many informational needs. To meet the 
mandate established in Section 117 of the MMPA, the NMFS must prepare, in consultation with regional 
Scientific Review Groups, stock assessment reports for each marine mammal stock that occurs in U.S. 
waters. These stock assessment reports contain a description of the stock, information on its distribution, 
as well as a minimum population estimate (Wade and Angliss 1997). One of the primary ways the NMFS 
collects marine mammal population data to use in stock assessment reports is from shipboard surveys.  
 
The NMFS is also responsible for assessing and monitoring sea turtle stocks, which requires distribution 
and population estimates for determination of the status of stocks in relation to past and future human 
activities. While shipboard surveys are not the optimal survey technique to estimate sea turtle population 
sizes, sighting records from shipboard surveys often provide valuable information that can be used to 
determine distribution and life history patterns.  
 

• In the years from 1958 through 1974, the NMFS pelagic fur seal program conducted extensive 
ship surveys in the northeastern Pacific (Leatherwood and Walker 1979; Kajimura 1984). Surveys 
were conducted from southern Washington, north and east along to the Canadian and Alaskan 
coasts, northwest to the Aleutian Islands, and into the Bering Sea. Surveys were conducted at 
least once a month. 

 
• From 1965 through 1975, NOSC shipboard surveys covered the area from Point Conception 

south to the tip of Baja California, sampling each quarter of the year; and from San Diego to 
Kodiak, Alaska in April (Dahlheim et al. 1982; Leatherwood et al. 1984). Cruises were conducted 
year round, but principal effort was during the winter and spring within 185 km of the coast 
(Leatherwood et al. 1984). Data from these cruises was not obtained for use in this report.  

 
• From November 1975 through June 1976, marine mammal surveys were conducted aboard 

NOAA and OCSEAP chartered ships to collect seasonal occurrences of marine mammals in the 
Gulf of Alaska (Fiscus et al. 1976). The area surveyed included the pelagic waters of the Gulf 
from latitude 52ºN to the Alaskan coastline, and from longitude 130ºW west to 155ºW (Fiscus et 
al. 1976). Data from these surveys were combined with data from the Platforms of Opportunity 
Program (POP; see below) to generate the seasonal occurrence patterns (Fiscus et al. 1976). 
Published accounts from this report are incorporated into the MRA. 

 
• From June through August 1980, OCSEAP sponsored a line-transect vessel survey of the waters 

of the Gulf of Alaska between Cape Fairweather (138ºW) and Chirikof Island (156ºW). Surveys of 
the continental shelf and slope waters were conducted to investigate the distribution and 
movements of humpback whales, fin whales, gray whales, and other marine mammals in the 
region (Rice and Wolman 1982). These data, available in the POP database (Rice, D. NMFS-
NMML, pers. comm. 14 December 2005), were not included, due to and agreed-upon cutoff date 
including only the most recent 10 years of data. 
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• In 1992, the NMFS-NMML initiated a study of killer whales in Alaska. A 45-day vessel survey was 
conducted in the Bering Sea and western Gulf of Alaska from 9 July to 22 August (Laidre et al. 
2000). The survey, which focused on the central and eastern Aleutian Islands, the southeastern 
Bering Sea, the south side of the Alaska Peninsula, and the waters surrounding Kodiak Island 
was initiated in an attempt to obtain a minimum population estimate of killer whales using photo-
identification techniques and to establish baseline data for detecting annual changes in 
abundance (Laidre et al. 2000).  

 
• Ship-based surveys were conducted by NMFS-NMML over three summer field seasons (17 July 

to 25 August 2001, 10 July to 21 August 2002, and 3 July to 14 August 2003) as part of the 
Distribution and Abundance of Residents and Transients (DART) program in an attempt to 
estimate the abundance of killer whales within a substantial portion of the known haulout range of 
the western stock of Steller sea lions in U.S. waters (Wade et al. 2003). Surveys were conducted 
aboard both large charter vessels and small deployed skiffs in the Gulf of Alaska and Aleutian 
Islands. Priority during these surveys was given to estimating the abundance of transient killer 
whales in the region (Wade et al. 2003).. 

