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This special issue on Biologically Important Areas
(BIAs) has been a long time in the making. It has taken
considerable effort from all of the authors involved,
in addition to a large body of diverse reviewers,
to produce these papers. This issue originated as a
side bar to the Cetacean Density and Distribution
Mapping (CetMap) Working Group, a part of the
National Oceanic and Atmospheric Administration’s
(NOAA) CetSound program (http://cetsound.noaa.
gov). The CetMap Working Group created a mapping
tool that provides cetacean density and distribution
maps that are time-, region-, and species-specific.
Additionally, our CetMap tool highlights areas, seasons, and species for which there are clear data gaps.
The CetMap Working Group recognized the
necessity of creating BIAs to incorporate additional information into the mapping tool by identifying areas where cetacean species or populations
are known to concentrate for specific behaviors,
or are range-limited, but for which there are insufficient data for their importance to be reflected
in the quantitative mapping effort. The result of
the BIA assessment process includes narratives,
maps, and tables that provide additional context
within which to examine potential interactions
between cetaceans and human activities. Our aim
for this assessment is to combine expert judgment
with available data (published or unpublished) to
delineate BIAs for each species and each region.
Our goal is not to define marine protected areas.
Rather, we are identifying sites where cetaceans
engage in activities at certain times that contribute to an individual’s health and fitness and, ultimately, to the fecundity and survivorship of the
population. During the conservation and management decision-making process, BIAs should be
considered in addition to existing density estimates, range-wide distribution data, information
on population trends and life history parameters,
known threats to the population, and other relevant information.
The review process for these BIA chapters was
extensive and thorough. Dr. Kathleen Dudzinski
served as the main editor and I as guest editor for
this issue. Prior to submission, each chapter was
reviewed by between 12 to 30 regional experts

from within and outside NOAA (both scientists
and managers), including some of the CetMap
Working Group members. Upon submission to
Aquatic Mammals, Dr. Dudzinski reviewed all
manuscripts with an eye to promoting consistency
and accuracy across all the BIAs, in addition to
soliciting reviews from two to three external
reviewers for each chapter through the journal’s
review process.
There are eight chapters in this special issue, an
introduction and seven regional manuscripts covering the U.S. East Coast, Gulf of Mexico, U.S.
West Coast, Hawai‘i, Gulf of Alaska, Aleutian
Islands and Bering Sea, and the Arctic. There are
a total of 131 BIAs covering 24 species. Each
chapter was written by scientific experts who
have a thorough knowledge of the species and
region in question. Although a common theme
unites all chapters, there are regional variations
in the amount and type of information available
to undertake the assessment and the number and
types of species covered. It was not feasible to
create BIAs for every species due to either the
lack of information to support the delineation or,
in some cases, simply due to the time available
for this effort. However, these BIAs are meant
to be living documents that should be routinely
reviewed and revised to expand the number of
species covered and to update the existing BIAs
as new information becomes available.
In that light, it is critical to start this special
issue where all good things should start, at the
beginning. The BIA special issue begins with an
introductory chapter that highlights the rationale
and decisions made during this inaugural BIA
assessment process. This is a MUST read before
you delve further into a regional chapter. The
“Overview and Rationale” includes all the BIA
criteria and caveats and summarizes these in a
digestible series of tables. We hope that this BIA
special issue will be of use to scientists and managers alike and will assist with planning, analyses,
and decisions regarding how to reduce adverse
impacts to cetaceans resulting from human
activities.
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Abstract

Introduction

We outline the rationale and process used by
the Cetacean Density and Distribution Mapping
(CetMap) Working Group to identify Biologically
Important Areas (BIAs) for 24 cetacean species,
stocks, or populations in seven regions within U.S.
waters. BIAs are reproductive areas, feeding areas,
migratory corridors, and areas in which small and
resident populations are concentrated. BIAs are
region-, species-, and time-specific. Information
provided for each BIA includes the following:
(1) a written narrative describing the information,
assumptions, and logic used to delineate the BIA;
(2) a map of the BIA; (3) a list of references used
in the assessment; and (4) a metadata table that
concisely details the type and quantity of information used to define a BIA, providing transparency
in how BIAs were designated in a quick reference
table format. BIAs were identified through an expert
elicitation process. The delineation of BIAs does not
have direct or immediate regulatory consequences.
Rather, the BIA assessment is intended to provide
the best available science to help inform regulatory
and management decisions under existing authorities about some, though not all, important cetacean
areas in order to minimize the impacts of anthropogenic activities on cetaceans and to achieve conservation and protection goals. In addition, the BIAs
and associated information may be used to identify
information gaps and prioritize future research and
modeling efforts to better understand cetaceans,
their habitat, and ecosystems.

Anthropogenic activities in the marine environment are increasing in number, geographic extent,
and often duration, resulting in increased potential
risk to marine ecosystems worldwide (Hooker &
Gerber, 2004; Convention on Biological Diversity
[CBD], 2009; Reeves et al., 2013). Activities of
concern for the conservation and management
of marine species are diverse and include energy
development (e.g., wind farm installation; oil and
gas exploration, development, and production),
military testing and training (e.g., sonar exercises
and equipment prototyping), shipping, fishing,
tourism, and coastal construction, among others.
This special issue focuses on the potential effects
of human activities on cetaceans. Several components of the activities mentioned above have the
potential to adversely affect cetaceans, including
the possibility of vessel strike; bycatch or entanglement; alteration of habitat through physical
changes, chemical pollution, or introduction of
alien invasive species; and indirect effects related
to prey distribution and abundance. However, one
common component of these activities is underwater noise, which is present to some degree in
almost every marine activity and can affect large
areas over long periods of time.
Sound is critical to cetaceans for communicating, detecting predators and prey, navigating, and
sensing other important environmental cues. A
soundscape is comprised of all of the sounds in a
place, including geophysical, biological, and manmade contributions. When examined from the perspective of the animals experiencing and using it,
a soundscape may also be referred to as an “acoustic habitat” (Clark et al., 2009, p. 203). Increased
anthropogenic sound from single or multiple
sources can have deleterious effects on cetaceans’
acoustic habitats, reducing their ability to detect
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critical sounds, often across large areas and long
periods of time. In addition to these more chronic
acoustic habitat impacts, anthropogenic noise can
cause direct, or acute, effects ranging from altering important behaviors and threshold shifts in
hearing, to injury, or even death, in certain circumstances. The probability, nature, and extent of an
animal’s response to sound depends on a variety of
contextual factors, including the activity or behavior in which the animal is engaged at the time of
sound exposure (e.g., feeding, breeding, resting,
migrating, nursing), the nature and novelty of the
sound, and the location of the sound source relative to the animal (Ellison et al., 2012). However,
both chronic and acute effects of noise have the
potential to negatively affect an individual’s health
and fitness in certain circumstances, ultimately
leading to effects on a population’s fecundity or
survivorship.
Following on the earlier work of a U.S.
National Research Council (NRC) (2005) committee, New et al. (2014), in an effort termed the
Potential Consequences of Disturbance, outlined
an updated conceptual model of the relationships
linking disturbance to changes in behavior, physiology, health, vital rates, and population dynamics. Further, New et al. created an energetic model
for southern elephant seals (Mirounga leonina) to
study links between disturbance and populationlevel effects. Based on extensive morphological,
environmental, and tag data, and biological samples, the model predicts the quantitative transfer
functions (i.e., mathematical relationships) among
reduced foraging success (potentially the result of
context-specific disturbance events), adult mass,
pup wean mass, and pup survival. It is clear that
understanding the behaviors and activities animals are involved in when exposed to stressors
may affect both their immediate response and
the ultimate effect of that response. Ellison et al.
(2012) suggested that federal agencies responsible
for regulating entities producing sound with the
potential to affect marine mammals should incorporate behavioral context where possible into
their impact assessments.
In the United States, the National Oceanic and
Atmospheric Administration (NOAA) is charged
with implementing multiple federal statutes,
including the Marine Mammal Protection Act
(MMPA) (16 USC § 1361 et seq.), the Endangered
Species Act (ESA) (16 USC § 1531 et seq.), and
the National Marine Sanctuaries Act (NMSA)
(16 U.S.C. § 1431 et seq.), which contain provisions for the protection and conservation of
marine mammals. These statutes all have sections
that address federal or public activities with the
potential for disturbing or harming marine mammals, their populations, or their habitat, and in

many cases necessitate a consultation or coordination between NOAA and the entity planning
to conduct the activity. Additionally, the entities
seeking approvals from NOAA pursuant to these
statutes are required to provide information and
impact analyses with their requests. Separately,
the National Environmental Policy Act (NEPA)
(42 USC § 4321 et seq.) requires all federal agencies to analyze the potential impacts of their
activities on the environment, including marine
mammals, and to consider enacting mitigation
measures.
NOAA must ultimately reach conclusions, specific to each statute, regarding the scope and significance of the anticipated impacts of a proposed
activity to the affected individuals and their habitat,
and how the effects to individual marine mammals
may impact populations. The analyses inform the
development and requirement of appropriate mitigation and monitoring measures. The conclusions
can affect whether the entities conducting the activities can proceed with their activities as planned
or need to modify their activities. These processes
typically culminate in the issuance or denial of an
authorization, permit, exemption, or recommendation letter from NOAA or other agencies with
jurisdiction over specific activities. As noted above,
the ability to characterize cetacean behaviors or
activities in given areas or times is important in the
assessment of likely impacts of a proposed activity and the development of appropriate mitigation
strategies. Furthermore, this ability would be valuable to both regulators and regulated entities.
The focus of this issue largely relates to understanding activities in which cetaceans, in particular,
are likely to be engaged at a certain time and place,
which is indicative of an area’s biological importance for purposes of impact analysis and management. The idea for this undertaking was conceived in
2011 when NOAA convened the Cetacean Density
and Distribution Mapping (CetMap) Working Group
(http://cetsound.noaa.gov) to map cetacean density and distribution within U.S. waters. CetMap
members were affiliated with government agencies,
nongovernmental organizations, academic institutions, and private research or environmental consulting firms. CetMap members brought a diversity of
experience in cetacean ecology, conservation, and
management to the project, ranging from policy to
modeling to field work. The primary goal of CetMap
was to create and compile comprehensive and easily
accessible regional cetacean density and distribution maps that are time- and species-specific, ideally
using survey data and models that estimate density
using predictive environmental factors. CetMap considered predictive habitat-based density (HD) models
to be the best tool for addressing spatially and temporally explicit questions on cetacean abundance,
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density, or distribution; however, HD models require
a considerable amount of relatively high-quality
data, which is available for only a limited number of
species, regions, and time periods (Kot et al., 2010;
Kaschner et al., 2012). Furthermore, HD models
typically do not provide direct information on activity state, nor do they provide information on animal
distribution at the relevant time and space scales that
can be obtained from primary information sources
such as acoustic, sighting, genetic, and tagging data
and expert knowledge. Therefore, it is important to
supplement areas that might be identified through
HD models with additional information.
To augment CetMap’s quantitative density
and distribution mapping effort and to provide
additional context for cetacean impact analyses,
CetMap undertook a process to identify, through
expert consultation, Biologically Important Areas
(BIAs). BIAs are reproductive areas, feeding
areas, migratory corridors, and areas in which
small and resident populations are concentrated.
Similar to other products on the CetMap website,
the cetacean BIAs are region-, species-, and timespecific. Although all products on the CetMap
website are restricted to cetaceans, the tools could
be extended to include other marine mammals
such as pinnipeds (seals, sea lions, fur seals, and
walruses), sirenians (manatees and dugongs), and
fissipeds (sea otters and polar bears).
BIAs were created to aid NOAA, other federal agencies, and the public in the analyses and
planning that are required under multiple U.S.
statutes to characterize and minimize the impacts
of anthropogenic activities on cetaceans and to
achieve conservation and protection goals. In
addition, the BIAs and associated information
may be used to identify information gaps and
prioritize future research and modeling efforts
to better understand cetaceans, their habitat, and
ecosystems. Because this is a scientific effort,
the identification of BIAs does not have direct or
immediate regulatory consequences. Rather, the
BIA assessment is intended to provide the best
available science to help inform regulatory and
management decisions under existing authorities
about some, though not all, important cetacean
areas. For decision-making purposes, the BIAs
identified here should be evaluated in combination with areas identified as having high cetacean
density; the present effort is meant to augment,
not displace, cetacean density analyses.
Herein, we describe the process that CetMap
implemented to delineate BIAs; summarize the
resulting BIAs; discuss strengths and limitations
of the existing BIAs and assessment process; and
suggest ways in which this BIA assessment can be
improved in the future. Furthermore, we compare
CetMap’s BIA assessment to similar international

assessments such as the International Union for
Conservation of Nature’s (IUCN) Key Biodiversity
Areas (KBAs) and Important Marine Mammal Areas
(IMMAs), Convention on Biological Diversity’s
Ecologically or Biologically Significant Areas
(EBSAs), Pacific WildLife Foundation’s (PWLF)
Important Cetacean Areas (ICAs), and Australia’s
Biologically Important Areas.
The final products of CetMap’s BIA assessment comprise the subsequent articles in this
special issue that are presented as seven chapters,
separated based on regional divisions that reflect
Large Marine Ecosystem delineations (Sherman
& Alexander, 1986) (Figure 1.1). These regions
are comprised of the U.S. East Coast, Gulf of
Mexico, West Coast, Hawai‘i, Gulf of Alaska,
Aleutian Islands and Bering Sea, and the Arctic
(encompassing the northeastern Chukchi and
western Beaufort Seas). The abbreviations used in
this special issue are defined in Table 1.1.
Methods

The CetMap BIA assessment is a species-focused,
science-based process that is restricted to U.S.
waters. Areas are delineated based on their importance to specific species, stocks, or populations.
(Hereafter, “species” will be used to represent
species, stocks, and populations, unless a subspecific unit is essential for interpretation.) This
inaugural BIA assessment is not comprehensive
in the species evaluated. Rather, it incorporates
a large number of species representing a range
of habitats, foraging methods, social structures,
movement patterns, life history strategies, and
population sizes. This strategy of completing a
trial assessment with a limited suite of representative species is similar to some of the international
assessments described below. The best available
science is used to evaluate candidate species and
areas according to the BIA criteria listed below.
The assessment is free from legal, socioeconomic,
and political constraints, with the exception that
it is limited to U.S. waters for practical purposes.
Any use of these BIAs in regulatory decisions will
be subject to the standard processes of analysis
and review under the applicable statutes. CetMap
defines “U.S. waters” as the region shoreward
of the offshore boundary of the U.S. Exclusive
Economic Zone (EEZ); therefore, U.S. waters
under this definition include state waters.
CetMap BIA Criteria

The BIA criteria are guidelines for delineating
areas of biological importance for cetaceans. The
criteria allow the flexibility to assess ecologically
diverse species using the information available,
which spans a wide range in quality, quantity,
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Figure 1.1. Overview of study area, showing the seven regions within which Biologically Important Areas (BIAs) were
assessed. All BIAs were delineated solely within the U.S. waters, which we define as the region shoreward of the offshore
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Important Cetacean Areas

Important Marine Mammal Areas

ICA

IMMA

CBD
CeTAP
CIB
CRC
CV
DNA
DPS
EBSA
ECS
EEZ
EIS
ENP
ESA
FR
GMI
GOALS
HD

Aerial Surveys of Arctic Marine Mammals
Bering-Chukchi-Beaufort
Biologically Important Area
Bureau of Ocean Energy Management
Bowhead Whale Feeding Ecology Study
Beaufort Stock
Bays, Sounds, Estuaries
California Cooperative Oceanic Fisheries
Investigations
Convention on Biological Diversity
Cetacean and Turtle Assessment Program
Cook Inlet Belugas
Cascadia Research Collective
Coefficient of Variation
Deoxyribonucleic acid
Distinct Population Segment
Ecologically or Biologically Significant Area
Eastern Chuckchi Sea
Exclusive Economic Zone
Environmental Impact Statement
Eastern North Pacific
Endangered Species Act
Federal Register
Geo-Marine, Inc.
Gulf of Alaska Line-transect Survey
Habitat-based density

ASAMM
BCB
BIA
BOEM
BOWFEST
BS
BSE
CalCOFI

WNP

UAF GAP

NEFSC
NEPA
NMFS
nmi
NMML
NMSA
NNCES
NOAA
PCCS
PCFG
PRIEST
PWLF
SAR
SNACS
SNCES
SOSUS
SPLASH

IUCN
IWC
IWC-POWER
KBA
m
MMPA
MMS
mtDNA

Abbreviations

Northeast Fisheries Science Center
National Environmental Policy Act
National Marine Fisheries Service
Nautical mile(s)
National Marine Mammal Laboratory
National Marine Sanctuaries Act
Northern North Carolina Estuarine System
National Oceanic and Atmospheric Administration
Provincetown Center for Coastal Studies
Pacific Coast Feeding Group
Pacific RIght whale Ecology STudy
Pacific WildLife Foundation
Stock Assessment Report
Study of Northern Alaska Coastal System
Southern North Carolina Estuarine System
SOund SUrveillance System
Structure of Populations, Levels of Abundance and Status of
Humpbacks
University of Alaska Fairbanks Gulf Apex Predator-Prey
Project
Western North Pacific

International Union for Conservation of Nature
International Whaling Commission
IWC-Pacific Ocean Whale and Ecosystem Research
Key Biodiversity Areas
Meter(s)
Marine Mammal Protection Act
Minerals Management Service
Mitochondrial DNA

Table 1.1. Abbreviations used in this special issue; the state abbreviations are used in many of the figures.

HI
LA
MA
MD
ME
MS
NC
NH
NJ
NY
OR
RI
SC
TX
VA
WA

Hawai‘i
Louisiana
Massachusetts
Maryland
Maine
Mississippi
North Carolina
New Hampshire
New Jersey
New York
Oregon
Rhode Island
South Carolina
Texas
Virginia
Washington

Alaska
Alabama
California
Connecticut
Washington, DC
Delaware
Florida
Georgia

U.S. state abbreviations
AK
AL
CA
CT
DC
DE
FL
GA
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Table 1.2. The criteria defined below are guidelines for delineating Biologically Important Areas (BIAs) in U.S. waters for
cetaceans. The criteria are not based on quantitative thresholds. CetMap considers an area to be biologically important for
a cetacean species, stock, or population (denoted by “species” in the criteria) if it meets at least one of these four criteria.
Criteria

Definition

Reproductive Area

Areas and times within which a particular species selectively mates, gives birth,
or is found with neonates or calves

Feeding Area

Areas and times within which aggregations of a particular species preferentially
feed. These either may be persistent in space and time or associated with
ephemeral features that are less predictable but are located within a larger area
that can be delineated.

Migratory Corridor

Areas and times within which a substantial portion of a species is known to
migrate; the corridor is spatially restricted.

Small and Resident
Population

Areas and times within which small and resident populations occupy a limited
geographic extent

1

Map color1

In figures where there is more than one BIA of the same type, or where multiple BIAs are included and overlapping, the
same color scheme is used with horizontal or vertical lines. All depths shown are in meters, unless otherwise noted. The U.S.
Exclusive Economic Zone (EEZ) is represented as a dashed line (
) in maps where it is visible.

Certain qualifying statements are included in the BIA
criteria. For example, the migratory corridor criterion designates a “substantial portion of a species”
that migrates in a “spatially restricted” area. Within
the context of informing conservation and management decisions, it is less useful to know that a small
portion of a species might regularly use a 1,000-km
swath of the Pacific Ocean to travel from California
to Hawai‘i than it is to know that 100% of a species migrates through the waters of the Bering Strait
(~80 km wide) twice each year. Additionally, CetMap
restricts the fourth type of BIA to “small and resident” populations “that occupy a limited geographic
extent” because NOAA’s Marine Mammal Stock
Assessment Reports already cite the range and abundance of all recognized U.S. marine mammal species
or populations, including small or resident populations whose range is either unknown or relatively
large. The North Pacific right whale is an example
of a small population that did not qualify for a small
and resident BIA because their range is relatively
large. The Gulf of Mexico resident sperm whale is
an example of a resident population whose overall
spatial extent was too large to be defined as a BIA.
While CetMap does not explicitly define “small” and
“limited geographic extent,” we delineate BIAs for
populations or stocks whose range spans only a bay,
an area around one or several islands, or a portion
of what CetMap defines as a region. Each regional
chapter provides an explicit definition of “resident”
for each small and resident BIA delineated.
Areas that NOAA has officially designated as
Critical Habitat are included as BIAs, either in
part or whole, only if they meet at least one of
the BIA criteria stated above. The development of
Critical Habitat considers a complex combination

of factors that do not always match the simple
definition of BIAs; therefore, not everything identified as Critical Habitat will meet the BIA criteria
and vice versa. Where BIAs have been designated
in regions for species that have Critical Habitat,
the Critical Habitat is identified, and its relationship to the BIA is described (i.e., completely, partially, or not overlapping) and mapped.
BIAs are delineated at the minimum spatial
and temporal scales that available information
can support. Coastal BIA assessments were conducted using GSHHS, Version 2.2.4 (full resolution,
level L1) (Wessel & Smith, 1996). Most BIAs were
defined by month, but some could only be identified by a particular season, which was typically a
3- to 4-mo period. For each region, species, and time
period with delineated areas of biological importance, four products were created and compiled
into the regional chapters in this issue: (1) a written
narrative describing the information, assumptions,
and logic used to delineate the BIA; (2) a map of
the BIA; (3) a list of references used in the assessment (see the “Literature Cited” section at the end
of the issue); and (4) a metadata table (see online
supplemental tables associated with each region).
The metadata table concisely details the type and
quantity of information used to define a BIA, providing transparency in how BIAs were designated
in a quick reference table format. In addition, the
metadata table allows an efficient way to update a
BIA as new information becomes available.
Early in the BIA assessment process, CetMap
considered defining a ranked categorical scale for
BIAs based on the strength of supporting information. One obstacle to creating a single ordinal
categorization scheme is that the collection of
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all potential applications for BIAs is broad, and
a single scheme is unlikely to weight each contributing factor appropriately for all scenarios.
Additionally, due to limited understanding of
the linkages between individual- and populationlevel effects, CetMap did not rank the BIAs based
on relative importance inferred from known or
assumed impacts associated with disruption of
specific behaviors or other threats to the species.
The Working Group concluded that information
would be lost in a simple ranking process, and that
it is better to document the assumptions and reasoning in each BIA narrative, and to compile the
relevant detailed information in associated metadata tables and the list of references.
Expert Elicitation and Review Processes

The data that can be used to characterize BIAs
varies considerably in availability, quality, quantity, and type (i.e., sampling methodology used
to collect it); therefore, expert interpretation and
integration of existing information, based on
broad and detailed knowledge of regions, species, and the assumptions associated with different datasets, is needed to characterize these
areas. The elicitation process was designed based
on an expert panel approach to foster pooling of
knowledge. CetMap defined a regional expert as
an individual or research group that was actively
conducting scientific research (field work and
analyses) in the region, was internationally recognized, and had a large body of peer-reviewed
publications on the species in question and/or the
region. The experts were affiliated with a range
of institutions, including academic institutions,
governmental agencies, and nongovernmental
organizations, including a nonprofit research consortium. The amount of experience in cetacean
ecology that each expert who led the drafting of
the BIAs brought to the panel ranged from one to
over three decades. These regional experts were
asked to compile the best available information
(e.g., sighting, acoustic, tagging, genetic, photoidentification) from scientific literature (including
books, peer-reviewed articles, and government
or contract reports), unpublished data, personal
experience, and other experts’ knowledge to
delineate the BIAs and create the associated narratives, maps, and metadata tables.
CetMap sought additional review of the BIAs.
CetMap recognized the need for support of the BIA
assessment process by other scientists, managers,
and relevant experts. The scientific community
has accepted the peer-review process conducted
by scientific journals as a way to evaluate science
and syntheses. The review process also helped to
ensure that the BIA narratives, maps, and metadata
tables were accurate, based on the best available

science, presented consistently across regions, and
supported by the references cited. BIA drafts were
reviewed by CetMap members and by other scientific experts external to the process with experience in particular species and regions, including
individuals able to convey traditional ecological
knowledge and reviewers who operated under the
established guidelines of this journal.
In total, from drafting the original BIA narratives, maps, and metadata tables through the end
of the journal’s peer-review process, each BIA
was reviewed by approximately 7 to 20 experts.
The entire assessment was conducted by experts
communicating and exchanging information
online, over the telephone, or in person.
Assessment Summary

This inaugural assessment identified 131 BIAs for
24 species (including multiple stocks for some species) within the seven regions. These BIAs were
based on extensive review and synthesis of published and unpublished information by upwards of
70 experts. To put this assessment into perspective, NOAA Fisheries’ Marine Mammal Stock
Assessment Reports recognize approximately
34 large whale, 61 small whale, and 76 dolphin
and porpoise stocks in U.S. waters. A summary
of the BIAs identified by region, species, BIA
type, and area is provided in Table 1.3. The geographic extent of the BIAs in all regions ranges
from 117 km2 for one Gulf of Mexico bottlenose
dolphin small and resident BIA (see LaBrecque
et al., 2015) to 373,000 km2 for the fin whale feeding BIA in the Bering Sea (see Ferguson et al.,
2015c). The best estimates of abundance for the
small and resident populations identified across
all regions range from 10 (belugas in Yakutat Bay,
Gulf of Alaska; Ferguson et al., 2015a) to ~2,500
to 3,000 (belugas in Bristol Bay, Alaska; Ferguson
et al., 2015c). The spatial extent of the small and
resident populations’ overall ranges is on the order
of 4,000 km2, though were as small as 117 km2
for the Gulf of Mexico bottlenose dolphin stock
mentioned above and as large as 31,500 km2 for
the Bristol Bay belugas.
There was insufficient available information
or time to identify BIAs for the species listed by
region below. These species should be considered
in subsequent BIA assessments. In the East Coast,
common dolphin (Delphinus delphis), long- and
short-finned pilot whales (Globicephala melas
and G. macrorhynchus, respectively), Risso’s
dolphin (Grampus griseus), Atlantic white-sided
dolphin (Lagenorhynchus acutus), Atlantic spotted dolphin (Stenella frontalis), and several stocks
of bottlenose dolphins (Tursiops truncatus) did
not have enough information to be assessed. The

		
possibility of a minke whale migratory corridor in
the East Coast region should be considered in the
future as more acoustic data are evaluated.
There was not enough information for most of
the cetacean species in the Gulf of Mexico to evaluate whether BIAs should be delineated. Future
BIA assessments for the Gulf of Mexico should
evaluate potential residency patterns of the sperm
whale (Physeter macrocephalus) and other deep
diving cetaceans that utilize the canyons and shelf
break. In the Gulf of Mexico, several stocks of
bottlenose dolphin also were not evaluated.
For the West Coast region, fin whales
(Balaenoptera physalus) were discussed but no BIAs
defined due to limited or conflicting information.
Other species found in the West Coast region but
not evaluated were the minke whale (Balaenoptera
acutorostrata), killer whale (Orcinus orca), beaked
whales (family Ziphiidae), and sperm whale.
The main information gaps in the Hawai‘i
region were most species within the Northwestern
Hawaiian Islands, and some species within the
western half or along the windward sides of the
main Hawaiian Islands.
Species inhabiting the Gulf of Alaska and
Aleutian Islands and Bering Sea regions but not
evaluated include Dall’s porpoise (Phocoenoides
dalli), Pacific white-sided dolphin (Lagenorhynchus
obliquidens), killer whale, beaked whales, sperm
whale, minke whale, sei whale (Balaenoptera borealis), and harbor porpoise (Phocoena phocoena).
Additional information gaps identified during the
assessment of the Gulf of Alaska region include
(1) reproductive areas for fin, gray (Eschrichtius
robustus), and North Pacific right (Eubalaena
japonica) whales; (2) detailed information on the
migration routes of all species; (3) detailed information on the migratory timing of all species except
humpback whales (Megaptera novaeangliae); and
(4) cetacean distribution, density, and behavior
in U.S. Gulf of Alaska waters off the continental shelf. Information gaps identified during the
assessment of the Aleutian Islands and Bering Sea
region include (1) reproductive areas for all species;
(2) detailed information on the migration routes and
timing of all species; and (3) cetacean distribution,
density, and behavior in U.S. Bering Sea waters off
the continental shelf.
For the Arctic region, species lacking sufficient information for assessment include fin,
humpback, minke, and killer whales, and harbor
porpoise. Other information gaps that were identified during the Arctic BIA process include
(1) bowhead whale use of the western Beaufort
Sea in summer (e.g., feeding, migration timing,
movement rates); (2) the existence or extent of
a bowhead whale fall migratory corridor in the
Chukchi Sea; (3) the extent and nature of beluga
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use of outer continental shelf and slope habitat in
the Beaufort Sea; (4) the existence or location of
gray whale migratory corridors in spring and fall;
and (5) the degree to which gray whales move
between known feeding hotspots.
Strengths and Limitations of CetMap BIAs
Caveats

CetMap made every effort to minimize biases in
the BIAs by requiring that the information used
to identify each BIA was fully documented in the
references and metadata tables and by undertaking multiple levels of review by qualified experts.
Nevertheless, it is the responsibility of the user to
understand and keep in mind the following caveats when using the BIAs in planning and decisionmaking (see also Table 1.4):
• Only U.S. waters were evaluated as part of
the BIA assessment; however, available information for non-U.S. areas was considered in
identifying BIAs. Therefore, absence of BIA
designations outside U.S. waters should not
be interpreted as an absence of BIAs in those
waters.
• Only areas and periods for which sufficient
information was available to determine biological importance, under the criteria established
above, were considered for BIA delineation.
Therefore, other areas of biological importance
to cetaceans exist within U.S. waters but were
not included due to insufficient information
because data collection and analyses to identify
such areas are ongoing or because of time limitations of the assessment process.
• The quantity and type of information used to
delineate BIAs within U.S. waters were spatially
and temporally heterogeneous and included data
derived from visual sightings, passive acoustic
monitoring, tagging, genetic samples, photoidentification, and expert knowledge.
• The BIA narratives and metadata tables should
be consulted to determine which regions and
periods were considered, what data support the
designations, and where and when information
is lacking.
• The BIA designation is not equivalent to habitat or range. BIAs do not identify the physical
and biological factors that characterize a species’ habitat. Feeding, migration, and reproduction BIAs highlight specific locations and
periods within which critical behaviors occur
and likely represent only a fraction of a species’
overall range. BIAs may represent only the
period when a peak number of individuals use
an area. A small and resident population BIA
may encompass all or most of the population’s
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Table 1.3. Count and total area (in km2) of BIAs by region, species, and BIA type. A total of 131 BIAs (58 feeding, 15
migration, 10 reproduction, and 48 small and resident) were defined for 24 species across seven regions in U.S. waters,
resulting in a total area of 2,798,466 km2.
# of
BIAs

Total BIA
size (km2)

Species’ scientific name

Species’ common name

BIA type

Balaenoptera acutorostrata
Balaenoptera borealis
Balaenoptera physalus
Eubalaena glacialis
Eubalaena glacialis
Eubalaena glacialis
Megaptera novaeangliae
Phocoena phocoena
Tursiops truncatus

Minke whale
Sei whale
Fin whale
North Atlantic right whale
North Atlantic right whale
North Atlantic right whale
Humpback whale
Harbor porpoise
Bottlenose dolphin

Feeding
Feeding
Feeding
Feeding
Migration
Reproduction
Feeding
Small and resident
Small and resident
Total

2
1
3
3
1
2
1
1
10
24

56,597
56,609
27,094
16,098
269,448
51,997
47,701
12,211
13,867
551,622

Gulf of Mexico Balaenoptera edeni
Tursiops truncatus

Bryde’s whale
Bottlenose dolphin

Small and resident
Small and resident
Total

1
11
12

23,559
6,507
30,066

West Coast

Balaenoptera musculus
Eschrichtius robustus
Eschrichtius robustus
Megaptera novaeangliae
Phocoena phocoena

Blue whale
Gray whale
Gray whale
Humpback whale
Harbor porpoise

Feeding
Feeding
Migration
Feeding
Small and resident
Total

9
6
4
7
2
28

16,438
1,927
263,860
23,098
4,941
310,264

Hawai‘i

Feresa attenuata
Globicephala macrorhynchus
Kogia sima
Megaptera novaeangliae
Mesoplodon densirostris
Peponocephala electra
Pseudorca crassidens
Stenella attenuata
Stenella longirostris
Steno bredanensis
Tursiops truncatus
Ziphius cavirostris

Pygmy killer whale
Short-finned pilot whale
Dwarf sperm whale
Humpback whale
Blainville’s beaked whale
Melon-headed whale
False killer whale
Pantropical spotted dolphin
Spinner dolphin
Rough-toothed dolphin
Common bottlenose dolphin
Cuvier’s beaked whale

Small and resident
Small and resident
Small and resident
Reproduction
Small and resident
Small and resident
Small and resident
Small and resident
Small and resident
Small and resident
Small and resident
Small and resident
Total

1
1
1
1
1
1
1
3
5
1
4
1
21

2,265
2,968
2,675
5,846
7,442
1,753
5,430
7,252
38,040
7,175
21,920
23,583
126,349

Gulf of Alaska Balaenoptera physalus
Delphinapterus leucas
Eschrichtius robustus
Eschrichtius robustus
Eubalaena japonica
Megaptera novaeangliae

Fin whale
Beluga
Gray whale
Gray whale
North Pacific right whale
Humpback whale

Feeding
Small and resident
Feeding
Migration
Feeding
Feeding
Total

1
2
2
1
1
6
13

44,975
9,209
7,374
176,921
28,019
93,920
360,418

Aleutian
Islands and
Bering Sea

Bowhead whale
Bowhead whale
Fin whale
Beluga
Beluga
Beluga
Gray whale
Gray whale
North Pacific right whale
Humpback whale

Feeding
Migration
Feeding
Feeding
Migration
Small and resident
Feeding
Migration
Feeding
Feeding
Total

1
1
1
1
1
1
3
3
1
2
15

2,130
19,861
372,961
61,675
22,332
31,567
47,866
69,599
92,667
109,619
830,278

East Coast

Balaena mysticetus
Balaena mysticetus
Balaenoptera physalus
Delphinapterus leucas
Delphinapterus leucas
Delphinapterus leucas
Eschrichtius robustus
Eschrichtius robustus
Eubalaena japonica
Megaptera novaeangliae
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Table 1.3. Count and total area of BIAs by region, species, and BIA type (continued)

Arctic

Total BIA
size (km2)

Species’ common name

BIA type

Balaena mysticetus
Balaena mysticetus
Balaena mysticetus
Delphinapterus leucas
Delphinapterus leucas
Delphinapterus leucas
Eschrichtius robustus
Eschrichtius robustus

Bowhead whale
Bowhead whale
Bowhead whale
Beluga
Beluga
Beluga
Gray whale
Gray whale

Feeding
Migration
Reproduction
Feeding
Migration
Reproduction
Feeding
Reproduction
Total

3
2
4
1
2
1
3
2
18

32,998
193,742
142,755
1,527
171,231
1,527
27,391
18,298
589,469

Grand total

131

2,798,466

entire known range, or may represent high density areas within a larger known range.
• This BIA assessment focused on certain cetacean species. It will be necessary, using other
resources, to supplement the areas identified
herein with those having high densities of these
and other marine mammal species. A similar
process could be established for the cetacean,
pinniped, sirenian, and fissiped species that
were not addressed by this effort.
No Thresholds

# of
BIAs

Species’ scientific name

To maximize the number of species, areas, and
times that could be evaluated under CetMap’s BIA

criteria, CetMap chose to not incorporate thresholds
(quantitative values) into the criteria. The implementation of thresholds into assessment processes
requires a considerable amount of data of a certain
type and quality, and those data standards are difficult to meet in most regions. The variability in
the geographic extent of BIAs in this assessment
(Table 1.3) is partially due to the heterogeneity in
the type and quality of data used; however, each
BIA is substantiated by an associated narrative,
map, and metadata table, allowing transparency
into the delineation process. Furthermore, CetMap
encourages users to incorporate information from
multiple sources, including BIAs and HD models

Table 1.4. The caveats below should be considered when using BIAs in planning or decision-making processes.
1

Only U.S. waters were evaluated as part of the BIA assessment; however, available information for non-U.S. areas
was considered in identifying BIAs. Therefore, absence of BIA designations outside U.S. waters should not be interpreted as an absence of BIAs in those waters.

2

Only areas and periods for which sufficient information was available to determine biological importance under the
criteria established above were considered for BIA delineation. Therefore, other areas of biological importance to
cetaceans exist within U.S. waters but were not included due to insufficient information because data collection and
analyses to identify such areas are ongoing or because of time limitations of the assessment process.

3

The quantity and type of information used to delineate BIAs within U.S. waters were spatially and temporally heterogeneous and included data derived from visual sightings, passive acoustic monitoring, tagging, genetic samples,
photo-identification, and expert knowledge.

4

The BIA narratives and metadata tables should be consulted to determine which regions and periods were considered, what data support the designations, and where and when information is lacking.

5

The BIA designation is not equivalent to habitat or range. BIAs do not identify the physical and biological factors
that characterize a species’ habitat. Feeding, migration, and reproduction BIAs highlight specific locations and periods within which critical behaviors occur and likely represent only a fraction of a species’ overall range. BIAs may
represent only the period when a peak number of individuals use an area. A small and resident population BIA may
encompass all or most of the population’s entire known range, or may represent high density areas within a larger
known range.

