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We delineated and scored Biologically Important Areas (BIAs) for cetacean

species in the Gulf of Alaska region. BIAs represent areas and times in which

cetaceans are known to concentrate for activities related to reproduction,

feeding, and migration, and also the known ranges of small and resident

populations. This National Oceanic and Atmospheric Association (NOAA)-led

effort uses structured expert elicitation principles to build upon the first version of

NOAA’s BIAs for cetaceans. Supporting evidence for these BIAs came from

aerial-, land-, and vessel-based surveys; satellite-tagging data; passive acoustic

monitoring; Indigenous knowledge; photo-identification data; and/or prey

studies. A total of 20 BIAs were identified, delineated, and scored for six

species: beluga whale (Delphinapterus leucas), fin whale (Balaenoptera

physalus), gray whale (Eschrichtius robustus), humpback whale (Megaptera

novaeangliae), North Pacific right whale (Eubalaena japonica), and sperm

whale (Physeter macrocephalus). Of the 20 total BIAs, there were two small

and resident populations, one migratory, and 17 feeding areas; no reproductive

BIAs were identified. An additional five watch list areas were identified, a new

feature to the second version of BIAs. In addition to more comprehensive

narratives and maps, the BIA II products improve upon the first version by

creating metadata tables and incorporating a scoring and labeling system

which improves quantification and standardization of BIAs within and across

regions. BIAs are compilations of the best available science and have no inherent

regulatory authority. They have been used by NOAA, other federal agencies, and

the public to support planning and marine mammal impact assessments, and to

inform the development of conservation measures for cetaceans.

KEYWORDS

feeding area, migration, gray whale, beluga whale, humpback whale, sperm whale, fin
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1 Introduction

Cetaceans in the Gulf of Alaska (GOA) overlap with numerous

anthropogenic activities, including offshore energy exploration,

development, and extraction; commercial fisheries; shipping;

recreational vessels; and military operations. The GOA ecosystem

is also changing rapidly due to climate change, as evidenced by

shifts (both increases and decreases) in species-specific biomass and

potential decreases in the productivity of organisms at lower trophic

levels (Cavole et al., 2016; Ferriss and Zador, 2021). To inform area-

based marine assessment, conservation and management efforts in

the region, we identified and scored biologically important areas

(BIAs) for cetaceans as part of the BIA II nationwide process led by

the National Oceanic and Atmospheric Administration (NOAA).

BIAs represent places and periods (months or seasons) that are

important to cetacean species, stocks, or populations for feeding,

migration, activities related to reproduction, as well as known

ranges or core areas of small and resident populations (Ferguson

et al., 2015; Harrison et al. submitted to this issue). This effort builds

on NOAA’s inaugural BIA process (Van Parijs, 2015) by revising

existing BIAs in the GOA from 2015 (Ferguson et al., 2015),

creating new BIAs based on new information from the last seven

years, and scoring each BIA based on intensity of use, data support,

importance, spatiotemporal variability, and boundary certainty

(Harrison et al. submitted to this issue). This effort was

undertaken across all seven regions in the United States: the

Arctic, Aleutian Islands & Bering Sea, Gulf of Alaska, US West

Coast, Hawaii, Gulf of Mexico, and US East Coast (Harrison et al.

submitted to this issue). The interactive BIA map on the NMFS

website (https://oceannoise.noaa.gov/biologically-important-areas)

is the source of the most recent publicly available BIA data for

all regions.

The GOA is located along the southern coast of Alaska and lies

within the northern portion of the Pacific Ocean (Figure 1). More

specially, the GOA is confined to the west, north, and east by

Alaskan topography, and opens to the south into the larger body of
Frontiers in Marine Science 02
the Pacific Ocean. Circulation in the Gulf of Alaska is

counterclockwise and is dominated by the Alaska Current and

Alaska Stream flowing along the continental slope and the Alaska

Coastal Current flowing over the continental shelf. The Alaska

Current narrows and intensifies as it enters the GOA from the

southeast, becoming the Alaska Stream. The Alaska Stream

continues along the peninsula and Aleutian Islands with some of

its waters recirculating into the Gulf as part of the Alaska Gyre

(Stabeno et al., 2004; Weingartner et al., 2009).

The GOA encompasses a variety of habitats, including shallow

continental shelf, steep shelf break, deep offshore waters, and deep-

water seamounts, all of which are important to a diverse array of

marine mammal species (Ferriss and Zador, 2021; Rice et al., 2021).