 
• The NMFS-NMML conducted line-transect surveys for cetaceans aboard an acoustic-trawl survey 

for walleye Pollack on the Bering Sea shelf in June of 1999 and 2000 (Waite et al. 2002). While 
the majority of surveys were conducted in the Bering Sea, additional surveys were conducted in 
both years. In 2000, the survey included part of the transit from Kodiak Island to Unimak Pass in 
the Gulf of Alaska (Waite et al. 2002). These data were not provided for inclusion in the report. 

 
• The objective of the Structure of Populations, Levels of Abundance, and Status of 

Humpback Whales (SPLASH) cruises was to locate, collect data on and understand the 
distribution of humpback whales in the waters of western Canada, the Gulf of Alaska, Aleutian 
Islands, and Bering Sea.7 SPLASH, which is a three year program to understand more about the 
whales, is a portion of a large international project designed to estimate the abundance and 
determine the population structure for humpback whales throughout the North Pacific (NMFS-
SWFSC 2005). Cruises into the Gulf of Alaska OPAREA were undertaken in both the summers of 
2004 and 2005. The 2004 cruise took place from 27 June through 2 November and encompassed 
coastal waters ranging from Seattle, WA to the Aleutian Islands (NMFS-SWFSC 2005). Surveys 
for 2005 were conducted off the west coast of the U.S., British Columbia, in coastal waters of 
Alaska, and in Russian waters.7  

 
• A cetacean survey was conducted from 26 June to 15 July 2003, aboard the NOAA ship Miller 

Freeman as a piggyback project during a Resource Assessment and Conservation 
Engineering Division (RACE) acoustic-trawl survey for pollock.8 The objectives of this survey 
were to document the distribution of cetacean species occurring on the shelf of the Gulf of 
Alaska, to collect line-transect data for abundance estimation of cetacean species, and to collect 
photo-identification and biopsy samples from selected species. 8 Data were not provided for 
inclusion in the report. 

 
• The Oshoro Maru IV is a ship utilized by Hokkaido University for the training of cadets and 

scientific expeditions in the North Pacific. The vessel, along with its predecessors, has made 
several transits into the waters off of Washington, Oregon, and Alaska (Bower 2001). Alaskan 
ports visited are detailed in Bower (2001). Although marine mammal sightings were collected on 
these surveys (Withrow, D., NMFS-NMML, pers. comm., 6 October 2005), no attempts were 
made to obtain data collected in U.S. waters by Japanese research vessels. 

 
 Aerial and Shipboard Surveys  

 
• Aerial and shipboard surveys were conducted in collaboration with the OCSEAP program in  

1985, 1986, and 1987 along the Alaska Peninsula and Aleutian Islands to determine the 
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abundance and distribution of endangered whales and other marine mammals (Brueggeman et 
al. 1988a; 1989).  

 
 The 1985 aerial survey covered 74,000 km of trackline over the shelf, slope, and rise of 

the continental margin during seven periods between April and December (Brueggeman 
and Green 1986); these surveys were conducted east of the OPAREA and data are not 
included in the MRA.  

 The 1986 aerial survey covered 33,300 km of trackline off the Alaska Peninsula between 
March and October. The 1986 survey, which was specifically for sea otters, was 
conducted inshore of the OPAREA; cetacean sightings were not reported (Brueggeman 
et al. 1988b; Laidre et al. 2000). 

 In 1987, shipboard surveys covered over 3,750 km during June through July, south of the 
Alaska Peninsula to determine the abundance and distribution of endangered whales and 
other marine mammals summering in the Shumagin, Kodiak, and the lower portion of 
Cook Inlet planning areas (Brueggeman et al. 1988a). This study was conducted 
simultaneously with a NMFS/’PMEL study to investigate dispersal of larval walleye 
pollock produced in Shelikof Strait. Data were provided by Greg Green (Tetra Tech, Inc) 
on floppy disks. Due to corruption of data, only a fraction of the data could be extracted 
from the original files and included in the MRA. 