6

This BIA assessment focused on certain cetacean species. It will be necessary, using other resources, to supplement
the areas identified here with those having high densities of these and other marine mammal species. A similar process could be established for the cetacean, pinniped, sirenian, and fissiped species that were not addressed by this
effort.
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or stratified density estimates, to inform conservation and management decisions.
Expert Elicitation

The expert elicitation process used in this BIA
assessment is both a strength and a limitation. There
is an urgent need for input into decisions regarding
conservation and management and a lack of data
for quantitative analyses (Kot et al., 2010; Kaschner
et al., 2012). Managers are asked to make decisions
given the best available information (or limitations
thereof), and scientists are asked to provide input
(professional judgments and interpretations) even
when information is limited. Expert elicitation
allows for the interpretation and synthesis of various sources of information, such as empirical data,
scientific literature, and personal field experience,
to make existing knowledge directly applicable to
management (Teck et al., 2010).
Expert elicitation is not purely objective, but
neither are empirical data collection and analysis
methods in general. All science requires judgments
to be made at multiple points in the scientific process: defining the question; choosing the study
area; creating the study design; deciding on and
implementing data collection methods; analyzing
data, including the identification and treatment of
outliers; deciding on the analytical spatial and temporal extent and scale; subsetting data; identifying
and computing parameters of interest; choosing
an overall analytical paradigm (e.g., frequentist,
Bayesian, or likelihood statistical approaches); and
presenting and interpreting results.
CetMap incorporated safeguards into several
steps of the expert elicitation process: (1) enlisting experts with knowledge about cetaceans in
particular regions, acquired through personal
experience conducting research (field work and
analyses); (2) facilitating transparency of the BIA
assessment process by providing details about
methodology, assumptions, and rationale in the
narratives, and providing details about the information used in the narratives, metadata tables, and
references; (3) fostering support for the BIAs by
undertaking an extensive expert review phase for
narratives, maps, and metadata tables, including
reviewers designated by the journal and those who
were external to the journal’s official peer-review
process; and (4) recognizing that this is a first
step in an iterative process, and encouraging these
inaugural BIAs to be reviewed and revised in the
future as new information becomes available.
Future Directions for CetMap BIAs

CetMap’s BIA assessment process should be considered an iterative process. As noted above, BIAs
are limited by available knowledge, and they are

not intended to provide a complete list of areas
of biological importance for all cetacean species.
NOAA regards the information presented on the
CetMap website, including the BIAs, to be living
resources, which will be maintained and updated as
new information becomes available. This inaugural
set of BIAs represents a snapshot in time. As new
empirical data are gathered, these BIAs can be calibrated to determine how closely they correspond
to reality, and they can be updated as necessary.
Future assessments should consider methods for
incorporating uncertainty into the BIA delineation
process. In addition, the number of cetacean species
(within a given region and time period) represented
in the BIA library is likely to expand as knowledge
accumulates. Furthermore, decisionmakers and the
scientific community might find it helpful to have
information about BIAs for pinnipeds, sirenians,
and fissipeds. When planning future BIA assessments, it will be important to account for the time
required to undertake the process. This entire elicitation process, starting with CetMap’s initial workshop in January 2011 and finishing with publication
in March 2015, took approximately four years.
Comparison to International Assessments

The CetMap BIA assessment is part of a growing
international effort to delineate areas of biological
or ecological importance to inform decisions or
promote actions in the conservation and management realm. Herein, we compare CetMap BIAs to
IUCN KBAs and IMMAs, CBD EBSAs, PWLF
ICAs, and Australian BIAs (Table 1.5). Although
IMMAs are still in development (Corrigan et al.,
2014), and KBA criteria are in revision (IUCN,
2013b), sufficient information exists to compare
the proposed assessment to the collection of existing assessments. It should be noted that other
detailed regional assessments exist, including the
Bering Strait Marine Life and Subsistence Use Data
Synthesis (Oceana & Kawerak, Inc., 2014) and the
Arctic Synthesis compiled by Audubon Alaska
and Oceana (Smith, 2010). We chose to focus on
the assessments in Table 1.5 because they are most
similar to the CetMap BIA process.
The suite of assessments listed above and summarized in Table 1.5 share a collection of common
characteristics. First, all of these examples are proactive efforts to identify important areas. They are not
responses to specific actions or developments; rather,
they address multiple existing and growing environmental concerns in the marine, freshwater, or terrestrial environment. Second, all efforts are based on the
best available science and rely on expert judgment to
shape the criteria and conduct the assessment. Third,
they are all iterative processes. Recognizing that our
understanding of the marine environment is under

Proposed criteria5: (1) Sites contributing
significantly to the global persistence
of threatened biodiversity; (2) Sites
contributing significantly to the global
persistence of geographically restricted
biodiversity; (3) Sites contributing
significantly to the global persistence of
biodiversity because they are exceptional
examples of ecological integrity and
naturalness; (4) Sites contributing
significantly to the global persistence of
outstanding biological processes; and
(5) Sites contributing significantly to
the global persistence of biodiversity
as identified through a comprehensive
quantitative analysis of irreplaceability

Areas that contribute
significantly to the
global persistence of
biodiversity6

IUCN World
Commission
on Protected
Areas and
Species Survival
Commission Joint
Task Force on
Biodiversity and
Protected Areas

KBA

Yes5

No

(1) Reproductive areas: Areas and
times within which a particular species
selectively mates, gives birth, or is found
with neonates or calves. (2) Feeding
areas: Areas and times within which
aggregations of a particular species
preferentially feed. These either may be
persistent in space and time or associated
with ephemeral features that are less
predictable but are located within a larger
area that can be delineated. (3) Migratory
corridors: Areas and times within
which a substantial portion of a species
is known to migrate; the corridor is
spatially restricted. (4) Small and resident
population: Areas and times within which
small and resident populations occupy a
limited geographic extent

BIAs are reproductive
areas, feeding areas,
migratory corridors,
and areas in which
small and resident
populations are
concentrated.

NOAA Fisheries
Cetacean Density
and Distribution
Mapping Working
Group

QT

Criteria

Definition

CetMap
BIAs

Oversight body

Unrestricted

Cetaceans

Taxa

Gene,
population,
species, or
ecosystem4, 6

Populations,
stocks, species

Ecological unit
assessed

Table 1.5. Comparison of CetMap’s BIA assessment to five similar international assessments; QT = Quantitative Thresholds.

Global6

United States

Geographic
scope

Regional6,
national,
international

Regional

Political
scale

Terrestrial,
freshwater,
and marine6

Marine

Habitats
targeted

		

Important Cetacean
Areas (ICAs) are
discrete areas of
ocean that are
of importance to
cetaceans for feeding,
breeding, and
migration activities.

Pacific WildLife
Foundation
(PWLF)

ICA9

(1) Endangered, threatened, or
vulnerable species; (2) Feeding
concentrations; (3) Breeding area or
nursery; (4) Migration corridors; and
(5) Species diversity

(1) Uniqueness or rarity; (2) Special
importance for life history stages of
species; (3) Importance for threatened,
endangered, or declining species
and/or habitats; (4) Vulnerability,
fragility, sensitivity, or slow
recovery; (5) Biological productivity;
(6) Biological diversity; and
(7) Naturalness2

Ecologically
and biologically
significant areas are
geographically or
oceanographically
discrete areas that
provide important
services to one
or more species/
populations of an
ecosystem or to
the ecosystem as a
whole, compared to
other surrounding
areas or areas of
similar ecological
characteristics, or
otherwise meet the
criteria as identified
in Annex I to decision
IX/20.2

Conference of the
Parties (COP) to
the Convention
on Biological
Diversity

Criteria

Definition

EBSA

Oversight body

Yes

No

QT

Cetaceans

Unrestricted

Taxa

Population,
subspecies,
species

Population,
species, or
ecosystem2

Ecological unit
assessed
Global2, 3

Geographic
scope

British
Columbia
and Southeast
Alaska

Table 1.5. Comparison of CetMap’s BIA assessment to five similar international assessments; QT = Quantitative Thresholds. (continued)

Regional,
international

Regional,2, 3
national,
international

Political
scale

Marine

Marine2, 3

Habitats
targeted
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Yes1

Sites that contribute
significantly to the
global persistence
of marine mammal
biodiversity1

IUCN Marine
Mammal
Protected Areas
Task Force

IMMA

Cetaceans,
pinnipeds,
sirenians,
fissipeds1

Seabirds,
cetaceans,
pinnipeds,
sirenians,
marine turtles,
fishes11

Taxa

Population,
species1

Species

Ecological unit
assessed

Sources
1
Corrigan et al. (2014). These are proposed criteria.
2
CBD (2008)
3
CBD (2010)
4
IUCN (2013a)
5
IUCN (2013b)
6
IUCN (2012)
9
PWLF (2013)
10
Australian Government Department of Sustainability, Environment, Water, Population, and Communities (DSEWPaC) (2012)
11
Australian Government Department of the Environment (2014)

Proposed criteria1: (1) Reproductive
areas and times; (2) Feeding areas
and times; (3) Migration corridors;
(4) Smaller or resident populations;
(5) Abundance estimates and population
structure (with consideration of
rarity, uniqueness, genetic isolation,
irreplaceability, size of populations, and
temporal aggregations); (6) 3-D habitat
features; and (7) Considerations of
vulnerability and resilience

No

Biologically
(1) Breeding; (2) Foraging; (3) Resting;
important areas
and (4) Migration10
are areas that are
particularly important
for the conservation
of protected
species and where
aggregations of
individuals display
biologically important
behaviour such as
breeding, foraging,
resting, or migration.10

Australian
Government
Department of the
Environment

QT

Australian
BIA

Criteria

Definition

Oversight body

Table 1.5. Comparison of CetMap’s BIA assessment to five similar international assessments; QT = Quantitative Thresholds. (continued)

Global

Australia

Geographic
scope

Marine,
freshwater,
terrestrial

Marine

Regional,
national

Regional,1
national,
international

Habitats
targeted

Political
scale
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continual revision and to ensure that the areas identified under each assessment continue to represent the
best available science, it is necessary to review and
revise the areas on a cycle that tracks the acquisition
of new information.
There are several noteworthy differences among
the assessments, which are highlighted in Table 1.5.
For example, the ecological units assessed to
delineate KBAs and EBSAs range from genes (for
KBAs) or populations (both) to ecosystems and
consider all taxa and habitats (CBD, 2008; IUCN,
2012, 2013a). ICAs (PWLF, 2013), Australian
BIAs (DSEWPaC, 2012), IMMAs (Corrigan et al.,
2014), and CetMap BIAs are based on populations,
stocks, or species. Australian BIAs are restricted
to marine habitats and include seabirds, cetaceans,
pinnipeds, sirenians, marine turtles, and fishes
(DSEWPaC, 2012). IMMAs will include all species
of cetaceans, pinnipeds, sirenians, and fissipeds,
and will encompass terrestrial, marine, and freshwater habitats (Corrigan et al., 2014). ICAs (PWLF,
2013) and CetMap BIAs currently include only
cetaceans. The geographic scope and political scale
vary among the efforts. The KBA (IUCN, 2012),
EBSA (CBD, 2008, 2010), and IMMA (Corrigan
et al., 2014) efforts are global, and areas are identified at geographic scales ranging from regional (a
portion of a nation), national (at the level of a single
nation), or international (crossing national boundaries). ICAs are restricted to waters off British
Columbia and Southeast Alaska (PWLF, 2013).
ICA boundaries can cross national borders but are
also identified at the regional scale (PWLF, 2013).
Australian (DSEWPaC, 2012) and CetMap BIAs
are restricted to national waters but are delineated
at the regional scale. In general, KBAs tend to be
smaller than EBSAs, and IMMAs are expected to
be similar in size to KBAs (Hoyt & Notarbartolo
di Sciara, 2014).
Understanding the goals and the intended use
of the designated sites is critical to understanding
whether and how the different types of areas can be
integrated or nested. KBAs are defined as “areas
that contribute significantly to the global persistence of biodiversity” (IUCN, 2012, p. 10). KBA
delineation is meant to “help national government
agencies, decision makers, resource managers,
local communities, the private sector, donor agencies, and others to target the implementation of
site conservation standards” (IUCN, 2013a, p. 3).
KBA size and the location of their boundaries
“should be based on actual or potential manageability for conservation or biodiversity” (IUCN,
2012, p. 21). Therefore, KBA delineation is somewhat constrained by political, socioeconomic, and
legal factors. Furthermore, the proposed KBA criteria are based on quantitative thresholds (IUCN,
2013b).

In the EBSA delineation process, there is less
focus on management and more emphasis on
ecology and biology. EBSAs are defined as “geographically or oceanographically discrete areas
that provide important services to one or more
species/populations of an ecosystem or to the ecosystem as a whole, compared to other surrounding
areas or areas of similar ecological characteristics”
(CBD, 2008, p. 181). Furthermore, the Conference
of the Parties to the CBD (2010) noted that “the
application of the ecologically or biologically significant areas (EBSAs) criteria is a scientific and
technical exercise” (p. 234) and that “areas found
to meet the criteria may require enhanced conservation and management measures” (p. 234).
EBSA delineation does not require the evaluation of quantitative thresholds. Criteria for KBAs
(IUCN, 2013b) and EBSAs (CBD, 2008) include
vulnerability to disturbances, which ultimately
involves assessment of threats, risks, and, potentially, cumulative effects analyses. Although still
in development, IMMAs are anticipated to “nest
fully within what would constitute an EBSA, and
either fully or to at least a large degree within
KBAs” (Corrigan et al., 2014, p. 181; see also
Hoyt & Notarbartolo di Sciara, 2014). KBAs
(IUCN, 2013b), EBSAs (CBD, 2008), and ICAs
(PWLF, 2013) all include a criterion regarding
endangered, threatened, or vulnerable species. In
addition, ICAs include some quantitative thresholds (PWLF, 2013). The Australian (DSEWPaC,
2012) and CetMap BIAs are more similar to
each other than to the other assessments because
they are not based on thresholds, and they do not
directly incorporate vulnerability criteria; rather,
they can be considered purely behavior or activity “layers” that can be input into management
decisions, cumulative effects models, or other
assessment processes (i.e., KBAs, EBSAs, and/or
IMMAs), along with other factors relevant to the
particular issue at hand.
Conclusions

The CetMap BIAs are one in a growing international collection of tools created to assist multiple
stakeholders in the characterization, analysis, and
minimization of anthropogenic impacts on cetaceans, other taxa, and ecosystems. All of the tools
require regular review and revision to track emerging knowledge and understanding about the species and ecosystems of concern. Communication
among those overseeing each assessment process
will be critical in order to share limited resources
(i.e., time, money, and knowledge) and to enhance
understanding of how the products from each
assessment can be integrated.
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Abstract

In this review, we merge existing published and
unpublished information along with expert judgment to identify and support the delineation of
18 Biologically Important Areas (BIAs) in U.S.
waters along the East Coast for minke whales, sei
whales, fin whales, North Atlantic right whales,
humpback whales, harbor porpoises, and bottlenose dolphins. BIAs are delineated for feeding
areas, reproductive areas, migratory corridors, and
small and resident populations to enhance existing
information already available to scientists, managers, policymakers, and the public. BIAs ranged
in size from approximately 152 to 270,000 km2.
They are intended to provide synthesized information in a transparent format that can be readily
used toward the analyses and planning under U.S.
statutes that require the characterization and minimization of impacts of anthropogenic activities on
marine mammals. BIAs are not intended to represent all important areas for consideration in planning processes; in particular, areas of high marine
mammal density, typically identified based on a
combination of systematic visual and/or acoustic
detections coupled with quantitative modeling,
are very important to consider, where available,
in any assessment. To maintain their utility, East
Coast BIAs should be re-evaluated and revised, if
necessary, as new information becomes available.
Key Words: feeding area, migratory corridor,
reproductive area, resident population, anthropogenic sound, Northwest Atlantic Ocean, East
Coast
Introduction

This assessment coalesces existing published and
unpublished information to define Biologically

Important Areas (BIAs) in U.S. East Coast waters
(shoreward of the Exclusive Economic Zone
[EEZ]) for cetacean species that meet the criteria
for migratory areas, feeding areas, reproductive
areas, and small and resident populations defined
in Table 1.2 of Ferguson et al. (2015b) within this
issue. A comprehensive overview of the BIA delineation process; its caveats (Table 1.4), strengths,
and limitations; and its relationship to international assessments also can be found in Ferguson
et al. Table 1.3 provides a summary of all BIAs
identified, including species, region, geographic
location within the region, BIA type, month(s), and
total area (in km2). A summary also can be found
at http://cetsound.noaa.gov/important. Table 1.1
defines all abbreviations used in this special issue.
Metadata tables that concisely detail the type and
quantity of information used to define each BIA
are available as an online supplement.
Within the East Coast region, one species—
North Atlantic right whale (Eubalaena glacialis)—was evaluated and found to meet the criteria
for reproductive, feeding, and migratory corridor
BIAs; four species—minke whale (Balaenoptera
acutorostrata), sei whale (B. borealis), fin whale
(B. physalus), and humpback whale (Megaptera
novaeangliae)—met the criteria for feeding BIAs;
and two species—bottlenose dolphin (Tursiops
truncatus) and harbor porpoise (Phocoena phocoena)—met the criteria for small and resident
populations. Several other cetacean species are
found in this region but do not meet the BIA criteria. These species include sperm whale (Physeter
macrocephalus), dwarf sperm whale (Kogia sima),
pygmy sperm whale (K. breviceps), Cuvier’s beaked
whale (Ziphius cavirostris), Blainville’s beaked
whale (Mesoplodon densirostris), Gervais’ beaked
whale (M. europaeus), Sowerby’s beaked whale
(M. bidens), True’s beaked whale (M. mirus), Risso’s
dolphin (Grampus griseus), long-finned pilot whale
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(Globicephala melas), short-finned pilot whale
(G. macrorhynchus), common dolphin (Delphinus
delphis), white-sided dolphin (Lagenorhynchus
acutus), Atlantic spotted dolphin (Stenella frontalis), and striped dolphin (S. coeruleoalba).
Infrequently sighted cetacean species include blue
whale (B. musculus), North Atlantic bottlenosed
whale (Hyperoodon ampullatus), false killer whale
(Pseudorca crassidens), killer whale (Orcinus
orca), melon-headed whale (Peponocephala electra), rough-toothed dolphin (Steno bredanensis),
Fraser’s dolphin (Lagenodelphis hosei), whitebeaked dolphin (Lagenorhynchus albirostris),
pantropical spotted dolphin (S. attenuata), spinner dolphin (S. longirostris), and Clymene dolphin (S. clymene). Common dolphins, long and
short-finned pilot whales, Risso’s dolphin, Atlantic
white-sided dolphin, and Atlantic spotted dolphin
should be evaluated in future efforts to create BIAs
for these species in this region as new information
becomes available.
Information pertaining to East Coast BIAs
was synthesized primarily from published data
from systematic ship-based surveys, systematic
aerial surveys, opportunistic whale-watching surveys, tagging studies, photo-identification studies,
genetic analysis, acoustic recordings, and stranding
and whaling records. The East Coast BIA assessment benefitted from the inputs and insights of ten
experts familiar with East Coast cetacean species.
Species-Specific Biologically Important Areas
Minke Whale (Balaenoptera acutorostrata)

General—Minke whales in the U.S. East Coast
waters are recognized as part of the Canadian East
Coast stock (Donovan, 1991; Waring et al., 2014)
and are found throughout the waters off the East
Coast of the U.S., with the greatest number of sightings in northeastern waters (Cetacean and Turtle
Assessment Program [CeTAP], 1982; Waring
et al., 2014). Like other balaenopterids, there
appears to be a strong seasonal division in minke
whale distribution. They migrate between high
latitudes in summer and low latitudes in winter.
From May through September, minke whales are
most abundant in New England waters, including
the Gulf of Maine, Cape Cod Bay, the Great South
Channel, and Georges Bank (Pittman et al., 2006;
Waring et al., 2014). Year-round acoustic recordings from Stellwagen Bank detected minke whale
vocalizations from August to November with a
few detections from March to June (Risch et al.,
2013). Minke whales are mostly absent from
New England waters in winter. Although sighting data have not provided evidence of a migration corridor, year-round acoustic monitoring
from the Gulf of St. Lawrence to Saba Bank in

the Caribbean suggest minke whales migrate in
the deeper waters offshore of the U.S. continental shelf, and in winter they are spread out at low
latitudes from the Mid-Atlantic Ridge to the U.S.
continental shelf (Risch et al., 2014). No minke
whale mating or calving grounds have been found
in U.S. Atlantic waters. Mitchell (1991) speculated that offshore waters of the southeast U.S. and
the West Indies might be important winter calving
grounds. Recent records show minke whale mom/
calf pairs offshore of the continental shelf near
Florida and North Carolina (Nilsson et al., 2011)
supporting possible winter calving grounds in the
southeast U.S. Atlantic or further south.
Feeding—Minke whales have been observed
feeding in the Great South Channel and adjacent
waters from March through November. During vessel-based humpback whale surveys from 1988 to
2011, the Provincetown Center for Coastal Studies
(PCCS) recorded 19 sightings of individual minke
whales feeding along the northern edge of Georges
Bank, Great South Channel, Stellwagen Bank, and
off Race Point, Massachusetts (PCCS, unpub. data,
1988-2011) in waters less than 150 m. From 1998
to 2009, the Northeast Fisheries Science Center
(NEFSC) aerial survey team recorded 15 sightings
of minke whales feeding (NEFSC, unpub. data,
1998-2009) during all survey months (March to
July, October) in waters less than 200 m. Twentyone observations of surface or apparent surface
feeding of minke whales were recorded from March
through September during the CeTAP (1982) surveys within the 100-m isobath in the Great South
Channel, along Cape Anne, and at Jeffreys Ledge.
Between 1979 and 1992, Murphy (1995) confirmed 27 sightings of minke whale feeding at the
surface Cape Cod Bay, Massachusetts Bay, and on
Stellwagen Bank. These sightings were recorded
during dedicated marine mammal research cruises
and on whale-watching vessels. Feeding group size
was recorded in 24 of the 27 sightings; two sightings were of pairs of individuals, one sighting was
of three individuals, and single individuals account
for the rest of the 24 sightings recorded with group
size. From these published and unpublished sightings of minke whale feeding activity, we define the
minke whale feeding BIA in waters less than 200 m
in the southern and southwestern section of the
Gulf of Maine, including Georges Bank, the Great
South Channel, Cape Cod Bay and Massachusetts
Bay, Stellwagen Bank, Cape Anne, and Jeffreys
Ledge (Figure 2.1; Table S2.1). We include areas
of the central Gulf of Maine to incorporate sightings of minke whale feeding in the shallow water
around Parker Ridge and Cashes Ledge.
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Figure 2.1. Two minke whale (Balaenoptera acutorostrata) feeding Biologically Important Areas (BIAs) from March
through November
the northeast
through
vessel-based
survey
dataMarch
and expert
judgment
3 inFigure
2.1.Atlantic
Twosubstantiated
minke whale
feeding
BIAs
from
– November
in the

northeast A

U.S.survey
Atlanticdata
waters.
(1975) described a
through vessel based
andMitchell
expert judgment.
General—Sei whales in U.S. East Coast waters
migration of sei whales from south of Cape Cod
are recognized as part of the Nova
Scotia Stock
along
the eastern coast of Canada in June and July
70°W
68°W
66°W
(Donovan, 1991; Waring et al., 2014). Like other
with a return migration in September and October.
balaenopterids, sei whales migrate between highThisCanada
migration remains unverified and probably
ME and low-latitude
latitude summer feeding areas
describes local seasonal movements.
winter breeding areas, but sei whales tend to occur
Feeding—Known from whaling records
in a more restricted range
(Jonsgård & Darling, 1977) and observed feeding
NH of latitudes in temperate waters (Mizroch et al., 1984a). SightingsAtlantic
behavior, sei whales in the North Atlantic feed prifrom the 1978 to 1982 CeTAP surveys and data Ocean
marily on copepods and secondarily on euphausifrom the National Oceanic
and Atmospheric
ids (CeTAP, 1982; Mizroch et al., 1984a; Kenney
MA
Administration (NOAA) Fisheries shipboard
& Winn, 1986; Baumgartner et al., 2011). During
surveys (Waring et al.,
2014)
show
peak
abunthe CeTAP surveys, sei whales were observed
RI
dance of sei whales in U.S. Atlantic waters occurs
feeding from April through July in the deeper
in spring, particularly along the shelf break of
waters off the southwestern and eastern edge of
Georges Bank, into the Northeast Channel, and
Georges Banks and into the southwestern section
southwest to Hydrographer Canyon. However,
of the Gulf of Maine (CeTAP, 1982; Kenny &
they are also present in winter months and were
Winn, 1986). This has been shown to change in
the most common large whale sighted during
response to prey availability. In 1986, sei whales
aerial surveys conducted from January through
were reported feeding in the shallow waters of
Kilometers
-2000Sei whales are generMarch 2011 (Palka, 2012).
Stellwagen
Bank from April through October in
0
50
100
ally associated
response to increased copepod availability (Payne
5 with the deeper waters off the shelf
et al., 1990; Schilling et al., 1992; Kenney et al.,
break edge (Hain et al., 1985); however, Newhall
1996). Waring et al. (2014) reported that sei whales
et al. (2012) provide new insights into sei whale
6
Figure
2.2.(also
Seisee
whale
feeding BIA
May
– November
theasnortheast
feed from
at more
inshore
locations, in
such
the Great Atlantic sub
presence in shallower
waters
“Feeding”
South Channel (in 1987 and 1989), when copepod
section for another exception).
abundance
is elevated.
During their vessel-based
Sei whale7 conception
5-mo data
throughoccurs
vesselduring
basedasurvey
and expert
judgment.
surveys from 1994 through 2011, PCCS recorded
period centering on the winter months, with ges58 instances of sei whale feeding activity from
tation approximately 12 mo long (Mizroch et al.,
May through November around the shelf break
1984a). No 8known mating or calving grounds
areas of the southwestern section of Gulf of Maine
have been found in U.S. Atlantic waters. Although
and the eastern edges of Georges Bank (PCCS,
a sei whale 9stranding in December 1972 on the
unpub. data, 1994-2011). From these reports,
coast of South Carolina (Mead, 1977) lends some
publications, and unpublished PCCS data, the sei
evidence to a migratory corridor, no migratory
whale feeding BIA extends from the 25-m contour
corridor for sei whales has been identified in
44°N

Sei Whale (Balaenoptera
borealis)
4
substantiated

40°N

-1
0

0

42°N

-200

-25

1

42°N

20

2
3

season (Hain et al., 1992). In addition, acoustic
off NY
coastal Maine and Massachusetts west to the
Kilometers
data from Massachusetts Bay (Morano et al., 2012)
200-m contour
in
central
Gulf of Maine, includ0
50
100
indicate fin whale presence throughout the winter
ing the northern shelf break area of Georges Bank
months. Acoustic data from the U.S. Navy’s Sound
(Figure 2.2; Table S2.2). The sei whale feeding
Surveillance System (SOSUS) arrays suggest that
BIA also includes the southern shelf break area of
do undertake
southward
migrations
Georges2.1.
BankTwo
fromminke
100 towhale
2,000 m
and theBIAs
Great fromanimals
Figure
feeding
Marchthat
– November
in the
northeast
Atlantic
in the fall generally travel south past Bermuda
South Channel. Their feeding activity in the U.S.
and into the West Indies (Clark, 1995); however,
Atlantic waters is concentrated from May through
substantiated
through vessel based survey data and
expert judgment.
a migration corridor for fin whales in the U.S.
November with a peak in July and August.
Atlantic EEZ is not known. Based on stranding
70°W
68°W
66°W
data of neonates and observations of mother-calf
Canada
pairs, Hain et al. (1992) suggest fin whale calving occurs off the coast of the mid-Atlantic U.S.
ME
between October and January. Calving has not
been verified in this area.
NH
Feeding—Fin whales feed in higher latitude
Atlantic
Ocean
areas from March through October when primary
production is high (Mizroch et al., 1984b). Fin
MA
whales feed primarily on euphausiids and small
schooling fish such as capelin (Mallotus villosus)
RI
and sand lance (Ammodytes spp.) (Mizroch et al.,
1984b; Pauly et al., 1998; Perry et al., 1999a).
Reporting from the CeTAP (1982) surveys and
additional data from University of Rhode Island
aerial and shipboard surveys, Manoment Bird
Observatory surveys, and NOAA Fisheries shipboard surveys from 1980 through 1988, Hain
Kilometers
-2000
et al. (1992) noted a particular spring and summer
0
50
100
feeding concentration “in an arc that begins in
the Great South Channel southeast of Nantucket,
Figure 2.2. Sei whale (Balaenoptera borealis) feeding BIA
runs northwestward
along the
40-50substantiated
m conFigure
Sei whale
feeding
BIA from
May – November
in the northeast
Atlantic
from May2.2.
through
November
in the northeast
Atlantic,
tour to the east of Chatham, continues from the
substantiated through vessel-based survey data and expert
Provincetown area north across Stellwagen Bank,
judgment vessel based survey data and expert judgment.
through
passes east of Cape Ann and ends at the northeast tip of Jeffreys Ledge” (p. 657). This area
Fin Whale (Balaenoptera physalus)
composed the largest feeding area reported for fin
General—Fin whales in U.S. Atlantic waters were
whales in the CeTAP study area. A second major
first recognized as part of the Nova Scotia Stock
fin whale feeding area was reported directly east
(Donovan, 1991) but are now called the Western
of Montauk Point between the 15- and 50-m conNorth Atlantic Stock (Waring et al., 2014). The
tours (Hain et al., 1992). Fin whale feeding during
Western North Atlantic Stock of fin whales are
spring and summer was also observed as far south
widely distributed over the U.S. continental shelf
as the Delmarva Peninsula and north to the Bay
and shelf break from Cape Hatteras through the Gulf
1of Fundy (Hain et al., 1992) but not at concentraof Maine (Geo-Marine, Inc. [GMI], 2010; Waring
tions comparable to the Great South Channel area
et al., 2014), although rarely sighted in the deep
(Figure 2.3; Table S2.3).
basin of the Gulf of Maine and the shallow banks of
Photo-identification records collected from
Georges Bank (Hain et al., 1992). Fin whales were
1974 to 1988 from the Gulf of Maine show
the most frequently sighted large whale species in
that individual female fin whales exhibit feedthe nearshore waters off New Jersey during GMI’s
ing site fidelity in areas of the northern (lower
(2010) 24-mo survey (37 sightings, mostly of indiBay of Fundy, Seal Island, and Mt. Desert Rock,
vidual whales). The majority of these sightings
Maine) or the southern (Great South Channel,
occurred during winter (18 December to 9 April)
Jeffreys Ledge, and Stellwagen Bank) Gulf of
and spring (10 April to 21 June) months. The most
Maine (Agler et al., 1993). From 1980 through
abundant sightings of fin whales occur in New
1987, 156 fin whales were individually identified
England waters during spring and summer (CeTAP,
through photo-identification techniques within the
1982; Waring et al., 2014). Scattered sightings over
Massachusetts Bay area feeding grounds (Seipt
the northeast shelf in winter and fall indicate that
et al., 1990). During this period, approximately
some fin whales are present during the non-feeding
62% of the 156 individuals were observed in more
44°N

4

LaBrecque et al.

RI

CT

40°N

-1
0

0

42°N

-200

-25

5
6
7
8
9

		

habitat or congregation areas for the North
Atlantic right whale: (1) coastal waters of the
southeastern U.S., (2) the Great South Channel,
a
d
(3) Georges Bank/Gulf of Maine, (4) Cape Cod
na
a
C
Bay and Massachusetts Bay, (5) the Bay of Fundy,
ME
1
and (6) the Scotian Shelf (Waring et al., 2014).
Critical Habitat for the North Atlantic right
NH
whale was federally designated by NOAA
Atlantic
Fisheries in 1994 for the Great South Channel,
2
Ocean
MA
Cape Cod Bay and a section of Stellwagen Bank,
and the waters adjacent to the coast of Georgia and
CT
RI
the east coast of Florida (Federal Register [FR]
59[226], 28805-28835). Although we include the
federally mandated Critical Habitat areas as referNY
3 -50
ence, calving, feeding, and mating BIAs for North
Atlantic right whales expand beyond these areas.
Kilometers
Feeding—North Atlantic right whales primar0
75
150
ily feed on copepods of the genus Calanus in
New England, Bay of Fundy, and Scotian Shelf
Figure 2.3. Fin whale (Balaenoptera physalus) feeding
waters from late February through December
BIAs in the northeast Atlantic: (1) June to October in the
(Kenney et al., 1986; Weinrich et al., 2000;
northern
Maine;
(2) year-round
the southern
FigureGulf
2.3.ofFin
whale
feedinginBIAs
in theGulf
northeast
Atlantic:&(1)Mate,
June2003;
to October
in the et
northern
Baumgartner
Baumgartner
al.,
of Maine; and (3) March to October east of Montauk Point,
2003). Direct observations of feeding behavior
substantiated through vessel-based survey data, photofrom
numerous
boat-based
andtoaerial
surveys
Gulf of Maine; (2) year round in the southern Gulf
of Maine;
and
(3) March
October
eastinof
identification data, and expert judgment; also shown are the
New England and Canadian waters suggest four
15-m (solid line) and 50-m (dashed line) depth contours.
well-known, high-use feeding habitats in northMontauk Point, substantiated through vessel based
data, photo
identification
ernsurvey
U.S. Atlantic
waters:
(1) Cape Coddata,
Bay and
and
than 1 y; and in some cases, individually known fin
Massachusetts Bay, (2) the Great South Channel,
whales
were observed
theare
Massachusetts
Georges
Maine,
and
(4) the
expert judgment.
Alsowithin
shown
the 15 m (solid(3)
line)
and 50Bank/Gulf
m (dashedofline)
depth
contours.
Bay feeding grounds in as many as 8 y (Seipt
lower Bay of Fundy (Kenney et al., 2001; Waring
et al., 1990). Clapham & Seipt (1991) suggest that
et al., 2014; Figure 2.4; Table S2.4). Locations of
these rates of return are evidence that site fidelNorth Atlantic right whale feeding activity comity for the Western North Atlantic fin whale stock
piled from CeTAP (1982), commercial whalemay be maternally determined. Fin whales were
watching trips, and the North Atlantic right whale
seen in the southern Gulf of Maine from March to
sighting database also suggest that North Atlantic
October, while fin whales in the northern Gulf of
right whales feed at Jeffreys Ledge in the western
Maine were seen only from June to October (Agler
Gulf of Maine (Weinrich et al., 2000).
et al., 1993).
Generally, North Atlantic right whales arrive and
Unpublished sighting data of feeding fin whales
start feeding in Cape Cod Bay and Massachusetts
from the PCCS spatially coincide with previously
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published data. Temporally, PCCS sightings of
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North Atlantic Right Whale (Eubalaena glacialis)
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ally distributed throughout East Coast U.S. waters.
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They are listed as endangered under the U.S.
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Endangered Species Act (ESA) and are one of the
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Aquarium, NOAA Fisheries, PCCS, U.S. Fish
right whales feed outside of U.S. waters in the
and Wildlife Service, Georgia Department of
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Natural Resources, and Florida Fish and Wildlife
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Conservation Commission, suggest six major
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U.S. continental shelf as more survey data become
waters of Georgia and northeast Florida during
available. Calving North Atlantic right whales use
winter months. An outlier to these observations
these habitats each year between mid-November
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late autumn and late winter. In November and
December, North Atlantic right whales leave the
feeding grounds of the Bay of Fundy and Scotian
shelf (non-U.S. waters) and migrate along the U.S.
continental shelf to either the calving grounds in
the southeastern U.S. or to unknown winter areas
(Brown et al., 2001; Kenney et al., 2001; Whitt
et al., 2013; Figure 2.7; Table S2.6). By late March,
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Cod Bay (Kenney et al., 2001; Knowlton et al.,
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U.S. (Schick et al., 2009; Whitt et al., 2013), it is
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migration or restrict their movements to nearshore
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Migration—Although individual North Atlantic
right whales move among the feeding grounds
37
during the summer and can travel hundreds of miles
within a month (Mate et al., 1997; Baumgartner
38
& Mate, 2005), their true migration occurs in the
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General—The Gulf of Maine feeding stock is
the predominant subpopulation of humpback
whales in U.S. Atlantic waters (Waring et al.,
2014). Other areas of feeding subpopulations
in the North Atlantic include Iceland-Denmark,
Southwest Greenland, Southern Labrador and east
of Newfoundland, and the Gulf of the St. Lawrence
(Katona & Beard, 1990; Perry et al., 1999b).
Humpbacks from all the North Atlantic feeding
areas migrate to calving and breeding grounds
off the West Indies in winter (Mattila et al., 1989,
1994). Most sightings in the Gulf of Maine occur
between May and October, with peaks in July and
August (Robbins, 2007). In late October, most
humpbacks start leaving the Gulf of Maine feeding grounds for the West Indies calving grounds.
However, small numbers of animals have been
sighted throughout the winter months (Robbins,
2007), and acoustic data demonstrate that some
animals remain through early winter (Mattila et al.,
1987; Vu et al., 2012). Little is known about the
actual migratory path. It is thought that most humpbacks migrate both north and south in the open
ocean, but some have been seen on the continental
shelf off the mid-Atlantic U.S. during migration
periods (Swingle et al., 1993; Barco et al., 2002;
GMI, 2010). Visual (Department of Navy, 2011)
and acoustic (Hodge, 2011) surveys near Onslow
Bay, North Carolina, and Jacksonville, Florida,
provide evidence of humpbacks along or near the
continental shelf. Winter aerial surveys conducted
by NOAA Fisheries have documented humpbacks
off the coasts of North Carolina and Florida (Palka,
2012), and 17 sightings of humpback whales were
recorded in all seasons during year-round visual
surveys in the nearshore waters of New Jersey
(GMI, 2010). Gulf of Maine humpbacks leave the
calving grounds in early spring to return to the feed43
ing grounds. Northbound migrants have been documented in the feeding areas as early as late March,
though encounter rates during visual surveys begin
44
to increase substantially by May (Robbins, 2007).
Humpback mating and calving grounds are not
within the continental U.S. Atlantic waters.
45
Feeding—Humpback whales show strong,
maternally directed feeding site fidelity (Clapham
& Mayo, 1987). Humpbacks feed in the Gulf 46
of
Maine from March through December, with most
feeding activity observed in June and July (PCCS,
unpub. data, 1984-2011; Figure 2.8; Table S2.7).
47
Studies of humpback whale ecology in the Gulf
of Maine have been ongoing since the mid-1970s
(Payne et al., 1986; Clapham & Mayo, 1987,
1990; Weinrich, 1991; Weinrich & Kuhlberg,
1991; Clapham et al., 1993; Weinrich et al., 1997;
Friedlaender et al., 2009; Hazen et al., 2009) and
have shown a link between the spatial and temporal

distributions of humpbacks in the Gulf of Maine
and their prey, Atlantic herring (Clupea harengus)
and sand lance (Ammodytes spp.). Payne et al.
(1986) showed that humpbacks shifted from their
primary feeding grounds on Georges Bank and the
northern Gulf of Mexico to Stellwagen Bank and
the Great South Channel in response to shifts in
sand lance distribution.
Humpbacks have been observed in the
waters off the U.S. mid-Atlantic (New Jersey to
North Carolina) in all months of the year (Swingle
et al., 1993; Wiley et al., 1995; Barco et al., 2002;
GMI, 2010). Notably, most records are from
January through March when whales are traditionally assumed to be in the breeding grounds (Barco
et al., 2002). Swingle et al. (1993) and Wiley et al.
(1995) suggest U.S. mid-Atlantic waters represent a supplemental winter feeding ground used
by juvenile and mature humpback whales of U.S.
and Canadian North Atlantic stocks.
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Based on genetic analyses of summer breeding populations (Rosel et al., 1999), there are
four known populations of harbor porpoises
in the western North Atlantic: (1) the Gulf of
Maine/Bay of Fundy, (2) Gulf of St. Lawrence,
(3) Newfoundland, and (4) Greenland populations
(Gaskin, 1984, 1992; Read & Hohn, 1995). Harbor
porpoises in U.S. Atlantic waters are distributed
from the Bay of Fundy to North Carolina (Waring
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period between January 2008 and December 2009
(GMI, 2010). No migratory corridor between the
Bay of Fundy and North Carolina is known.
Bottlenose Dolphin (Tursiops truncatus) Small and
Resident Populations