Most notably, the continental shelf region supports a productive

ecosystem, which includes numerous species of fishes, marine

mammals, and seabirds (Stabeno et al., 2004). Unfortunately,

many GOA marine mammals have been severely depleted by

historical whaling and continue to face other challenges due to

the impacts to marine ecosystems caused by climate change

(Stabeno et al., 2004). Most notably, a historic heat wave within

the GOA from late 2013 through 2016 resulted in the weakening of

wind and winter storm patterns, affecting the timing of up- and

down- welling while increasing ocean stratification, and impacting

food availability for many large whale species (Cavole et al., 2016;

Suryan et al., 2021; Gabriele et al., 2022).

The type, quantity, and quality of information available to

assess large whales in the GOA is affected by the region’s remote

location and vast area (around 1.5 million km2). The GOA can be a

very challenging and difficult place to conduct research due to

logistics and the frequency of strong storms (Stabeno et al., 2004).

The cost of conducting research in the GOA can be measured both

in terms of time and money. Our ability to assess, delineate, and

score BIAs in the GOA is confined by these constraints for certain

species, areas, and times.

The rich and dynamic environment of the GOA is important

for many species of large whales that are known from extensive
FIGURE 1

Gulf of Alaska map showing all BIAs. Contour lines shown at 200, 400, 600, 800, and 1000 m depths where relevant. EEZ refers to the US Exclusive
Economic Zone, defined as 200 nm from shore.
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historical whaling records and decades of scientific research

(Danner et al., 2006; Ivashchenko and Clapham, 2014a;

Ivashchenko et al., 2014b; Rocha et al., 2014). In this paper we

will focus on the following six cetacean species: beluga whale

(Delphinapterus leucas), fin whale (Balaenoptera physalus), gray

whale (Eschrichtius robustus), humpback whale (Megaptera

novaeangliae), North Pacific right whale (Eubalaena japonica),

and sperm whale (Physeter macrocephalus). It is important to

note that these are not the only cetaceans found in the GOA.

Rather, these species were prioritized because they were either

included in the original BIA effort (BIA I) for this region

(Ferguson et al., 2015) or have been the focus of recent and

ongoing research efforts. For all other species in the GOA, subject

matter experts (SMEs) were either unaware of sufficient

information that would support BIAs at this time (e.g., Risso’s

dolphin (Grampus griseus), or there was enough data to score at

least one BIA in some or all parts of the GOA, but there was

insufficient time and resources within the scope of this project (e.g.,

harbor porpoises (Phocoena phocoena), killer whales (Orcinus orca),

and minke whales (Balaenoptera acutorostrata)).

Our overarching goals for this paper are to delineate and score

BIAs in the GOA region, provide insight into the process used to

delineate and score BIAs in the GOA region, provide a summary of

the results, and provide direction on where to find detailed

information (Supplementary Information tables, online access

with user-friendly BIA viewer shapefiles, and metadata). The

objectives are the same across all BIA regions:
Fron
• Present summary information and scores for all of the BIAs

for the region

• Present detailed information on the data sources and

decision-making process used to delineate and score a

sample of exemplar BIAs in the region. The example BIAs

were selected to span a range of BIA types, intensities, data

availability, and spatiotemporal variability.

• List the Watch List areas - areas where some information

was available to suggest a BIA might exist, but the scoring

matrix gave them an importance score of 0 (see Harrison

et al. submitted to this issue)

• Provide recommendations to facilitate future assessment,

conservation, and management efforts
We begin with a brief summary of the standardized methods used

across all regions to delineate and score BIAs (see Harrison et al.

submitted to this issue for complete details). Then, we focus sequentially

on each of the six whale species mentioned above. This paper builds

upon and updates the original BIAs for beluga, fin, gray, humpback,

and North Pacific right whales (Ferguson et al., 2015) and defines BIAs

for sperm whales, which were not included in BIA I. For each species,

we present detailed descriptions of one or more BIA types. For each

BIA, we provide: 1) brief background information about the species in

the region; 2) a written narrative describing information, assumptions,

and logic used to delineate the BIA; 3) a map of the BIA; 4) a list of

references used; and 5) a metadata table that details the type and

quantity of information used to define the BIA. Comprehensive details

and metadata for all GOA BIAs are included in the Supplementary
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Information Tables and are fully accessible on the BIA website (https://

oceannoise.noaa.gov/biologically-important-areas).
2 Methods

BIAs for all seven regions around the US were delineated and

scored using consistent methodology (see Harrison et al., submitted

to this issue). Here we briefly describe the methods outlined in

Harrison et al. (submitted to this issue). Four types of BIAs were

defined across all regions: reproductive (R-BIA), feeding (F-BIA),

migratory (M-BIA), and small resident population (S-BIA).