 
• The Gulf Apex Predator-prey (GAP) program represents a multidisciplinary effort to assess the 

status, environment, prey, and competitors of Steller sea lions in waters near Kodiak, Alaska 
(Wynne et al. 2005). Vessel surveys were conducted from 2001 to 2003 within Kodiak waters to 
monitor the spatial and temporal patterns in the distribution and abundance of prey species 
(Wynne et al. 2005). In addition to the vessel surveys, surveys were conducted from fixed wing 
aircraft to monitor the seasonal use of twelve designated critical haulouts in the Kodiak 
Archipelago by Steller sea lions (Wynne et al. 2005). These aerial surveys also allowed for the 
opportunistic sightings of large whales in the region (Wynne and Witteveen 2005). Data from the 
GAP program that were within the data extent were included in the MRA. 

 
Strandings 
 

 Marine mammal stranding networks are under the jurisdiction of the NMFS and are nominally based 
on the administrative regions of the NMFS (Geraci and Lounsbury 1993). Wilkinson and Worthy 
(1999) discuss the genesis of marine mammal stranding networks in the U.S. Legal authority for U.S. 
stranding networks is contained in the MMPA. In the Marine Mammal Health and Stranding Response 
Act (in the 1992 Amendments to the MMPA), Congress made it a national policy to monitor the 
various factors affecting the health of marine mammal populations. Collection and analyses of 
stranded marine mammals have contributed much to what is known about each species (Becker et al. 
1994).  

 
 Strandings from the Gulf of Alaska are compiled in a National Stranding Database managed by 

NMFS. A history of how strandings of marine mammals in Alaskan waters are reported is reviewed by 
Zimmerman (1991). A summary of marine mammal strandings was received from Mary Sternfeld, 
NMFS-AKR. Approximately 295 stranding records for the Gulf of Alaska OPAREA and vicinity were 
reported for the years 1994 through 2004. 

 
Incidental Fisheries Bycatch 
 
The NMFS has been using observers to record catch and incidental bycatch data aboard U.S. 
commercial fishing and processing vessels since 1972. The National Observer Program (NOP), which 
collects information on incidental bycatch of marine mammals, sea turtles, and seabirds, was established 
under the authority of the MMPA of 1972, the ESA of 1973, and the MSFCMA of 1976 (Carretta et al. 
2004). Observers employed under this program have monitored fishing activities along all U.S. coasts 
and have collected data for a range of conservation, management, compliance, and economic issues.9 
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Observers are required to complete sighting forms, document the circumstances of capture, and obtain 
biological data (e.g., measurements) on incidentally captured marine mammals and sea turtles.  
Included in this MRA are bycatch records from the Alaska Fisheries Science Center Observer Program 
for both marine mammals and sea turtles. These data were received from the NMFS-AFSC, which uses 
data collected by the NOP to estimate amount of bycatch and produce technical reports. 
 

 Bycatch records obtained from the Alaska Fisheries Science Center Observer Program cataloged 
both marine mammals and sea turtles. The purpose of this program is to collect data on fisheries 
catch and bycatch quantity, composition, and biological characteristics, document fishery interactions 
with marine mammals and birds, and monitor compliance with federal fisheries regulations. This 
program has been in place since 1973.9 Originally, this program monitored both foreign and joint 
venture fishing; since 1991 only domestic fisheries have been monitored.9 These data were received 
from the NMFS-NMML, which uses data collected by the NOP to estimate amount of bycatch and 
produce technical reports. No bycatch records obtained fall within the data extent for this MRA; 
however, sighting data collected by the observer program are included in the POP database (see 
description below). 