Bottlenose dolphins in the U.S. East Coast waters
range from Long Island, New York, to the Florida
peninsula and inhabit estuarine coastal, continental shelf, and continental slope waters. There
are two genetically distinct ecotypes—nearshore
(also referred to as coastal) and offshore (Mead
& Potter, 1995; Hoelzel et al., 1998; Torres et al.,
2003); however, studies support the existence of
small and resident populations in several estuarine
systems along the East Coast of the U.S. All of the
small and resident populations of bottlenose dolphins summarized here are described in the stock
assessment reports produced by NOAA Fisheries.
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We do not present information on migratory populations even though some of the small and resident
populations are migratory during parts of the year.
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persed from Maine to New Jersey with the majoret al., 2014). The geographical boundaries for this
ity of the population located on the continental
resident population are based on ongoing photoshelf (Waring et al., 2014), although they have
identification studies and are subject to change
been tracked in waters greater than 1,800 m deep
upon further study of dolphin residency patterns
(Westgate et al., 1998).
in North Carolina.
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et al., 2014). All harbor porpoises seen in the Gulf
of Maine and Bay of Fundy are part of the Gulf of
Maine/Bay of Fundy population, but harbor porpoises sighted off the mid-Atlantic states during
winter include porpoises from other western North
Atlantic populations (Rosel et al., 1999).
Sightings have been documented by NOAA
Fisheries ship and aerial surveys, strandings,
and animals taken incidental to fishing reported
by NOAA Fisheries observers. From July to
September, harbor porpoises in U.S. waters (Gulf
of Maine/Bay of Fundy) are concentrated in waters
less than 150 m deep in the northern Gulf of Maine
and southern Bay of Fundy (Gaskin, 1977; Kraus
et al., 1983; Palka, 1995; Figure 2.9; Table S2.8).
Lower densities have been observed in the upper
Bay of Fundy and northern edge of Georges Bank
during this time frame (Palka, 2000).
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North Carolina/South Carolina border, including the Cape Fear River (Urian et al., 1999; Read
active
March.
et al., November
2003; Roselthrough
et al., 2009;
Waring et al.,
65
2014). Limited data from satellite telemetry studies (Waring et al., 2014), along with photo-identification studies, suggest that bottlenose dolphins
in the SNCES population occupy Bogue Sound
and the estuarine and nearshore waters south to
the Cape Fear River from July through October
(Figure 2.11; Table S2.10). Since Beaufort Inlet
is the northern boundary of SNCES dolphins and
the southern boundary of NNCES dolphins, individuals from these two groups likely overlap there
during summer months. In late fall through spring,
SNCES dolphins move to Cape Fear and its nearshore waters, likely overlapping with the Southern
Migratory Stock (Waring et al., 2014). The geo67
graphical boundaries for this resident population
are based on ongoing photo-identification studies
and are subject to change upon further study of
dolphin residency patterns in North Carolina. 68
Charleston Estuarine System Population—
High site fidelity of bottlenose dolphins sug69
gests a year-round resident population centered
in Charleston Harbor, South Carolina, and rang70
ing from Price Inlet to the North Edisto River,
including the Ashley, Cooper, and Wando Rivers
(Waring et al., 2014; Figure 2.12; Table S2.11).
Speakman et al. (2006) reviewed photo-identifi71
cation, remote biopsy, capture-release, and radiotracking data collected from 1994 through 2003
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with 115 (14%) sighted more than 10 times. Of
the 115 individuals who were resighted on multiple occasions, 81% were sighted over a period
9greater than 5 y, and 44% were sighted over a
period of 7.7 to 9.8 y.
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ject of an ongoing photo-identification study since
1990 (Waring et al., 2014). Approximately 80% of
individual bottlenose dolphins sighted in Biscayne
Bay are considered long-term residents with
multiple sightings over the study period (Waring
14et al., 2014). Genetic analysis and analysis of dolphin associations indicate two overlapping social
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groups within Biscayne Bay (Litz, 2007; Litz
et al., 2012). The boundaries of the Biscayne Bay
resident population, Hannover Inlet to the north
and Card Sound Bridge to the south (Figure 2.17;
Table S2.16), are subject to change upon comparison of the Biscayne Bay photo-identification catalog to the photo-identification catalog for Florida
Bay (Waring et al., 2014).
Florida Bay Population—Dolphins in Florida
Bay have been the subjects of an ongoing photoidentification study since 1999 by various groups,
including the Dolphin Ecology Project, NOAA
Fisheries, and Duke University (Engleby et al.,
2002; Torres & Read, 2009; Waring et al., 2014).
Approximately 577 unique individuals have been
photographed in Florida Bay. These dolphins have
been sighted throughout the Bay, are present yearround (Engleby et al., 2002), and demonstrate
high site fidelity through the use of specialized
foraging tactics (Torres & Read, 2009). Genetic
analysis of bottlenose dolphins from Florida Bay
and Biscayne Bay reveal a significant genetic differentiation between these locations (Litz et al.,
2012). The boundaries of the Florida Bay resident
population coincide with the geographic boundaries of Florida Bay and fall within the Gulf of
Mexico-side portion of the Florida Keys National
Marine Sanctuary (Figure 2.18; Table S2.17).
Summary

In conclusion, 18 BIAs were identified for seven
cetacean species within the East Coast region
based on extensive expert review and synthesis of
published and unpublished information. Identified
BIAs included feeding for humpback, minke, sei,
fin, and North Atlantic right whales; migratory
for North Atlantic right whales; reproductive for
North Atlantic right whales; and small and resident
populations for harbor porpoise and several stocks
of bottlenose dolphins. The geographic extent of
the BIAs in the East Coast region ranged from 152
to 270,000 km2. The best estimates of abundance
for the small and resident populations identified
here ranged from approximately 61,000 to 80,000
for harbor porpoise (Waring et al., 2014), and
approximately 120 to 1,000 for the various stocks
of bottlenose dolphins (Waring et al., 2014); however, some bottlenose dolphin stock abundance
estimates are greater than 8 y old and deemed
unreliable. The spatial extent of their overall
ranges was on the order of 500 km2, though the
NNCES Stock occupied over 8,000 km2. Although
several cetacean species are known to have strong
links to bathymetric features—for example, pilot
whales and Risso’s dolphins aggregate at the shelf
break in U.S. Atlantic waters, and Atlantic spotted
dolphins occupy the shelf region from southern
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Virginia to Florida—there is currently insufficient
information to identify these areas as specific
BIAs. Passive acoustic recorders have provided
baseline evidence that minke whales (Risch et al.,
2014) possibly migrate through U.S. waters offshore of the shelf break, and that sei whales aggregate near meandering frontal eddies over the continental shelf in the Mid-Atlantic Bight (Newhall
et al., 2012). These types of data, in addition to
new information on other species, should be considered in future efforts to update and identify
cetacean BIAs in the East Coast U.S. waters.
BIAs are not a regulatory designation and have
no direct implications for regulatory processes.
These BIAs represent the best available information about the activities in which cetaceans are
likely to be engaged at a certain time and place.
This information is essential to characterize, analyze, and minimize anthropogenic impacts on
cetaceans. Furthermore, BIAs may be used to
identify information gaps and prioritize future
research to better understand cetaceans, their habitat, and ecosystem.
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Abstract

In this review, we merge existing published and
unpublished information along with expert judgment to identify and support the delineation of
12 Biologically Important Areas (BIAs) in U.S.
waters of the Gulf of Mexico for Bryde’s whales
and bottlenose dolphins. BIAs are delineated for
small and resident populations to enhance existing
information already available to scientists, managers, policymakers, and the public. BIAs ranged in
size from approximately 117 to over 23,000 km2.
BIAs are intended to provide synthesized information in a transparent format that can be readily
used toward the analyses and planning under U.S.
statutes that require the characterization and minimization of impacts of anthropogenic activities on
marine mammals. BIAs are not intended to represent all important areas for consideration in planning processes; in particular, areas of high marine
mammal density, typically identified based on a
combination of systematic visual and/or acoustic detections coupled with quantitative modeling, are very important to consider, where available, in any assessment. To maintain their utility,
Gulf of Mexico BIAs should be re-evaluated and
revised, if necessary, as new information becomes
available.
Key Words: resident population, anthropogenic sound,
species distribution, Bryde’s whale, Balaenoptera
edeni, bottlenose dolphin, Tursiops truncatus, Gulf of
Mexico
Introduction

This assessment coalesces existing published and
unpublished information to define Biologically
Important Areas (BIAs) in the U.S. waters of
the Gulf of Mexico (shoreward of the Exclusive

Economic Zone [EEZ]) for cetacean species that
meet the criteria for migratory areas, feeding
areas, reproductive areas, and small and resident
populations defined in Table 1.2 of Ferguson et al.
(2015b) within this issue. A comprehensive overview of the BIA delineation process; its caveats
(Table 1.4), strengths, and limitations; and its
relationship to international assessments also can
be found in Ferguson et al. Table 1.3 provides a
summary of all BIAs identified, including species,
region, geographic location within the region,
BIA type, month(s), and total area (in km2). A
summary can also be found at http://cetsound.
noaa.gov/important. Table 1.1 defines all abbreviations used in this special issue. Metadata tables
that concisely detail the type and quantity of information used to define each BIA are available as an
online supplement.
Unlike the other regions discussed in this special
issue, the waters of the Gulf of Mexico are enclosed
by land on all sides. The only openings lead to
the Northwest Atlantic Ocean through the Straits
of Florida and to the Caribbean Sea through the
Yucatan Channel. Within the U.S. Gulf of Mexico
region, two species—Bryde’s whale (Balaenoptera
edeni) and bottlenose dolphins (Tursiops truncatus)—meet the criteria for small and resident populations. Several other cetacean species are found in
the Gulf of Mexico, but these species do not meet
the BIA criteria for small and resident populations
nor do they meet the BIA criteria for reproductive
areas, feeding areas, or migratory corridors. These
species include sperm whale (Physeter macrocephalus), dwarf sperm whale (Kogia sima), pygmy
sperm whale (Kogia breviceps), Cuvier’s beaked
whale (Ziphius cavirostris), Blainville’s beaked
whale (Mesoplodon densirostris), Gervais’ beaked
whale (M. europaeus), Risso’s dolphin (Grampus
griseus), short-finned pilot whale (Globicephala
macrorhynchus), false killer whale (Pseudorca

		
crassidens), pygmy killer whale (Feresa attenuata), killer whale (Orcinus orca), melon-headed
whale (Peponocephala electra), rough-toothed
dolphin (Steno bredanensis), pantropical spotted
dolphin (Stenella attenuata), Atlantic spotted dolphin (S. frontalis), spinner dolphin (S. longirostris),
Clymene dolphin (S. clymene), and striped dolphin
(S. coeruleoalba). Infrequently sighted cetacean
species include Fraser’s dolphin (Lagenodelphis
hosei), North Atlantic right whale (Eubalaena glacialis), and humpback whale (Megaptera novaeangliae). There are a few sightings and stranding
reports of blue whale (Balaenoptera musculus),
minke whale (B. acutorostrata), fin whale (B. physalus), and sei whale (B. borealis) from the Gulf
of Mexico (Jefferson & Schiro, 1997), but these
are most likely extralimital, occasional migrants,
or strays from migration (Mullin & Fulling, 2004).
Additional stocks of bottlenose dolphins should be
evaluated in future efforts to create BIAs for these
species in this region as new information becomes
available.
Information pertaining to Gulf of Mexico BIAs
was synthesized primarily from published data
from systematic ship-based surveys, systematic
aerial surveys, tagging studies, photo-identification studies, genetic analyses, and acoustic recordings. Whaling records provided useful historical
data but were not directly used in this synthesis.
The Gulf of Mexico BIA assessment benefitted from the inputs and insights of eight experts
familiar with Gulf of Mexico cetacean species.
1
Biologically Important Areas in the
Gulf of Mexico Region

(Waring et al., 2013). These surveys were conducted at various times throughout all seasons and
covered waters from the 20-m isobath to the seaward extent of the U.S. EEZ (Fulling et al., 2003;
Mullin & Fulling, 2004; Maze-Foley & Mullin,
2006; Waring et al., 2013). Although survey effort
covered all of the oceanic waters of the U.S. Gulf
of Mexico, Bryde’s whales were only observed
between the 100- and 300-m isobaths (max. depth
302 m; Maze-Foley & Mullin, 2006) in the eastern Gulf of Mexico from south of Pensacola (head
of DeSoto Canyon) to northwest of Tampa Bay,
Florida (Waring et al., 2013; Rosel & Wilcox,
2014; Figure 3.1; Table S3.1). Additionally, Rice
et al. (2014) deployed several autonomous recording units south of Panama City, Florida, from June
through October 2010 and recorded three types of
sounds putatively associated with Bryde’s whales
over the entire period.
Rosel & Wilcox (2014) compared 23 individual Bryde’s whale genetic samples obtained
in the Gulf of Mexico from 1992 to 2011 and
two genetic samples from Bryde’s whales that
stranded in North Carolina and South Carolina to
genetic sequences of Eden’s whale and Bryde’s
whale reported by Sasaki et al. (2006). Rosel &
Wilcox (2014) found that the Gulf of Mexico
Bryde’s whale population has a unique lineage and
appears to be phylogenetically most closely related
to Eden’s whale (B. e. edeni), the smaller form
found in coastal and continental shelf waters of
the northern Indian Ocean and the western Pacific
Gulf
Mexicowhales
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Bryde’s whales are the only baleen whale known
to occur year-round in the Gulf of Mexico
(Jefferson & Schiro, 1997; Waring et al., 2013).
Bryde’s whales inhabit the world’s temperate and
tropical waters, but there is continued discussion over the taxonomy of species in the Bryde’s
whale complex. Presently, the Society for Marine
Mammalogy’s Committee on Taxonomy (2014)
recognizes two subspecies of Bryde’s whale:
(1) B. e. edeni (Eden’s whale) and (2) B. e. brydei
(offshore Bryde’s whale). Eden’s whale is a
smaller form that primarily inhabits coastal and
continental shelf waters of the northern Indian
Ocean and the western Pacific Ocean (Rice,
1998). Bryde’s whale is a larger form and inhabits tropical and warm temperate waters worldwide
2
(Rice, 1998).
Most sightings of Bryde’s whales in the U.S.
Gulf of Mexico are from shipboard and aerial line3
transect surveys conducted by NOAA Fisheries
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not genetically diverse within the Gulf of Mexico
(Rosel & Wilcox, 2014). The best estimate of
Bryde’s whale abundance in the Gulf of Mexico is
33 individuals (Waring et al., 2013).

(Waring et al., 2013). More recent genetic studies
utilizing microsatellite and mitochondrial DNA
(mtDNA) markers identified significant genetic
differentiation and, therefore, limited interbreeding between distant BSE populations and adjacent
BSE populations and between BSE populations
and adjacent coastal populations (Sellas et al.,
2005). In addition, evidence for separate genetic
population structure among coastal, continental
shelf, and oceanic populations has also been found
(Vollmer, 2011).
Photo-identification, tagging, and genetic studies of bottlenose dolphins in the Gulf of Mexico
provide baseline data for the existence of small,
resident populations in the bays, sounds, and estuaries of the Gulf of Mexico. Many of these studies, along with the regional Gulf of Mexico aerial
surveys conducted in 1984-1985 and 1993-1994
(Blaylock & Hoggard, 1994), formed the basis
for the 32 distinct bottlenose dolphin stocks designated by NOAA Fisheries for the contiguous,
enclosed, or semi-enclosed bodies of water adjacent to the northern Gulf of Mexico (Waring et al.,
2013; Figure 3.2; Table 3.1).
Herein, we summarize the published data for the
bottlenose dolphin BIAs. Many of these regions
are defined by the boundaries of past survey efforts
and may not reflect true population boundaries. In
addition, not every BSE environment in the Gulf of
Mexico has been surveyed. Additional research is
needed in many of these areas to accurately define
geographic boundaries for these bottlenose dolphin
populations.

Bottlenose Dolphin (Tursiops truncatus) Small and
Resident Populations

Bottlenose dolphins are distributed throughout
the U.S. Gulf of Mexico from the bays, sounds,
and estuaries to the deep, open waters. They are
categorized as oceanic; continental shelf; coastal;
or inhabiting bays, sounds, or estuaries (BSE).
Of these categories, only the BSE dolphins are
known to have small and resident populations
that fulfill the BIA criteria. Residency patterns of
BSE dolphins range from transient to seasonally
migratory to stable resident communities. Yearround residency patterns of some individual BSE
bottlenose dolphins have been reported for almost
every survey area where photo-identification or
tagging studies have been conducted (e.g., Irvine
& Wells, 1972; Irvine et al., 1981; Wells, 1986a,
1986b, 1991, 2003; Wells et al., 1987, 1996a,
1996b, 1997; Scott et al., 1990; Shane, 1990,
2004; Bräger, 1993; Bräger et al., 1994; Fertl,
1994; Weller, 1998; Maze & Würsig, 1999; Lynn
& Würsig, 2002; Hubard et al., 2004; Irwin &
Würsig, 2004; Balmer et al., 2008; Urian et al.,
2009; Tyson et al., 2011; Bassos-Hull et al., 2013).
However, most of the resident populations also
mix with seasonal migratory and transient individuals. Recent abundance estimates for most of the
BSE populations are unavailable, but most populations are thought to be small (< 150 individuals)
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Figure 3.2. Gulf of Mexico bays, sounds, and estuaries (BSE) to which bottlenose dolphin (Tursiops truncatus) stocks were
designated by NOAA Fisheries (Waring et al., 2013); 32 areas are delineated and numbered, and each represents a separate
stock.
Figure 3.2. Gulf of Mexico bays, sounds and estuaries bottlenose dolphin stocks designated by

8

the NOAA Fisheries (Waring et al. 2013). Thirty-two areas are delineated and numbered, and

9

each represents a separate stock.
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Table 3.1. Gulf of Mexico bays, sounds, and estuaries (BSE) bottlenose dolphin (Tursiops truncatus) stocks designated by
NOAA Fisheries (Waring et al., 2013)
Stock designation

Area number

Laguna Madre
Nueces Bay, Corpus Christi Bay
Copano Bay, Aransas Bay, San Antonio Bay, Redfish Bay, Espiritu Santo Bay
Matagorda Bay, Tres Palacios Bay, Lavaca Bay
West Bay
Galveston Bay, East Bay, Trinity Bay
Sabine Lake
Calcasieu Lake
Vermillion Bay, West Cote Blanche Bay, Atchafalaya Bay
Terrebonne Bay, Timbalier Bay
Barataria Bay
Mississippi River Delta
Bay Boudreau, Mississippi Sound , Lake Borgne
Mobile Bay, Bonsecour Bay
Perdido Bay
Pensacola Bay, East Bay
Choctawhatchee Bay
St. Andrew Bay
St. Joseph Bay
St. Vincent Sound, Apalachicola Bay, St. George Sound
Apalachee Bay
Waccasassa Bay, Withlacoochee Bay, Crystal Bay
St. Joseph Sound, Clearwater Harbor
Tampa Bay
Sarasota Bay, Little Sarasota Bay
Lemon Bay
Pine Island Sound, Charlotte Harbor, Gasparilla Sound
Caloosahatchee River
Estero Bay
Chokoloskee Bay, Ten Thousand Islands, Gullivan Bay
Whitewater Bay
Florida Keys (Bahia Honda to Key West)

Aransas Pass Area, Texas—Multiple seasonal
sightings of a few identifiable bottlenose dolphins
in the Aransas Pass area suggest that some animals
use this area year-round. Shane (1980) reported
on the seasonal occurrence, daily movements, and
individual distribution patterns of 21 bottlenose
dolphins in the Aransas Pass area from June 1976
to May 1977. Of the 21 individuals, only seven
were sighted in the area during each season, likely
constituting year-round residents. Weller (1998)
conducted a photo-identification study in the
Aransas Pass area from 1991 to 1994 and identified 782 individual bottlenose dolphins. Of these
782 dolphins, 35 were sighted during each year of
the study, and 46 individuals were sighted during
all four seasons. Although these studies provide
evidence of year-round use of the Aransas Pass
area, these dolphins may be part of a larger population consisting of individuals moving into and
out of the area regularly (Weller, 1998).

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

The total geographic area utilized by bottlenose
dolphins seen year-round is unknown because the
field studies were spatially limited (Figure 3.3;
Table S3.2). Currently, the dolphins in this area
are considered to belong to the Redfish Bay,
Aransas Bay, Copano Bay, San Antonio Bay,
Espiritu Santo Bay Stock (Waring et al., 2013).
The geographical boundaries for this stock are
subject to change based on future studies of residency patterns in the bays, sounds, and estuaries
along the Texas coast.
Matagorda Bay/Espiritu Santo Bay Area,
Texas—Information on movement and site fidelity of bottlenose dolphins from radio-tracking
and photo-identification studies suggest a small,
resident population of bottlenose dolphins in
Matagorda Bay and Espiritu Santo Bay in Texas
(Lynn & Würsig, 2002) (Figure 3.3; Table S3.3).
Genetic analyses also indicate that dolphins in
Matagorda Bay are a separate population from the
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dolphins on the west coast of Florida (Sellas et al.,
2005). During the NOAA Fisheries-sponsored dolphin captures in July 1992, 35 bottlenose dolphins
in southwestern Matagorda Bay and Espiritu Santo
Bay were freeze branded. Of those 35 freezebranded individuals, 10 were also fitted with
radio transmitters and tracked from July through
September (Lynn & Würsig, 2002). Seven of the
10 radio-tagged animals remained within approximately 17 km from the capture area and stayed
within the western portion of Matagorda Bay and
eastern portion of Espiritu Santo Bay, except on
three occasions when individuals were tracked
1 km offshore. The remaining three individuals
stayed within the bay system but traveled farther
(up to 35 km) from their capture sites and spent
time in the western part of Espiritu Santo Bay.
Similar results were documented based on resighting data of the freeze-branded dolphins collected
during photo-identification surveys from May
1992 through June 1993. Some individual dolphins
showed a strong preference for specific regions
within the bays, and any overlap in the ranges of
individuals occurred only at the range boundaries
(Lynn & Würsig, 2002). At least 12 of the branded
dolphins were thought to be resident to the area
during the study period (Lynn & Würsig, 2002).
Currently, Matagorda Bay and Espiritu Santo Bay
are considered to harbor different bottlenose dolphin stocks (Waring et al., 2013). Individuals in
this study may belong to the Matagorda Bay Stock
or the Copano Bay, Aransas Bay, San Antonio Bay,
Redfish Bay, Espiritu Santo Bay Stock depending on where they spend the majority of their
time. Until more studies, especially genetic studies, are conducted, individuals in the southwestern Matagorda Bay area and Espiritu Santo Bay
should be considered year-round residents of the
area.
San Luis Pass Area, Texas—Resightings from
photo-identification studies (Maze & Würsig,
1999; Henderson, 2004; Irwin & Würsig, 2004)
indicate the presence of resident bottlenose dolphins in San Luis Pass, a relatively undisturbed
area at the southwestern end of the Galveston Bay
Estuary in Texas (Figure 3.3; Table S3.4). During
an annual study in the mid-1990s, 37 individuals
were identified in San Luis Pass and compared to
individuals observed during surveys conducted in
the area in 1990. Fourteen individuals were sighted
during both survey periods, indicating some longterm site fidelity (Maze & Würsig, 1999). Irwin &
Würsig (2004) also found evidence of residency
based on 28 to 34 individuals from mark-recapture
surveys conducted in San Luis Pass from 1997 to
2001. In all three studies, several individuals were
also reported in the nearshore area of the Gulf of
Mexico and in Galveston Bay, which suggests that

residents also travel through adjacent waterways.
The geographical boundaries for these residents
are based on photo-identification studies and are
subject to change upon further studies of dolphin
residency patterns in the bays, sounds, and estuaries of the Texas coast. The animals in these studies would currently be considered members of the
West Bay Stock (Waring et al., 2013).
Galveston Bay Area, Texas—Galveston Bay
and the Galveston Ship Channel have been the
study area for sporadic bottlenose photo-identification studies since the mid-1980s (Bräger,
1993; Bräger et al., 1994; Fertl, 1994). Over 1,000
individuals in the bay have been identified, and
approximately 200 have been resighted over the
years (Bräger, 1993; Fertl, 1994), although some
have not been seen during all seasons. Like the
residents of San Luis Pass, bottlenose dolphins in
Galveston Bay (Figure 3.3; Table S3.5) have also
been sighted in the nearshore waters of the Gulf of
Mexico. The geographical boundaries for this resident population are based on photo-identification
studies and may change based on future studies
of dolphin residency patterns in the bays, sounds,
and estuaries of the Texas coast. The dolphins in
this region are currently considered members of
the Galveston Bay, East Bay, Trinity Bay Stock
(Waring et al., 2013).
Caminada Bay and Southwest Barataria Bay
Area, Louisiana—Year-round photo-identification
studies were conducted from June 1999 to May
2002 in Caminada Bay and the southwest portion of Barataria Bay in Louisiana (Miller, 2003).
During these surveys, 133 individual bottlenose
dolphins were identified, and mark-recapture estimates suggested an abundance estimate between
138 and 238 individuals in this area (Miller, 2003).
Although an estimate of resident individuals is
unknown, Miller (2003) suggests the population in
Barataria Basin is relatively closed with evidence
of site fidelity (Figure 3.3; Table S3.6). The geographical boundaries for this resident population
are based on photo-identification studies and may
change based on future studies of dolphin residency patterns in the bays, sounds, and estuaries
of the Louisiana coast. The dolphins in this area
are currently considered members of the Barataria
Bay Estuarine System Stock (Waring et al., 2013).
Mississippi Sound Area, Mississippi—Bottlenose
dolphin research in Mississippi Sound has included
freeze-branding/mark-recapture, photo-identification,
and site fidelity and association pattern studies since
the mid-1980s (Solangi & Dukes, 1983; Lohoefener
et al., 1990; Hubard et al., 2004; Mackey, 2010).
Between June 1982 and June 1983, 57 bottlenose
dolphins were captured and freeze-branded in the
Mississippi Sound as part of a mark-recapture study
(Solangi & Dukes, 1983; Lohoefener et al., 1990).

		
Site fidelity analyses were not conducted, but due to
the long-lasting nature of the freeze branding, Hubard
et al. (2004) resighted two freeze-branded individuals during a photo-identification study conducted
from May 1995 to September 1996. By comparing
the photo-identification catalogue of individual bottlenose dolphins sighted in the Mississippi Sound to
photographs taken from previous surveys in the area,
Hubard et al. also found that at least three more individual dolphins were sighted over multiple years, suggesting a resident population in the Mississippi Sound
(Figure 3.3; Table S3.7). Using photo-identification
data collected between May 2004 and April 2007
during a site fidelity and association pattern study,
Mackey (2010) suggested a year-round resident population of approximately 71 individuals and a seasonal
resident population of approximately 109 individuals. A recent study by Miller et al. (2013) suggests
a population abundance of 2,225 bottlenose dolphins
in the Mississippi Sound, with the population larger
in the summer than in the winter. This study was a
dedicated line-transect abundance survey through a
larger area of the sound, and it did not address dolphin residency patterns or site fidelity; however, it did
produce a density estimate (1.1 dolphin/km2) similar
to the density estimate given by Hubard et al. (2004)
(1.3 dolphin/km2), suggesting that abundance estimates of resident dolphins are underestimates. The
geographical boundaries for this resident population
are based on photo-identification studies and may
change based on future studies of dolphin residency
patterns in the bays, sounds, and estuaries of the
Mississippi coast. The bottlenose dolphins in these
studies are currently considered to be members of
the Bay Boudreau, Mississippi Sound, Lake Borgne
Stock (Waring et al., 2013).
St. Joseph Bay Area, Florida—Photo-identification
and radio-tracking studies indicate a resident population of 78 to 152 bottlenose dolphins in St. Joseph
Bay (Balmer et al., 2008; Figure 3.3; Table S3.8). The
photo-identification studies were conducted across
multiple seasons from February 2005 through July
2007 in nearshore waters of the Gulf of Mexico from
Cape San Blas northwest to and including Crooked
Island Sound and St. Joseph Bay (Balmer et al.,
2008). In April 2005, nine bottlenose dolphins were
outfitted with radio transmitters during a dolphin
health assessment study and tracked until July. In
July 2006, an additional 15 dolphins were tracked
via radio transmitters until October. Individuals
tagged in April ranged more than 40 km from the
area, while individuals tagged in July tended to stay
within or near St. Joseph Bay (Balmer et al., 2008).
Photo-identification results support a similar trend
in that there is an influx of bottlenose dolphins in
St. Joseph Bay during the spring and autumn (Balmer
et al., 2008). The dolphins in these studies are currently considered members of the St. Joseph Bay
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Stock; however, several individuals moved into the
nearshore area and the mouth of St. Andrew Bay on
multiple occasions, so dolphins may mix with or be
members of the St. Andrew Bay Stock.
St. Vincent Sound and Apalachicola Bay Area,
Florida—Photo-identification and mark-recapture
analyses indicate a small and resident population
of bottlenose dolphins in St. Vincent Sound and
Apalachicola Bay (Figure 3.3; Table S3.9). Tyson
et al. (2011) developed a photo-identification catalogue of bottlenose dolphins in this area based
on data collected from boat-based surveys from
May 2004 to October 2006. These studies were
followed by a mark-recapture study in June 2007
and January/February 2008 to assess the distribution and estimate the abundance of dolphins in
this area. The survey area also included Alligator
Harbor, but individuals were infrequently sighted
there. Between May 2004 and February 2008,
624 distinctive individuals were sighted with 374
individuals seen more than once throughout the
survey region. According to Tyson et al. (2011),
St. Vincent Sound and Apalachicola Bay support
a population of bottlenose dolphins that exhibits
higher site fidelity patterns than St. George Sound
and Alligator Harbor. However, the low sighting
rates of individuals limit quantitative statements
regarding site fidelity patterns in both regions.
The geographical boundaries for this resident
population are based on photo-identification studies and may change based on future studies of dolphin residency patterns in the bays, sounds, and
estuaries of the Florida coast. Individuals in these
studies are currently considered members of the
St. Vincent Sound, Apalachicola Bay, St. George
Sound Stock (Waring et al., 2013).
Tampa Bay, Florida—Bottlenose dolphins in
Tampa Bay have been studied since the 1970s
(Wells, 1986a, 1986b; Wells et al., 1996b). Urian
et al. (2009) examined the distribution and association patterns of bottlenose dolphins in Tampa Bay
from photo-identification studies conducted from
1988 to 1993 and identified 858 individual dolphins
of which 102 dolphins were sighted 10 or more
times. Over the course of the study, fewer new dolphins were sighted suggesting a relatively closed
population. Sellas et al. (2005) found evidence
of population differentiation between Tampa Bay
dolphins and those from the adjacent Sarasota Bay
and coastal waters based on both mtDNA control
region sequence data and nine microsatellite loci.
Based on the findings of Urian et al. (2009), resident dolphins of Tampa Bay can be further divided
into five communities with significant differences
in their association patterns and mean location. The
geographic boundaries for this resident population
are based on the cluster analyses of community
membership presented by Urian et al. (2009) and
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include Tampa Bay, the coastal waters of the Gulf
of Mexico, and deep water passes between the barrier islands just offshore of Tampa Bay (Figure 3.3;
Table S3.10). Individuals in these studies are currently considered Tampa Bay Stock (Waring et al.,
2013).
Sarasota Bay and Little Sarasota Bay, Florida—
Bottlenose dolphins in Sarasota Bay have been the
subjects of long-term observations since the 1970s
(Irvine & Wells, 1972; Scott et al., 1990; Wells,
2003). Approximately 150 individual bottlenose
dolphins show a strong degree of site fidelity and
have long-term home ranges within Sarasota Bay
(Wells, 1986a, 1986b, 1991; Wells et al., 1996a,
1996b). According to Irvine et al. (1981), the results
of an 18-mo tagging and observation study suggest
that the range of resident bottlenose dolphins in
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Sarasota Bay extends from the southern edge of
Tampa Bay to Big Pass (Figure 3.3; Table S3.11).
Additionally, Sellas et al. (2005) found evidence of
genetic differentiation between dolphins sampled
in Sarasota Bay and those sampled in Tampa Bay,
Charlotte Harbor, and in adjacent coastal waters
based on both mtDNA control region sequence data
and nine microsatellite loci even though overlap
with nonresident individuals is well documented
within the Sarasota community (Wells, 1986a,
1986b). The geographic boundaries for this resident population are based on the long-term photoidentification studies and genetic analyses, and
include Sarasota Bay, Little Sarasota Bay, and the
coastal waters of the Gulf of Mexico out to 1 km.
Individuals in these studies are currently considered
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expert knowledge.
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Galveston Bay (spanning the very northeastern part of SAR area 5 and into SAR area 6)

17

substantiated through photo-identification data and expert knowledge; (c) Caminada Bay and
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Southwest Barataria Bay (SAR area 11) ; (d) Mississippi Sound (SAR area 13) substantiated

		
members of the Sarasota Bay, Little Sarasota Bay
Stock (Waring et al., 2013).
Lemon Bay/Charlotte Harbor/Pine Island
Sound Area, Florida—Photo-identification studies and genetic analyses have been conducted
on bottlenose dolphins in Lemon Bay, Charlotte
Harbor and Pine Island Sound, Florida (Shane,
1990, 2004; Wells et al., 1996a, 1997; Sellas
et al., 2005; Bassos-Hull et al., 2013). Shane
(2004) identified 385 individual dolphins from
1985 to 1998. A total of 60 dolphins sighted at
the beginning of the study period were observed
again in later years. However, new individuals were still being identified at the end of the
16-y study period. Shane (2004) concluded that
there are both seasonal and year-round residents
in the Lemon Bay/Charlotte Harbor/Pine Island
Sound Area (Figure 3.7; Table S3.12). Building
on the surveys of Wells et al. (1996a, 1997),
Bassos-Hull et al. (2013) conducted multi-week,
multi-boat photo-identification surveys in the
Lemon Bay/Charlotte Harbor/Pine Island Sound
Area from September 2001 to September 2006
during summer (September-October) and winter
(February) months. Nine-hundred and thirtyseven individuals (81.2% of the photo-identification catalog) met the study’s residency criteria
(sighted in more than 1 y). Of these, 332 individuals were sighted over 2 to 4 y, 261 individuals
were sighted over 5 to 9 y, and 344 individuals
were sighted over 10+ y. Based on both mtDNA
control region sequence data and nine microsatellite loci, significant genetic differentiation was
seen between Charlotte Harbor dolphins and those
sampled in Tampa and Sarasota Bays, as well as
those sampled in adjacent coastal waters, suggesting limited interbreeding among these populations (Sellas et al., 2005) even though interactions
with nonresident individuals are well documented
within the Charlotte Harbor and Pine Island
Sound communities (Wells et al., 1996a, 1997).
Although NOAA Fisheries designates Lemon
Bay dolphins as a separate stock, unpublished
data suggest this stock should be combined with
the Charlotte Harbor/Pine Island Sound Stock
(Waring et al., 2013). The geographic boundaries
for this resident population are based on the longterm photo-identification studies and genetic analyses and include Lemon Bay, Charlotte Harbor,
and Pine Island Sound.
Additional Evaluation
Possible Small and Resident Populations that Do
Not Meet BIA Criteria

NOAA Fisheries currently recognizes 32 stocks
of bottlenose dolphins in the bays, sounds, and
estuaries of the Gulf of Mexico (Waring et al.,

2013). The 11 stocks listed above meet our criteria for small and resident populations. Of the
remaining 21 listed stocks, three have published
data suggesting small and resident populations
but do not meet the BIA criteria. These areas are
Wolf Bay, Alabama, and Choctawhatchee Bay and
Cedar Key, Florida.
During a photo-identification study from April
2006 through July 2007 in Wolf Bay, Alabama,
88 bottlenose dolphins were distinctly identified,
16 of which were identified as resident dolphins
because they were sighted during the 12 core
months of the study (Pabody, 2008). Although this
study suggests a small and resident population in
Wolf Bay, surveys over multiple years are needed
to determine year-round and seasonal resident
populations. The resident population described
in Pabody (2008) does not meet the criteria for a
small and resident bottlenose dolphin BIA.
Conn et al. (2011) utilized a novel mark-recapture modeling technique to estimate population
levels of resident and transient bottlenose dolphins in Choctawhatchee Bay, Florida. Although
they provide abundance estimates for resident and
transient populations of bottlenose dolphins, data
to build the models were only collected over 1 y
and do not meet the criteria for a small and resident bottlenose dolphin BIA.
During a year-long study of bottlenose dolphin
resightings and association patterns in the coastal
waters around Cedar Key, Florida, 217 individual dolphins were classified into one of four
categories based on the number of months they
were sighted (Quintana-Rizzo & Wells, 2001).
Seven percent (15 individuals) were sighted in
either 5 or 6 mo, and 12 of the 15 were sighted
on 10 occasions. This study suggests a small and
resident population in waters around Cedar Key;
however, surveys over multiple years are needed
to determine year-round and seasonal resident
populations. Therefore, the resident population
described in Quintana-Rizzo & Wells (2001) does
not meet the criteria for a small and resident bottlenose dolphin BIA.
Summary

In conclusion, 12 BIAs were identified for two
cetacean species within the Gulf of Mexico region
based on extensive expert review and synthesis
of published and unpublished information. Only
small and resident population BIAs were identified for several of the BSE stocks of bottlenose
dolphins and for the Bryde’s whale. The geographic extent of the BIAs in the Gulf of Mexico
region ranged from 117 to over 23,000 km2. The
best estimate of abundance for the small and resident population of Bryde’s whale is 33 (Waring
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et al., 2013). The best estimates for the small and
resident populations of bottlenose dolphins in the
bays, sounds, and estuaries ranged from 42 to
2,225 (Miller et al., 2013; Waring et al., 2013);
however, some bottlenose dolphin stock abundance estimates are greater than 8 y old and are
deemed unreliable. The spatial extent of their
overall ranges was on the order of 600 km2.
BIAs are not a regulatory designation and have
no direct implications for regulatory processes.
These BIAs represent the best available information about the activities in which cetaceans are
likely to be engaged at a certain time and place.
This information is essential to characterize, analyze, and minimize anthropogenic impacts on
cetaceans. Furthermore, BIAs may be used to
identify information gaps and prioritize future
research to better understand cetaceans, their habitats, and the ecosystem.
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Abstract

In this review, we combine existing published and
unpublished information along with expert judgment to identify and support the delineation of 28
Biologically Important Areas (BIAs) in U.S. waters
along the West Coast for blue whales, gray whales,
humpback whales, and harbor porpoises. BIAs
for blue whales and humpback whales are based
on high concentration areas of feeding animals
observed from small boat surveys, ship surveys,
and opportunistic sources. These BIAs compare
favorably to broader habitat-based density models.
BIAs for gray whales are based on their migratory
corridor as they transit between primary feeding
areas located in northern latitudes and breeding
areas off Mexico. Additional gray whale BIAs are
defined for the primary feeding areas of a smaller
resident population. Two small and resident population BIAs defined for harbor porpoises located
off California encompass the populations’ primary areas of use. The size of the individual BIAs
ranged from approximately 171 to 138,000 km2.
The BIAs for feeding blue, gray, and humpback
whales represent relatively small portions of the
overall West Coast area (< 5%) but encompass
a large majority (77 to 89%) of the thousands of
sightings documented and evaluated for each species. We also evaluate and discuss potential feeding BIAs for fin whales, but none are delineated
due to limited or conflicting information. The
intent of identifying BIAs is to synthesize existing
biological information in a transparent format that
is easily accessible to scientists, managers, policymakers, and the public for use during the planning and design phase of anthropogenic activities

for which U.S. statutes require the characterization
and minimization of impacts on marine mammals.
To maintain their utility, West Coast region BIAs
should be re-evaluated and revised, if necessary, as
new information becomes available.
Key Words: feeding area, migratory corridor,
resident population, anthropogenic sound, species
distribution, U.S. West Coast, North Pacific Ocean
Introduction