Reproductive BIAs represent areas and times where a species,

stock or population selectively mates, gives birth, or is found with

neonates or calves. Feeding BIAs represent areas and times where

an aggregation of a species, stock, or population preferentially feeds.

Migratory BIAs represent areas and times within which a

substantial portion of a species is known to migrate. Small and

resident population BIAs are areas and times within which a small

and resident population occupy a limited geographic context (under

35,000km2). For more detail on descriptions of the BIA categories

please see Harrison et al. (submitted to this issue). For the BIA

processes, regional leads attended national meetings with

workshops with other area leads, NOAA and US Navy project

sponsors, and other subject matter experts (SMEs) to solidify BIA

definitions and scoring and labeling protocols. Check-in meetings

were arranged with NOAA project sponsors and regional leads

throughout the process to ensure understanding and consistency of

protocols and assessments. Finally, expert elicitation was used in the

form of SMEs, Indigenous and local knowledge holders.

The GOA is a broad region with the majority of research

occurring in Southeast Alaska (SEAK), Prince William Sound

(PWS), and Cook Inlet, and a lack of dedicated research outside

of these hubs. Kodiak Island used to have dedicated cetacean

research, but this has declined substantially since 2016 due to

declines in funding and SMEs leaving the area. Outside of these

areas, most of the recent data used to contribute to our

understanding of cetacean presence in the GOA come from

broad-scale line transect surveys with observational and acoustic

data collected on multiple species of marine mammals (e.g., Rone

et al., 2015; Matsuoka et al., 2020). Most SMEs we were able to

contact and work with on this effort conduct research on humpback

whales, gray whales, and killer whales in SEAK and PWS, sperm

whales offshore in the eastern GOA, and beluga whales in Cook

Inlet. We held multiple meetings with SMEs that work in SEAK to

discuss how humpback whale BIAs would be arranged and scored

in the area.

In the GOA, regional leads and SMEs used all available

information to assess, delineate, and score candidate BIAs,

including the older information sources documented in Ferguson

et al. (2015), recent (2015-present) scientific publications, survey

reports, technical memorandums, unpublished visual sighting data,

line transect surveys, citizen science data, Indigenous knowledge,

tagging data, acoustic recordings, and local knowledge from

regional SMEs. Each candidate BIA was scored for Intensity, Data

Support, Importance, Boundary Certainty, and Spatiotemporal
frontiersin.org
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Variability (see Harrison et al. submitted to this issue for more

detail and description on scoring categories). Importance scores

were given for R-, F-, and M-BIAs based on matrices of Intensity

and Data Support scores, while the Importance score for S-BIAs was

based on a matrix of Intensity (given by range & abundance

metrics) and the Data Support score (Harrison et al. submitted to

this issue). Geographic boundaries were delineated using a variety

of categories such as geographic features, hydrographic features,

minimum convex polygons around observation points (e.g.,

sightings, acoustic detections, or tag locations), and polygons

drawn around a percentage of individuals engaged in an activity

(e.g., feeding, migrating, reproducing, etc.). Precautionary buffers

and predictions of potential habitat were excluded from boundary

delineation. Boundaries were drawn in U.S. waters, but if a BIA

extended past the U.S. Exclusive Economic Zone the boundary was

not truncated or cut off. If the boundary moved into another region,

the regional leads worked together to score and delineate the BIA

and the region containing the larger area of the BIA generally took

responsibility for the metadata of that BIA. Scoring for Intensity,

Data Support, Importance, and Boundary Certainty was listed

numerically from 1 to 3, with 1 being a low score (e.g., limited

data to support the BIA, or low certainty in the boundary

delineation), and 3 being a high score (e.g., extensive data to

support the BIA or a high certainty in the boundary delineation).

Spatiotemporal variability was categorized into Static, Ephemeral,

and Dynamic (see Harrison et al. submitted to this issue for more

detail and description on scoring categories). BIAs could also be

hierarchically structured if detailed information was available to

support areas with different scores across a single BIA (Harrison

et al., submitted to this issue). Any candidate BIA with an

Importance score of zero was added to a “Watch List” of areas

for future consideration and to identify information gaps. The

scores and narratives for each category were then summarized

and forwarded to GOA SMEs for review.