 
Mixed/ Miscellaneous Data Sources 
 

 The North Pacific Right Whale Database is a review of all available 19th, 20th, and 21st century 
records of this species in the North Pacific Ocean. Records include sightings, strandings, and whaling 
catches (Shelden et al. 2005). This database was provided by Ms. Caroline Good (Duke University) 
with the permission of Dr. Phillip Clapham (NMFS-Alaska Fisheries Science Center). An updated 
database, with whale catch information for the Gulf of Alaska, was not provided for inclusion in the 
MRA. 

 
 The U.S. Navy documents acoustic detections and has been recording ‘‘biologicals,’’ including blue 

whale calls, on their Sound Surveillance System (SOSUS) arrays since the system was established 
to track submarines in the mid-1950s (Nishimura and Conlon 1994). Since 1991 the SOSUS system 
has been used by NOAA-PMEL to investigate underwater earthquakes, volcanoes, and whale calls 
(Stafford et al. 1998; Watkins et al. 2000a; 2000b). Acoustic data received from Dr. Kate Stafford at 
NMFS-NMML did not plot in the OPAREA and were not included in the MRA. See Watkins et al. 
(2000a; 2000b) for additional information on the SOSUS arrays. 

 
 In 1999, a multiyear program to advance the use of passive acoustics for detection of endangered 

whales in Alaskan waters was initiated by NOAA-NMML and NOAA-PMEL (Waite et al. 2003; Moore 
et al. 2006). The focus of this study was the detection of large whales through the long-term 
deployment of autonomous recorders to monitor specific ocean regions for their calls. While a 
hydrophone was deployed in the OPAREA from 1999 to 2001, it was retrieved in 2002 and currently 
no hydrophones are deployed in the OPAREA (Mellinger 2004; Mellinger et al. 2004a; 2004b). 

 
 Tagging of killer whales within Day Harbor off the Kenai Peninsula was conducted to determine the 

impact of killer whales on their marine mammal prey (Andrews et al. 2005). In addition, these 
taggings can provide data as to how far these pods travel offshore. Summary data obtained from Dr. 
Russ Andrews and Dr. Craig Matkin (unpublished data) demonstrate that Alaska resident killer 
whales do enter into the northernmost regions of the Gulf of Alaska OPAREA. 

 
 The NMFS Platforms of Opportunity Program (POP) collects data on opportunistic sightings of 

marine mammals throughout the world (particularly in the North Pacific Ocean). POP sighting data 
are opportunistically collected aboard NOAA, Navy, and U.S. Coast Guard vessels, as well as aboard 
commercial fishing and tourist boats (NMML 2004). NMFS-NMML, assigns a species identification as 
either “sure,” “likely,” “unsure” or “not possible.”  

 
In 1980, OCSEAP, in an attempt to determine the distribution of marine mammals in Gulf of Alaska 
waters, contracted NMFS-NMML to analyze backlogged POP sightings in the region (Consiglieri et al. 
1980; 1982). The extracted data encompassed the Gulf of Alaska from 55ºN to 61ºN and 135ºW to 
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157ºW and included four major Bureau of Land Management (BLM) offshore oil development lease 
sites. These data were not included in the POP data provided by NMFS-NMML due to an agreed 
cutoff of the most recent 10 years of data. 
 
A full review of killer whale literature was conducted by NMFS-NMML as part of OSCEAP to expand 
the recorded sightings of killer whales in Alaskan waters. Literature, spanning from 1958 to 1980, was 
reviewed and resulted in the entry of over 1,100 recorded sightings of killer whales in Alaskan waters 
to the POP database (Braham and Dahlheim 1982). These data were not included in the POP data 
provided by NMFS-NMML due to an agreed cutoff of the most recent 10 years of data. 
 
Dr. Robyn Angliss (NMFS-NMML) provided the POP sighting data used in this MRA; these data only 
represent confirmed (i.e., “sure”) sightings occurring in the past 10 years. 

 
 In 2000, the National Ocean Service’s (NOS) Office of Response and Restoration collected data 

characterizing coastal environments and wildlife by their sensitivity to oil spills. This data set 
comprises the Environmental Sensitivity Index (ESI) Atlas for Alaska and includes pinniped 
haulout sites located along the coastlines of Prince William Sound, Cook Inlet, and Kodiak Island 
(NOS 2001; 2003; 2004).  