This review document coalesces existing published
and unpublished information to define Biologically
Important Areas (BIAs) in U.S. waters of the West
Coast region (shoreward of the offshore boundary
of the U.S. Exclusive Economic Zone [EEZ]) for
cetacean species that meet the criteria for feeding
areas, migratory corridors, and small and resident
populations defined in Table 1.2 of Ferguson et al.
(2015b) within this issue. A comprehensive overview of the BIA delineation process; its caveats
(Table 1.4), strengths, and limitations; and its relationship to international assessments also can be
found in Ferguson et al. Table 1.3 provides a summary of all BIAs identified, including region, species, BIA type, and total area (in km2). A summary
also can be found at http://cetsound.noaa.gov/
important. Table 1.1 defines all abbreviations used
in this special issue. Metadata tables that concisely
detail the type and quantity of information used
to define many of these BIAs are available as an
online supplement. Our intent is to delineate BIAs
by synthesizing information that is not publicly
available from existing sources, is only partially
represented through peer-reviewed publications,
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or is not evident in habitat-based density (HD)
models. The goal of identifying BIAs is to synthesize existing biological information in a transparent format that is easily accessible to scientists,
managers, policymakers, and the public for use
during the planning and design phase of anthropogenic activities for which U.S. statutes require the
characterization and minimization of impacts on
marine mammals.
Within the West Coast region, three species—
blue whale (Balaenoptera musculus), gray whale
(Eschrichtius robustus), and humpback whale
(Megaptera novaeangliae)—were evaluated and
found to meet the criteria for feeding or migratory corridor BIAs. Fin whale (B. physalus) feeding BIAs are discussed, but no BIAs were defined
due to limited or conflicting information. Small
and resident population BIAs were created for
harbor porpoises (Phocoena phocoena). BIAs for
reproductive areas were not evaluated in this initial exercise but should be considered in the future.
Although none of the focal species included in this
chapter have dedicated reproductive areas within
U.S. waters, some are found with calves and, therefore, might warrant designating BIAs for reproductive areas. Other species found in this region,
including minke whale (B. acutorostrata), killer
whale (Orcinus orca), beaked whales (Ziphiidae),
and sperm whale (Physeter macrocephalus), were
not evaluated during this initial BIA exercise; these
species should be evaluated in future efforts to
create or revise BIAs for cetaceans in this region.
The feeding BIA boundaries for the U.S. West
Coast were based on two considerations: (1) direct
observation of feeding or surfacing patterns and
associated species strongly suggestive of feeding (and in some cases documented with archival
tag data), and (2) presence of concentrations and
repeat sightings of animals in multiple years in an
area and a time of year where feeding is known to
occur. The area boundaries were based on expert
judgment, outlining areas of high sighting concentrations from multiple years. The heterogeneity in survey effort across the West Coast region
was subjectively factored in to decrease the degree
to which results were biased by areas searched,
although allocating greater survey effort in areas
where sightings had been documented in the past
could also introduce bias. In addition, bathymetric features were considered in defining the BIAs
when sightings were associated with a specific
habitat, but the BIAs were restricted to the areas
where the highest concentrations of sightings were
documented in multiple years. The exact BIA
boundaries for feeding blue, humpback, and gray
whales were initially drawn to encompass sighting
concentrations documented in multiple years and
then processed in ArcGIS (ESRI, Redlands, CA,

USA), using the Buffer tool applied to the original
polygon with a 5-km buffer distance for blue and
humpback whales (with a 1 km from shore exclusion) and a 3-km buffer distance for gray whales
(excluding any direct overlap with shoreline).
We compared the BIAs determined here with
the mean predicted densities from the HD models
generated from the Southwest Fisheries Science
Center’s line-transect data collected since the
1990s (Becker et al., 2012a; Forney et al., 2012),
the results of which are available to view on
the CetMap website (http://cetsound.noaa.gov/
cetsound). In those models, functional relationships between cetacean density and a variety of
static and dynamic habitat variables were derived
from the multi-year data and subsequently used
to estimate two types of parameters: (1) annual
densities that take into account each year’s oceanic conditions and (2) multi-year average densities (and variation therein) within the study area
(Becker et al., 2012a). The data used to delineate
the BIAs were predominantly based on coastal
(< 50 nmi offshore), nonsystematic small boat
surveys conducted to maximize encounters with
target species (i.e., blue, fin, humpback, and gray
whales) for photo-identification and tagging studies. In contrast, the HD models were based on systematic line-transect survey effort conducted from
large ships at 3- to 5-y intervals in summer and
fall that extended out to 300 nmi offshore. Due to
their broad geographic area, coverage in each year
is a course with lines spaced about 80 nmi apart.
The two datasets provide complementary information on the occurrence of blue, fin, and humpback
whales: the small boat surveys were better able
to resolve nearshore, fine-scale patterns of occurrence, whereas the HD models provided a systematic assessment of broad-scale patterns of occurrence throughout nearshore and offshore waters.
We identify where the results of the BIA exercise
and the HD models are concordant, complementary, or subject to differing potential biases. It is
our hope that this overview will aid the reader in
gaining an understanding of the strengths, limitations, and combined implications of the information presented herein.
Biologically Important Areas
in the West Coast Region
Blue Whale (Balaenoptera musculus)

General—The blue whale, the largest of all animals, is an endangered species of baleen whale
that feeds almost exclusively on krill. With the
advent of modern whaling ships, blue whales
became a primary target of modern commercial
whalers. Worldwide populations were reduced in
the 20th century from over 200,000 to well under

		
10,000 individuals, with most of those killed from
the southern oceans (Gambell, 1976, 1979). Blue
whales in the North Pacific Ocean are thought to
consist of at least a western/central and an eastern population based on distribution and vocalizations, although historically there may have
been as many as five populations in the North
Pacific Ocean (National Marine Fisheries Service
[NMFS], 1998). The eastern North Pacific blue
whales are now known to range from the Costa
Rica Dome to the Gulf of Alaska (Calambokidis
et al., 2009a, 2009b, 2009c).
Since the 1970s, large concentrations of blue
whales have been documented feeding off California
each summer and fall (Calambokidis et al., 1990).
Relatively low numbers of blue whales were taken by
whalers off the U.S. West Coast (Rice, 1963, 1974),
so it was initially unclear how the animals feeding
off the U.S. West Coast were related to those from
the primary areas where they had been taken farther
north (NMFS, 1998). Shifts in blue whale distribution that occurred since the late 1990s, including documented movements of blue whales from California
northward to areas off British Columbia and Alaska,
have shown that blue whales inhabit a broad and
shifting feeding area throughout the eastern North
Pacific (Calambokidis et al., 2009a). These changes
in blue whale distribution appear related to decadal
oceanographic variations because the timing coincided with shifts in the Pacific Decadal Oscillation
(Calambokidis et al., 2009a).
Unlike other baleen whale species in the eastern
North Pacific whose populations have increased,
such as fin, humpback, and gray whales, blue
whales have not shown signs of recovery from
whaling over the last 20 y. Blue whale population
size from capture-recapture of photo-identified
individuals has stayed relatively unchanged at
around 2,000 since the early 1990s (Calambokidis

& Barlow, 2004, 2013), and average abundance of
animals from line-transect surveys off the U.S. West
Coast has declined from close to 2,000 in the 1990s
to 500 to 800 in the 2000s (Barlow & Forney, 2007;
Barlow, 2010). These two methodologies provided
different measures of abundance: data from linetransect surveys estimated the number of animals
in the region during the survey period, whereas
the photo-identification data provided estimates of
the total population size (Calambokidis & Barlow,
2004). Part of the reason for the divergence in the
estimates from capture-recapture and line-transect
density appears to be the switch in distribution
related to oceanographic conditions and related
prey abundance mentioned above. The most recent
stock assessment report (Carretta et al., 2013)
reports blue whale abundance for the Eastern North
Pacific Stock to be 2,497 (CV = 0.24) based on the
capture-recapture of photographically identified
whales from 2005 to 2008 (Calambokidis et al.,
2009a), although new estimates using an alternate
and more promising capture-recapture model have
indicated an estimate closer to 1,500 based on data
through 2011 (Calambokidis & Barlow, 2013).
Feeding Area BIAs—Blue whales are not
evenly distributed along the West Coast; rather,
they are found in aggregations, especially on the
continental shelf edge (Croll et al., 2005; Keiper
et al., 2011), with greater tendency to aggregate
off California than Oregon and Washington.
Based on 9,054 visual sightings of 17,178 blue
whales, primarily from small boat surveys conducted from 1986 to 2011 by Cascadia Research
(www.cascadiaresearch.org) and collaborators
along the U.S. West Coast, nine common feeding
areas of high blue whale concentration have been
identified (Table 4.1; Figure 4.1). Additionally,
feeding by blue whales on krill has also been
documented in eight of the nine BIAs using

Table 4.1. Blue whale (Balaenoptera musculus) BIAs with map references (see Figure 4.1), primary months, area (km2),
number of sightings, and number of years for which the sightings have been documented
Map
ref #

BIA name

1
2
3
4
5
6
7
8
9

Point Arena to Fort Bragg
Gulf of the Farallones
Monterey Bay to Pescadero
Point Conception/Arguello
Santa Barbara Channel and San Miguel
Santa Monica Bay to Long Beach
San Nicolas Island
Tanner-Cortez Bank
San Diego
Total blue whale BIA areas and sightings
Total EEZ area and sightings
Percentages

Primary
occurrence

Area
(km2)

# of
sightings

# years
of sightings

Aug-Nov
July-Nov
July-Oct
June-Oct
June-Oct
June-Oct
June-Oct
June-Oct
June-Oct

1,419
5,243
2,378
1,743
1,981
1,187
427
1,076
984

170
1,565
801
151
3,117
764
105
52
443

4
24
16
10
18
5
5
5
10

16,438
820,809
2%

7,168
8,244
87%
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West Coast Region Figures
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Figure 4.1. Nine blue whale (Balaenoptera musculus) Biologically Important Areas (BIAs), overlaid with all sightings and
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Table 4.1 forJuly
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attached
multi-sensor
archivalJune
tags– October;
lower latitude
areas
(Calambokidis
et al.,Beach,
2009c;
(Calambokidis
al.,San
2008b;
Goldbogen
al., – October;
Bailey et(8)
al.,Tanner-Cortez
2010).
June
– October;et(7)
Nicholas
Island,etJune
Bank, June –
Of for
the details).
nine blue whale BIAs identified here, six
2011, 2013;
Friedlaender
et al.,– October
2014; Cascadia
October;
(9) San
Diego, June
(See Table 4.1
Research, unpub. data). Six of these areas are in
or near the Southern California Bight.
Feeding BIAs for blue whales may extend
farther north and for longer time periods than
we currently are able to delineate. Despite limited effort in winter, two of the three known blue
whale sightings off Washington in the last 50 y
have been in December and January; one of these,
made in December 2011, consisted of at least
five blue whales with other unidentified whales
(Cascadia Research, unpub. data, 2011; see also
Figure 4.1). Satellite-tag data from blue whales
also show animals that were thought to be feeding offshore of Washington in the winter (Bailey
et al., 2010; Irvine et al., 2014). Unlike many other
mysticete whales, blue whales appear to continue
feeding through their winter breeding season, both
in northern latitudes and in productive offshore

overlap with areas of highest density identified in
the HD model and the rest falling within areas of
moderately high mean density (Figure 4.1). The
areas of agreement occur in two regions: (1) the
Southern California Bight, which represents the
largest area of high density in the HD models and
also is where a majority of the BIAs we identified
occur; and (2) the Gulf of the Farallones where
the BIA we identify (encompassing the area north
including Cordell Bank and waters west of Bodega
Bay) and where the HD model also predicts a highdensity area. The BIAs are more centered along
areas near the shelf edge as opposed to the mean
density maps that show highest densities continuing
all the way to shore, reflecting the HD models’ lack
of resolution at finer spatial scales. The three BIAs
not shown in the HD model as areas of highest mean
density do agree with predicted areas of moderately
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high density and also encompass areas predicted to
have highest densities in some of the annual HD
models. These three BIAs include the following:

we document within U.S. waters. While there is
some evidence of annual variation in blue whale
occurrence in both sighting locations and in the
annual HD models (Figure 4.2), the areas identified represent those with the more consistent
occurrence year to year.

1. An area along the shelf edge from Point Arena
north to Fort Bragg, which is located farther
north than any of the highest density areas from
the mean HD models but is predicted to be a
high-density area in some of the annual models
2. The Monterey Bay area north to Pescadero
Point, which borders areas of highest mean density and which also is predicted to be a highdensity area in some of the annual HD models
3. An area near Tanner and Cortez Banks where
we have seen large blue whale concentrations
on a number of surveys despite our low effort
in this region

Gray Whale (Eschrichtius robustus)

General—Gray whales were historically distributed in both the North Pacific and North Atlantic
Oceans, although only the populations in the
North Pacific Ocean remain today. In the North
Pacific Ocean, two primary populations have been
recognized: (1) an eastern (ENP) and (2) a western (WNP) population. More recently, the distinction between these two populations has been
debated due to evidence that gray whales from the
western feeding area are coming to breeding areas
in the eastern North Pacific (Weller et al., 2012).
These data suggest that animals from both eastern
and western feeding areas migrate along the U.S.
West Coast. Additionally, there is recent genetic
evidence supporting the existence of a more
distinct local subpopulation of ENP gray whales
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called the Pacific Coast Feeding Group (PCFG)
(Frasier et al., 2011; Weller et al., 2012; Lang et al.,
2014). The PCFG is a trans-boundary subgroup
shared by the U.S. and Canada, and PCFG whales
are observed almost year-round, though primarily
from spring to fall. During the migration, PCFG
whales are intermixed with the larger overall ENP
population, but from June to November, they are
the only gray whales within the region between
northern California and northern Vancouver
Island (from 41° N to 52° N) (Calambokidis
et al., 2002, 2010, 2014; International Whaling
Commission [IWC], 2011c). PCFG gray whales
are also occasionally seen in waters farther north
during summer and autumn, including off Kodiak
Island, Alaska (Gosho et al., 2011). The primary
feeding areas for ENP gray whales are thought
to be in the Bering and Beaufort Seas, while
WNP gray whales are thought to feed primarily
near Sakhalin Island, Russia, in the Okhotsk Sea.
Therefore, proposed feeding BIAs in this region
focus on the feeding PCFG gray whales.
Gray whales in the PCFG likely mate with animals from the ENP population. Although earlier
work had not revealed significant genetic differences between PCFG and ENP gray whales
(Ramakrishnan et al., 2001; Steeves et al., 2001),
a later study of mitochondrial DNA (mtDNA)
haplotypes (classification of maternally inherited
mtDNA) using a larger sample size found significant differences between gray whales that were
part of the PCFG and those from the overall ENP
population (Frasier et al., 2011). This information
is considered sufficient to represent the PCFG gray
whales separately for the BIA exercise. Currently,
PCFG whales are not treated as a distinct stock in
the NMFS stock assessment reports, but this may
change in the future based on the recently published genetic information mentioned above.
Photo-identification studies from 1998 through
2012 conducted between northern California

and northern British Columbia estimate that the
PCFG comprises approximately 200 animals
(Calambokidis et al., 2002, 2010, 2014) compared
to the population of close to 20,000 gray whales
for the overall eastern North Pacific. The photoidentification data suggest that the range of at
least some of the PCFG whales exceeds the predefined 41°N to 52°N boundaries that have previously been used in abundance estimates.
Feeding Area BIAs—Information from nonsys
tematic, visual boat-based surveys (4,907 sightings of 8,556 animals from 1991 to 2011) and tagging data collected by Cascadia Research (www.
cascadiaresearch.org) and other collaborators (see
Calambokidis et al., 2004, 2010, 2014; Moore
et al., 2007) support the existence of five PCFG
feeding aggregations within the West Coast region
(Figure 4.3; Table 4.2).
Additionally, we designate a BIA in northern
Puget Sound, around the south end of Whidbey
and Camano Islands. Gray whales come to this
area for 2 to 3 mo in the spring (typically beginning in March) to feed, but then generally leave
the area before 1 June and, therefore, are not
treated as PCFG gray whales (Calambokidis et al.,
1992, 2002). While this area is not used by a large
number of individuals, the same animals have
been documented returning to this relatively small
area for over 20 y, and it may, therefore, be important for this group (Calambokidis et al., 2014).
Most of the PCFG feed and are found in coastal
nearshore waters, and our BIAs correspondingly
are close to shore. Our BIAs encompass a relatively small portion of U.S. waters (0.2%) but contain 77% of the sightings we document. A dense
aggregation of feeding gray whales was seen 20 to
25 km off the Washington coast in 2007 (Oleson
et al., 2009), but it is unclear if this is a consistent
feeding area, so it is not included as a BIA.
Migration—Gray whales migrate annually
between their winter breeding grounds in the

Table 4.2. Gray whale (Eschrichtius robustus) BIAs with map references (see Figure 4.3), primary months, area (km2),
number of sightings, and number of years for which the sightings have been documented
Map
ref #

BIA name

Primary
occurrence

Area
(km2)

1
2
3
4
5
6

Northern Puget Sound
Northwest Washington
Grays Harbor area, Washington
Depoe Bay, Oregon
Cape Blanco & Orford Reef, Oregon
Point St. George, California

March-May
May-Nov
April-Nov
June-Nov
June-Nov
June-Nov

326
515
298
199
171
418

263
744
183
92
126
110

1,927

1,518

820,809
0.2%

1,968
77.1%

Total PCFG gray whale BIA areas and
sightings
Total EEZ area and sightings
Percentages

# of
sightings

# years of
sightings
15
14
17
9
9
10
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summer
feeding grounds in North Pacific and
aerial- and land-based visual surveys, and obserArctic waters. This migration is comprised of
ENP, PCFG, and at least some of the gray whales
that feed in the western North Pacific (Perryman
& Lynn, 2002; Shelden et al., 2004; Weller et al.,
2012). The spatial and temporal parameters of
the gray whale migratory corridor that is found
nearshore along the U.S. West Coast are relatively
well defined based on tagging studies, dedicated
line-transect ship and aerial surveys for marine
mammals, land-based counts, infrared technology

vations from whale-watching operations and recreational and commercial fishermen (Daily et al.,
1993; Rugh et al., 2001, 2006; Mate & UrbánRamirez, 2003).
The gray whale migration along the U.S. West
Coast (Figure 4.4; Table S4.1) can be loosely
categorized into three phases (Rugh et al., 2001,
2006). The Southbound Phase includes all age
classes as they migrate to the lagoons in Mexico
(October-March, peaking in December-March).

Calambokidis et al.

1. Southbound Phase – 10 km
2. Northbound Phase A – 8 km
3. Northbound Phase B – 5 km
Some gray whales may take a migration path farther offshore, so an additional potential presence
buffer extending 47 km from the coastline was
added to the BIAs. Although gray whales typically tightly follow the coastline near the mainland, they have been observed taking a more direct
route across larger bodies of water in California
(Rice & Wolman, 1971; Mate & Urbán-Ramirez,
2003). Particularly during the northbound migration, gray whales with calves migrate closer inside
the bay than adults and juveniles. In the Southern
California Bight, migrating gray whales may
deviate farther from the mainland as some are routinely seen near the Channel Islands (Daily et al.,
1993).
Humpback Whale (Megaptera novaeangliae)

General—Humpback whales occur widely in the
world’s oceans and, although they remain endangered from hunting during the modern era of commercial whaling, many populations have made
strong recoveries in the last 50 y (Calambokidis
& Barlow, 2004; Barlow et al., 2011). In the North
Pacific Ocean, humpback whales tend to alternate
between winter breeding areas, including those in
the western North Pacific Ocean, Hawai‘i, Mexico,
and Central America, and more coastal feeding
areas in spring, summer, and fall that range from
California, north into Alaskan waters, and west
to waters off Russia (Calambokidis et al., 2001,
2008a). Both photo-identification and genetic data
indicate that, in the North Pacific Ocean, humpback
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Northbound Phase A consists mainly of adults
and juveniles that lead the beginning of the northbound migration (late January-July, peaking in
April-July). Cow-calf pairs generally begin their
northward migration later (March-July) and are
referred to as Northbound Phase B. The three
phases are not always distinct, and the sea ice
cover in the Bering Sea may influence migration
dates (Perryman & Lynn, 2002). Historical gray
whale land-based counts suggest that the migration rate (number of individuals/d) begins with a
rapid spike, followed by moderate numbers over a
few weeks before slowly tapering off (Rugh et al.,
2006). The migration corridors used by most gray
whales are within 10 km of the U.S. West Coast.
The following breakdown by phase of distance
from shore was used to define the three BIAs
for the gray whale migration in this region based
on the detailed information highlighted above
and substantiated by expert judgment (Mate &
Perryman, pers. comm., 2011):
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Figure 4.4. BIAs for the three phases (Southbound,
Northbound Phase A, and Northbound Phase B) and for the
potential presence area of the gray whale migratory corridor
(a) along the West Coast of the U.S. from California to
Washington, (b) keeping just outside of San Francisco Bay,
and (c) keeping just outside of Monterey Bay; substantiated
through vessel-, aerial-, and land-based survey data,
satellite-tag data, and expert judgment.

whales remain loyal to specific feeding and wintering areas, although their migrations between these
areas reveal a mixed stock structure (Calambokidis
et al., 2008a; Barlow et al., 2011; Baker et al.,
2013).
Humpback whales are most abundant off the
U.S. West Coast from spring through fall, with
most migrating to low-latitude areas located primarily off Mexico and Central America in winter
(Calambokidis et al., 2000). However, sightings
and passive acoustic detections off the U.S. West
Coast in winter and spring indicate a portion of
the population can be in northern waters even in
winter (Forney & Barlow, 1998; Oleson et al.,
2009). There are also indications of seasonal
shifts in occurrence both up and down the coast
as well as inshore and offshore. During small boat
surveys taken off the Washington coast in 2004
through 2008, humpback whales were seen farther
offshore (along the shelf edge) and in lower densities in winter and spring than during the remainder
of the year (Oleson et al., 2009).
There is little interchange between the humpback
whale feeding aggregation off California/southern
Oregon and the feeding aggregation off Washington/
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southern British Columbia (Calambokidis et al.,
1996, 2000, 2001, 2004, 2008a); this apparent segregation is not represented in the population units
currently being considered by NMFS in the stock
assessment reports. Genetic (mtDNA) studies have
confirmed the distinctness of these Washington/
British Columbia animals (Baker et al., 2008), and
their abundance has been roughly estimated at about
200 animals in 2004-2005 (Calambokidis et al.,
2008a).
Humpback whales that feed off the U.S. West
Coast migrate primarily to wintering grounds
off mainland Mexico and Central America
(Calambokidis et al., 2000). The proportion of
humpback whales going to different breeding
grounds varies by latitude along the U.S. West
Coast, with the highest proportions migrating to
Central America from southern California feeding
areas, in contrast to whales that feed in areas farther north that tend to migrate to areas off Mexico
(Calambokidis et al., 2000, 2008a; Rasmussen
et al., 2011). Humpback whales wintering off
Central America have significant differences in
mtDNA haplotypes from other North Pacific wintering areas, including mainland Mexico (Baker
et al., 2008). The Central American wintering
ground is inhabited by the smallest number of
whales that occur in the North Pacific wintering
grounds, consisting of just a few hundred whales
(Calambokidis et al., 2008a; Rasmussen et al.,
2011).
Feeding Area BIAs—Based on 11,757 visual
sightings of 27,224 humpback whales, primarily from small boat surveys conducted from
1986 to 2011 by Cascadia Research (www.
cascadiaresearch.org) and collaborators along the
U.S. West Coast, seven areas where humpback
whales are commonly sighted feeding in high
concentrations have been identified (Figure 4.5;
Table 4.3).

Humpback whale distribution on feeding areas
off California, Oregon, and Washington is clumped
and concentrated in coastal waters from the continental shelf to the shelf edge. HD models built
on broad-scale line-transect survey data (extending
300 nmi offshore) capture coast-wide habitat relationships (Becker et al., 2012b). Effort-corrected
sighting rates from coastal photo-identification
surveys (1991 to 2010; Calambokidis et al., 2009b)
off central California reveal high concentrations
of humpback whales along the continental shelf
edge, with densities generally decreasing inshore
of those areas (Keiper et al., 2011). Humpback
whales have also been documented feeding on
both krill and small fish in three of the BIAs off
California based on data from suction-cup attached
multisensor archival tags (Goldbogen et al., 2008;
Cascadia Research, unpub. data). Localized coastal
boat-based photo-identification surveys conducted
in the West Coast region by Cascadia Research
reveal a high degree of variation in some areas
of humpback whale concentration across years,
whereas other areas appear to be used fairly consistently (Calambokidis et al., 2009b). Inter-annual
variations are apparent in the annual HD models
(Figure 4.6).
Of the seven BIAs identified for humpback
whales, by far the largest encompasses the broad
area extending south from west of Bodega Bay
to and including Monterey Bay and encompassing Cordell Bank and the Gulf of the Farallones.
This region agreed closely with the single
region of highest density in the mean HD model
(Figure 4.6). Another broad area of agreement
between our BIA delineations and the mean HD
model is the absence of BIAs south of the northern
Channel Islands, where the HD model similarly
showed mean densities declining. While the BIA
off northern Washington appeared as a moderately high-density area in the mean HD model, the

Table 4.3. Humpback whale (Megaptera novaeangliae) BIAs with map references (see Figure 4.5), primary months, area
(km2), number of sightings, and number of years for which the sightings have been documented
Map
ref #

BIA name

Primary
occurrence

Area
(km2)

# of
sightings

# years of
sightings

1
2
3
4
5
6
7

Northern Washington
Stonewall and Heceta Bank
Point St. George
Fort Bragg to Point Arena
Gulf of the Farallones–Monterey Bay
Morro Bay to Point Sal
Santa Barbara Channel–San Miguel

May-Nov
May-Nov
July-Nov
July-Nov
July-Nov
April-Nov
March-Sept

3,393
2,573
1,233
1,591
9,761
1,908
2,639

298
62
283
184
5,196
472
2,250

17
7
12
8
25
14
18

23,098

8,745

820,809
3%

9,850
89%

Total humpback whale BIA areas and
sightings
Total EEZ area and sightings
Percentages
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39
– November; (3) Point St. George, July – November; (4) Fort Bragg to Pt. Arena, July –
40
November; (5) Gulf of the Farallones – Monterey Bay, July - November; (6) Morro Bay to
41
Sal, April – November; (7) Santa Barbara Channel – San Miguel, March – September (See
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Harbor porpoises in the northeastern Pacific
Ocean range from Point Conception, California,
through waters of British Columbia, and around
the coast of Alaska to Point Barrow. They inhabit
both coastal and inland waters, and are known to
be particularly sensitive to anthropogenic impacts
such as bycatch in fisheries and disturbance by
vessel traffic or underwater noise. BIAs for this
species are also designated for populations in the
East Coast region (see LaBrecque et al., 2015, in
this issue).
Several lines of evidence indicate segregation
of separate harbor porpoise populations within the
West Coast region. Early work showed regional
differences in pollutant residues indicating that
harbor porpoises do not move extensively along
the U.S. West Coast (Calambokidis & Barlow,
1991). Based on more recent genetic studies and
aerial surveys along the U.S. West Coast (Chivers
et al., 2002, 2007; Carretta et al., 2009), NOAA
Fisheries recognizes six distinct harbor porpoise
populations in this region. Two of these populations (the Northern California/Southern Oregon
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annual HD model results for 2001 and 2008 (2 of
the 3 y this region was covered) showed high densities in this area (Figure 4.6). This represented
the area used by a smaller feeding aggregation
of humpback whales that is distinct from those
feeding off California and Oregon (Calambokidis
et al., 1996, 2001, 2004), and it meets the criteria of a feeding BIA. The BIA located west and
southwest of San Miguel Island, although not in
the highest density area in the HD model, is an
area of high density in some of the annual HD
model predictions. These annual predictions agree
with our observations that, similar to blue whales
in this region, it is an area inhabited intermittently
by some of the highest concentrations of humpback whales that have been observed in southern
California.
The seven BIAs for humpback whales represented only 3% of U.S. waters in the West Coast
region, but the areas we identified encompassed
89% of the sightings documented. Along with the
good agreement with the areas identified by the
HD model, these BIAs effectively identify the
most critical areas for humpback whales.
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Stock and the Northern Oregon/Washington
Coast Stock) number in the tens of thousands of
animals. The San Francisco/Russian River Stock
and the Washington Inland Waters Stock are estimated at 9,189 (Carretta et al., 2009) and 10,682
animals (Laake, unpub. data, as cited in Carretta
et al., 2013), respectively. The remaining two populations are located along the coast of California
near Morro Bay and Monterey Bay. Due to their
relatively small abundance estimates of just a
few thousand animals (see below) and restricted
geographic ranges, the Morro Bay Stock and the
Monterey Bay Stock meet CetMap’s definition of
a small and resident population, and BIAs were
created for each stock (Figure 4.7). Stock boundaries were delineated based on (1) molecular genetic
differences (Chivers et al., 2002), (2) differences
in pollutant concentrations (Calambokidis &
Barlow, 1991), and (3) density minima observed
from aerial surveys (Forney et al., 1991; Forney,
1995, 1999; Carretta et al., 2009). All populations
are described in the U.S. Pacific Marine Mammal
Stock Assessments (Carretta et al., 2013).
Harbor porpoises are found primarily in waters
shallower than about 200 m and are most abundant from shore to about the 92 m (50-fathom) isobath (Barlow, 1988; Forney et al., 1991; Carretta
et al., 2001, 2009). Since 1999, aerial surveys off
California have included coverage of lower density areas to provide a more complete abundance
estimate, extending offshore to the 200-m isobath,
47
or a minimum distance from shore of 10 nmi south
of Point Sur and 15 nmi north of Point Sur. Off
48
Oregon and Washington, where the shelf extends
49
farther offshore, abundance has been estimated
based on aerial surveys extending offshore 50
to
about the 200-m isobath (Laake, unpub. data, as
cited in Carretta et al., 2013).
Morro Bay Small Resident Population—The
southernmost population, called the Morro Bay
Stock, extends from Point Conception to Point Sur
and from land to the 200-m isobath (Figure 4.7;
Table S4.2). The most recent aerial surveys (2002
to 2007), conducted by the Southwest Fisheries
Science Center (NMFS/NOAA), yielded an abundance estimate of 2,044 animals for this population
(Carretta et al., 2009). Aerial surveys have consistently indicated a core area of higher density near
the center of the population’s range between Point
Arguello and Point Estero, with density decreasing toward the edges of the range (Forney et al.,
1991; Forney, 1995, 1999; Carretta et al., 2009).
The small core range of this small and resident
harbor porpoise population makes this population
particularly vulnerable to anthropogenic impacts.
Monterey Bay Small and Resident Population—
The small and resident Monterey Bay population
of harbor porpoises ranges from just south of
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Point Sur to Pigeon Point and out to the 200-m
isobath (Figure 4.7; Table S4.3). The most recent
aerial surveys (2002 to 2007) yielded an abundance estimate of 1,492 animals for this population (Carretta et al., 2009). The greatest densities
are generally found in the northern portions of
Monterey Bay (Forney et al., 1991; Forney, 1995).
The small geographic range makes this population
particularly vulnerable to anthropogenic impacts.
Additional Evaluation

Fin whales (Balaenoptera physalus), the second
largest of all the whales, are considered endangered under the U.S. Endangered Species Act
(ESA) and occur widely in the world’s oceans
(NMFS, 2010). Along with blue whales, they
were heavily hunted in the 20th century during the
modern era of commercial whaling. The population structure of fin whales is not well understood
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in most areas, including the North Pacific Ocean.
They occur in both nearshore and pelagic waters,
and they feed on both krill and fish.
130°W

A number of factors complicate our understanding of fin whales in the North Pacific Ocean,
primarily because of uncertainties in their stock
structure and movements along the U.S. West
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Figure 4.8. Predicted mean densities of fin whales (Balaenoptera physalus) from HD models generated from Southwest

Science Center ship surveys (see Becker et al., 2012a), overlaid with all sightings (including from Cascadia
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Figure
4.8. Predicted mean densities of fin whales from habitat-based density models gene
Research small boat and opportunistic surveys)
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from Southwest Fisheries Science Center ship surveys (see Becker et al., 2012b), overlaid
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all sightings (including from Cascadia Research small boat and opportunistic surveys).
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and slope (Schorr et al., 2010). The behavioral
states of these satellite-tagged fin whales could
be inferred by their movements over time. Tagged
individuals appear to move between likely feeding
areas, demonstrating patterns of rapid movement
between slopes and plateaus, where they remain
for longer periods of time to feed (Schorr et al.,
2010). Fin whales feeding on krill in both offshore
and coastal areas in the Southern California Bight
were also documented via suction-cup attached
multisensor archival tags (Goldbogen et al., 2006;
Friedlaender et al., 2014).
We considered 1,243 visual boat-based sightings of 2,638 fin whales mostly from nonsystematic surveys collected by Cascadia Research (www.
cascadiaresearch.org) and collaborators, conducted
primarily in coastal waters from 1991 to 2011
(Figure 4.8). There were areas of concentration of
sightings, including (from south to north) Tanner
and Cortez Banks area, San Clemente Basin, the
shelf edge west of San Nicolas Island, waters off
the Palos Verdes Peninsula, waters south and west
of San Miguel Island, Santa Lucia Bank, and Guide
and Grays Canyons off Washington.
50°N

130°W

50°N

50°N

Coast. Long-range movements along the entire
U.S. West Coast do occur as shown by satellite
and discovery tags (Mizroch et al., 2009; Falcone
et al., 2011b); however, recent data demonstrate
that not all fin whales undergo these long-range
seasonal migrations. Photo-identification studies of fin whales off the U.S. West Coast show
short-range seasonal movements in spring and fall
(Falcone et al., 2011a, 2011b). In addition, photoidentification studies off southern California show
that within-region movements are more common
than inter-regional movements, suggesting that
regional subpopulations may exist. Carretta et al.
(1995) and Forney & Barlow (1998) also indicate
a year-round presence of fin whales off southern
California. These relatively recent changes in
fin whale distribution in the West Coast region
are thought likely to be from post-whaling local
population growth, combined with shifts in the
overall distribution of fin whales throughout their
range (Moore & Barlow, 2011).
Coastal photo-identification surveys (1991 to
2010), in addition to satellite tagging off California
and Washington, suggest that the greatest densities of fin whales occur near the continental shelf
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While most of these areas fall within predicted
moderately high or highest densities based on
the mean HD model (Figure 4.8), there are some
significant differences that largely stem from
the generally offshore distribution of fin whales
and the more coastal and island-specific bias in
our small boat-based sightings. The HD model,
which is based on surveys that include offshore
waters, predicts high densities primarily in offshore waters outside the geographic range of most
of our coastal surveys, including offshore waters
centered about 100 nmi west of the Gulf of the
Farallones and Monterey Bay (central California),
and waters west of Point Buchon, from the coast
to about 100 nmi offshore. While this latter area
includes the Santa Lucia Bank, the predicted highdensity area covers a much broader region. One
factor that explains some of the discrepancy with
the mean density model is the seasonal variation
in fin whale distribution. Although fin whales
are present year-round off California, their distribution appears to shift somewhat seasonally.
Sightings from California Cooperative Oceanic
Fisheries Investigations (CalCOFI) surveys off
southern California that were conducted during all
seasons show fin whales closer to shore in winter
and spring and farther offshore in summer and fall
(Douglas et al., 2014), coinciding with the survey
period for the data used in the HD models. There
were also apparent annual differences in fin whale
occurrence off the U.S. West Coast and this was
somewhat apparent in the annual habitat density
models for fin whales (Figure 4.9).
BIAs for fin whales were difficult to determine
at this time for a number of reasons, including
their offshore distribution (in comparison to our
primarily more coastal effort), the poor knowledge of their population structure, and the poor
agreement between our areas of concentration
from the overall sightings and the HD models.
BIAs are therefore not designated here but likely
should include offshore areas identified in the
HD models as well as occasional concentrations
in more coastal areas as documented in our small
boat surveys.
Conclusion

In conclusion, 28 BIAs were identified for four
cetacean species within the West Coast region
based on expert review and synthesis of published and unpublished information. Identified
BIAs included feeding areas for blue whales, gray
whales, and humpback whales; migratory corridors
for gray whales; and small and resident populations for harbor porpoises. The size of the individual BIAs in this region ranged from approximately
171 km2 for a gray whale feeding area to over
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138,000 km2 for the potential presence migratory
corridor BIA for gray whales. The BIAs for feeding blue, gray, and humpback whales represent a
relatively small portion of the overall West Coast
area (< 5%) but encompass a large majority (77
to 89%) of the thousands of sightings documented
and evaluated for each species. This BIA assessment did not include minke whales (Balaenoptera
acutorostrata), killer whales (Orcinus orca),
beaked whales (Ziphiidae), and sperm whales
(Physeter macrocephalus); however, these species
should be considered in future efforts to identify
BIAs. Also, the species considered herein—blue
whales, gray whales, and humpback whales—
should be considered for reproductive BIAs.
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Abstract

Of the 18 species of odontocetes known to be present in Hawaiian waters, small resident populations
of 11 species—dwarf sperm whales, Blainville’s
beaked whales, Cuvier’s beaked whales, pygmy
killer whales, short-finned pilot whales, melonheaded whales, false killer whales, pantropical
spotted dolphins, spinner dolphins, rough-toothed
dolphins, and common bottlenose dolphins—have
been identified, based on two or more lines of evidence, including results from small-boat sightings
and survey effort, photo-identification, genetic analyses, and satellite tagging. In this review, we merge
existing published and unpublished information
along with expert judgment for the Hawai‘i region
of the U.S. Exclusive Economic Zone and territorial
waters in order to identify and support the delineation of 20 Biologically Important Areas (BIAs) for
these small and resident populations, and one reproductive area for humpback whales. The geographic
extent of the BIAs in Hawaiian waters ranged from
approximately 700 to 23,500 km2. BIA designation
enhances existing information already available to
scientists, managers, policymakers, and the public.
They are intended to provide synthesized information in a transparent format that can be readily used
toward analyses and planning under U.S. statutes
that require the characterization and minimization
of impacts of anthropogenic activities on marine
mammals. Odontocete BIAs in Hawai‘i are biased
toward the main Hawaiian Islands and populations
off the island of Hawai‘i, reflecting a much greater
level of research effort and thus certainty regarding
the existence and range of small resident populations off that island. Emerging evidence of similar
small resident populations off other island areas in
Hawaiian waters suggest that further BIA designations may be necessary as more detailed information becomes available.

Key Words: Hawai‘i, reproductive area, resident
population, anthropogenic sound, species distribution
Introduction

This review document coalesces existing published and unpublished information in Hawaiian
waters (shoreward of the Exclusive Economic
Zone [EEZ] boundary) to define Biologically
Important Areas (BIAs) for specific cetacean species that meet the criteria for reproductive areas or
small and resident populations defined in Table 1.2
of Ferguson et al. (2015b) within this issue. A
comprehensive overview of the BIA delineation
process; its caveats (Table 1.4), strengths, and
limitations; and its relationship to international
assessments also can be found in Ferguson et al.
Table 1.3 provides a summary of all BIAs identified, including region, species, BIA type, and
total area (in km2). A summary also can be found
at http://cetsound.noaa.gov/important. Table 1.1
defines all abbreviations used in this special issue.
Metadata tables that concisely detail the type and
quantity of information used to define each BIA
are available as an online supplement.
In Hawai‘i, the low density of most species of
cetaceans, combined with high species diversity,
the presence of many cryptic or difficult-to-identify species, and a limited amount of large vessel
or aerial survey effort to estimate density, results
in a limited ability to determine high-use areas for
most species. Additional areas of biological importance to cetaceans likely exist within the Hawai‘i
region (e.g., for most species within the northwestern Hawaiian Islands and for some species within
the western half of the main Hawaiian Islands and
on the windward sides of the islands) but are not
included due to insufficient information or because
data collection and analyses to identify such areas
are ongoing.