We first present an overall regional summary of BIAs for the

GOA region, as well as Watch List areas. We then present four

detailed example BIAs that represent a variety of species, BIA types

(Feeding, Migrating, and Small and Resident), and scores.
3 Regional summary

In total, 20 BIAs were identified for six cetacean species within

the GOA region, with a geographic extent of approximately 315,313

km2 (range 240-174,404 km2; Figure 1; Table 1; for detailed

information see Supplementary Information, or BIA website

https://oceannoise.noaa.gov/biologically-important-areas). Three

of the four BIA types were represented within the region,

although not for all six cetacean species considered. Feeding BIAs

were identified for gray, humpback, North Pacific right, and sperm

whales. One migratory BIA was identified for gray whales. Two

small and resident population BIAs were identified for beluga

whales. The BIAs were active in the GOA from March to

December, with a majority being active between May or June and

September or October (Table 1; Figure 2).
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The BIA I project identified 14 BIAs (Ferguson et al., 2015),

which were modified, split, and updated to result in the 20 BIAs for

this assessment. One new species was added, with a sperm whale F-

BIA (Supplemental description 4.25). The humpback whale BIA in

the Shumagin Islands was removed and listed instead as a Watch

List area (Supplemental description 4.23) due to lack of data

support or any information that could be added since BIA I

(Ferguson et al., 2015). Two BIAs were split into multiple BIAs:

humpback whales in Southeast Alaska were split from one overall

BIA with three seasonal occurrences to 10 BIAs (Supplemental

descriptions 4.9 – 4.13, 4.15-4.18, 4.20) and two Watch List areas

(Supplemental descriptions 4.21, 4.22) with their own temporal

delineation (see example 4 below); and gray whales in Sitka Sound

were split from one larger area into a summer feeding Watch List

area in Shelikof Bay (Supplemental description 4.7) and a spring F-

BIA focused on herring (see Example 2 below, and Supplemental

description 4.5) (Tables 1, 2; Figure 1). For four BIAs (Cook Inlet

and Yakutat belugas, as well as the gray whale migratory BIA and

gray whale Kodiak Island F-BIA) the boundaries remained the same

and supporting data only was updated (Supplemental descriptions

4.1-4.2, 4.8, and 4.4 respectively). For four BIAs, the boundaries

were redrawn and supporting data were updated: fin whales and

humpback whales near Kodiak Island (Supplemental descriptions

4.3, 4.19), humpback whales in Prince William Sound

(Supplemental description 4.14), and North Pacific right whales

(Supplemental description 4.24). Additionally, we added five Watch

List areas not previously delineated (Table 2; Supplemental

descriptions 4.6 and 4.21-4.23). In order to better evaluate these

watch list areas, more time and effort are needed in the field.
4 Examples of biologically important
areas in the Gulf of Alaska

4.1 Example 1 – Beluga whale
(Delphinapterus leucas) small and resident
population BIA in Yakutat Bay

Importance: 2, Intensity: 3, Data support: 1, Boundary certainty:

2, Spatiotemporal variability: static (s).

4.1.1 Background information
The following five stocks of belugas are recognized by NOAA

Fisheries in U.S. waters and they are named after the summering

areas in which they are found in Alaska (O’Corry-Crowe et al.,

2006; O’Corry-Crowe et al., 2009; Muto et al., 2021; O’Corry-Crowe

et al., 2021): 1. Cook Inlet, 2. Bristol Bay, 3. Eastern Bering Sea, 4.

Eastern Chukchi Sea, and 5. Beaufort Sea. Genetic evidence

supports an additional small population located in Yakutat Bay

(SEAK) (O’Corry-Crowe et al., 2006; O’Corry-Crowe et al., 2009).

Only the Cook Inlet and the Yakutat Bay belugas are found within

the GOA (Figure 3). This example describes the S-BIA identified for

the Yakutat Bay belugas, but we note that a S-BIA was also

identified for Cook Inlet belugas and the supporting information

can be found in the Supplemental Materials for this manuscript.
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TABLE 1 All 20 Gulf of Alaska region BIAs by species and BIA type (feeding (F-BIA), migratory (M-BIA), and small resident population (S-BIA)), with general locations, scores, and designated months.