 
 Marine mammal surveys were conducted in collaboration with the Lamont-Doherty Earth-

Observatory’s Seismic Program in the Gulf of Alaska. The main purposes of this survey were to 
Provide real-time sighting data needed to document the occurrence, numbers, and behaviors of 
marine mammals and sea turtles near the seismic source (MacLean and Koski 2005). The survey 
encompassed an area from 132ºW to 148ºW and ~54ºN to 61ºN in inland, inshore, and offshore 
waters of Southeast Alaska, the Gulf of Alaska, and Prince William Sound during the fall of 2004 
(MacLean and Koski 2005). Marine mammal sightings were entered into the GIS database from the 
report. 

 
 Japanese sighting and scouting cruises took place in the North Pacific from 1941 to 1968 (see 

Shelden et al. 2005). In 1949, agencies involved in the management of whaling began a research 
program of whale marking (or tagging) in the North Pacific Ocean (Omura and Kawakami 1956; 
Ohsumi 1975). Many thousands of whales from several different species were marked. Marks were 
shot into whales’ bodies from a shotgun and were recovered when the whales were killed and cut-up 
or flensed. The data on the marks were then used to obtain information on the movements of the 
animals (Omura and Kawakami 1956). 

 
 The GOA Global Ocean Ecosystems Dynamics (GLOBEC) investigation, is supported by U.S. 

GLOBEC Northeast Pacific (GLOBEC NEP) program, and is designed to provide information 
essential in guiding the interpretation of historical data sets that will be used by investigators in 
retrospective studies, the design of a cost-effective long-term monitoring program, and the design of 
process specific studies necessary to develop ecosystem models for the continental shelf.10 Marine 
mammal transects, completed on an opportunistic basis, have been undertaken; however, these 
samplings have occurred east of the OPAREA (Yen et al. 2005). 

 
 Sea turtle occurrence records in Alaska waters are collected and archived by Dr. Bruce Wing (NMFS-

AFSC, Auke Bay Laboratory). Dr. Wing provided his database of Alaska sea turtle occurrences 
between 1960 and 2004. Most of these occurrences are detailed in Hodge and Wing (2000), although 
several recent records (i.e., post-1998) have not yet been published. 

 
Websites Accessed 
 
1 National Marine Mamal Laboratory (Quarterly Report for Jul-Aug-Sept 1998). http://www.afsc. 

noaa.gov/Quarterly/jas98/divrptsNMML.htm. Accessed 23 January 2006. 
2 NMML small cetacean (coastal) aerial survey 1998, Gulf of Alaska. http://seamap.env.duke.edu/ 

datasets/detail/116. Accessed 23 January 2006. 
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3 National Marine Mammal Laboratory. http://www.afsc.noaa.gov/Quarterly/jas2001/divrpts_nmml.htm. 
Accessed 25 January 2006. 

4 National Marine Mammal Laboratory (NMML) (cont.). http://www.afsc.noaa.gov/Quarterly/jas2002/div 
rptsNMML2.htm. Accessed 25 January 2006.  

5 National Marine Mammal Laboratory (NMML) (cont.). http://www.afsc.noaa.gov/Quarterly/jfm04/div 
rptsNMML2.htm. Accessed 25 January 2006. 

6 National Marine Mammal Laboratory . http://www.afsc.noaa.gov/Quarterly/jfm03/divrptsNMML1.htm. 
Accessed 25 January 2006. 

7 Whale researchers depart Kodiak. http://www.fakr.noaa.gov/newsreleases/2005/splash080205.htm. 
Accessed 24 January 2006. 

8 Cetacean assessment and ecology program: Cetacean Survey. http://www.afsc.noaa.gov/Quarterly/ 
jas2003/divrptsNMML2.htm. Accessed 25 January 2006. 