		

Dwarf sperm whales are found throughout tropical, subtropical, and warm temperate waters
worldwide. They were one of the most abundant cetaceans documented in a 2002 survey of
Hawaiian waters (Barlow, 2006). Currently, only
a single EEZ wide stock is recognized within
Hawaiian waters (Carretta et al., 2014).
Results from analyses of depths at sightings
in relation to effort and photo-identification data
both suggest there is a small resident population
of dwarf sperm whales off the island of Hawai‘i
(Mahaffy et al., 2009; Baird et al., 2013a). Analyses
of sighting rates (sightings/100 survey hours) by
depth, corrected for effort, indicate the highest
2
sighting rates of dwarf sperm whales off the island
of Hawai‘i are between 500 and 1,000 m in depth
3
(Baird et al., 2013a). Sighting rates drop by more
than two-thirds in waters > 1,000 m, suggesting
4
a strongly island-associated population that uses
relatively nearshore slope habitats. Despite the
5
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infrequent encounters with this species (Baird,
2005; Baird et al., 2013a), a number of individuals
documented off the island of Hawai‘i have been
seen in more than 1 y, with one individual documented in seven different years over a 9-y span
(Cascadia Research Collective [CRC], unpub.
data, 2004-2013). Neonates and small calves are
regularly documented, suggesting it is an area used
for calving as well as feeding. No individuals of
this species have been satellite tagged, so knowledge of the range of the population is limited to
sighting locations from boat-based visual surveys
off the west side of the island of Hawai‘i. The area
identified as the BIA (Figure 5.1; Table S5.1) is
a minimum convex polygon around 55 sightings
of dwarf sperm whales from small-boat surveys
(CRC, unpub. data, 2002-2012). Whether there
are one or more resident populations of this species elsewhere in the main Hawaiian Islands is
not known, primarily due to the relatively small
amount of survey and photo-identification effort
in areas of suitable habitat (Baird et al., 2013a),
and the difficulty in detecting and identifying this
species in anything other than ideal sea conditions.
Assessment of potential genetic differentiation of
dwarf sperm whales off the island of Hawai‘i from
other areas has not been undertaken due to insufficient genetic sample sizes. Oleson et al. (2013)
proposed recognition of “a prospective islandassociated stock of dwarf sperm whales around”
(p. 28) the island of Hawai‘i, although
this Region
proHawai‘i
Figure L
posal was not incorporated into the 2013 stock

Hawai`i

00
-10
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The quantity and type of data used to define
BIAs within U.S. waters in general, and in
Hawaiian waters in particular, were spatially
and temporally heterogeneous and included data
derived from visual sightings and effort data from
small-boat surveys (see Baird et al., 2013a), photoidentification, satellite-tagging data, and genetic
analyses. Although sighting and effort data are
available for Hawaiian waters from both aerial
surveys (e.g., Mobley et al., 2000) and large-vessel
surveys (e.g., Barlow, 2006), and help inform species distributions, among other things, these datasets were generally not informative for delineating
small and resident populations of odontocetes.
Within the Hawai‘i region, 11 of the 18 species of odontocetes are known to have populations
resident to either the main Hawaiian Islands or the
northwestern Hawaiian Islands. Populations of
all 11 species—dwarf sperm whale (Kogia sima),
Blainville’s beaked whale (Mesoplodon densirostris), Cuvier’s beaked whale (Ziphius cavirostris),
pygmy killer whale (Feresa attenuata), shortfinned pilot whale (Globicephala macrorhynchus),
melon-headed whale (Peponocephala electra),
false killer whale (Pseudorca crassidens), pantropical spotted dolphin (Stenella attenuata), spinner
dolphin (Stenella longirostris), rough-toothed dolphin (Steno bredanensis), and common bottlenose
dolphin (Tursiops truncatus)—met the criteria for
small and resident populations, and BIAs were
created accordingly for these. A reproductive BIA
1
was created for one migratory species—humpback
whales (Megaptera novaeangliae).
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Blainville’s beaked whales are distributed in
deep oceanic waters throughout the tropics and
subtropics worldwide, and they typically only
approach nearshore around oceanic islands. They
have been documented in deep waters off most of
the main Hawaiian Islands (Mobley et al., 2000;
Baird et al., 2013a). Currently, only a single EEZ
8
wide stock is recognized within Hawaiian waters
(Carretta et al., 2014), although off the island of
Hawai‘i a small resident population of Blainville’s
beaked whales has been identified (McSweeney
et al., 2007; Schorr et al., 2009a). Analyses of
sightings in relation to effort by depth show the
highest density of groups in water between 500
and 1,500 m in depth, with density decreasing
further offshore, then peaking again in depths of
4,000 to 4,500 m, which may reflect sampling of
an offshore population (Baird et al., 2011b, 2013a).
Long-term photo-identification has indicated high
site fidelity, with individuals using the area over
periods of at least 15 y, although there is evidence
that adult females may exhibit a greater degree of
site fidelity than adult males (McSweeney et al.,
2007). Mark-recapture analyses of photo-identification data suggest the population is relatively
small (Baird et al., 2009c). Baird et al. (2009c)
estimated 125 individual Blainville’s beaked
whales (CV = 0.30) used the area off the west
9
side of the island of Hawai‘i from 2003 to 2006,
although this estimate included individuals from
10
both the resident population and from an offshore
population (Baird et al., 2011b), suggesting the
resident population is smaller. Ten individuals
11
from this population (including four adult males)
were satellite tagged in four different years from
12
2006 to 2011, with over 1,800 satellite-derived
locations available to assess range and habitat
13
use. Location information from satellite tags was
available for periods of 15 to 71 d (median = 44 d,
n = 10). All 10 individuals remained associated
14
with the island of Hawai‘i for the duration of tag
attachments, with locations generally restricted to
15
the west side of the island (Schorr et al., 2009a).
The delineation of the known range of the population (Figure 5.2; Table S5.2) is based on a minimum convex polygon (with smoothed edges and
excluding land) around 1,809 locations from 10
individuals satellite tagged through 2011 (CRC,
unpub. data, 2009-2011; Schorr et al., 2009a;
Baird et al., 2010a). Whether there are one or
more resident populations of this species elsewhere in the main Hawaiian Islands is not known,
primarily due to the relatively small amount of
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survey, photo-identification, and tagging effort
in areas of suitable habitat elsewhere among the
islands (Baird et al., 2013a). Assessment of potential genetic differentiation of Blainville’s beaked
whales off the island of Hawai‘i from other areas
has not been undertaken due to insufficient genetic
sample sizes. Oleson et al. (2013) proposed recognition of a “prospective stock of Blainville’s
beaked whales within the main Hawaiian Islands
with a range of 50 km from the islands” (p. 21),
but this proposal was not incorporated into the
2013 stock assessment report for this population
(Carretta et al., 2014).

Pacific
Ocean

Maui
-10
00

20°N

assessment report for this population (Carretta
et al., 2014).

Hawai`i
00
-10

19°N

56

0

Kilometers
50
100

Figure 5.2. The year-round BIA for Blainville’s beaked

whales (Mesoplodon
densirostris)
residing
the
Figure
5.2. The year
round BIA
for within
Blainville’s
beaked w

Hawai‘i region, substantiated through satellite-tag data,
photo-identification data, extensive vessel-based survey
region,
substantiated through satellite tag data, photo-iden
data, and expert judgment; note Blainville’s beaked whales
are also found elsewhere among the Hawaiian Islands, but
survey
data andtheexpert
Note thought
Blainville’s beake
this area represents
known judgment.
range for individuals
to be resident to Hawaiʻi Island.

among the Hawaiian Islands, but this area represents the k
Cuvier’s Beaked Whales (Ziphius cavirostris) Small
and Resident Population

be
resident to Hawaiʻi Island.
Cuvier’s beaked whales are distributed world-

wide in deep oceanic waters except for highlatitude polar regions. They were one of the
most abundant cetaceans in a 2002 survey of
Hawaiian waters, with sightings throughout the
EEZ (Barlow, 2006). Currently, only a single
EEZ wide stock is recognized within Hawaiian
waters (Carretta et al., 2014). Around the main
Hawaiian Islands, there have been occasional
sightings off Kaua‘i and Ni‘ihau (Mobley et al.,
2000), but the majority of sightings of this species have been off the island of Hawai‘i. Off that
island, a small resident population of Cuvier’s
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beaked whales has been identified based on a
combination of photo-identification data, satellite-tagging data, and analyses of sightings and
survey effort. Analyses of sightings in relation to
effort by depth show the highest density of groups
in water between 1,500 and 4,000 m in depth
along the slope of the island, with density decreasing in deeper waters further offshore (Baird et al.,
2013a). Long-term photo-identification has indicated high site-fidelity, with individuals using the
area over periods of at least 21 y, although there is
evidence that adult females may exhibit a greater
degree of site fidelity than adult males (CRC,
unpub. data, 2006-2014; McSweeney et al.,
2007). Mark-recapture analyses of photo-identification data suggest the population is relatively
small; Baird et al. (2009c) estimated that 55 individual Cuvier’s beaked whales (CV = 0.26) used
the area off the west side of the island of Hawai‘i
17
from 2003 to 2006.
Nine individuals from this population (includ18
ing two adult males) have been satellite tagged in
five different years, with movement data for peri19
ods of from 2 to 45 d (median = 22 d). Satellite tag
data show the population is generally restricted to
the slope of the island of Hawai‘i (Schorr et al.,
20
2008; Baird et al., 2009a, 2010), with the majority
of individuals spending most of their time off the
west and southeast side of the island. The BIA21
is
based on the delineation of the known range of
the population (Figure 5.3; Table S5.3), generated
22
as a minimum convex polygon (excluding land
and locations in shallow water with steep bathymetry, thus likely due to Argos error) around 581
locations from nine satellite-tagged individuals
(Schorr et al., 2008; Baird et al., 2009a, 2010).
Although the number of individuals tagged is
relatively large, the shorter attachment durations
yet greater range documented than Blainville’s
beaked whales suggest that the range of individuals from this population is likely to increase as
additional satellite-tag data become available.
Whether there are one or more resident populations of this species elsewhere in the main
Hawaiian Islands is not known due to the relatively small amount of survey effort in deep-water
habitats elsewhere among the islands (Baird et al.,
2013a). Assessment of potential genetic differentiation of Cuvier’s beaked whales off the island of
Hawai‘i from other areas has not been undertaken
due to insufficient genetic sample sizes. Oleson
et al. (2013) proposed recognition of a “prospective island-associated stock of Cuvier’s beaked
whales within the Hawaiian Archipelago out to
70 km from shore” (p. 24), but this proposal was
not incorporated into the 2013 stock assessment
report for this population (Carretta et al., 2014).
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Pygmy killer whales are distributed throughout
tropical oceanic waters worldwide and generally
do not approach close to shore except around oceanic islands. This species is naturally rare and one
of the least known of the small cetaceans. There
are sightings of this species from throughout
Hawaiian waters, and currently, only a single EEZ
wide stock is recognized (Carretta et al., 2014).
There are high resighting rates of photo-identified
pygmy killer whales off both O‘ahu and Hawai‘i
Island, suggesting small resident populations off
each island (McSweeney et al., 2009; Mahaffy et al.,
2013). Individuals have been documented over
spans of up to 27 y off the island of Hawai‘i (CRC,
unpub. data, 2008-2014; McSweeney et al., 2009),
suggesting they are long-term residents. Two individuals that were satellite tagged off Hawai‘i Island
(in two different years) remained strongly associated with the island slope during the periods of tag
attachment (10 and 22 d; Baird et al., 2011a). One
group of five individuals known to be resident to
O‘ahu were documented off Hawai‘i Island but were
not observed with any of the known resident individuals there (Mahaffy et al., 2013). Only one other
individual documented off the island of Hawai‘i also
has been documented off another island (O‘ahu) and
that individual had only been seen on a single occasion off the island of Hawai‘i (Mahaffy et al., 2013).

3
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We identify a BIA for the Hawai‘i Island resident
population, although we recognize that as additional
information is obtained on the range of the O‘ahu
resident population, a BIA for that population will
likely be warranted. The known range of the Hawai‘i
Island resident population includes the west side of
the island of Hawai‘i, from northwest of Kawaihae
south to the south point of the island, and along the
southeast coast of the island, as determined by locations from two satellite-tagged individuals (Baird
et al., 2011a; Figure 5.4; Table S5.4). Given the
small sample size, this range is likely to increase
if additional satellite-tag data become available.
Assessment of potential genetic differentiation of
pygmy killer whales off the island of Hawai‘i from
other areas has not been undertaken due to insufficient genetic sample sizes. Oleson et al. (2013)
proposed recognition of a “prospective island-associated stock of pygmy killer whales within the main
Hawaiian Islands with a range of up to 20 km from
shore” (p. 26), but this proposal was not incorporated
into the 2013 stock assessment report for this population (Carretta et al., 2014).

they are often found relatively close to shore.
They are found throughout Hawaiian waters with
higher density around the main Hawaiian Islands
(Barlow, 2006), although currently only a single
EEZ wide stock is recognized within Hawaiian
waters (Carretta et al., 2014).
Evidence from analyses of sighting and effort
data, long-term photo-identification data, and
satellite-tag deployments all indicate the existence of a resident population of short-finned
pilot whales off the island of Hawai‘i (Baird
et al., 2011c, 2013a; Mahaffy, 2012). Analyses of
13 y of survey effort show this species is primarily associated with slope habitats off the islands,
with the highest sighting density between 1,000
and 2,500 m in depth, with density dropping off
substantially after 2,500 m in depth (Baird et al.,
2013a). Long-term resightings of individuals
indicate high site fidelity and suggest that at least
some proportion of the population is resident to the
island (Mahaffy, 2012). Between 2006 and 2011,
satellite tags were deployed on 44 occasions on
41 different individual short-finned pilot whales
off Hawai‘i Island for periods ranging from 3 to
157°W
156°W
155°W
110 d (median = 31 d), with individuals remaining
strongly associated with the island slope in all but
one case (CRC, unpub. data, 2006-2011). A conPacific
tiguous, high-use area has been identified through
Maui
Ocean
the analysis of tag data from 35 tag deployments
(through 2010), with the highest density of satel-1
00
lite-tag locations along the west side of the island
-1
0
00
of Hawai‘i, extending somewhat off the north tip
0
of the island and along the southeast slope of the
island (Figure 5.5; Table S5.5). This high-use area
was defined following the methods of Baird et al.
Hawai`i
(2012), with the study area broken into 5 km ×
5 km grid cells, and the total time of satellite tracks
within each cell allocated to the cell. Cells with
total time greater than 1 standard deviation (SD)
above the mean were classified for this analysis as
Kilometers
high-use areas, and the largest contiguous block of
0
50
100
high-use cells is identified. There is accumulating
information suggesting that there are one or more
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from 5 to 26 d; median = 10 d), the Kohala Resident
Stock appears to have a range restricted to the northwest coast of the island of Hawai‘i (CRC, unpub.
data, 2008-2012; Aschettino et al., 2011a, 2011b) in
significantly shallower water than the main Hawaiian
Islands population. The delineation of the range
of this population is based on a minimum convex
polygon (with smoothed edges and excluding land)
around locations obtained from four satellite-tagged
individuals (n = 545 locations; CRC, unpub. data,
2008-2012), which also encompasses the range based
on sightings presented by Aschettino et al. (2011a).
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Melon-Headed Whales (Peponocephala electra)

Melon-headed whales are distributed throughout
tropical and subtropical oceanic waters around the
40
world. The only areas they typically approach close
to shore are oceanic islands. Although melon-headed
41
whales are broadly distributed within Hawaiian
waters (Barlow, 2006; Woodworth et al., 2011),
42
off the island of Hawai‘i, a resident population has
been identified that primarily uses the Kohala area
(Figure 5.6; Table S5.6). This population was recently
43
recognized as the Kohala Resident Stock (Carretta
et al., 2014). Dispersal analyses based on photo44
identification data (Baird et al., 2010b; Aschettino
et al., 2011a), and preliminary genetic analyses of
biopsy samples (Aschettino et al., 2011b) both sug45
gest this population is demographically isolated from
a population of melon-headed whales that extends
throughout the main Hawaiian Islands and into offshore waters (Schorr et al., 2009b; Aschettino et al.,
2011b; Woodworth et al., 2011). This latter population is recognized as the Hawaiian Islands Stock
(Carretta et al., 2014). Abundance estimated for the
Kohala Resident Stock using mark-recapture analyses of photo-identification data was 447 individuals
(CV = 0.12; Aschettino, 2010). Based on photoidentification throughout the main Hawaiian Islands
and satellite tagging of six individuals (tagged in four
different years, with tag data available for periods of
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False Killer Whales (Pseudorca crassidens) Small

resident
population
of melon-headed whales.
and Resident
Population

False killer whales are distributed throughout
tropical oceanic waters worldwide. Three populations of false killer whales have been recognized from Hawaiian waters—an open-ocean
(pelagic) population and two insular populations
(Carretta et al., 2014). One of the insular populations is found around the main Hawaiian Islands,
and one is found in the northwestern Hawaiian
Islands, with overlap of the two insular populations around Kaua‘i and Ni‘ihau (Chivers et al.,
2007; Baird et al., 2008b, 2012, 2013b; Oleson
et al., 2010). More information is available on the
main Hawaiian Islands population than either of
the other populations. The most recent estimate of
5 abundance for the main Hawaiian Islands insular

60

Stock of false killer whales is 151 individuals
(CV = 0.20; model average of four mark-recapture models from 2006-2009; Oleson et al., 2010),
and this population was listed as Endangered
under the U.S. Endangered Species Act (ESA)
in 2012 (77 FR 70915). The known range of this
population based on satellite-tagging data extends
from west of Ni‘ihau to east of Hawai‘i, with the
furthest extent at 122 km offshore (Baird et al.,
2012). Within this range, it is possible to delineate
high-use areas based on density of location data
obtained from satellite tags. To aid in identifying
Critical Habitat for this population, Baird et al.
(2012) identified several high-use areas based on
grid cells that were greater than 2 SD above the
mean for density of locations. Baird et al. note a
variety of limitations of their sample, including a
seasonal bias in tag data and having telemetry data
from only two of the three large social groupings
within the population when spatial use is known
to vary between social groups. For this assessment, grid cells with density of locations greater
than 1 SD above the mean are considered high-use
areas and mapped accordingly to identify the BIA
(Figure 5.7). While we have not identified a BIA
for the northwestern Hawaiian Islands population,
consideration of one or more BIAs would be warranted as more information becomes available. 54
156°W

22°N

158°W

Pantropical Spotted Dolphins (Stenella attenuata)
Small and Resident Population

Pantropical spotted dolphins are found worldwide throughout tropical waters. Genetic evidence
suggests that there are three demographically
isolated populations of this species around the
main Hawaiian Islands (Figure 5.8; Table S5.8),
with significant genetic differentiation between
populations off O‘ahu, in the four-island area
(i.e., Maui, Lāna‘i, Moloka‘i, and Kaho‘olawe),
and off Hawai‘i Island (Courbis et al., 2014).
The levels of genetic differentiation are similar to
those found among stocks of spinner dolphins and
common bottlenose dolphins within the Hawaiian
archipelago (Andrews et al., 2010; Martien et al.,
2011; Carretta et al., 2014; Courbis et al., 2014).
Three insular stocks were recognized in 2014 corresponding to these island areas (Carretta et al.,
2014). The boundaries of these populations are
not known due to biased survey effort off the leeward sides of the islands (Baird et al., 2013a) and
lack of satellite-tag data. The known ranges of
pantropical spotted dolphins off each island based
on sighting data from small-boat surveys (Baird
et al., 2013a) was used to delineate three BIAs—
one off each of the three island areas (Figure 5.8),
corresponding to one BIA for each of the three
recognized insular stocks. There are sightings
of spotted dolphins elsewhere among the main
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Figure 5.7. The year-round BIA for false killer whales

Figure 5.8. The year-round BIAs for pantropical spotted

region, substantiated through satellite-tag data and expert

region, substantiated through extensive vessel-based survey
data, genetic analyses, and expert judgment; each of these

although this population ranges from east of Hawaiʻi Island

recognized insular stocks of pantropical spotted dolphins in

whales have ranges that partially overlap.

found elsewhere among the islands.

51

insularand
stocks
pantropical
spotted
dolphins
ranges from east of Hawaiʻi Island to west59
of Niʻihau,
twoof
other
populations
of false
killerin Hawaiian

52

whales have ranges that partially overlap. 60

dolphins are also found elsewhere among the islands.

53

61

48

56 whales
Figure
5.8. Theattenuata)
year round
BIAs
for
spotted d
dolphins residing
(Stenella
residing
within
thepantropical
Hawai‘i
(Pseudorca
withinfor
thefalse
Hawai‘i
Figure
5.7.crassidens)
The yearresiding
round BIA
killer
within
the
Hawai‘i
region,

49

judgment; this represents the high-use areas for the main
substantiated
throughthe
extensive
substantiated
through satellite tag data and57
expertregion,
judgment.
This represents
high usevessel
areas based surve
BIAs corresponds to part of the stock range for the three
Hawaiian Islands insular population of false killer whales,

50

58
judgment.
Each
ofpantropical
thesealthough
BIAs
corresponds
to part of the s
Hawaiian
Note
spotted
dolphins
are also
for
theofmain
Hawaiian
Islands
insular
population
of falsewaters.
killer
whales,
this population
to west
Niʻihau,
and two other
populations
of false
killer

61

		
Hawaiian Islands (e.g., Mobley et al., 2000), however, and boundaries for these BIAs should be reassessed as more information becomes available.
Spinner Dolphins (Stenella longirostris) Small and
Resident Population

Spinner dolphins are distributed worldwide throughout the tropics, with populations often found nearshore around oceanic islands. Genetic evidence
suggests that there are five demographically isolated populations of spinner dolphins throughout
the Hawaiian archipelago (Andrews et al., 2010;
Figure 5.9; Table S5.9). These five populations have
recently been recognized as distinct stocks by NOAA
Fisheries (Carretta et al., 2014). The boundaries of
these stocks as currently recognized are from shore
out to 10 nmi from shore around Kure and Midway
Atolls, Pearl and Hermes Reef, Kaua‘i and Ni‘ihau,
O‘ahu and the four-island area, and Hawai‘i Island
(Carretta et al., 2014); these boundaries were used as
boundaries for the BIAs.
Rough-Toothed Dolphins (Steno bredanensis) Small
and Resident Population

Rough-toothed dolphins are distributed throughout
tropical and subtropical oceanic waters worldwide.
178°W

In the Pacific, this species typically is found close
to shore only around oceanic islands. Currently,
only a single EEZ wide stock is recognized within
Hawaiian waters (Carretta et al., 2014), and a
small demographically isolated resident population of rough-toothed dolphins has been identified off the island of Hawai‘i (Baird et al., 2008a;
Albertson, 2015). A mark-recapture estimate of
distinctive photo-identified individuals from 2003
to 2006 off the island of Hawai‘i was 198 individuals (CV = 0.12; Baird et al., 2008a). Two individuals were documented moving from Kaua‘i to
Hawai‘i but were not seen with any of the dolphins
known to be part of the resident social network off
Hawai‘i (Baird et al., 2008a). Both individuals
have been subsequently documented back off of
Kaua‘i (Baird et al., 2013c), and, thus, these movements do not appear to represent dispersal between
the populations. An analysis of dispersal rates
between these populations indicated that observed
movements were consistent with, at most, a 2%/y
dispersal rate between the two areas (Baird et al.,
2008a). Genetic analyses of samples collected
from Kaua‘i and Hawai‘i indicated strong genetic
differentiation between the two areas (Albertson,
2015), further supporting that the Hawai‘i Island
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resident population is demographically isolated.
No individuals off the island of Hawai‘i have
been satellite tagged, so information on range is
restricted to sighting locations from long-term
small-boat survey effort restricted to the west
side of the island (CRC, unpub. data, 2002-2014).
The BIA represents a minimum convex polygon
around all sighting locations of this species off the
island of Hawai‘i (Figure 5.10; Table S5.10).
Resighting rates of rough-toothed dolphins
off Kaua‘i and Ni‘ihau also indicate a resident
population off those islands (Baird et al., 2008a),
although there was no significant genetic differentiation between Kaua‘i/Ni‘ihau and animals
sampled in the northwestern Hawaiian Islands or
off O‘ahu (Albertson, 2015). Ongoing research
utilizing satellite tags is beginning to identify
high-use areas off Kaua‘i and Ni‘ihau (Baird
et al., 2014), and recognition of a BIA there may
be warranted as more information becomes available. Furthermore, sightings of rough-toothed
dolphins have been documented elsewhere among
the islands (e.g., Mobley et al., 2000), and boundaries for these BIAs should be re-assessed as more
information becomes available.
Common Bottlenose Dolphins (Tursiops truncatus)
Small and Resident Population

22°N

Common bottlenose dolphins (hereafter bottlenose
dolphins) are distributed in coastal and oceanic
158°W

156°W

Pacific
Ocean

waters throughout the tropics, subtropics, and in some
warm temperate areas. In Hawaiian waters, they are
found both in offshore and nearshore areas (Barlow,
2006), but around the main Hawaiian Islands they
are primarily found in depths of less than 1,000 m
(Baird et al., 2013a). Photo-identification data from
the main Hawaiian Islands revealed high resighting
rates around each island area, and analysis of movement rates suggested that dispersal among island
areas is less than 2%/y (Baird et al., 2009b). Genetic
analyses of biopsy samples indicate there are four
demographically isolated insular populations in the
main Hawaiian Islands (Martien et al., 2011) as well
as an offshore (pelagic) population. These populations have been recognized as stocks (Carretta et al.,
2014), with boundaries delineated by the 1,000 m
depth contour around Niʻihau and Kauaʻi, Hawaiʻi
Island, and Oʻahu and the four-island area, with the
latter two separated by a line in the deepest water
approximately equidistant between Oʻahu and
Penguin Bank/Molokaʻi (Figure 5.11; Table S5.11).
These stock boundaries were used as boundaries for
the BIAs. Satellite-tag data from nine individuals,
representing three of the four insular stocks, support the recognition of these four insular stocks
(Gorgone et al., 2013). Estimates of the abundance
of the marked individuals for each island area are
available from mark-recapture analysis of photoidentification data and indicate that populations
off Hawaiʻi Island, in the four-island area, and off
Kauaʻi and Niʻihau are all relatively small—that is,
likely < 250 marked individuals in each area (Baird
et al., 2009b).
Humpback Whales (Megaptera novaeangliae)

General—Humpback whales are a migratory species with a worldwide distribution. Within the
North Pacific, three main breeding populations
have been recognized based on photo-identifiMaui
cation and genetic data, including Asia, Hawai‘i,
and Mexico/Central America (Calambokidis et al.,
-1000
1997; Baker et al., 1998). While the overall pattern of movements between breeding and feeding
areas is complex, a high degree of population structure exists, and the combination of these breeding
Hawai`i
populations with their respective feeding grounds
has led to the designation of three main stocks
Kilometers
of humpback whales in the North Pacific (Baker
0
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100
et al., 2008; Calambokidis et al., 2008a; Allen &
Angliss, 2012). The Central North Pacific Stock is
comprised of animals that winter primarily in the
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judgment; areas outlined represent the stock boundaries for the four insular stocks of bottlenose dolphins in Hawaiian waters.
This species is also found elsewhere among the Hawaiian Islands.

view of stock structure. Within this framework, the

they are found throughout the island chain (Mobley

Reproduction—The Hawaiian archipelago
comprises
largestthe
breeding
area Islands.
for humpback
elsewherethe
among
Hawaiian
whales in the North Pacific, with over 50% of the
population migrating to this region during winter
months. Current population estimates for this
region range from approximately 7,000 to 10,000
animals, with an estimated annual growth rate
between 5.5 to 6.0% (Calambokidis et al., 2008a).
Migratory timing varies, with peak abundance
generally from February through March (Mobley
et al., 1999). Animals are highly concentrated on
Penguin Bank and in the waters between Maui,
Moloka‘i, Lāna‘i, and Kaho‘olawe (Mobley et al.,
2001; Office of National Marine Sanctuaries,
2010) (Figure 5.12; Table S5.12). However, densities have also increased substantially around
other islands, particularly in the Kaua‘i/Ni‘ihau
region (Mobley et al., 1999; Figure 5.12). Most
animals are found in higher densities in areas
with water depths less than 200 m (Herman et al.,
1980; Frankel et al., 1995; Mobley et al., 2001).
Females with calves appear to exhibit preferential habitat selection, historically favoring the

the main Hawaiian Islands is considered to be
extensive, based both on photo-identification and
satellite-tag studies, with high rates of interchange
between Kaua‘i and Hawai‘i Island (Cerchio et al.,
1998), as well as between these two islands and
Maui (Calambokidis et al., 2008a) and Penguin
Bank (Mate et al., 1998). The BIA boundaries represent the highest density areas within the main
Hawaiian Islands. While peak densities are from
February through March, the breeding season
typically spans December through April, during
which time humpbacks may be found in lower
densities throughout the region. The occurrence of
humpback whales in the northwestern Hawaiian
Islands, now part of the Papahānaumokuākea
Marine National Monument, has been documented
in recent years (Johnston et al., 2007; Lammers
et al., 2011), and habitat modeling suggests that
there may be over 14,000 km2 of suitable wintering
habitat in that region (Johnston et al., 2007). These
studies suggest that the northwestern Hawaiian
Islands may now represent an extension of humpback whale wintering habitat beyond the main
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April, with highest densities of animals in February through March. This BIA was substantiated through extensive survey
data, satellite-tag data, and expert judgment. Also shown is the boundary for the Hawaiian Island Humpback Whale National

to delineate a BIA in that region.

(i.e., false killer whales), BIAs have been identified throughout the islands. For other species of
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small resident populations of some of the deepermain Hawaiian Islands, for three species that have
water species off other islands (e.g., rough-toothed
had extensive photo-identification and/or genetic
dolphins off Kaua‘i and Ni‘ihau, pygmy killer
studies (i.e., common bottlenose dolphin, spinwhales off O‘ahu, and short-finned pilot whales
ner dolphin, and pantropical spotted dolphin), for
from Lāna‘i to Ni‘ihau), and BIA designations for
humpback whales, and for one species of odontothose populations should be considered as addicete with a large sample size of satellite tag data
tional information becomes available.
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Abstract

We integrated existing published and unpublished
information to delineate Biologically Important
Areas (BIAs) for fin, gray, North Pacific right, and
humpback whales, and belugas in U.S. waters of
the Gulf of Alaska. BIAs are delineated for feeding,
migratory corridors, and small and resident populations. Supporting evidence for these BIAs came from
aerial-, land-, and vessel-based surveys; satellitetagging data; passive acoustic monitoring; traditional
ecological knowledge; photo- and genetic-identification data; whaling data, including catch and sighting
locations and stomach contents; prey studies; and
anecdotal information from fishermen. The geographic extent of the BIAs in this region ranged from
approximately 900 to 177,000 km2. Information gaps
identified during this assessment include (1) reproductive areas for fin, gray, and North Pacific right
whales; (2) detailed information on the migration
routes of all species; (3) detailed information on the
migratory timing of all species except humpback
whales; and (4) cetacean distribution, density, and
behavior in U.S. Gulf of Alaska waters off the continental shelf. To maintain their utility, these BIAs
should be re-evaluated and revised, if necessary, as
new information becomes available.
Key Words: Gulf of Alaska, Alaska, feeding area,
migratory corridor, small and resident population,
fin whale, Balaenoptera physalus, gray whale,
Eschrichtius robustus, North Pacific right whale,
Eubalaena japonica, humpback whale, Megaptera
novaeangliae, beluga, Delphinapterus leucas
Introduction

This assessment synthesizes existing published
and unpublished information for U.S. waters
of the Gulf of Alaska region (shoreward of the
U.S. Exclusive Economic Zone [EEZ]) to define

Biologically Important Areas (BIAs) for cetacean
species that meet the criteria for feeding areas,
migratory corridors, and small and resident populations defined in Table 1.2 of Ferguson et al.
(2015b) within this issue. A comprehensive overview of the BIA delineation process; its caveats
(Table 1.4), strengths, and limitations; and its
relationship to international assessments also can
be found in Ferguson et al. Table 1.3 provides a
summary of all BIAs identified, including region,
species, BIA type, and total area (in km2). A summary also can be found at http://cetsound.noaa.
gov/important. Table 1.1 defines all abbreviations
used in this special issue. Metadata tables that
concisely detail the type and quantity of information used to define each BIA are available as an
online supplement.
Within the Gulf of Alaska Region, BIAs were
delineated for four baleen whale species and
one toothed whale species. The four species for
which feeding or migratory corridor BIAs were
defined were the fin (Balaenoptera physalus),
gray (Eschrichtius robustus), North Pacific right
(Eubalaena japonica), and humpback (Megaptera
novaeangliae) whales. Small and resident population BIAs were also created for two populations
of belugas (Delphinapterus leucas). Other cetacean species found in the Gulf of Alaska region
but not evaluated during this initial BIA exercise
include Dall’s porpoise (Phocoenoides dalli),
Pacific white-sided dolphin (Lagenorhynchus
obliquidens), killer whale (Orcinus orca), beaked
whales (family Ziphiidae), sperm whale (Physeter
macrocephalus), minke whale (B. acutorostrata),
sei whale (B. borealis), and harbor porpoise
(Phocoena phocoena). These species should be
evaluated in future efforts to create or revise BIAs
for cetaceans in this region.
The primary sources of information for delineating BIAs in this region were aerial-, land-,
and vessel-based surveys; satellite-tagging data;
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passive acoustic monitoring; traditional ecological knowledge; photo- and genetic-identification
data; whaling data, including catch and sighting
locations and stomach contents; prey studies; and
anecdotal information from fishermen. A population was considered “small” if the best estimate of
abundance was at most ~3,000 individuals.
Biologically Important Areas
in the Gulf of Alaska Region
Fin Whale (Balaenoptera physalus)

Background Information—The fin whale is listed
as endangered under the U.S. Endangered Species
Act (ESA) of 1973. Fin whales are ubiquitous in the
Gulf of Alaska, from the outer waters of Southeast
Alaska and pelagic waters of the Gulf of Alaska, to
the coastal waters of the Kodiak Archipelago and
Alaska Peninsula, to inland waters of Southeast
Alaska (Andrews, 1909; University of Alaska
Fairbanks Gulf Apex Predator-Prey Project [UAF
GAP], unpub. data, 1999-2013; Wynne & Witteveen,
2005, 2013; Moore et al., 2006; Zerbini et al., 2006;
Stafford et al., 2007; Dahlheim et al., 2009; Mizroch
et al., 2009; National Marine Mammal Laboratory
[NMML], unpub. data, August 2009 through
January 2010; Rone et al., 2010; Clapham et al.,
2012; Matsuoka et al., 2012; Straley, pers. comm.,
8 January 2015). Evidence from historical whaling data suggests that the Gulf of Alaska, including
pelagic waters hundreds to thousands of kilometers
offshore (outside the U.S. EEZ), was a productive
feeding area for fin whales in June through August
from the late 1940s until whaling ceased in that area
in the early 1970s (Mizroch et al., 2009). Recent
visual surveys in those offshore waters are scarce,
so relatively little is known about pelagic fin whale
density, and there was insufficient information
to designate any pelagic BIAs. The inside waters
of Southeast Alaska was a significant whaling
ground for fin whales at the turn of the 20th century
(Andrews, 1909). Today, few whales are found in
the eastern and central Gulf of Alaska inside waters
(Straley, pers. comm., 8 January 2015). The same
fin whale was identified near Juneau and twice
near Sitka in the early 2000s (Straley, pers. comm.,
8 January 2015). In Prince William Sound (central
Gulf of Alaska), four fin whales were observed
feeding in Montague Strait in July 2014 (Straley,
pers. comm., 8 January 2015). Recent ship-based
and aerial visual surveys have documented areas of
fin whale concentration from the Kenai Peninsula
to the Shumagin Islands, with highest concentrations near the Semidi Islands and Kodiak Island
in summer (Zerbini et al., 2006; Witteveen, pers.
comm., 12 January 2015; Figure 6.1).
Fin whales are found year-round in at least some
areas in the region. Passive acoustic monitoring by

moored hydrophones located in Umnak (August
2009 through January 2010) and Unimak (August
2009 through August 2010) passes in the Aleutian
Archipelago detected fin whale calls year-round,
with peak calling rates occurring at Umnak Pass
from mid-October to November, and consistently
low rates in all months at Unimak Pass (NMML,
unpub. data, August 2009 through January 2010;
Clapham et al., 2012; Figure 6.1). Opportunistic
aerial surveys conducted by the UAF GAP Project
year-round during every year from 1999 to 2013
in the Kodiak Archipelago detected fin whales
in every month, with the greatest mean number
of whales/mo sighted from June through August
(Witteveen, pers. comm., 12 January 2015). From
October 1999 to May 2002, fin whales were
detected throughout the year by passive acoustic monitoring from six moored hydrophones
located hundreds to thousands of kilometers from
shore in the Gulf of Alaska (Moore et al., 2006;
Stafford et al., 2007). The highest call occurrence
rates from these six moorings were detected from
August through December, and the lowest occurrence rates were detected from February through
July (Stafford et al., 2007). There were no obvious
geographic differences in seasonal patterns and
percent occurrence of calls among hydrophones
located closer to the coast compared to the midGulf hydrophones (Stafford et al., 2007).
There was insufficient information available
to evaluate migratory corridor and reproductive
BIAs for fin whales in the Gulf of Alaska.
Feeding—Stomach contents data from fin whales
captured during whaling operations between 1952
and 1958 in the northern part of the North Pacific
Ocean and Bering Sea suggest that euphausiids were
the most common prey in the Aleutian Islands and
Gulf of Alaska, whereas schooling fishes predominated in the northern Bering Sea and off Kamchatka
(Nemoto, 1959; Mizroch et al., 2009). This is supported by recent stable isotope analyses of fin and
humpback whale samples collected by the UAF GAP
project off Kodiak Island in summer (June-August)
2010, which indicate that fin whales are likely feeding on a lower trophic level than humpback whales,
with the fin whale diet comprised of more zooplankton than fish (Wynne & Witteveen, 2013).
Evidence of important fin whale feeding areas
comes from recent ship-based and aerial visual surveys ranging from the coastal waters of the Aleutian
Islands, Alaska Peninsula, Kodiak Archipelago,
and Kenai Peninsula offshore to 40º N. During the
summer (July-August) of 2001 through 2003, NMML
conducted vessel-based line-transect surveys for cetaceans in the coastal waters of the Aleutian Islands,
Alaska Peninsula, and Kenai Peninsula (Zerbini
et al., 2006). These summer cruises encountered very
large concentrations of fin whales on the southern
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side of the Alaska Peninsula around the Semidi
Islands and in Shelikof Strait each year, and a high
concentration of fin whales in Marmot Bay (northeastern Kodiak Island) in 2002 (Zerbini et al., 2006).
The 2011 IWC-Pacific Ocean Whale and Ecosystem
Research (IWC-POWER) cruise was conducted from
the Aleutian Islands to the Kenai Peninsula and south
to 40º N in the Gulf of Alaska from July to September
(Matsuoka et al., 2012). During the IWC-POWER
cruise, high densities of fin whales were observed
west and
Kodiak Island
compared to the
Gulf
ofsouthwest
AlaskaofFigure
Legends
lower densities observed from the U.S. EEZ to 40º N
170°W
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(Matsuoka et al., 2012). During April 2009, NMML
conducted the Gulf of Alaska Line-transect Survey
(GOALS) in the U.S. Navy training area located to
the northeast of Kodiak Island. Higher densities of
fin whales were observed in the GOALS inshore
stratum (encompassing the continental shelf and
slope region) compared to the offshore stratum that
comprised the pelagic zone (Rone et al., 2010). The
fin whale density estimates east of Kodiak Island (in
Marmot Bay) and west/southwest of Kodiak Island
(down to the Semidi Islands), derived from the 2001
through 2003 NMML surveys, are two to four times
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Figure 6.1. (a) Fin whale (Balaenoptera physalus) feeding Biologically Important Area (BIA), with the U.S. Exclusive
Economic Zone (EEZ) shown as a dashed line; (b) BIA close-up around the northern end of Kodiak Island. The greatest
Figure
6.1. (a) Fin whale feeding Biologically Important Area (BIA), with the US Exclusive
densities of fin whales are found in this feeding BIA during June through August, based on boat- and aerial-based survey data.

4

Economic Zone shown as dashed line. (b) BIA close-up around the northern end of Kodiak
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Island. Greatest densities of fin whales are found in this feeding BIA during June through
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higher than those from the GOALS survey, although
seasonal differences in abundance may be a confounding factor when comparing densities in these
two areas. The UAF GAP opportunistic aerial surveys
conducted monthly around the Kodiak Archipelago
from 1999 to 2013 sighted fin whales during every
month of the year, with the greatest number of whales
observed along the west coast of Kodiak Island,
including Uyak Bay, Uganik Bay, and Kupreanof
Straits, in addition to Marmot Bay (Witteveen, pers.
comm., 12 January 2015). The greatest mean number
of fin whale sightings per month during the 15-y
UAF GAP time series occurred from June through
August, moderate numbers occurred from September
through November, and very few sightings occurred
from December through May (Witteveen, pers.
comm., 12 January 2015).
Based on the density of fin whales observed
each year and the consistency in annual local concentrations of fin whales east, west, and southwest
of Kodiak Island (Figure 6.1; Table S6.1), this area
is considered a BIA for feeding fin whales; the
months with the highest number of whales sighted
during the 15-y time series of UAF GAP aerial
surveys were June through August (Witteveen,
pers. comm., 12 January 2015). The feeding area
boundary in Figure 6.1 encompasses the highest
density of sightings from Wynne & Witteveen
(2005, 2013), Zerbini et al. (2006), and Witteveen
(pers. comm., 12 January 2015).
Beluga (Delphinapterus leucas) Small and Resident
Populations

Background Information—NOAA Fisheries recognizes five stocks of belugas in U.S. waters
(Allen & Angliss, 2014). The stocks are named
after areas in Alaska where they are found for at
least part of the year: (1) Cook Inlet, (2) Bristol
Bay, (3) eastern Bering Sea, (4) eastern Chukchi
Sea, and (5) Beaufort Sea (O’Corry-Crowe et al.,
1997, 2002; Allen & Angliss, 2014). In addition,
there is genetic evidence that the small number of
belugas living in Yakutat Bay, Southeast Alaska,
comprise a resident population (O’Corry-Crowe
et al., 2006, 2009). Only the Cook Inlet and
Yakutat belugas are known to occur in the Gulf of
Alaska (Laidre et al., 2000).
Cook Inlet—The Cook Inlet belugas (CIB)
comprise a population of year-round residents
(Laidre et al., 2000; Rugh et al., 2000; Hobbs
et al., 2005; Goetz et al., 2012b). CIB distribution may be influenced by access to prey, predator avoidance, historical distribution, and physical
barriers presented by sea ice and extreme tidal
fluctuations (Huntington, 2000; Moore et al.,
2000; Rugh et al., 2000, 2010; Hobbs et al., 2005;
Goetz et al., 2007, 2012a, 2012b). They are most
often found in Chickaloon Bay, Turnagain Arm,

Knik Arm, Susitna River delta, Trading Bay, and
north of Kalgin Island (Rugh et al., 2000, 2005b,
2010; Hobbs et al., 2005; Goetz et al., 2012a,
2012b; Figure 6.2a). Evidence from photo-identification studies suggests that individual animals
do not exhibit site fidelity to any single area in
upper Cook Inlet (McGuire et al., 2011). Satellitetagging studies and aerial surveys indicate that
seasonal shifts exist in CIB distribution, with the
whales spending a greater percentage of time in
coastal areas during the summer and early autumn
(June through October or November), and dispersing to larger ranges that extend to the middle
of the inlet in winter and spring (November or
December through May) (Hansen & Hubbard,
1999; Rugh et al., 2004; Hobbs et al., 2005; Goetz
et al., 2012b). During summer and fall, they feed
primarily on anadromous eulachon and salmon
located in coastal areas and estuaries (Huntington,
2000; Moore et al., 2000). In winter and spring,
their distribution farther offshore implies that the
whales are consuming alternate prey resources
using foraging strategies in the middle or bottom
of the water column (Hobbs et al., 2005).
Goetz et al. (2012a) used habitat-based density models to determine where CIB frequently
occur and where they occasionally occur in large
numbers during the summer (June and July).
Specifically, Goetz et al. identified that the probability of CIB occurrence increased in association
with proximity to chinook salmon runs, rivers
with medium flow accumulation, tidal flats, and
sandy coastlines. Furthermore, Goetz et al. found
that larger CIB groups were found closer to rivers
with high flow accumulation and closer to tidal
flats. Based on the habitat model results, Goetz
et al. concluded that CIB currently occupy a fraction of suitable summer habitat within Cook Inlet.
This is substantiated by their historical distribution within the inlet, which is known to be much
larger than their present distribution (Rugh et al.,
2010).
The abundance of the CIB declined by nearly
50% between 1994 and 1998, from estimates of
653 (CV = 0.43) to 347 (CV = 0.29) whales (Hobbs
et al., 2000). This decline is consistent with mortalities from the Native subsistence hunt between
1993 and 1999, estimated to range between 30
to more than 100 animals per year (Mahoney &
Shelden, 2000). Initial evidence for the decline
came from aerial surveys for belugas in Cook
Inlet, which showed a range contraction toward
the northeastern portion of the inlet, resulting in
a reduction in area from > 7,000 to < 3,000 km2
from the 1970s to the 2000s (Rugh et al., 2010).
The stock has not shown signs of recovery despite
the implementation of hunting regulations in 1999
(Rugh et al., 2010; Hobbs et al., 2012a, 2012b;
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CIB small and resident BIA, we used the habitat model results from Goetz et al. (2012a) and
the CIB Critical Habitat area boundaries (76 FR
20180). The BIA boundaries include the Critical
Habitat exclusion area off Anchorage and Joint
Base Elmendorf-Richardson (76 FR 20180). This
is a year-round BIA.
Yakutat Bay—The belugas in Yakutat Bay represent a small (10 to 12 individuals) group of whales
thought to comprise a discrete reproductive group
that are year-round residents of the bay (O’CorryCrowe et al., 2006, 2009). NOAA Fisheries regulations under the MMPA (50 CFR 216.15) include
the belugas occupying Yakutat Bay as part of the
Cook Inlet Stock (75 FR 12498), but the Yakutat
belugas are not considered part of the Cook Inlet
DPS (ESA, 73 FR 62919). Therefore, Yakutat Bay
belugas are not listed under the ESA, but they are

Allen & Angliss, 2014). The three most recent
abundance estimates for this stock were 340
(CV = 0.11) in 2010, 284 (CV = 0.16) in 2011,
and 312 (CV = 0.13) in 2012 (Hobbs et al., 2012a;
Allen & Angliss, 2014).
In 1999, NOAA Fisheries determined that the
Cook Inlet Stock of belugas was below its Optimum
Sustainable Population levels and, therefore, designated it as depleted under the Marine Mammal
Protection Act (MMPA). In 2008, NOAA Fisheries
listed the CIB distinct population segment (DPS)
as endangered under the U.S. ESA, as amended
(73 FR 62919). In 2011, NOAA Fisheries designated two areas encompassing 7,800 km2 of Cook
Inlet as Critical Habitat for CIB (76 FR 20180)
(Figure 6.2a; Table S6.2).
To identify the geographic extent of the CIB
and, therefore, delineate the boundaries for the
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aerial survey data, acoustic recordings, satellite tagging data (Cook Inlet only), traditional
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ecological knowledge, photo-identification data, and genetic analyses. Both areas are considered
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defined as depleted under the MMPA (Allen &
Angliss, 2014).
Reported sightings of this small and resident population of belugas have been scattered
throughout Yakutat Bay (Laidre et al., 2000;
O’Corry-Crowe et al., 2006, 2009). Therefore, the
boundary for this BIA includes all of Yakutat Bay
(Figure 6.2b; Table S6.3). This is a year-round
BIA.
Gray Whale (Eschrichtius robustus)

Background Information—Gray whales migrate
between summer/fall feeding grounds in northern
latitudes and winter/spring breeding grounds in
southern latitudes (Pike, 1962; Lang et al., 2011a).
Three types of gray whales are recognized in the
North Pacific Ocean: (1) the western North Pacific
(WNP) population, (2) eastern North Pacific (ENP)
population, and (3) Pacific Coast Feeding Group
(PCFG). Genetic analyses using both mitochondrial and nuclear DNA suggest that WNP and
ENP populations are distinct (Lang et al., 2011b).
Mitochondrial DNA analyses suggest that PCFG
gray whales are a subgroup of the ENP population;
furthermore, there may be multiple ENP feeding
aggregations north of the Aleutian Islands that are
genetically differentiated by mtDNA (Lang et al.,
2011a). The observed genetic structure within the
ENP gray whale population is consistent with a
scenario in which matrilineal fidelity to feeding
areas exists (Lang et al., 2011a).
WNP gray whales are thought to feed primarily near Sakhalin Island, Russia, in the Okhotsk
Sea (Weller et al., 1999, 2008; LeDuc et al., 2002;
Lang et al., 2010). Genetic (Lang, 2010), satellitetagging (Mate et al., 2011), and photo-identification (Weller et al., 2011; Urbán et al., 2012) data
have shown that individual gray whales migrate
between Sakhalin Island and the west coast of
North America. However, contemporary records
of gray whales off Japan and, to a lesser extent,
China during winter and spring (reviewed in
Weller & Brownell, 2012) suggest that some gray
whales remain in the WNP year-round and may
represent a distinct, “relic” WNP population. The
non-calf population size of WNP gray whales
was estimated to be approximately 130 animals
in 2008 (Cooke et al., 2008), although evidence
from genetic data, sightings, and strandings suggests that the population size may be substantially
smaller (Lang et al., 2011b; Weller & Brownell,
2012). The WNP gray whale population is currently listed as endangered under the U.S. ESA.
The majority of ENP gray whales migrate
along the west coast of North America between
summer feeding areas located primarily in the
Bering and Chukchi Seas and wintering areas
in coastal waters of Baja Mexico (Lang et al.,

2011a). Original analyses of southbound gray
whale migration data suggested that the ENP population increased by 2.5%/y between 1967-1968
and 1995-1996, and then the growth rate slowed
(Buckland & Breiwick, 2002), with the population reaching its peak in 1997-1998 and declining steeply in the following years (Rugh et al.,
2005a). However, a recent re-analysis of these
data using improved analytical methods resulted
in a new time series of abundance estimates for
the ENP population (Laake et al., 2012). The new
ENP abundance estimates for 1967 to 1987 were
generally larger than the corresponding previous
abundance estimates, whereas the new estimates
for 1992 to 2006 were generally smaller, with an
estimated ~19,000 animals in 2006-2007. (No
surveys were conducted between 1987 and 1992.)
As a result, Laake et al. (2012) inferred that the
peak in ENP abundance occurred in the mid- to
late 1980s, and the population trajectory has
remained flat and relatively constant since 1980.
This population was removed from the U.S. List
of Endangered and Threatened Wildlife in 1994
(59 FR 31095).
The PCFG are a subgroup of the ENP population, defined as having been observed in two or
more years between 1 June and 30 November on
feeding areas within the region between northern
California and northern Vancouver Island (from
41º N to 52º N) (International Whaling Commission
[IWC], 2011a, 2011b, 2011c; Lang et al., 2011a).
PCFG animals also have been photo-identified
near Sitka and the southern coast of Kodiak Island,
Alaska (Calambokidis et al., 2002, 2010; Gosho
et al., 2011; Straley, pers. comm., 8 January 2015).
Photo-identification (Calambokidis et al., 2002,
2010; Gosho et al., 2011) and genetic (Lang et al.,
2011a) studies of gray whales on PCFG feeding
areas located from northern California to Kodiak
Island show that individuals move within and
between feeding areas both within and across
years, with some matrilineal site fidelity to particular feeding areas.
There was insufficient information available to
evaluate reproductive BIAs for gray whales in this
region.
Feeding—Gray whales are considered generalist feeders, demonstrating considerable flexibility
in their diet. They can use three different feeding
mechanisms: (1) benthic foraging, (2) surface skimming, and (3) engulfing (Nerini, 1984). ENP gray
whales feed along their entire range from subarctic
and arctic waters offshore of Alaska to subtropical
waters off Mexico (e.g., Nerini, 1984; Weller et al.,
1999; Moore et al., 2007). Prey from a diversity of
invertebrate taxonomic orders have been found in
gray whale stomachs; however, benthic foraging
on a few species is thought to be the gray whale’s

		
primary feeding mode. Nerini (1984) summarized
the contents of 324 gray whale stomachs caught by
Soviet whalers in the northern Bering Sea as comprising six dominant amphipod genera from four
families: (1) Ampeliscidae (Ampelisca macrocephala, A. eschricti, Byblis gaimardi, and Haploops sp.),
(2) Atylidae (Atylus), (3) Lysianassidae (Anonyx),
and (4) Haustoriidae (Pontoporeia).
Once considered only a migratory pathway, the
Gulf of Alaska is now known to provide foraging and overwintering habitat for PCFG and other
ENP gray whales (Moore et al., 2007; Wynne &
Witteveen, 2013; Straley, pers. comm., 8 January
2015). Gray whales have been observed along the
outer coast of northern Southeast Alaska since
the 1940s and are still sighted from May through
November, although numbers fluctuate from year
to year (Straley, pers. comm., 8 January 2015).
In the 1980s, gray whales began to utilize Sitka
Sound as a feeding area (Figure 6.3b). Gray whales
in this area have been documented feeding on benthic amphipods, cumaceans, and unknown midwater column zooplankton, often associating with
humpback whales (Straley, pers. comm., 8 January
2015). In total, less than 100 whales use the outer
coast of northern Southeast Alaska (Straley, pers.
comm., 8 January 2015). These data were confirmed by other biologists who have reported
gray whale feeding in Southeast Alaska during the
summer and fall (June-November) since the mid1990s (Moore et al., 2007; Calambokidis et al.,
2010).
In addition, during monthly opportunistic aerial
surveys conducted by the UAF GAP Project
every year from 1999 to 2013, gray whales were
seen year-round along the eastern side of Kodiak
Archipelago, specifically in and near Ugak Bay
(Wynne & Witteveen, 2005, 2013; Moore et al.,
2007; Witteveen, pers. comm., 12 January 2015;
Figure 6.3a; Table S6.4). During the 15-y UAF
GAP surveys (1999 to 2013), the mean number of
gray whales sighted per month was lowest from
February to March, started increasing in April and
May, peaked in June, was relatively high from
July to August, and remained at moderate levels
from September through January (Witteveen, pers.
comm., 12 January 2015). Although cumaceans are
generally considered a relatively poor food source
for gray whales, benthic prey samples collected
during the summer from nine stations located in the
vicinity of feeding gray whales near the mouth of
Ugak Bay in 2002, 2008, and 2010 were dominated
by cumaceans, exhibiting a decline in density across
the years sampled (Moore et al., 2007; Wynne &
Witteveen, 2013). Furthermore, gray whale fecal
samples collected from the area in August 2002
contained large numbers of cumaceans from the
Diastylidae family (Moore et al., 2007; Wynne &
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Witteveen, 2013). Amphipods were found in the
Ugak Bay benthic prey samples in relatively low
densities (Moore et al., 2007; Wynne & Witteveen,
2013).
Based on the regular occurrence of feeding
gray whales (including repeat sightings of individuals across years) off Southeast Alaska and
near the mouth of Ugak Bay on Kodiak Island,
these areas are designated as BIAs (Figure 6.3a &
b; Table S6.4). The boundaries for the Southeast
Alaska BIA were identified by Straley (pers. comm.,
8 January 2015) and support the information presented in Calambokidis et al. (2002, 2010). The
greatest densities of gray whales on the feeding area
in Southeast Alaska occur from May to November
(Straley, pers. comm., 8 January 2015). The BIA
feeding area boundaries off Kodiak Island were
based on sighting data from the UAF GAP aerial
surveys (1999 to 2013) (Witteveen, pers. comm.,
12 January 2015). Near Kodiak Island, the greatest
densities of gray whales occur from June through
August (Witteveen, pers. comm., 12 January 2015)
Migration—Gray whales undertake one of the
longest known migrations of any species. Most
individuals in the ENP population move from the
arctic and subarctic waters of Alaska and Russia to
Mexico, a distance of 8,000 to 10,000 km one way
(Rugh et al., 2001). During their annual migration,
most gray whales pass through the Gulf of Alaska
in the fall (November through January; southbound) (Rugh, 1984; Rugh et al., 2001) and again
in the spring (March through May; northbound)
(Braham, 1984) (Figure 6.4; Table S6.5). From
the Bering Sea, some enter Gulf waters during the
fall migration through Aleutian Island passes such
as Unimak Pass (Rugh, 1984). This species is
known to follow the continental shelf along most
of the migration route (Braham, 1984; Swartz
et al., 2006), although there is limited information
for the offshore waters of the Gulf of Alaska. Gray
whales from the western North Pacific that were
tagged with satellite transmitters crossed through
the offshore waters of the Gulf of Alaska after
passing through the Aleutian Archipelago rather
than following the coast during their southbound
migration (Mate et al., 2011).
Because the majority of gray whales migrating
through the Gulf of Alaska region are thought to
take a coastal route, the BIA boundaries for the
migratory corridor in this region were defined
by the extent of the continental shelf (Figure 6.4;
Table S6.5). The greatest densities of gray whales
are found in this BIA from November through
January (southbound) and March through May
(northbound). Additional research is needed to
determine what proportion of the migrating gray
whales traverse offshore waters of the Gulf of
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Feeding—North Pacific right whales feed
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sightings (Shelden et al., 2005; Gregr & Coyle,
2009; Wade et al., 2011a). Since illegal whaling of North Pacific right whales ceased in the
1960s, right whale visual and acoustic detections
have been rare, but they have been consistently
reported in one area in the Gulf of Alaska, located
south of Kodiak Island in the waters of and near
Barnabas Trough and Albatross Bank (Waite
et al., 2003; Mellinger et al., 2004; Wade et al.,
2011a). The four new North Pacific right whale
sightings reported by Wade et al. (2011a) were
observed in association with dense zooplankton
layers in Barnabas Trough, and fecal samples
were obtained from one animal, suggesting that
the area is an important feeding habitat.
Based on the repeated detections of right
whales in the Barnabas Trough and Albatross
Bank area, including animals that are known to
have been recently feeding due to the observation
of feces, this area is considered a BIA for feeding (Figure 6.5; Table S6.6). The BIA boundary was based on the location of North Pacific
right whale sightings and acoustic detections
since 1998 documented in Wade et al. (2011a)
and encompasses the North Pacific right whale
Critical Habitat area (71 FR 38277, 73 FR 19000;
Figure 6.5; Table S6.6). Although recent sighting

and acoustic data on North Pacific right whales
in this area are limited to the months of August
and September, there are few if any data available from other months. June through September
is the time period when the majority of North
Pacific right whales were caught and seen in this
area by Soviet whalers in the 1960s (Ivashchenko
& Clapham, 2012) and when the sightings and
acoustic detections occurred from 1998 to 2006
(Waite et al., 2003; Mellinger et al., 2004; Wade
et al., 2011a).
Humpback Whale (Megaptera novaeangliae)

Background Information—The humpback whale
is listed as an endangered species under the U.S.
ESA. Humpback whales are found in all major
ocean basins and typically undergo annual migrations between high latitude feeding and low
latitude breeding areas (Mackintosh, 1946). The
humpback whale is among the most common
mysticetes found in the Gulf of Alaska.
Characteristics of humpback whale migration
in the Gulf of Alaska are known from visual surveys, photo-identification studies, and satellitetagging. Photo-identification data have shown
that humpback whales from the Gulf of Alaska
and northern British Columbia/Southeast Alaska
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Islands and Kodiak Island. Witteveen et al. also
found significant differences in the frequencies of
mitochondrial DNA (mtDNA) haplogroups from
humpback whales in the Shumagins compared to
California, Southeast Alaska, and Prince William
Sound. Photo-identification data collected during
the Structure of Populations, Levels of Abundance
and Status of Humpbacks (SPLASH) project from
six subregions defined by the inshore and offshore
habitats in Southeast Alaska, Prince William Sound,
and Kodiak Island provide additional evidence of
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migrate to breeding areas off Mexico (mainland,
Baja California, and Revillagigados Islands) and
the Hawaiian Islands, and to the western Pacific
Ocean (Darling & Jurasz, 1983; Baker et al., 1985,
1986; Darling & McSweeney, 1985; Barlow et al.,
2011). The transit from Southeast Alaska to Hawaii
takes about a month as documented from photoidentification (Gabriele et al., 1996) and satellitetag data (Mate et al., 1998). Humpback whales
in Southeast Alaska have a staggered migratory
departure from and arrival at the Alaskan feeding
grounds (Straley, 1994; Straley et al., 1995). Some
whales depart early and return early to the feeding
grounds, while others leave late and return late.
Therefore, there is the appearance of many whales
foregoing migration. Although some whales have
been documented with sufficient frequency to not
have made two oceanic migrations between sightings (given month transit time) and truly overwintered in Alaskan waters, most do migrate (Straley
et al., 1995).
During this initial assessment, BIAs were not
evaluated for humpback whale migratory corridors or reproductive areas in the region, or for
humpback whale feeding areas in Prince William
Sound in summer. There was insufficient information available about the exact routes that humpback
whales transit in the region to delineate migratory
corridors. Future assessments should evaluate the
considerable information that exists on humpback
whale cow-calf associations in certain areas in the
Gulf of Alaska to determine which areas qualify
as reproductive BIAs. Similarly, future assessments should evaluate existing unpublished information on humpback whales in Prince William
Sound in summer to determine whether feeding
BIAs should be defined.
Feeding—Humpback whales are top-level generalist predators, which are known to eat zooplankton
and pelagic schooling fishes (Nemoto & Kawamura,
1977; Witteveen et al., 2011a, 2011b). Four BIAs for
humpback whale feeding were identified in the Gulf
of Alaska based on feeding aggregations that have
persisted through time (Andrews, 1909; Baker et al.,
1986; Straley et al., 1994; Calambokidis et al., 1997,
2008a; Waite et al., 1999; Witteveen et al., 2007,
2011b; Wynne & Witteveen, 2013; Allen & Angliss,
2014) (Figures 6.6 & 6.7; Table S6.7): (1) Southeast
Alaska, (2) Prince William Sound, (3) Kodiak Island,
and (4) Shumagin Islands. All four areas are located
in the coastal waters of the Gulf of Alaska, reflect36
ing the coastal concentration of recent survey effort.
Much less is known about humpback whale distri37
bution in the offshore waters of the Gulf of Alaska
where extensive catches were made in the 1960s by
the USSR (Ivashchenko et al., 2013). Witteveen et al.
38
(2007) documented movements by photographically
identifying humpback whales between the Shumagin
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Figure 6.7. Seasonal humpback whale feeding BIAs for (a) Prince William Sound (greatest densities September-December),
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site fidelity to feeding grounds, with the greatest
resighting rates generally within subregions (e.g.,
sighted more than once in Prince William Sound
inshore) and between subregions within the same
“region” (e.g., Southeast Alaska inshore to Southeast
Alaska offshore), and minimal movement between
“regions” (Witteveen et al., 2011b). Furthermore,
Witteveen et al. (2011b) found significant differences
in mtDNA haplotypes among the regions defined in
their study area, and significant differences between
the Prince William Sound inshore mtDNA haplotypes compared to all other subregions. Due to the
spatial resolution of this BIA exercise, each “region”
from Witteveen et al. (2011b) is considered a single
BIA for humpback whale feeding.
The coastal and inland waters of Southeast
Alaska attract thousands of humpback whales
each year, and it is firmly established in the scientific literature that this is an important humpback
whale feeding area (e.g., Andrews, 1909; Baker
et al., 1985; Straley, 1990; Dahlheim et al., 2009).
Humpback whales occur year-round in Southeast
Alaska (Straley, 1990), with greatest densities
in summer and fall (June-October) (Baker et al.,
1986). Stable nitrogen isotope ratios indicate that
humpback whales found in Southeast Alaska in
summer (June-August) feed on a greater proportion of zooplankton than fish (Witteveen et al.,
2011b). In contrast, during the fall and winter
(September-March) of 2007-2008 and 20082009, humpback whales in Prince William Sound
and Lynn Canal, Alaska, were strongly associated
with large shoals of Pacific herring (Clupea pallasii) (Moran et al., 2011). Hendrix et al. (2012)
used sight-resight methods based on photo-identification data to estimate that 1,585 humpback
whales were found in northern Southeast Alaska
(including Frederick Sound, Glacier Bay, Lynn
Canal, and Sitka Sound) in 2008. SPLASH photographically identified 1,115 unique individuals
in Southeast Alaska during the 2004 and 2005
feeding seasons; the resulting abundance estimates ranged from 2,883 to 6,414 individuals for
Southeast Alaska and northern British Columbia
combined (Calambokidis et al., 2008a). The
humpback whale feeding BIAs were derived
from the sighting data published in Dahlheim
et al. (2009) and unpublished hotspot analyses
based on SPLASH sighting data collected during
opportunistic and line-transect boat-based surveys for cetaceans conducted from 2004-2009
by the Alaska Fisheries Science Center (NMML
and Auke Bay Laboratory), Southwest Fisheries
Science Center, Glacier Bay National Park,
Cascadia Research Collective, and University
of Alaska Southeast. Data for the hotspot maps
were analyzed separately for each season, spring
(March-May; Figure 6.6a; Table S6.7), summer
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(June-August; Figure 6.6b; Table S6.7), and fall
(September-November; Figure 6.6c; Table S6.7).
Based on photo-identification (von Ziegesar
et al., 2001; Moran et al., 2011; Rice et al., 2011),
prey consumption (Moran et al., 2011; Rice et al.,
2011), and genetics (Witteveen et al., 2011b)
studies, Prince William Sound is another area
recognized as an important area for humpback
whale feeding. Humpback whales are found in
Prince William Sound year-round (Moran et al.,
2011; Rice et al., 2011). During boat-based surveys conducted from September through March
2007-2008 and 2008-2009, humpback whales
were found in particularly high densities from
September through December (Moran et al.,
2011; Rice et al., 2011). Over the course of those
surveys, four photographically identified whales
overwintered in Prince William Sound; this represents less than 2% of the late-season whales identified during the study (Rice et al., 2011). Stable
nitrogen isotope ratios indicate that humpback
whales found during the feeding season (May
through December) in the offshore waters adjacent to Prince William Sound (including Lower
Cook Inlet, Kenai Fjords, and the Barren Islands)
tended to have a diet higher in fish than zooplankton, whereas the animals located in Prince William
Sound fed almost exclusively on fish (Witteveen
et al., 2011b; Figure 6.7a). The greatest proportion of humpback whale groups observed in the
area in the fall and winter (September-March)
of 2007-2008 and 2008-2009 were feeding on
Pacific herring (Rice et al., 2011). Furthermore,
Rice et al. (2011) estimated that humpback whales
in this area consumed enough Pacific herring biomass (equivalent to that lost to natural mortality)
to be considered the dominant top-down force on
Pacific herring mortality, at least for the observed
time period. The boundary for this BIA encompasses the majority of the September through
December sightings reported by Rice et al. (2011;
Moran, pers. comm., 29 May 2013; Figure 6.7a;
Table S6.7).
The third BIA for humpback whale feeding in
the Gulf of Alaska region encompasses the waters
east of Kodiak Island (Albatross and Portlock
Banks), a target of historical commercial whaling
based out of Port Hobron, Alaska (Reeves et al.,
1985; Witteveen et al., 2007; Figure 6.7b). This BIA
also includes waters along the southeastern side of
Shelikof Strait and in the bays along the northwestern shore of Kodiak Island. Opportunistic
aerial surveys conducted by the UAF GAP Project
year-round from 1999 to 2013 in the Kodiak
Archipelago detected humpback whales in every
month, with the greatest mean number of whales/
mo sighted from July through September, moderate numbers from October through December,
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and extremely few whales from January through
June (Witteveen, pers. comm., 12 January 2015).
During a 3-y study from 2004 to 2006, Witteveen
et al. (2011a) used stable isotope analyses to infer
that humpback whales in this area fed heavily on
euphausiids but also ate juvenile walleye pollock,
capelin, and Pacific sand lance, with annual differences in diet due to either individual prey preferences or prey availability. The boundary for this
BIA is based on unpublished UAF GAP sighting
data (Witteveen, pers. comm., 12 January 2015;
Figure 6.7b; Table S6.7).
The fourth important area in the Gulf of
Alaska known for persistent aggregations of feeding humpback whales is the Shumagin Islands
(Witteveen et al., 2004; Wynne & Witteveen,
2013). This area has not been surveyed as extensively as the other areas; however, humpback
whale density in the Shumagin Islands peaks
from late July through August. Fishermen report
whales in the area from June through midSeptember (B. Witteveen, University of Alaska
Fairbanks, pers. comm., 13 May 2013). The
geographic boundary for this BIA was based on
drawing a polygon around the Shumagin Islands
(Figure 6.7c; Table S6.7).
Summary

In summary, 13 BIAs were identified for five
cetacean species within the Gulf of Alaska region,
based on extensive expert review and synthesis of
published and unpublished information. Identified
BIAs included feeding areas for fin, North Pacific
right, and humpback whales; feeding areas and
migratory corridors for gray whales; and two small
and resident population BIAs—one for Cook Inlet
belugas and one for Yakutat Bay belugas. The geographic extent of the BIAs in this region ranged
from approximately 900 to 177,000 km2. This BIA
assessment did not include the Dall’s porpoise,
Pacific white-sided dolphin, killer whale, beaked
whales, sperm whale, minke whale, sei whale, and
harbor porpoise; however, these species should be
considered in future efforts to identify BIAs. Other
information gaps that were identified during this
BIA process include (1) reproductive areas for fin,
gray, and North Pacific right whales; (2) detailed
information on the migration routes of all species;
(3) detailed information on the migratory timing
of all species except humpback whales; and
(4) cetacean distribution, density, and behavior
in U.S. Gulf of Alaska waters off the continental
shelf. To maintain their utility, these BIAs should
be re-evaluated and revised, if necessary, as new
information becomes available.
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Abstract

We integrated existing published and unpublished
information to delineate Biologically Important
Areas (BIAs) for bowhead, fin, gray, North
Pacific right, and humpback whales and belugas
in U.S. waters of the Aleutian Islands and Bering
Sea. Supporting evidence for these BIAs came
from aerial-, land-, and vessel-based surveys;
satellite-tagging data; passive acoustic monitoring; traditional ecological knowledge; photo- and
genetic-identification data; and whaling data,
including catch and sighting locations and stomach contents. The geographic extent of the BIAs
in this region ranged from approximately 1,200 to
373,000 km2. Information gaps identified during
this assessment include (1) reproductive areas
for all species; (2) detailed information on the
migration routes and timing of all species; and
(3) cetacean distribution, density, and behavior in
U.S. Bering Sea waters off the continental shelf.
To maintain their utility, these BIAs should be reevaluated and revised, if necessary, as new information becomes available.
Key Words: Aleutian Islands, Bering Sea,
Alaska, feeding area, migratory corridor, small
and resident population, bowhead whale, Balaena
mysticetus, fin whale, Balaenoptera physalus, gray
whale, Eschrichtius robustus, North Pacific right
whale, Eubalaena japonica, humpback whale,
Megaptera novaeangliae, beluga, Delphinapterus
leucas
Introduction

This assessment synthesizes existing published
and unpublished information for U.S. waters of the
Aleutian Islands and Bering Sea region (shoreward

of the U.S. Exclusive Economic Zone [EEZ]) to
define Biologically Important Areas (BIAs) for
cetacean species that meet the criteria for feeding areas, migratory corridors, and small and resident populations defined in Table 1.2 of Ferguson
et al. (2015b) within this issue. A comprehensive
overview of the BIA delineation process; its caveats (Table 1.4), strengths, and limitations; and its
relationship to international assessments also can
be found in Ferguson et al. Table 1.3 provides a
summary of all BIAs identified, including region,
species, BIA type, and total area (in km2). A summary also can be found at http://cetsound.noaa.
gov/important. Table 1.1 defines all abbreviations
used in this special issue. Metadata tables that concisely detail the type and quantity of information
used to define each BIA are available as an online
supplement.
Within the Aleutian Islands and Bering Sea
region, five baleen whale and one toothed whale
species met the BIA criteria based on identification of feeding areas and migratory corridors,
and one small and resident population was identified. The six species for which BIAs were identified were the bowhead whale (Balaena mysticetus), fin whale (Balaenoptera physalus), gray
whale (Eschrichtius robustus), North Pacific
right whale (Eubalaena japonica), humpback
whale (Megaptera novaeangliae), and beluga
(Delphinapterus leucas). The other cetacean species inhabiting this region were excluded from
the assessment largely due to insufficient information. Cetacean species excluded from this
initial BIA exercise included Dall’s porpoise
(Phocoenoides dalli), Pacific white-sided dolphin (Lagenorhynchus obliquidens), killer whale
(Orcinus orca), beaked whales (family Ziphiidae),
sperm whale (Physeter macrocephalus), harbor
porpoise (Phocoena phocoena), minke whale
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(B. acutorostrata), and sei whale (B. borealis).
These species should be evaluated in future efforts
to create BIAs for cetaceans in this region.
The primary sources of information for delineating BIAs in this region were aerial-, vessel-,
and land-based surveys; satellite-tagging data;
passive acoustic monitoring; traditional ecological knowledge; photo- and genetic-identification
data; and whaling data, specifically, catch and
sighting locations and stomach contents. A population was considered “small” if the best estimate
of abundance was at most ~3,000 individuals.
Biologically Important Areas in the Aleutian
Islands and Bering Sea Region
Bowhead Whale (Balaena mysticetus)

Background Information—Bowhead whales are
endemic to arctic waters. The five recognized
stocks include (1) the Bering-Chukchi-Beaufort
(BCB) or Western Arctic, (2) Sea of Okhotsk,
(3) Spitsbergen, (4) Davis Strait, and (5) Hudson
Bay Stocks (Rugh et al., 2003). All bowhead
whale stocks are currently listed as endangered
under the U.S. Endangered Species Act (ESA).
The BCB stock winters in the northern Bering
Sea on both sides of the International Dateline and
migrates north each spring (March-June) to feed in
the Canadian Beaufort Sea, western Beaufort Sea,
and elsewhere (Moore & Reeves, 1993). These
whales return to the northern Bering Sea in late fall
(November-December) and overwinter in annual
sea ice. Notably, despite the geographical proximity of wintering bowhead whales from the BCB
Stock in the northern Bering Sea to those from the
Sea of Okhotsk Stock, there is no evidence of any
geographical or temporal overlap of these stocks
(Ivashchenko & Clapham, 2010).
The winter and early spring distribution of
BCB bowhead whales in the Bering Sea has not
been well documented. Due to the logistical challenges of the harsh winter conditions, available
data are limited to a small number of studies with
aerial surveys, passive acoustic recorders, traditional ecological knowledge, and satellite-tagged
individuals. Several aerial and vessel surveys
conducted during winter in the 1970s and 1980s
indicated that bowhead whales do not occur south
of the marginal ice zone (e.g., Brueggeman, 1982;
Ljungblad, 1986). During winter, most BCB
bowhead whales appear to concentrate primarily
in the northwestern Bering Sea (Braham et al.,
1980), generally over relatively shallow continental shelf waters (< 200 m depth) (Quakenbush
et al., 2010a; Citta et al., 2012). However, in
exceptionally heavy ice years, bowhead whales
occur as far south as the Pribilof Islands. Several
annually forming polynyas in the northern Bering

Sea likely provide wintering habitat for the BCB
Stock. A polynya is an area of open water within
sea ice, located downwind of land masses. The
St. Lawrence and St. Matthew Island polynyas, and other large polynyas near the Chukotka
Peninsula, are believed to be used during winter.
However, habitat use in the northern Bering Sea
may vary markedly between years based on results
from satellite-tagging studies during winter 20082009 and 2009-2010 (Citta et al., 2012). Although
sample sizes were limited (11 whales in 2008-2009
and 10 whales in 2009-2011), tagged whales were
fairly well represented by both sexes and several
different sizes and ages. During winter 2008-2009,
most tagged whales were distributed from Bering
Strait to Cape Navarin, Russia. In contrast, during
winter 2009-2010, the distribution shifted 100 to
200 km south of St. Lawrence Island, extending
from Cape Navarin to St. Matthew Island. These
data indicated that bowhead whales spent most of
their time in relatively heavy ice, even when open
water polynyas were nearby (Citta et al., 2012).
Available data indicate that very few bowhead
whales are seen east of St. Lawrence Island, based
on satellite-tagging studies and whaler observations from the villages of Gambell and Savoonga
on St. Lawrence Island (Noongwook et al., 2007).
During spring, limited available data from
April and May 1979 through 1984 aerial surveys
show that BCB bowhead whales concentrate
in open water lead areas north of St. Lawrence
Island (Moore & Reeves, 1993). During summer,
although the vast majority of BCB bowhead
whales migrate to the Chukchi and Beaufort Seas,
a few individuals may remain in the Bering Sea
(Rugh et al., 2003).
Reproductive BIAs were not delineated for
bowhead whales in the Aleutian Islands and
Bering Sea region due to lack of information.
Feeding—Bowhead whales in the BCB Stock
were once thought to feed predominantly in the
Canadian Beaufort Sea (Lowry, 1993); however, increasing evidence indicates that they feed
opportunistically in several areas along the migration route (Lowry et al., 2004; Moore et al., 2010b;
Mocklin et al., 2011; Clarke et al., 2013a). In the
northern Bering Sea during December, whalers
reported that bowhead whales feed near shorefast
ice on the northern side of St. Lawrence Island,
with spring feeding reported near Southwest
Cape (Noongwook et al., 2007). Additional evidence indicates that BCB bowhead whales feed
on euphausiids and copepods in the Bering Sea
in spring and late fall based on stomach content analyses obtained via subsistence hunts off
St. Lawrence Island (Sheffield & George, 2009).
Furthermore, satellite-tagged bowhead whales in
the Bering Sea often dove to bottom depths of 25
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Figure 7.2. Bowhead whale Biologically Important Area for the spring (northbound) migratory
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corridor through the Bering Sea. Highest densities are from March through June, substantiated
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is supported by high densities of bowhead whales
north of St. Lawrence Island observed during
aerial surveys in April and May, 1979 through
1984, that spanned from the northern Bering Sea
to the western Beaufort Sea (Moore & Reeves,
1993; see also Figure 8.3 in Clarke et al., 2015).
The second migration path is close to shore near
Southwest Cape, but then turns northwestward
toward the Chukotka Peninsula. Farther north in
Bering Strait, most of the northbound satellitetagged bowhead whales passed east of Little
Diomede Island, only two tagged whales migrated
west of Big Diomede Island, and none migrated
between the two islands (Citta et al., 2012;
Figure 7.2; Table S7.2).
During fall (approximately early November to
December), most southward migrating bowhead
whales pass through the western Bering Strait and
remain west of St. Lawrence Island into the northern Bering Sea (Braham et al., 1980; Noongwook
et al., 2007; Citta et al., 2012). This portion of the
fall migratory corridor is not considered a BIA
because it is located outside the U.S. EEZ.
Fin Whale (Balaenoptera physalus)