9 National Observer Program: North Pacific & Bering Sea groundfish, trawl, & fixed gear fishery. 
http://www.st.nmfs.gov/st4/nop/index.html. Accessed 13 December 2005. 

10 GLOBEC Gulf of Alaska monitoring project. http://www.ims.uaf.edu/GLOBEC/intro/index.html. 
Accessed 24 January 2006. 
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APPENDIX B: MARINE MAMMALS 
 

LIST OF FIGURES 
 
 

Figure Title 
 

 
B-1 Areas of occurrence for threatened and endangered cetaceans in the Gulf of Alaska 

OPAREA. 
B-2 Areas of occurrence for the North Pacific right whale in the Gulf of Alaska OPAREA, 

except during November through April. 
B-3 Areas of occurrence for the humpback whale in the Gulf of Alaska OPAREA. 
B-4 Areas of occurrence for the sei whale in the Gulf of Alaska OPAREA. 
B-5 Areas of occurrence for the fin whale in the Gulf of Alaska OPAREA. 
B-6 Areas of occurrence for the blue whale in the Gulf of Alaska OPAREA. 
B-7 Areas of occurrence for the sperm whale in the Gulf of Alaska OPAREA. 
B-8 Areas of occurrence for the Steller sea lion in the Gulf of Alaska OPAREA and haulout 

sites near the Gulf of Alaska OPAREA. 
B-9 Areas of occurrence for the minke whale in the Gulf of Alaska OPAREA. 
B-10 Areas of occurrence for the gray whale in the Gulf of Alaska OPAREA. 
B-11 Areas of occurrence for the Cuvier's beaked whale in the Gulf of Alaska OPAREA. 
B-12 Areas of occurrence for the Stejneger's beaked whale in the Gulf of Alaska OPAREA. 
B-13 Areas of occurrence for the Baird's beaked whale in the Gulf of Alaska OPAREA. 
B-14 Areas of occurrence for the Pacific white-sided dolphin in the Gulf of Alaska OPAREA. 
B-15 Areas of occurrence for the northern right whale dolphin in the Gulf of Alaska OPAREA. 
B-16 Areas of occurrence for the Risso's dolphin in the Gulf of Alaska OPAREA. 
B-17 Areas of occurrence for the false killer whale in the Gulf of Alaska OPAREA. 
B-18 Areas of occurrence for the killer whale in the Gulf of Alaska OPAREA. 
B-19 Areas of occurrence for the short-finned pilot whale in the Gulf of Alaska OPAREA. 
B-20 Areas of occurrence for the harbor porpoise in the Gulf of Alaska OPAREA. 
B-21 Areas of occurrence for the Dall's porpoise in the Gulf of Alaska OPAREA. 
B-22 Areas of occurrence for the harbor seal in the Gulf of Alaska OPAREA and haulout sites 

near the Gulf of Alaska OPAREA. 
B-23 Areas of occurrence for the northern elephant seal in the Gulf of Alaska OPAREA. 
B-24 Areas of occurrence for the northern fur seal in the Gulf of Alaska OPAREA, except 

during June through September when the majority of the population is likely to be at 
rookeries in the Bering Sea. 

B-25 Areas of occurrence for the California sea lion in the Gulf of Alaska OPAREA. 
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APPENDIX C: SEA TURTLES  
 

LIST OF FIGURES 
 
 

Figure Title 
 

 
C-1 Areas of occurrence for all sea turtles in the Gulf of Alaska OPAREA. 
C-2 Areas of occurrence for the leatherback turtle in the Gulf of Alaska OPAREA. 
C-3 Areas of occurrence for the green turtle in the Gulf of Alaska OPAREA. 
C-4 Areas of occurrence for the loggerhead turtle in the Gulf of Alaska OPAREA. 
C-5 Areas of occurrence for the olive ridley turtle in the Gulf of Alaska OPAREA. 
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APPENDIX D: BIRDS 
 

LIST OF FIGURES 
 
 

Figure Title 
 

 
D-1 Foraging habitat and recorded sightings of the short-tailed albatross in the Gulf of Alaska 