Background Information—Fin whales are currently listed as endangered under the U.S. ESA.
Current information on fin whale occurrence
throughout the Bering Sea is based on sighting
data from cetacean line-transect surveys conducted aboard fisheries research vessels (Friday
et al., 2012, 2013), passive acoustic monitoring from moored hydrophones (National Marine
Mammal Laboratory [NMML], unpub. data, May
2007-May 2011; Stafford et al., 2010; Clapham
et al., 2012), and commercial whaling data (peak
catches 1952 to 1971) (Springer et al., 1996;
Mizroch et al., 2009). However, no current data
are available for fin whale distribution, density, or
behavior in U.S. Bering Sea waters off the continental shelf.
Fin whale distribution along the eastern Bering
Sea shelf can be generally described based on
three hydrographic domains separated by two
oceanographic fronts (Coachman, 1986): (1) the
Coastal domain (shore to inner front), (2) Middle
Shelf domain (inner front to middle front), and
(3) Outer Shelf domain (middle front to 1,000-m
isobath). The inner and middle fronts are dynamic
features, but they can be approximated by the
50- and 100-m isobaths, respectively (Figure 7.3;
Table S7.3). During ship-based cetacean linetransect surveys conducted in June and July 1999,
2000 (June only), 2002, 2004 (June only), 2008,
and 2010, fin whales were commonly sighted
along the slope and Outer Shelf domain in every
year except 2004, when survey effort in this
domain was low (Tynan, 2004; Friday et al., 2012,

2013). In the Middle Shelf domain, fin whale
sightings were scattered in 2002 and 2010 and
clustered in 2000 and 2008 (Friday et al., 2012,
2013). Historical whaling data provide further
evidence that fin whales are strongly associated
with the shelf edge (Springer et al., 1996).
During summer (June-September), fin whales
migrate into the Bering Sea from the North Pacific
Ocean, with peak density in August (Mizroch
et al., 2009). Fin whales have been sighted farther
north in the southern Chukchi Sea in July, August,
and September (Mizroch et al., 2009; Clarke
et al., 2013b). It was previously believed that
during winter, all fin whales migrate south, with
sightings reported as far south as 23º N (Mizroch
et al., 2009). However, fin whales have been seen
during winter in the Bering Sea (Mizroch et al.,
2009). Furthermore, acoustic data from May 2007
to May 2011 demonstrate that fin whales inhabit
the southeastern Bering Sea year-round, although
it is unknown whether any individuals remain
year-round (NMML, unpub. data, May 2007-May
2011; Clapham et al., 2012). In the Aleutian archipelago, passive acoustic monitoring by moored
hydrophones located in Umnak (August 2009
through January 2010) and Unimak (August 2009
through August 2010) passes detected fin whale
calls year-round. Fin whale calling rates peaked
in mid-October to November at Umnak Pass and
were consistently lower in all months at Unimak
Pass (NMML, unpub. data, August 2009-August
2010; Clapham et al., 2012).
Insufficient information about fin whale migratory routes and reproductive behavior in this
region precluded delineating migratory corridor
and reproductive BIAs.
Feeding—A feeding BIA for fin whales was
delineated in the Bering Sea during summer,
based primarily on sightings from vessel-based
line-transect surveys, passive acoustic monitoring, and fin whale catch and stomach contents
data from commercial whaling. In the Aleutian
Islands and Gulf of Alaska, euphausiids were the
most common prey in stomachs from fin whales
hunted during whaling operations between 1952
and 1958 in the northern part of the North Pacific
Ocean and Bering Sea, whereas schooling fishes
predominated in the northern Bering Sea and
off Kamchatka (Nemoto, 1959; Mizroch et al.,
2009). Because the distribution of presumed feeding fin whales in the Bering Sea is widespread, a
wide region from the Middle Shelf domain to the
slope is considered a BIA for feeding (Figure 7.3;
Table S7.3). The boundaries for the feeding area
presented in Figure 7.3 are based on the hydrographic domains (defined above) in which fin
whales have been sighted during vessel-based
cetacean line-transect surveys (Moore et al., 2002;
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Group (PCFG) comprising a subunit of the ENP
(Carretta et al., 2014). Genetic analyses suggest
that the WNP and ENP populations are distinct,
based on both mitochondrial and nuclear DNA data
(Lang et al., 2011b). Mitochondrial DNA (mtDNA)
analyses suggest that PCFG gray whales are a subgroup of the ENP population; furthermore, multiple ENP feeding aggregations may exist north of
the Aleutian Islands that are genetically differentiated by mtDNA (Lang et al., 2011a). The observed
genetic structure within the ENP gray whale population is consistent with a scenario of matrilineal
fidelity to feeding areas (Lang et al., 2011a).
WNP gray whales are thought to feed primarily
near Sakhalin Island, Russia, in the Okhotsk Sea
(Weller et al., 1999, 2008; LeDuc et al., 2002; Lang
et al., 2010). Genetic (Lang, 2010), satellite-tagging
(Mate et al., 2011), and photo-identification (Weller
et al., 2011; Urbán et al., 2012) data have shown that
Gray Whale (Eschrichtius robustus)
individual gray whales migrate between Sakhalin
Background Information—Gray whales migrate
Island and the coast of North America. However,
contemporary records of gray whales off Japan and,
between summer/fall feeding grounds in northern
to a lesser extent, China, during winter and spring
latitudes and winter/spring breeding grounds in
(reviewed in Weller & Brownell, 2012) suggest
southern latitudes (Pike, 1962; Lang et al., 2011a).
that some gray whales remain in the western North
Two stocks of gray whales are recognized in the
Pacific year-round and may represent a distinct,
North Pacific Ocean: (1) the western North Pacific
BIAs
foreastern
Cetaceans:
Aleutian Islands
and Bering
SeaThe
Region
“relic” WNP
population.
non-calf population
(WNP) population and
(2) the
North Pacific
size of WNP gray whales was estimated to be
(ENP) population, with the Pacific Coast Feeding
Tynan, 2004; Friday et al., 2012, 2013). The highest densities of feeding fin whales in the Bering
Sea likely occur from June through September,
based on the timing of dedicated cetacean linetransect surveys in the region when high concentrations of fin whales were observed (Tynan,
2004; Friday et al., 2012, 2013). Acoustic recordings from 2009 also show that peak calling begins
in mid-October (and, presumably, the peak of the
southbound migration) in Umnak Pass (Aleutian
archipelago) (NMML, unpub. data, August 2009August 2010; Clapham et al., 2012). This time
period also coincides with high catches of fin
whales by commercial whalers (Mizroch et al.,
2009). Although the eastern Kamchatka coast was
historically a productive fin whale feeding ground
(Mizroch et al., 2009), it was not included as a
BIA because it is located outside the U.S. EEZ.

175°E

180°

175°W

170°W

165°W

160°W

155°W

150°W

Russia

(a)

St. Lawrence
Island

58°N

60°N

170°E

Alaska

56°N

Bering
Sea

-50

54°N

-100

50°N

52°N

-1000

14

0

Kilometers
200

400

Unimak Pass

Gulf of
Alaska

Umnak Pass

Figure 7.3. Fin whale (Balaenoptera physalus) feeding BIA in the Bering Sea; highest densities are from June through

15

September, substantiated through ship-based surveys, acoustic recordings, and whaling data. Also shown are the 50-, 100-,
Figure
7.3. Fin whale feeding Biologically Important Area in the Bering Sea. Highest densities
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are from June through September, substantiated through ship-based surveys, acoustic recordings,
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and whaling data. Also shown are the 50-, 100- and 1000-m isobaths, which were used to
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delineate the hydrographic domains in the region.

and 1,000-m isobaths, which were used to delineate the hydrographic domains in the region.
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approximately 130 animals in 2008 (Cooke et al.,
2008), although evidence from genetics, sightings,
and strandings suggests that the population size
may be substantially smaller (Lang et al., 2011b;
Weller & Brownell, 2012). The WNP gray whale
population is currently listed as endangered under
the U.S. ESA.
The majority of ENP gray whales migrate
along the west coast of North America between
summer feeding areas located primarily in the
Bering and Chukchi Seas, and wintering areas
in coastal waters of Baja Mexico (Lang et al.,
2011a). Original analyses of southbound gray
whale migration data suggested that the ENP population increased by 2.5%/y between 1967-1968
and 1995-1996, followed by a slowed growth rate
(Buckland & Breiwick, 2002), with the population reaching its peak in 1997-1998, and declining steeply in the following years (Rugh et al.,
2005a). However, a recent re-analysis of these
data using improved analytical methods resulted
in a new time series of abundance estimates for
the ENP population (Laake et al., 2012). These
new estimates for 1967 to 1987 were generally
larger than the corresponding previous abundance
estimates. In contrast, the new estimates for 1992
to 2006 were generally smaller than the previous estimates, with an estimated ~19,000 animals
in 2006-2007. As a result, Laake et al. (2012)
inferred that peak ENP abundance occurred in the
mid- to late-1980s, and the population trajectory
has remained flat and relatively constant since
1980. This population was removed from the U.S.
List of Endangered and Threatened Wildlife in
1994 (59 FR 31095).
The PCFG subgroup is defined by having been
observed in two or more years between 1 June and
30 November on feeding areas between northern
California and northern Vancouver Island (from
41º N to 52º N) (International Whaling Commission
[IWC], 2011a, 2011b, 2011c; Lang et al., 2011a).
PCFG animals also have been photo-identified
near Sitka and the southern coast of Kodiak Island,
Alaska (Straley, pers. comm., 8 January 2015;
Calambokidis et al., 2002, 2010; Gosho et al.,
2011). PCFG whales rarely enter the Aleutian
Islands and Bering Sea region (Calambokidis et al.,
2012), so they are not considered any further here.
Insufficient information existed to delineate
reproductive BIAs for gray whales in this region.
Feeding—Gray whale feeding areas are diverse
and extensive, ranging from calving lagoons in
Baja Mexico; throughout the migratory corridor
along western North America; and into the northern Bering, Chukchi, and Beaufort Seas (Nerini,
1984). Two gray whale feeding BIAs were
delineated in the northern Bering Sea and one

was delineated north of the Aleutian Islands and
Alaska Peninsula, as detailed below.
Gray whales are considered generalist feeders and
exhibit considerable diet plasticity. They employ three
feeding mechanisms: (1) benthic foraging, (2) surface
skimming, and (3) engulfing (Nerini, 1984). Prey
from a multitude of invertebrate taxonomic orders
have been found in gray whale stomachs, including
Porifera, Hydrozoa, Anthozoa, Polychaeta, Priapulida,
Echiura, Sipuncula, Isopoda, Amphipoda, Mysidacea,
Cirripedia, Cumacea, Euphausiacea, Decapoda,
Gastropoda, Bivalvia, Holothuroidea, and Ascidiacea,
in addition to various fishes (Nerini, 1984). However,
benthic foraging on a few species is thought to be the
gray whale’s primary feeding mode. Nerini (1984)
summarized the contents of 324 gray whale stomachs
caught by Soviet whalers in the northern Bering Sea as
comprising six dominant amphipod genera from four
families: (1) Ampeliscidae (Ampelisca macrocephala,
A. eschricti, Byblis gaimardi, and Haploops sp.),
(2) Atylidae (Atylus), (3) Lysianassidae (Anonyx), and
(4) Haustoriidae (Pontoporeia).
Within the Aleutian Islands and Bering Sea
region, feeding gray whales were found in high
densities in the Chirikov Basin and along the
northwest and southeast coasts of St. Lawrence
Island during aerial surveys conducted in October
and November 1980, May through August 1981,
and July 1982 through 1985 (Moore et al., 1986,
2003; Figure 7.4; Table S7.4). However, in July
2002, similar aerial surveys detected a 3- to
17-fold decrease in gray whale sighting rates in the
Chirikov Basin (Moore et al., 2003). Concurrently,
from the 1980s to the early 2000s, ampeliscid
amphipod biomass declined by 60 to 90% in the
Chirikov Basin (this species is thought to be an
important gray whale prey resource) (Moore et al.,
2003; Grebmeier et al., 2006; Coyle et al., 2007).
These amphipod declines were mainly due to the
absence of larger age classes based on changes in
measured amphipod length (Coyle et al., 2007).
The two leading hypotheses explaining changes in
ampeliscid amphipods and the apparent decline in
gray whale use of the area were (1) climate change,
inducing sea ice loss and other oceanographic
and atmospheric changes that adversely affected
primary producers and the benthic community,
with cascading effects on marine mammals; and
(2) overexploitation of the prey resource by the
growing gray whale population (Moore et al.,
2003; Grebmeier et al., 2006; Coyle et al., 2007).
The sighting of a large aggregation of gray whales
during cetacean line-transect shipboard surveys in
the northeastern Bering Sea in September 2014 provides evidence that the Chirikov Basin remains an
important feeding area for this species. Specifically,
on one day, visual observers confirmed 31 sightings
of 50 total gray whales and detected an additional

		
18 sightings of 19 total large whales that could
not be identified to species but were most likely
gray whales (NMML, unpub. data, 20 September
2014). The Chirikov Basin and the northwestern
and southeastern coasts of St. Lawrence Island are
considered BIAs for gray whale feeding, given the
high regional densities, which occurred from May
through November (Moore et al., 2003; NMML,
unpub. data, 20 September 2014). Boundaries for
these BIAs were based on the extent of gray whale
sightings shown in Moore et al. (2003) and encompass the sightings made by shipboard observers in
2014 (NMML, unpub. data, 20 September 2014).
Gray whales have also been sighted feeding in
nearshore and estuarine waters along the northern
Alaska Peninsula from April through November,
1976 to 2008. Sources include shipboard linetransect surveys of the Bering Sea shelf (June-July
1999, 2000, and 2008 [Moore et al., 2002; Friday
et al., 2012, 2013]) and opportunistic land, vessel,
and aerial surveys along the southeastern Bering
Sea coast (April-November 1976-1982 [Gill &
Hall, 1983]). During spring (April-May), 50 to
80% of gray whales seen within 1 km of shore
between Unimak Pass and Naknek were apparently feeding, based on observations of whales
with mud plumes or lying on their sides, behavior associated with feeding (Gill & Hall, 1983).
Furthermore, from May through November, gray
whales nearly continuously exhibited characteristic feeding behavior in Nelson Lagoon (Gill &
Hall, 1983). These whales were likely feeding on
sand shrimp (Crangon septemspinosa) based on
epibenthic samples and stomach samples from
Bonaparte’s Gulls (Larus philadelphia) and Mew
Gulls (L. canus) feeding at or below the surface
of water disturbances created by apparent actively
feeding gray whales (Gill & Hall, 1983). Other
estuaries in the southeastern Bering Sea that Gill
& Hall (1983) reported to be apparently important habitat for gray whales in spring and early
summer (possibly throughout summer and fall)
include Ilnik, Port Heiden, Cinder River, Ugashik
Bay, and Egegik Bay.
Based on synthesis of the aforementioned studies, one additional gray whale feeding BIA was
delineated north of the Aleutian Islands and Alaska
Peninsula. This feeding BIA consists of coastal
and estuarine waters north of the Alaska Peninsula
from Unimak Pass to Naknek. It encompasses the
overwhelming majority of gray whale sighting
locations from available data (Gill & Hall, 1983;
Moore et al., 2002; Friday et al., 2012, 2013). The
northeastern boundary of this BIA was defined by
the 14- to 25-m isobaths, reflecting the shallow
distribution of gray whales in lower Kvichak Bay
where sightings occurred from April through July
(Gill & Hall, 1983). Additional survey effort over

a longer sampling window might warrant lengthening the temporal duration of this BIA.
Migration—In the Aleutian Islands and Bering
Sea region, two BIAs were defined for the northbound gray whale migration and one for the
southbound migration, as described below.
The majority of gray whales migrate northward through Unimak Pass from the Gulf of
Alaska to feeding grounds in the Bering Sea and
Arctic (Braham, 1984; Figure 7.5; Table S7.5).
Some animals migrate through False Pass at the
eastern end of Unimak Island, where they are
particularly vulnerable to transient killer whale
predation (Barrett-Lennard et al., 2011). Although
gray whale arrival in the Bering Sea is not well
documented, Braham (1984) reported the early
migrants arrive in late March. In May and June,
transient killer whales feed on gray whales near
Unimak Island (Barrett-Lennard et al., 2011). The
majority of the gray whale migration has passed
through the Unimak Island area by early summer
(Barrett-Lennard et al., 2011).
In the southern Bering Sea, most northbound
gray whales remain nearshore from Unimak Pass
to approximately Egegik Bay; after this point, the
migration veers west across Bristol Bay to waters
5 to 8 km offshore (Gill & Hall, 1983; Braham,
1984; Moore et al., 2002; Friday et al., 2012, 2013).
The migration corridor remains nearshore from
Cape Constantine to Nunivak Island, where the
migration shifts considerably farther offshore past
St. Lawrence Island into the Chirikov Basin, with
some whales continuing to the Arctic (Braham,
1984). Some gray whales have been observed near
the Pribilof and St. Matthew Islands, suggesting
that the northbound migration across the southern
Bering Sea is not strictly coastal (Braham, 1984).
Gray whale sightings in the Chirikov Basin
occur as early as May, based on aerial surveys
conducted from April to November in 1980
through 1985 and 2002 in the northern Bering
Sea (Moore et al., 2003). Sightings continued
in the Bering Strait area from June through the
end of the survey season in November (Moore
et al., 2003). Feeding gray whales occurred farther northward in the northeastern Chukchi Sea
from mid-June through October, with the highest encounter rates in July or August, based on
2008 through 2012 aerial surveys (i.e., Aerial
Surveys of Arctic Marine Mammals [ASAMM]
project: Clarke et al., 2011c, 2012, 2013b). In the
northeastern Chukchi Sea, gray whale sightings
declined through the ASAMM survey’s completion in October, reflecting the whales’ southward migration. Rugh et al. (2001) calculated
the median departure date southbound from the
Chirikov Basin to be 1 December.
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from April through July); areas were substantiated through aerial-, land-, and vessel-based surveys. The northeastern
boundary of this BIA was defined by the 14- to 25-m isobaths, a subset of which are shown on the northern side of the Alaska
Peninsula.
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Relatively little is known or documented about
migration corridor in the Chirikov Basin and
the southbound migration in the southern Bering
Bering Strait (applicable June through December)
(Ljungblad et al., 1985, 1986; Rugh et al., 2001;
Sea. In a 1977-1979 census at Unimak Pass,
Moore et al., 2003; Figure 7.5a; Table S7.5), and
Rugh (1984) documented southbound migrating
(3) the southbound migration through Unimak
gray whales from late October to early January.
Pass (November through January, to account for
Most migrants passed through in November and
December, with all whales seen within 3.7 km
the shift in migration timing that occurred around
from shore. Around 1980, a temporal shift occurred
1980) (Rugh et al., 2001; Figure 7.5b; Table S7.5).
The boundaries for the first migratory corridor
to the southbound migration cycle (Rugh et al.,
BIA are similar to the feeding BIA described
2001). This was evident in an apparent 1-wk delay
above, although it extends northward to Nunivak
in the annual median sighting date at Granite
Island. The boundaries for the Chirikov Basin
Canyon, California, where southbound migrating
migratory corridor BIA are based on the extent of
gray whales have been monitored almost annually
the gray whale sightings shown in Moore et al.
since 1967-1968.
Due to the lack of information regarding exact
(2003). The boundaries for the southbound migramigration routes that gray whales follow throughtory corridor were defined to extend 3.7 km from
out the region, delineation of gray whale migratory
shore, based on the offshore limits of sightings
corridor BIAs was limited
theCetaceans:
following three
fromIslands
Rugh (1984).
BIAstofor
Aleutian
and Bering Sea Region
areas: (1) the northbound (March through June)
North Pacific Right Whale (Eubalaena japonica)
migration from Unimak Pass to Nunivak Island in
Background Information—North Pacific right
the southern Bering Sea (Braham, 1984; Barrettwhales were extensively exploited by commerLennard et al., 2011; Figure 7.5a; Table S7.5),
cial whaling during the 19th and 20th centuries
(2) the geographically constricted northbound
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Figure 7.5. (a) Gray whale northbound migratory corridor BIAs from Unimak Pass to Nunivak Island (March through June)
and in the Chirikov Basin and Bering Strait (June through December); these BIAs were substantiated through aerial-, land-,
and vessel-based survey data. (b) Gray whale southbound migratory corridor BIA through Unimak Pass (November through
Figure
7.5. (a) Gray
northbound
migratory
January), substantiated
throughwhale
aerial-, land-,
and vessel-based
surveys. corridor Biologically Important Areas
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from Unimak Pass to Nunivak Island (March through June) and in the Chirikov Basin and
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Bering Strait (June through December). These BIAs were substantiated through land-based,
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(Clapham et al., 2004), including large illegal
catches by the USSR in the Bering Sea and Gulf
of Alaska in the 1960s (Ivashchenko & Clapham,
2012). In 2000, the North Pacific right whale was
recognized as a species separate from the right
whales in the North Atlantic (Eubalaena glacialis) (Rosenbaum et al., 2000). In April 2008,
NOAA Fisheries recognized the North Pacific
right whale as an endangered species (73 FR
12024, 6 March 2008). The migratory movements
of North Pacific right whales inferred from whaling data support the hypothesis of two largely discrete populations in the western and eastern North
Pacific (Clapham et al., 2004). Recent research
on North Pacific right whales in the Bering Sea
and Aleutian Islands concluded that only about
30 whales remained in the eastern population
(Wade et al., 2011b). It is, therefore, probably the
smallest whale population in the world for which
an abundance estimate exists; its status is thus
extremely precarious. Current information about
this species is extremely limited given its small
population size, the rarity of North Pacific right
whale detections, and the minimal survey coverage in the region in recent years (Clapham et al.,
2012; Ivashchenko & Clapham, 2012).
North Pacific right whale distribution and
migratory patterns were inferred from historical
whaling data, recent sightings, and passive acoustic detections, although understanding of historical
and current distribution and movements is incomplete. Their historical and current migration routes,
including wintering and calving areas, are unknown
(Clapham et al., 2004); therefore, no BIAs were
delineated for migratory corridors or reproduction.
The species was distributed throughout the continental shelf (< 200 m) and slope (200 to 2,000 m)
waters of the southeastern Bering Sea through the
late 1960s, based on all available sighting and
catch records from the 19th and 20th centuries
(Shelden et al., 2005). Since 1980, the only area in
the southeastern Bering Sea where they have been
consistently detected (Goddard & Rugh, 1998;
LeDuc et al., 2001; LeDuc, 2004; Tynan, 2004;
Shelden et al., 2005; Shelden & Clapham, 2006;
Wade et al., 2006; Kennedy et al., 2011; Clapham
et al., 2012; Friday et al., 2012) is the Middle
Shelf (50 to 100 m; Coachman, 1986); however,
most research has been focused in this area. One
exception is a single whale that was tagged on the
Middle Shelf in August 2004; over a 40-d period,
this individual traveled to the Outer Shelf (Wade
et al., 2006). Clapham et al. (2012) presented two
hypotheses to explain why North Pacific right
whales occur in relatively high concentrations in
the Middle Shelf area: (1) prey availability and
biomass; and (2) maternally driven site fidelity
inferred from resightings of photo- and genetically

identified individuals (Kennedy et al., 2011; Wade
et al., 2011a, 2011b). In 2007, NOAA Fisheries
established a right whale Critical Habitat boundary on the Middle Shelf of the southeastern Bering
Sea based on sighting data (Figure 7.6; Table S7.6)
(71 FR 38277, 6 July 2006; 73 FR 19000, 8 April
2008).
Historically, during summer, North Pacific right
whales apparently concentrated north of 40º N,
migrating southward in autumn (Clapham et al.,
2004). From April through October in the 19th and
20th centuries, North Pacific right whales were
sighted and caught in the southeastern Bering Sea,
with the majority of records from June through
August (Clapham et al., 2004; Shelden et al., 2005;
Ivaschenko & Clapham, 2012). In recent years
(1979 through 2011), most survey effort occurred
during summer, and most sightings occurred in
July and August (Shelden et al., 2005; Clapham
et al., 2012). In June 1999, one whale was sighted
during shipboard line-transect surveys for cetaceans in the southeastern Bering Sea (Tynan et al.,
2001). Acoustic detections from May through
December during a long-term passive acoustic
monitoring study expanded the overall time period
during which North Pacific right whales are known
to be present in the area, with the peak number of
calls detected from July through October (Munger
et al., 2008). In addition, long-term passive acoustic recordings detected potential right whale calls
(both upsweep and gunshot calls) every month
from May 2009 to March 2010 using subsurface
autonomous moorings associated with the Pacific
RIght whale Ecology STudy (PRIEST); however, further analyses are required to determine
whether any of those calls may be bowhead whales
(NMML, unpub. data, May 2009-March 2010;
Clapham et al., 2012).
BIAs are presented below for the eastern Pacific
population of North Pacific Right whales. The
relationship between North Pacific right whales
in the Gulf of Alaska and Bering Sea is unknown
(Wade et al., 2006, 2011a), although they are all
currently considered part of the eastern population (Brownell et al., 2001; Clapham et al., 2004).
Although sample sizes are small, two whales photographed in the Gulf of Alaska in 2005 and 2006
have not been seen in the Bering Sea; furthermore,
the genotype of a single right whale biopsied near
Kodiak Island in 2005 did not match any Bering
Sea whales or any possible Bering Sea offspring
(Wade et al., 2011a).
Feeding—North Pacific right whales feed in
Middle Shelf waters where their copepod prey
species (e.g., Calanus marshallae and Neocalanus
spp.) are among the most abundant zooplankton
(Cooney & Coyle, 1982; Shelden et al., 2005;
Clapham et al., 2012). Satellite-tagging data from
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four right whales in 2008 and 2009 emphasized
the Aleutian Islands and Bering Sea feeding area
the importance of the Critical Habitat area as a
migrate south to three breeding areas: (1) off Mexico
feeding ground for this species (Clapham et al.,
(mainland, Baja California, and Revillagigados
2012; Zerbini, pers. comm., 9 January 2015). The
Islands), (2) the Hawaiian Islands, and (3) in the
western Pacific Ocean (Barlow et al., 2011). In the
Critical Habitat area was used as the feeding BIA
Aleutian Islands and Bering Sea region, considerfor North Pacific right whales in the Bering Sea.
able variability in movement patterns exists among
North Pacific right whales have been detected
individual humpback whales. In 2007 to 2011,
in this area during the months of May through
NMML scientists tagged eight humpback whales
October through the use of passive acoustic monifrom early August to mid-September on the northtoring (Munger et al., 2008), aerial and shipboard
ern side of Unalaska Island. Seven of these whales
visual surveys (Tynan et al., 2001; Clapham et al.,
stayed in and around the eastern Aleutian Islands;
2012), and tagging data (Clapham et al., 2012;
Zerbini, pers. comm.,
January 2015)
(Figure
another
individual immediately left the area, travelBIAs for9Cetaceans:
Aleutian
Islands 7.6;
and Bering
Sea Region
Table S7.6).
ing north through the Bering Sea along the Outer
Shelf (100 to 200 m) and to the Russian coastline,
175°W
170°W
165°W
160°W
155°W
then back to Navarin Canyon (northern Bering Sea
shelf), where the tag stopped transmitting (Kennedy
Alaska
et al., 2014).
Insufficient information existed to delineate
migratory corridor or reproductive BIAs for
humpback whales in this region.
Feeding—Humpback whales are considered
top-level
generalist predators (Witteveen et al.,
la
Bering
su
2011a). Stomach content analyses from 458
in
Sea
n
Pe
humpback whales commercially hunted in the
ka
as
North Pacific Ocean between 1952 and 1971
l
A
showed that most (77.3%) non-empty stomachs
contained only euphausiids; 17.2% contained only
Gulf of
fishes; and a small percentage of the remaining
Alaska
non-empty stomachs contained combinations of
euphausiids, fishes, copepods, and squids (Nemoto
Kilometers
& Kawamura, 1977). Similarly, in a 2004 to 2006
0
150
300
study, humpback whales near Kodiak, Alaska, in
summer fed heavily on euphausiids but also juveFigure 7.6. North Pacific right whale (Eubalaena japonica)
nileArea
walleye
pollock (Theragra chalcogramma),
Figure 7.6. North Pacific right whale feeding Biologically Important
(BIA) (whales
feeding BIA (whales detected from May through October);
capelin (Mallotus villosus), and Pacific sand lance
this BIAfrom
was May
substantiated
through satellite-tagging
data,
(Ammodytes
detected
through October).
This BIA was substantiated
through satellitehexapterus),
tagging data, with annual differences
aerial- and vessel-based surveys, acoustic recordings,
in diet due to either individual prey preferences
photo-identification,
genetic
analyses.
The BIA
areaidentification,
aerial
and vessel-basedand
surveys,
acoustic
recordings,
photo
genetic analyses.
or preyand
availability
(Witteveen et al., 2011a). In
matches the NOAA Critical Habitat designated area.
contrast, during the fall and winter (SeptemberThe BIA area matches the NOAA Critical Habitat designated area.March) of 2007-2008 and 2008-2009, humpback
Humpback Whale (Megaptera novaeangliae)
whales in Prince William Sound and Lynn Canal,
Background Information—The humpback whale is
Alaska, were strongly associated with large shoals
listed as an endangered species under the U.S. ESA.
of Pacific herring (Clupea pallasii) (Moran et al.,
Humpback whales occur in all major ocean basins
2011).
and typically undergo annual migrations between
Since at least the early 1900s, large aggregations
high-latitude feeding and low-latitude breeding
of feeding humpback whales have been seen along
areas (Mackintosh, 1946). During summer, they
the northern side of the eastern Aleutian Islands and
occur throughout the Aleutian Islands and eastern
Alaska Peninsula, where they were hunted commerBering Sea region (Zerbini et al., 2006; Barlow
cially (Reeves et al., 1985). In more recent years,
et al., 2011; Clapham et al., 2012; Friday et al.,
high densities were again seen in these historically
2012, 2013). They are also occasionally encounhigh-density areas from June through September
tered in very low densities up to 71.5º N in the
during aerial (2008 to 2009) and shipboard (1999
northeastern Chukchi Sea (Clarke et al., 2014).
to 2004, 2007 to 2011) visual and acoustic surveys;
Photo-identification data from the Structure of
they were also seen where Bristol Bay meets the
Populations, Levels of Abundance and Status of
Bering Sea (Zerbini et al., 2006; Barlow et al.,
Humpbacks (SPLASH) study conducted from
2011; Clapham et al., 2012; Friday et al., 2012,
2004 to 2006 show that humpback whales from
2013; Figure 7.7; Table S7.7). Humpback whale
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feeding BIA boundaries in Figure 7.7 were drawn
to encompass reported high-density sightings based
on the June through September systematic linetransect surveys reported in Zerbini et al. (2006),
Clapham et al. (2012), and Friday et al. (2012,
2013).

Bering Sea (Norton Sound and the Yukon River
Delta), (4) Bristol Bay, and (5) Cook Inlet
(O’Corry-Crowe et al., 1997, 2002). Furthermore,
there is evidence of genetic structure within the
eastern Chukchi Sea area, with whales from
Kotzebue Sound significantly differentiated from
Kasegaluk Lagoon (O’Corry-Crowe et al., 2002).
Beluga (Delphinapterus leucas)
NOAA Fisheries recognizes five stocks of belugas
Background Information—Belugas are toothed
in U.S. waters, named after the five major sumwhales that are distributed in arctic and sub-arctic
mering areas (Allen & Angliss, 2014). The beluwaters, occupying estuarine, continental shelf
gas in Cook Inlet comprise a population of yearround residents (Laidre et al., 2000; Rugh et al.,
and slope, and deep ocean habitats (Laidre et al.,
2000; Hobbs et al., 2005; Goetz et al., 2012b),
2008). They occur in open water, loose sea ice, and
and also comprise the only beluga stock listed as
heavy pack ice conditions (Laidre et al., 2008).
endangered under the U.S. ESA. In addition, there
Some populations undertake large-scale (thouis evidence that the small number of belugas (10
sands of kilometers) annual migrations between
to 12 individuals) living in Yakutat Bay, Southeast
summering and wintering areas (Richard et al.,
Alaska, comprise a discrete reproductive group
2001; Suydam et al., 2001, 2005; Hauser et al.,
and are year-round residents of the bay (O’Corry2014). Nonmigratory populations may undertake
Crowe et al., 2006, 2009). Ferguson et al. (2015a)
smaller (< 100 km) seasonal shifts in distribution
delineated small and resident BIAs for the Cook
(e.g., Hansen & Hubbard, 1999; Rugh et al., 2004;
Inlet and Yakutat Bay belugas.
Hobbs et al., 2005; O’Corry-Crowe et al., 2006;
Beluga stocks distributed in the Aleutian Island
Goetz et al., 2012b).
and Bering Sea region during at least part of the year
Substantial levels of genetic subdivision exist
include the Eastern Beaufort Sea, Eastern Chukchi
among the five major beluga summering areas
BIAs for Cetaceans:
Aleutian Islands
and Bering
Sea, Eastern
Bering Sea
Sea, Region
and Bristol Bay Stocks.
in Alaska and northwestern
Canada: (1) eastern
The first three stocks are relatively large, with
Beaufort Sea, (2) eastern Chukchi Sea, (3) eastern
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Figure 7.7. Humpback whale (Megaptera novaeangliae) feeding BIAs, with highest densities from June through September;
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densities from June through September. These BIAs were substantiated through satellite tagging
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data, aerial and vessel-based surveys, acoustic recordings, and photo identification.

photo-identification.

		
abundances estimated at ~3,700 whales (Eastern
Chukchi Sea Stock), ~28,400 whales (Eastern
Bering Sea Stock), and ~39,300 whales (Eastern
Beaufort Sea Stock), although the data upon which
these estimates were based are one to two decades
old (Allen & Angliss, 2014). The Eastern Beaufort
Sea and Eastern Chukchi Sea Stocks undertake
long-distance seasonal migrations between winter
areas in the Bering Sea and summer areas in the
Chukchi and Beaufort Seas and Arctic Ocean basin
(Richard et al., 2001; Suydam et al., 2001, 2005;
Citta et al., 2013; Hauser et al., 2014). The Eastern
Bering Sea beluga stock spends spring, summer,
and fall (~March-November) in Norton Sound
and the Yukon-Kuskokwim Delta area (Figure 7.8;
Table S7.8) (Frost & Lowry, 1990; Huntington
et al., 1999; DeMaster et al., 2001). Belugas occur
in Norton Sound until freezeup (Seaman et al.,
1985; Frost & Lowry, 1990). Little is known about
their movements during winter months. Satellitetagging data from December 2012 through April
2013 provide evidence for offshore movements
in winter and early spring (www.north-slope.org/
departments/wildlife-management/co-managementorganizations/alaska-beluga-whale-committee/
abwc-research-projects/satellite-maps-of-taggedalaskan-beluga-stocks, accessed 5 January 2015),
where they potentially overlap with the Eastern
Chukchi and Eastern Beaufort Sea Stocks (Burns
& Seaman, 1985; O’Corry-Crowe et al., 1997). The
Bristol Bay Stock is relatively small, geographically
confined, and nonmigratory, qualifying for a small
and resident population BIA, as detailed below.
No reproductive BIAs were delineated for
belugas in this region due to lack of information. In addition, coastal BIA boundaries at river
mouths, inlets, and lagoons are approximate due
to lack of detailed information on beluga distribution nearshore.
Feeding—Norton Sound and the YukonKuskokwim Delta (hereafter, “Norton Sound
area”) is a feeding BIA for the Eastern Bering Sea
Stock, and possibly other beluga stocks, based on
stomach analyses, opportunistic sightings, traditional ecological knowledge, and aerial line-transect surveys. Each line of evidence is summarized
below.
Belugas feed on a variety of fishes and invertebrates (Seaman et al., 1982; Quakenbush et al.,
in press). Beluga diets in Alaska vary by stock,
based on analysis of 365 beluga stomachs collected between March and November (1954 to
2012) from subsistence hunts and belugas found
dead and collected for research (Quakenbush
et al., in press). The study included samples from
the Eastern Beaufort Sea, Eastern Chukchi Sea,
Eastern Bering Sea, Bristol Bay, and Cook Inlet
Stocks and from Kotzebue Sound. In addition to
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34 species of fishes, Quakenbush et al. (in press)
identified polychaetes, gastropods, cephalopods,
isopods, amphipods, shrimp, echiurids, and tunicates in the beluga stomachs that were likely
ingested directly as prey.
The Eastern Bering Sea Stock had the most
diverse stomach contents of all Alaskan beluga
stocks (Quakenbush et al., in press), and the
findings largely agree with what is known about
beluga foraging ecology from traditional ecological knowledge. The Eastern Bering Sea
stomachs were collected from Norton Sound to
the Kuskokwim River Delta between 1993 and
2012, during May (n = 17), June (n = 7), July
(n = 1), September (n = 2), and October (n = 9),
and three samples were from unknown months.
The dominant fish species in the Eastern Bering
Sea stomachs (based on frequency of occurrence, [number of fish species X]/[total number
of fish]) were saffron cod (Eleginus gracilis),
rainbow smelt (Osmerus mordax), several species
of sculpin (family Cottidae) and flatfish (family
Pleuronectidae), and Arctic cod (Boreogadus
saida). Other fish species included walleye pollock, capelin, Pacific herring, and two salmon
species (coho, Oncorhynchus kisutch; and chum,
O. keta). The Norton Sound area is known for
large multispecies salmon runs in summer. The
authors speculated that the relative lack of salmon
in the beluga stomachs may be due to the timing
of the beluga hunts and the importance of commercial salmon fishing in the area, as the hunters
might be fishing for salmon rather than hunting
belugas when salmon are an important beluga
prey item. The dominant invertebrates in the
Eastern Bering Sea beluga stomachs included
shrimp, polychaetes, isopods, bivalves, amphipods, and echiurids.
Belugas occur in the Norton Sound area during
the entire ice-free period from breakup in early
spring to freezeup in late autumn (Seaman et al.,
1985; Huntington et al., 1999). Based on traditional ecological knowledge, belugas arrive in
Norton Sound in April and May, and occasionally
March (Huntington et al., 1999). The timing and
direction of their arrival is primarily influenced by
sea ice cover, arriving later in years with heavy
ice. More belugas come to Norton Sound during
years when passage through the Bering Strait is
blocked by sea ice than in years when the migration into the Chukchi Sea is unimpeded. This
suggests that additional beluga stocks, such as
the Eastern Chukchi Sea and Eastern Beaufort
Sea Stocks, may feed in the Norton Sound area
(Seaman et al., 1985). During spring (MarchMay), belugas in the area feed on Pacific herring located under the ice and on saffron cod and
capelin (Seaman et al., 1985; Huntington et al.,

92

Ferguson et al.