OPAREA and vicinity. 
D-2 Sightings of the Steller's eider in the Gulf of Alaska OPAREA and vicinity. 
D-3 Foraging habitat and recorded sightings of the black-footed albatross in the Gulf of 

Alaska OPAREA and vicinity. 
D-4 Foraging habitat and recorded sightings of the Laysan albatross in the Gulf of Alaska 

OPAREA and vicinity. 
D-5 Recorded sightings of the Aleutian tern in the Gulf of Alaska OPAREA and vicinity. 
D-6 Foraging habitat, recorded sightings, and nest site locations of the Arctic tern in the Gulf 

of Alaska OPAREA and vicinity. 
D-7 Foraging habitat, recorded sightings, and nest site locations of the black oystercatcher in 

the Gulf of Alaska OPAREA and vicinity. 
D-8 Foraging habitat, recorded sightings, and nest site locations of the Kittlitz's murrelet in the 

Gulf of Alaska OPAREA and vicinity. 
D-9 Foraging habitat and recorded sightings of the Peregrine falcon in the Gulf of Alaska 

OPAREA and vicinity. 
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APPENDIX E: FISH 
 

LIST OF FIGURES 
 
 

Figure Title 
 

 
E-1 EFH for all lifestages of salmon species designated in marine habitats in the Gulf of 

Alaska OPAREA. 
E-2 EFH for late juvenile/adult lifestage of weathervane scallop designated in the Gulf of 

Alaska OPAREA. 
E-3 EFH for larvae and late juvenile lifestages of arrowtooth flounder designated in the Gulf of 

Alaska OPAREA. 
E-4 EFH for all lifestages of flathead sole designated in the Gulf of Alaska OPAREA. 
E-5 EFH for all lifestages of rex sole designated in the Gulf of Alaska OPAREA. 
E-6 EFH for all lifestages of Alaska plaice designated in the Gulf of Alaska OPAREA. 
E-7 EFH for larvae and late juvenile/adult lifestages of rock sole designated in the Gulf of 

Alaska OPAREA. 
E-8 EFH for eggs and larvae lifestages of yellowfin sole designated in the Gulf of Alaska 

OPAREA. 
E-9 EFH for all lifestages of Dover sole designated in the Gulf of Alaska OPAREA. 
E-10 EFH for larvae lifestage of rockfish spp. designated in the Gulf of Alaska OPAREA. 
E-11 EFH for the adult lifestage of the northern rockfish designated in the Gulf of Alaska 

OPAREA. 
E-12 EFH for the late juvenile/adult lifestages of Pacific Ocean perch designated in the Gulf of 

Alaska OPAREA. 
E-13 EFH for the adult lifestage of the rougheye and shortraker rockfishes designated in the 

Gulf of Alaska OPAREA. 
E-14 EFH for the late juvenile/adult lifestages of yelloweye rockfish designated in the Gulf of 

Alaska OPAREA. 
E-15 EFH for the adult lifestage of light dusky rockfish designated in the Gulf of Alaska 

OPAREA. 
E-16 EFH for the late juvenile/adult lifestages of thornyhead rockfishes designated in the Gulf 

of Alaska OPAREA. 
E-17 EFH for the larvae lifestage of the atka mackerel designated in the Gulf of Alaska 

OPAREA. 
E-18 EFH for the larvae and late juvenile/adult lifestages of Pacific cod designated in the Gulf 

of Alaska OPAREA. 
E-19 EFH for all lifestages of walleye pollock designated in the Gulf of Alaska OPAREA. 
E-20 EFH for all lifestages of sablefish designated in the Gulf of Alaska OPAREA. 
E-21 EFH for the adult lifestage of skates designated in the Gulf of Alaska OPAREA. 
E-22 EFH for the juvenile/adult lifestages of sculpin designated in the Gulf of Alaska OPAREA. 
E-23 EFH for the late juvenile/adult lifestage of squid designated in the Gulf of Alaska 

OPAREA. 
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