64°N

66°N

1999). During summer (June-September), belugas
(Seaman et al., 1985). Belugas occur in the area in
are located throughout Norton Sound and near the
June, July, and August, although most of the Eastern
mouth of the Yukon River (DeMaster et al., 2001),
Beaufort Sea and Eastern Chukchi Sea Stocks have
where they feed on salmon (Seaman et al., 1985;
migrated to more northerly waters by June (Seaman
Huntington et al., 1999). They also feed on safet al., 1985; Clarke et al., 2015). Coastal residents of
fron cod from midsummer to freezeup (Seaman
Bering Strait have reported belugas migrating south
et al., 1985; Huntington et al., 1999). Migratory
in advance of sea ice in October, with sightings
stocks of belugas also feed on the abundant
peaking in November and December and continuforage fishes nearshore in the Norton Sound area
ing into midwinter (Seaman et al., 1985). Satelliteduring summer and autumn (Seaman et al., 1985;
tagging data show belugas from both the Eastern
Quakenbush et al., in press). Belugas leave the
Chukchi Sea and Eastern Beaufort Sea Stocks
area when sea ice forms, producing an extensive
migrating southward through the area in November
and nearly unbroken cover. The timing of freez(Richard et al., 2001; Suydam et al., 2005; Hauser
eup varies annually, ranging from late September
et al., 2014). Belugas from the Eastern Beaufort
to November (Seaman et al., 1985; Huntington
Sea Stock appear to cross on the western side of
et al., 1999).
the Strait, whereas the Eastern Chukchi Sea Stock
In summary, the Norton Sound area from Cape
crosses on the eastern side, although sample sizes
Prince of Wales to the Yukon-Kuskokwim River
are small (Citta et al., 2013; Hauser et al., 2014).
Delta is an important feeding area, and thereBelugas have been sighted in the area from January
fore a BIA, for belugas from the spring breakup
through April (Seaman et al., 1985).
on the information summarized above,
of sea ice (~April)
the autumn
BIAs through
for Cetaceans:
Aleutian freezeup
Islands and BeringBased
Sea Region
the Bering Strait area (Cape Nome to 66º N) is a
(~November) (Figure 7.8; Table S7.8).
migratory corridor BIA for belugas, with highest
175°W
170°W
165°W
160°W
155°W
densities of animals from October through May
(Figure 7.9; Table S7.9). See Clarke et al. (2015)
Chukchi
Sea
for further details about the beluga migratory corChukotka
ridor in the Arctic region.
Alaska
Small and Resident Population—The best estiCape  Prince
of  Wales
mate of abundance for the Bristol Bay beluga stock
ranges from 2,455
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and 2005 (Lowry et al., 2008). Belugas from this
stock are found almost exclusively in the Kvichak
and Nushagak bays of northeastern Bristol Bay
(Figure 7.10; Table S7.10) and are especially numerous from April through August (Frost et al., 1984;
Frost & Lowry, 1990). Satellite-tagging studies have
found that belugas stay within the two bays throughout
the summer and fall (Quakenbush, 2003; Quakenbush
& Citta, 2006), moving offshore only a short distance
from the bays in the winter and spring (www.adfg.
alaska.gov/index.cfm?adfg=marinemammalprogram.
bristolbaybeluga; www.north-slope.org/departments/
wildlife-management/co-management-organizations/
alaska-beluga-whale-committee/abwc-researchprojects/satellite-maps-of-tagged-alaskan-belugastocks).
The Bristol Bay beluga stock meets the qualifications of a small and resident population BIA based
on its relatively small population size, restricted
geographic range, and genetic differentiation from
belugas in other summering areas (O’Corry-Crowe
et al., 1997). The geographic boundaries for this
BIA extend shoreward from Cape Newenham to
Port Heiden, encompassing the existing satellite
tracks for this stock (Figure 7.10).
Summary

In conclusion, 15 BIAs were identified for six
cetacean species within the Aleutian Islands and
Bering Sea region, based on extensive expert
review and synthesis of published and unpublished
information. Identified BIAs included feeding
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Figure 7.10. Beluga BIA for the Bristol Bay small and
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substantiated through aerial surveys, satellite-tagging data,
and genetic analyses.
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areas and migratory corridors for bowhead and
gray whales; feeding areas for fin, North Pacific
right, and humpback whales and belugas; migratory corridors for belugas; and a small and resident
population BIA for Bristol Bay belugas. The geographic extent of the BIAs in this region ranged
from approximately 1,200 to 373,000 km2. This
BIA assessment did not include Dall’s porpoise,
Pacific white-sided dolphin, killer whale, beaked
whales, sperm whale, harbor porpoise, minke
whale, and sei whale; however, these species
should be considered in future efforts to identify
BIAs. Other information gaps that were identified
during this BIA process include (1) reproductive
areas for all species; (2) detailed information on
the migration routes and timing of all species; and
(3) cetacean distribution, density, and behavior in
U.S. Bering Sea waters off the continental shelf.
To maintain their utility, these BIAs should be reevaluated and revised, if necessary, as new information becomes available.
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Abstract

Introduction

In this assessment, we combined published
and unpublished information to identify 16
Biologically Important Areas (BIAs) for bowhead whales, gray whales, and belugas in the U.S.
Arctic. BIAs for bowhead whales and belugas
were based on high-density areas used recurrently
for reproduction, feeding, and migration, documented by visual surveys (aerial-, vessel-, and
ice-based), bioacoustic monitoring, and satellite
telemetry. BIAs for gray whales were based on
high-density areas used recurrently for reproduction and feeding, documented primarily by aerial
and vessel surveys. The geographic extent of the
BIAs in the Arctic region ranged from approximately 1,500 to 135,000 km2. Information gaps
identified during the Arctic BIA assessment process include (1) bowhead whale use of the western Beaufort Sea in summer (e.g., feeding, migration timing, movement rates); (2) the existence or
extent of a bowhead whale fall migratory corridor
in the Chukchi Sea; (3) the extent and nature of
beluga use of outer continental shelf and slope
habitat in the Beaufort Sea; (4) the existence
or location of gray whale migratory corridors
in spring and fall; (5) the degree to which gray
whales move between known feeding hotspots;
and (6) the distribution, density, and activities
of fin, humpback, minke, and killer whales and
harbor porpoises in this region. To maintain their
utility, the Arctic BIAs should be re-evaluated and
revised, if necessary, as new information becomes
available.

This assessment coalesces existing published and
unpublished information in U.S. Arctic waters
(shoreward of the Exclusive Economic Zone
[EEZ]) to define Biologically Important Areas
(BIAs) for cetacean species that meet the criteria
for feeding areas, reproductive areas, or migratory corridors defined in Table 1.2 of Ferguson
et al. (2015b) within this issue. A comprehensive
overview of the BIA delineation process; its caveats (Table 1.4), strengths, and limitations; and its
relationship to international assessments also can
be found in Ferguson et al. Table 1.3 provides a
summary of all BIAs identified, including region,
species, BIA type, and total area (in km2). A summary also can be found at http://cetsound.noaa.
gov/important. Table 1.1 defines all abbreviations
used in this special issue. Metadata tables that
concisely detail the type and quantity of information used to define each BIA are available as an
online supplement.
Within the Arctic region, two species—bowhead whale (Balaena mysticetus) and beluga
(Delphinapterus leucas)—were evaluated and
found to meet the criteria for reproductive, feeding,
and migratory corridor BIAs, and one species—
gray whale (Eschrichtius robustus)—met the criteria for reproductive and feeding BIAs. Other cetacean species found in this region, including killer
whale (Orcinus orca), fin whale (Balaenoptera
physalus), humpback whale (Megaptera novaeangliae), harbor porpoise (Phocoena phocoena),
and minke whale (Balaenoptera acutorostrata),
are sighted infrequently (Clarke et al., 2013b) and
are rarely detected by passive acoustic monitoring.
These rare or infrequently detected species were
not evaluated during this initial BIA assessment.
These species should be evaluated in future efforts
to create or revise BIAs for cetaceans in this region.

Key Words: feeding area, migratory corridor,
reproductive area, bowhead whale, Balaena
mysticetus, beluga, Delphinapterus leucas, gray
whale, Eschrichtius robustus, Arctic, anthropogenic
sound, species distribution

		
Information pertaining to bowhead whale, gray
whale, and beluga BIAs was synthesized primarily
from visual sighting data collected during aerial
surveys conducted from summer (June-August)
through fall (September-October) in the northeastern Chukchi and western Beaufort Seas under the
auspices of the Aerial Surveys of Arctic Marine
Mammals (ASAMM) project from 1982 to 2012
(e.g., Clarke et al., 2013a). Although temporal and
spatial variation in effort occurred over the course
of the ASAMM study, no other single research
project in the Alaskan Arctic compares with the
scope of the ASAMM project. ASAMM data
were augmented with data from other small-scale
aerial survey projects (e.g., Mocklin et al., 2012),
ice-based observations (e.g., George et al., 2004),
passive acoustic monitoring (e.g., Blackwell et al.,
2007; Hannay et al., 2013), and satellite telemetry (e.g., Quakenbush et al., 2010a, 2010b). The
Arctic BIA assessment benefitted from the inputs
and insights of nine experts familiar with Arctic
cetacean species.
Biologically Important Areas in the Arctic Region
Bowhead Whale (Balaena mysticetus)

Background Information—The information presented below is assumed to represent the BeringChukchi-Beaufort (BCB) or Western Arctic Stock
(Allen & Angliss, 2014) only. BCB bowhead
whales are migratory, ranging from sub-Arctic to
Arctic waters (Moore & Reeves, 1993). The BCB
Stock winters in the Bering Sea. It migrates annually in spring (April-May) through the Chukchi
Sea, traveling through nearshore leads (linear
openings in sea ice) that develop each year north
and east of Barrow, Alaska. Many animals spend
the summer on feeding grounds in the Canadian
Beaufort Sea, although some are also found in the
Alaskan Beaufort Sea and northeastern Chukchi
Sea in summer. In the fall, BCB bowhead whales
return through the western Beaufort and northern
Chukchi Seas to the Bering Sea to overwinter. In
fall 2010, a satellite-tagged bowhead whale from
the BCB Stock overlapped spatially and nearly
temporally (within 2 d) with a satellite-tagged
bowhead whale from the Baffin Bay-Davis
Strait Stock in Viscount Melville Sound in the
Northwest Passage of the Canadian Arctic before
each whale returned to its normal seasonal range
(Heide-Jørgensen et al., 2011). With the observed
declining trend of Arctic sea ice extent since 2000,
it is possible that bowhead whale stocks may
overlap seasonally more often in the future.
Reproductive Areas—Bowhead whales calve
primarily from April to early June, and as late as
August (Koski et al., 1993). BIAs for bowhead
whale reproduction in spring and early summer

(April-June) were based on neonate (recently
born) calf sightings collected near Barrow during
two studies (Figure 8.1a; Table S8.1). In the
first study, calves were photographed in leads in
the sea ice north and northeast of Point Barrow
during aerial surveys conducted by the North
Slope Borough and NOAA Fisheries in 2011 for
the purposes of abundance estimation (Mocklin
et al., 2012). These surveys started on 19 April,
but the first cow-calf pair was not sighted until
9 May. In the second study, neonate calf sightings
were recorded during ice-based counts conducted
by the North Slope Borough and others from 1978
to 2001 (George et al., 2004). Segregation of size
classes during the spring bowhead whale migration near Point Barrow has been documented,
with cow-calf pairs generally the later migrants
(Zeh et al., 1993; George et al., 2004). Bowhead
whale cow-calf pairs are found in greatest density
in this reproductive BIA from late May to early
June.
Bowhead whale reproductive BIAs for summer
and fall (July-October) were based on locations of
cow-calf sightings made during ASAMM surveys
from 1982 to 2012 (Clarke et al., 1987, 2012, 2013a;
Clarke & Ferguson, 2010a, 2010b). ASAMM surveys encompassed a large geographic area, with
fairly consistent temporal coverage within and
between years, and these data were considered the
best representation of bowhead whale calf distribution in the western Beaufort Sea. Bowhead whales
were recorded as calves when they were noticeably
smaller, particularly in comparison to a nearby
adult, with which they were usually in close association. Bowhead whale calves are often, though not
always, light gray in color. Calves grow quickly in
the first year, increasing in length from 3.6 to 5.5 m
at birth to > 8 m by August (Koski et al., 1993).
This rapid growth during the first year makes differentiating calves from yearlings difficult, particularly in September and October. The reproductive
BIAs (Figure 8.1b, c & d; Table S8.1) encompass
areas where the majority of bowhead whales identified as calves were observed each season (Clarke
et al., 2013a). Bowhead whale cow-calf pairs were
observed in the eastern Alaskan Beaufort Sea in
summer (July through August) and in the western Beaufort Sea in fall (September and October).
They were seen in the northeastern Chukchi Sea
only in October.
Feeding Areas—Bowhead whales feed on a variety of zooplankton, including copepods, euphausiids, mysids, and amphipods (Lowry, 1993), taking
advantage of food sources near the seafloor, in the
water column, and at the water surface. Feeding
behavior is likely under-represented in aerial survey
data due to the difficulty of identifying feeding
behavior in the brief periods of time when whales

1  
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In most years, the area from Smith Bay to Point

mouth at the surface, mud on the rostrum, and
echelon “V” formation (Lowry, 1993). Milling,
20
m, 50 moving
m, and very
200 m
depth
or whales
slowly
at contours.
the surface with
various headings, is also indicative of feeding even
when direct evidence of feeding is not observed.
Other behaviors that might be indicative of feeding, however, such as synchronous diving, flukesup diving, and defecation, may not be apparent
unless the whales are circled upon for extended
periods. Several factors affect the survey aircraft’s
ability to circle sightings, including weather, visibility, and fuel reserves. Aerial photographs also have
been used to detect bowhead whale feeding events
as a bowhead whale with mud on its dorsal surface
was assumed to have recently fed near the seafloor
(Mocklin et al., 2011).
The BIA for bowhead whale feeding in May
was based on aerial photographs of muddy
whales taken in 1985, 1986, 2003, and 2004
(Mocklin et al., 2011) during the annual bowhead
whale spring migration past Barrow (Figure 8.2;
Table S8.2).

area for bowhead whales from August to October
(Table S8.2). Bowhead whale feeding in this area
was documented by ASAMM (Clarke & Ferguson,
2010a, 2010b; Clarke et al., 2011a, 2011b, 2012,
2013a), the Study of Northern Alaska Coastal
System (SNACS) program (Moore et al., 2010b),
and the Bowhead Whale Feeding Ecology Study
(BOWFEST) (Goetz et al., 2008, 2009, 2010, 2011;
Moore et al., 2010b). It is thought that this feeding
area is supported by the occurrence of upwellingfavorable winds from the east or southeast, followed by weak or southerly winds, which produce
conditions that trap aggregations of krill at the western end of the Beaufort shelf near Barrow (Ashjian
et al., 2010). Bowhead whales in this feeding area,
which is identified as a BIA, are generally seen in
shallow depths (≤ 20 m) or near Barrow Canyon.
In other areas of the western Beaufort Sea, bowhead whales may feed on the continental shelf, out
to approximately the 50-m isobath, in September
1  and October (Figure 8.2). Information on bowhead
whale feeding in the eastern Alaskan Beaufort Sea

97

		

in fall was available from ASAMM data (Clarke
north in the western Chukchi Sea in May along the
et al., 2013a) and a review of several studies,
Chukotka coast (Quakenbush et al., 2013). This
including site-specific industry-sponsored studwhale did not use the spring lead system and sumies and feeding studies sponsored by the Minerals
mered in the northern Chukchi Sea (Quakenbush
Management Service (MMS), that took place in
et al., 2013). In the northeastern Chukchi Sea, the
the 1980s and 1990s (Richardson & Thomson,
lead system is relatively well defined due to the
2002). Although observations indicate that bowwarm water transported from the Pacific Ocean,
head whale feeding in this area is variable and
high percentage of first-year ice compared to
ephemeral with intra- and inter-year variability
multi-year ice, and variable surface winds that
(Clarke et al., 2013a), those observations are likely
move ice toward and away from the coastline
indicative of more extensive feeding activity that
(Mahoney, 2012).
The bowhead whale spring migration continues
is not observed due to the limitations of the visual
past Point Barrow before turning east to cross the
aerial survey methodology mentioned above.
Beaufort Sea in continental slope waters. Leads in
Therefore, this area is considered a feeding BIA
the Beaufort Sea are fewer and more isolated, due
(Figure 8.2; Table S8.2).
Feeding behavior has been observed in summer
to the movement of sea ice parallel to the coastin the western Beaufort Sea (Clarke et al., 2012,
line (under the influence of the Beaufort Gyre) and
2013a), but there are not enough data to define a
the higher percentage of multi-year ice (Mahoney,
feeding BIA for this time period. In the northeast2012). Bowhead whales are capable of breaking ice
ern Chukchi Sea, in spite of considerable visual
up to 18-cm thick to create breathing holes (George
survey effort during summer and fall, not enough
et al., 1989), and they have been detected acousbowhead whales have been observed feeding to
tically (Clark et al., 1986) and satellite tracked in
define BIAs (Clarke et al., 2011c, 2012, 2013a).
areas of very heavy ice (Quakenbush et al., 2010a).
Migratory Corridor—In spring, most bowhead
Based on data from aerial surveys conducted from
1979
to 1984
(Ljungblad et al., 1985); ice-based
whales migrate north within the lead
system
that
BIAs for Cetaceans: Arctic
Region
studies from 1978 to 2001 (George et al., 2004);
occurs annually in the Chukchi Sea along the
and satellite-tagged whales (n = 16) in 2006, 2009,
Alaska coast. One satellite-tagged whale migrated
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and 2010 (Quakenbush et al., 2010a, 2010b), the
spring migratory corridor BIA was delineated by
the Chukchi Sea lead system and the continental
slope area of the western Alaskan Beaufort Sea
(Figure 8.3; Table S8.3).
Bowhead whale distribution in summer months
is primarily in the Canadian Beaufort Sea (Moore
& Reeves, 1993), although this area was not identified as a BIA because it is outside U.S. waters.
Bowhead whale distribution in and use of U.S.
waters in the northeastern Chukchi and western Beaufort Seas in summer months is not well
understood, in part because there has been less
survey effort during summer months (Clarke et al.,
2013a; Quakenbush et al., 2013). A few bowhead
whales have been sighted in June in the northeastern Chukchi Sea, mainly nearshore between
Wainwright and Point Barrow, and may represent whales that do not migrate to the Canadian
Beaufort Sea (Moore, 1992; Moore et al., 2010a;
Clarke et al., 2011c). In July and August, bowhead whales have been seen during ASAMM
aerial surveys from nearshore to the continental
slope in the eastern Alaskan Beaufort Sea, on the
outer continental shelf and slope in the western
Alaskan Beaufort Sea, and nearshore between
Point Barrow and Wainwright in the northeastern
Chukchi Sea (Clarke et al., 2012, 2013a).
72°N

180°

175°W

170°W

165°W

Four bowhead whales have been tracked using
satellite tagging during summer months in and
through the Beaufort Sea. Two of these tagged
whales left the Canadian Beaufort Sea in June
2008 and traveled offshore to an area north of
Barrow, returning to the Canadian Beaufort Sea
before the stereotypical fall westward migration (Quakenbush et al., 2010a). A third tagged
whale left in late August 2010 and passed Barrow
through the Chukchi Sea to the Russian coast of
Chukotka (Quakenbush et al., 2013). The fourth
tagged whale left in June 2012, passed Barrow
and traveled to 78º N, well north of Wrangel
Island, Russia (Quakenbush et al., 2013). Due
to the relative lack of information, no migratory
corridor BIAs are defined for bowhead whales
during summer months in the Chukchi or western
Beaufort Seas.
The bowhead whale fall migratory corridor BIA
in the western Beaufort Sea was determined from
ASAMM annual aerial surveys conducted from
1982 through 2012 (Ljungblad et al., 1988; Clarke &
Ferguson, 2010a; Clarke et al., 2011a, 2011b, 2012,
2013a), augmented by passive acoustic monitoring
(Blackwell et al., 2007, 2010; Hannay et al., 2013)
and results from satellite tagging (Quakenbush
et al., 2010a, 2010b, 2013). These data indicate that
bowhead whales actively migrate across the western
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telemetry data indicate that BS belugas tagged in
the Mackenzie River Delta stayed in the Canadian
Beaufort Sea for the entire month of July and
most of August, in an area from the delta east into
Amundsen Gulf and north to Viscount Melville
Sound (Richard et al., 2001). ECS belugas tagged
in Kasegaluk Lagoon have been tracked in July
through November from 130º W to 176.5º W and
north to 81º N (Suydam et al., 2001, 2005; Citta
et al., 2013). These limited datasets suggest that
belugas sighted during aerial surveys in the northeastern Chukchi Sea and western Beaufort Sea
from June through August are likely ECS belugas
(Hauser et al., 2014). However, during the return
migration in September and October, BS belugas
overlap with ECS belugas in the western Beaufort
Sea (Hauser et al., 2014).
Reproductive and Feeding Areas—Belugas
in the ECS Stock calve, feed, and molt in June
and July near Kasegaluk Lagoon, between Cape
Lisburne and Icy Cape, Alaska (Frost et al., 1993;
Suydam et al., 2001). Feeding and molting were
inferred from belugas sighted during aerial surveys
that were milling without noticeable movement
in any direction. Diet of the ECS beluga stock is
known primarily from stomach contents obtained
from subsistence harvests in Point Lay and Barrow,
Alaska, between 1983 and 2010, and includes fish
(especially saffron cod [Eleginus gracilis]), cephalopods, and shrimp (Quakenbush et al., in press).
Fish move along the shore and into the inlets of
Kasegaluk Lagoon when the tideBIAs
is going
out
for Cetaceans:
Arcti
(Huntington et al., 1999). Based on ASAMM aerial
survey and satellite-tag data (Suydam et al., 2001,
165°W

Icy Cape

70°N

Beaufort Sea primarily on the shelf, at depths less
than 50 m, with some whales migrating across the
outer shelf (Figure 8.3; Table S8.4). In most years,
the majority of whales in the western Beaufort Sea
are swimming, with a swim direction that is generally west-northwest (e.g., Clarke et al., 2012,
2013a). In the northeastern Chukchi Sea, ASAMM
aerial survey sightings (Clarke & Ferguson, 2010b;
Clarke et al., 2011c, 2012, 2013a), satellite telemetry (Quakenbush et al., 2010a, 2010b, 2013), and
passive acoustic data (Hannay et al., 2013) indicate
that the migration route in September and October
is geographically broad (from the coast to > 400 km
offshore); therefore, the northeastern Chukchi Sea
does not meet the criteria for a migratory corridor
BIA.
In winter (November-December), the bowhead whale migration progresses farther west and
south. During this time period, aerial surveys have
rarely been conducted due to diminishing daylight
and consistently poor weather. In the northern
Chukchi Sea, data from passive acoustic monitoring (Hannay et al., 2013) and satellite telemetry
(Quakenbush et al., 2010a, 2010b, 2013) indicate
that the bowhead whale migration route is geographically broad (up to 450 km from shore) and
well offshore; some bowhead whales head west
across the Chukchi Sea toward Wrangel Island
while others head southwest toward Chukotka
(Quakenbush et al., 2010a, 2010b, 2013). Near
Bering Strait, which is 82 km wide at its narrowest point, the migratory corridor narrows
due to geography. Most of the tagged whales
whose tracks could be specifically determined
entered the Bering Sea west of the International
Date Line (169º W) between Chukotka and Big
Diomede Island; few entered within the U.S. EEZ
(Quakenbush et al., 2010b; Citta et al., 2012). Due
to the geographically broad nature of the migration
through the Chukchi Sea and the location of the
migratory corridor outside the U.S. EEZ in Bering
Strait, no migratory corridor BIA was established
for this late time period for bowhead whales.
Bowhead whale distribution in mid- to late
winter is primarily in the Bering Sea. BIAs for
this time period are described in Ferguson et al.
(2015c).
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2005), the Kasegaluk Lagoon area was designated
as a reproductive and feeding BIA for ECS belugas, with highest densities in June and July (Clarke
et al., 2013a) (Figure 8.4; Table S8.5).
Dive data from ECS belugas (n = 23) tagged near
Point Lay between 1998 and 2007 suggest feeding
also occurs near the continental shelf and slope and
in the Arctic Basin in summer (Citta et al., 2013).
Colder Pacific water overlying warmer Atlantic
water may provide ideal conditions for Arctic cod
(Boreogadus saida), which is the predominant prey
species of belugas in other Arctic regions. Belugas
from the ECS Stock may be feeding on Arctic
cod within the warmer layer of Atlantic water at
depths ranging from 200 to 1,000 m throughout the
Beaufort Sea Basin (Figure 9 in Citta et al., 2013).
Due to the limited information available and large
geographic area, a feeding BIA was not identified
at this time. However, this region should be investigated further to determine if it meets the criteria
for a BIA.
Belugas from the BS Stock calve, feed, and
molt during summer in Canada in the Mackenzie
River estuary (Yukon Territory) (Department of
Fisheries and Oceans, 2000; Richard et al., 2001).
Because this area is not in U.S. waters, no BIAs
were defined.
Migratory Corridor—The spring migration
of some belugas from the Bering Sea is generally similar to that of bowhead whales in that
they use nearshore leads in the sea ice (Ljungblad
et al., 1985; Mocklin et al., 2012). Acoustic data
from overwintered recorders in the northeastern
Chukchi Sea indicated that belugas also migrate
farther offshore (Delarue et al., 2011). Most belugas sighted during this time period are heading
northeast in the Chukchi Sea and east in the western Beaufort Sea, suggesting these early migrants
are likely the BS Stock (Ljungblad et al., 1985).
Based on these data, a migratory BIA for BS belugas in April and May was defined in the Chukchi
and Beaufort Seas (Figure 8.5; Table S8.6).
During summer, belugas are found in the northeastern Chukchi and western Beaufort Seas. There
is limited information available on beluga migration in the Chukchi Sea in summer. ECS belugas
are found in the highest densities and in the largest
groups along the outer coast and near the passes
between islands that form Kasegaluk Lagoon
(Ljungblad et al., 1986; Clarke et al., 2012, 2013a).
Belugas also are found south of Kasegaluk Lagoon
in Omalik Lagoon, presumably after migrating
from the Bering Sea (Frost et al., 1993). Their
route to these areas and their association with the
spring migration is unknown. One beluga tagged
near Point Lay in early July 2007 was tracked
through July 2008 (http://alaskafisheries.noaa.
gov/protectedresources/whales/beluga/ptlay.htm).

This whale (tag 22149) migrated north in mid-June
2008 to Barrow Canyon, about 240 km north of
Kasegaluk Lagoon, before returning to the lagoon
in late June 2008 (Suydam, 2009), indicating that
activity near Kasegaluk Lagoon may be postmigration and related to summer molting, calving,
and feeding. In August, there are few sightings
of belugas in the northeastern Chukchi Sea even
though aerial surveys have been flown there since
2008 (Clarke et al., 2012, 2013a). There are few
detections of belugas on acoustic recorders during
June and July in the northeastern Chukchi Sea;
however, detections increase in August close to
Point Barrow (Delarue et al., 2011). In the western Beaufort Sea during July and August, sightings of belugas from ASAMM aerial surveys are
mainly offshore on the outer continental shelf and
slope, with scattered sightings nearshore (Clarke
et al., 2013a). Because of the limited information
available on belugas in the northeastern Chukchi
Sea and their broad geographic distribution in the
western Beaufort Sea in summer, no migratory
corridor BIAs were delimited for this time period.
Sightings of belugas from aerial surveys in the
western Beaufort Sea in fall are primarily on the
continental slope, with relatively few sightings
on the shelf; most belugas in the fall are swimming west-northwest (Clarke et al., 1993, 2011a,
2011b, 2012, 2013a). Satellite telemetry data
show a strong preference for the slope (Richard
et al., 2001; Suydam et al., 2001, 2005; Citta et al.,
2013; Hauser et al., 2014). Although tagging data
indicate that belugas from the BS Stock appear to
use the shelf more and migrate out of the western
Beaufort Sea earlier than belugas from the ECS
Stock (Richard et al., 2001; Suydam et al., 2001,
2005; Hauser et al., 2014), sightings from aerial
surveys in the western Beaufort Sea during fall may
be either the BS or ECS Stock. The fall migratory
corridor BIA for belugas in the western Beaufort
Sea was based on these aerial survey and tagging
data (Figure 8.5; Table S8.7, see also Figure 7.9 in
Ferguson et al., 2015c, within this issue).
Sightings from aerial surveys indicate that
belugas are typically found broadly distributed in
low densities in the northeastern Chukchi Sea in
fall (Ljungblad et al., 1986; Clarke et al., 2011c,
2012, 2013a). Few belugas were detected on two
passive acoustic recorders located in the northeastern Chukchi Sea, offshore of Icy Cape, Alaska
(~64 and ~193 km from shore), in September
and October (Garland et al., 2015). Delarue et al.
(2011) also recorded few detections on passive
acoustic recorders located approximately 10 to
250 km offshore between Cape Lisburne and
Point Barrow in September and October 2007.
The lack of beluga sightings during aerial surveys
in September and October may indicate a fall
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Figure 8.5. Beaufort Sea (BS) beluga stock migratory corridor BIAs during spring (April and May), determined from aerial
surveys and passive acoustic monitoring; and for the BS and ECS Stocks during fall (September and October), determined
from aerial surveys and satellite telemetry. See Ferguson et al. (2015c) for the continuation of the BS Stock spring migration
corridor into the Bering Sea.

migration that occurs farther north or west of the
International Date Line. Satellite telemetry data
from both the BS and ECS Stocks indicate that
belugas venture much farther north than 72° N
in September and October in the Chukchi Sea
(Richard et al., 2001; Suydam et al., 2001; Citta
et al., 2013; Hauser et al., 2014). Moore et al.
(2012) recorded beluga calls from May through
August 2009 on a mooring on the Chukchi Plateau
(75.1° N, 168° W), more than 340 km north of
where aerial surveys are flown. Aerial surveys
conducted in the late 1980s and early 1990s suggested that beluga distribution in the northeastern
Chukchi Sea is bifurcated, with some belugas
heading through Barrow Canyon and continuing southwesterly and with others heading westnorthwest toward the Chukotka coast before heading south (Clarke et al., 1993). A fall migratory
corridor BIA was not identified for belugas in
the northeastern Chukchi Sea because the broad
(> 500 km from shore) geographic distribution
does not meet the migratory corridor criteria.
In winter (November-December), visual surveys are not conducted due to lack of daylight,
and there have been relatively few beluga acoustic detections (Delarue et al., 2011). Garland
et al. (2015) recorded a peak in beluga acoustic

detections in late November on an inshore recorder
approximately 64 km offshore of Icy Cape,
Alaska, and a weaker peak in late November on
a recorder approximately 194 km offshore of
Icy Cape. Satellite telemetry results from belugas tagged between 1993 and 2007 indicate that
most belugas are in the southern Chukchi Sea in
November (Hauser et al., 2014), with east-west
partitioning between the BS and ECS Stocks. Due
to this relative lack of information, no migratory
corridor BIA was designated for belugas during
November and December.
Gray Whale (Eschrichtius robustus)

Background Information—Gray whales of the
Eastern North Pacific Stock migrate each spring
from Baja California, Mexico; along the west coast
of the U.S. and Canada; across the Gulf of Alaska;
and into the Bering, Chukchi, and extreme western Beaufort Seas (west of 155° W). While gray
whales are occasionally seen in the Beaufort Sea,
their occurrence there is considered extralimital:
in the extensive 1979-2012 ASAMM database
for the western Beaufort Sea, there are only four
sightings of six gray whales east of 155° W (www.
afsc.noaa.gov/NMML/software/bwasp-comida.
php). There is no evidence that gray whales from

BIAs for Cetaceans: Arcti
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the Western North Pacific Stock summer in the
U.S. Arctic. Gray whales remain in the U.S. Arctic
throughout summer and early fall before making
a return migration south. Migratory corridors for
gray whales to and from the northeastern Chukchi
Sea are not well known; therefore, no migratory
corridor BIA for gray whales in the Arctic was
delineated.
Reproductive Area—Most gray whale calves are
born from early January through mid-February in
the lagoons of Baja California (Rice et al., 1984).
Gray whale calves grow quickly in the first year,
increasing in length from ~4.5 m at birth to ~7 m
at weaning, which occurs at 7 to 9 mo (Sumich,
1986). Because growth slows considerably after
weaning, 2-y-old gray whales may be only 8 m
in length, which makes differentiating them from
yearlings difficult. For that reason, calves are
recorded during ASAMM aerial surveys when41  
a
relatively small gray whale is seen in close association with an adult gray whale.
42  
BIAs for gray whale reproduction were based on
gray whale calf sightings from the ASAMM aerial
43  
surveys conducted in 1980-1991 and 2008-2012
(Clarke et al., 2013a). The relative abundance of
gray whale calves in the northeastern Chukchi Sea
44  
appears to be variable. In most years, the number
of calves seen annually was either one (6 y) or
none (5 y) (Clarke et al., 1989, 2012). The highest
total for 1 y occurred in 2012 when 67 calves were
seen (Clarke et al., 2013a). Although individual
gray whales can be identified through photo-identification research conducted from vessels (e.g.,
Calambokidis et al., 2002; Bradford et al., 2011),
identification during systematic aerial surveys is
more difficult, particularly when photographs are
not regularly collected. Therefore, the number of
calf sightings per year in the ASAMM database
does not necessarily represent the number of individual calves present. Despite this, patterns in
gray whale calf distribution can be inferred.
Gray whale calf distribution in the northeastern
Chukchi Sea overlaps the distribution of the gray
whale population in general, with the exception
that calves are rarely found offshore (e.g., Hanna
Shoal and west of Point Hope) (Moore et al., 1986;
Clarke et al., 2012, 2013a). The nearshore, shallow habitat may provide some refuge from potential predators (e.g., killer whales), or it may represent habitat more suited to the faster respiratory
rate of calves (Krupnik et al., 1983). Most (98%)
calves observed during ASAMM aerial surveys
were within the gray whale feeding area BIAs
described below (Figure 8.6; Table S8.8). Calves
were seen from June through September, with the
greatest number reported during July, which is also
the peak month for gray whale sightings overall
(Clarke et al., 2013a). July calves also had the most
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Figure 8.6. Gray whale (Eschrichtius robustus) reproduction

BIAs during
and fall (June
through Areas
September),
Figure
8.6.summer
Biologically
Important
for gray whale
determined from calf sightings collected during aerial surveys

(June
through
September),
determined
from calf sightings
widespread
distribution,
extending
from slightly
east of Point Barrow to south of Point Hope. No
calves were seen in the southern Chukchi Sea;
however, there has been far less aerial survey
effort in that area (Moore et al., 1986, 2003).
Feeding Area—Gray whales have been documented feeding in the northeastern Chukchi Sea
from summer through fall with little variability in location within these seasons. Gray whale
feeding is identified during ASAMM aerial surveys as whales associated with mud plumes that
are produced when whales surface after feeding
on benthic or epibenthic species (Nerini, 1984).
Gray whales are generalist feeders, however, and
are not limited to benthic or epibenthic prey (e.g.,
Bluhm et al., 2007); therefore, mud plumes may
not always accompany gray whale feeding events.
Consequently, gray whale feeding activity is
likely underreported, although to a lesser extent
than with bowhead whales. Gray whale BIAs for
feeding (Figure 8.7; Table S8.9) were derived primarily from data collected during aerial surveys
(Clarke & Moore, 2002; Goetz et al., 2008, 2009,
2010, 2011; Clarke & Ferguson, 2010b; Clarke
et al., 2011c, 2012, 2013a), augmented by information from oceanographic and benthic investigations (e.g., Moore et al., 2003; Bluhm et al., 2007).
Feeding BIAs for gray whales include areas
where gray whales have been observed feeding
consistently during summer and fall, and consist of three principal areas. In the northeastern
Chukchi Sea, gray whales have been observed
feeding between Point Barrow and Point Lay,
within approximately 90 km of shore. Feeding
gray whales have also been sighted nearshore
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from east of Cape Lisburne (Ledyard Bay) to
to identify BIAs. Other information gaps that were
south of Point Hope in most months from June
identified during the Arctic BIA process include
(1) bowhead whale use of the western Beaufort Sea
to October. Finally, in the southern Chukchi Sea,
in summer (e.g., feeding, migration timing, movegray whales have been documented feeding offment rates), (2) the existence or extent of a bowhead
shore from approximately 66.5° N to 68.5° N in
whale fall migratory corridor in the Chukchi Sea,
most months from June to October (Clarke &
(3) the extent and nature of beluga use of outer conMoore, 2002; Bluhm et al., 2007). This southerntinental shelf and slope habitat in the Beaufort Sea,
most feeding area extends across the International
(4) the existence or location of gray whale migraDate Line and may be even more extensive
tory corridors in spring and fall, and (5) the degree
along the Chukotka coast (Anonymous, 2010).
to which gray whales move between known feedGray whales were consistently seen feeding in
September and October near Hanna Shoal (72° N,
ing hotspots. To maintain their utility, these BIAs
160° W) in the late 1980s and early 1990s (Clarke
should be re-evaluated and revised, if necessary, as
& Moore, 2002), but they have been seen there
new information becomes available.
infrequently since aerial surveys recommenced in
2008. Therefore, Hanna Shoal wasBIAs
not for
included
Cetaceans: Arctic Region
as a BIA for gray whale feeding (Clarke et al.,
2013a).
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Figure
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October), determined
from aerial and vessel based surveys.
Summary

48  
49  

vessel-based surveys

In conclusion, 18 BIAs were identified for three
species within the Arctic region based on extensive
expert review and synthesis of published and unpub  lished information. Identified BIAs included reproductive areas, feeding areas, and migratory corridors
for bowhead whales and belugas, and reproductive
areas and feeding areas for gray whales. No small
or resident populations were identified in the Arctic
region. The geographic extent of the BIAs in the
Arctic region ranged from approximately 1,500 to
135,000 km2. At this time, there is insufficient information to identify BIAs for fin, humpback, minke,
and killer whales and harbor porpoises; however,
these species should be considered in future efforts
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