Months Active
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(Continued)
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n
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n
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rsin
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0
5

BIA Label Stock or Population Type Descriptive Name Area
(km2)

IS Int. DS STV BC

1 2 3 4

Beluga

S-BIA2-
s-b2-
GOA002-
0

Cook Inlet S Cook Inlet 7783 2 2 3 s 2

S-BIA2-
s-b2-
GOA003-
0

Yakutat Bay S Yakutat Bay 882 2 3 1 s 2

Fin whale

F-BIA1-
s-b2-
GOA001-
0

F Kodiak Island to
Semidi Islands

85342 1 1 2 s 2

Gray whale

F-BIA2-
e-b2-
GOA004-
0

Eastern North Pacific
AND/OR Pacific

Coast Feeding Group

F Kodiak Island 4569 2 2 2 e 2

F-BIA2-
e-b2-
GOA005-
0

ENP and/or PCFG F Sitka Sound 1073 2 2 2 e 2

M-BIA1-
s-b1-
GOA006-
0

ENP M Gulf of Alaska 174404 1 2 1 s 1

Humpback whale

F-BIA2-
d-b2-
GOA008-
0

North Pacific F Prince William
Sound

7469 2 2 2 d 2

F-BIA1-
d-b2-
GOA013-
0

North Pacific F Kodiak Island 56772 1 2 1 d 2
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TABLE 1 Continued

Months Active
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BIA Label Stock or Population Type Descriptive Name Area
(km2)

IS Int. DS STV BC

1 2 3 4 5

F-BIA2-
e-b2-
GOA017-
0

North Pacific F Glacier Bay & Icy
Strait

2225 2 2 3 e 2

F-BIA2-
e-b2-
GOA018-
0

North Pacific F Juneau area 666 2 2 3 e 2

F-BIA2-
e-b2-
GOA019-
0

North Pacific F Seymour Canal 311 2 2 3 e 2

F-BIA2-
e-b2-
GOA020-
0

North Pacific F Fredrick Sound &
Stephens Passage

4125 2 2 3 e 2

F-BIA3-
e-b3-
GOA021-
0

North Pacific F Sitka Sound
Spring

607 3 3 2 e 3

F-BIA2-
e-b2-
GOA022-
0

North Pacific F Sitka Sound -
Fall/Winter

583 2 2 2 e 2

F-BIA2-
e-b2-
GOA023-
0

North Pacific F Southern Lynn
Canal & Northern
Chatham Strait

2173 2 2 3 e 2

F-BIA2-
e-b1-
GOA024-
0

North Pacific F Southern
Chatham Strait

2444 2 2 2 e 1

F-BIA2-
s-b1-
GOA025-
0

North Pacific F Berners Bay 240 2 2 2 s 1

F-BIA1-
e-b1-

North Pacific F Southern
Southeast Alaska

16298 1 2 1 e 1
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NOAA Fisheries regulations under MMPA (50 CFR 216.15)

include Yakutat Bay belugas as part of the Cook Inlet Stock (75 FR

12498). However the Yakutat belugas are not considered part of the

Cook Inlet Distinct Population Segment (DPS) (ESA, 73 Fr 62919).

Genetic work suggests that while Yakutat Bay belugas may have come

from the Cook Inlet population, their genetics are distinct enough now

from the Cook Inlet belugas that they have “limited genetic exchange

with Cook Inlet” (O’Corry-Crowe et al., 2015).

4.1.2 Intensity
The Intensity score (3) was based on the explicit quantitative

criteria for S-BIAs, which are based on the population’s estimated

abundance and range size (Harrison et al., submitted to this issue). The

size of the population is uncertain, though approximately 10

individuals were counted in 2008 (O’Corry-Crowe et al., 2009;

O’Corry-Crowe et al., 2015) as well as 2011 (Lucey et al., 2015).

Recent information available after 2015 was based on three personal

communications: one group of five whales seen in northwest Yakutat

Bay in August 2017 (S. Oehlers pers comm 2021); a single whale

moving towards the mouth of Esker Creek in mid-August 2020 (J.

Capra pers comm 14 May 2021); and some groups of 2-3 whales from

the air in Beluga Bay located on the west side of the Hubbard Glacier

face in 2020 (J. Capra pers comm 14 May 2021). The range size of the

beluga whales in Yakutat Bay is less than 2,000 km2. From the available

information, the abundance of this population is fewer than 125

individuals. These abundance and range size estimates result in an

overall Intensity score of 3 (Harrison et al., submitted to this issue).

4.1.3 Data support
Data support for this BIA was scored low (1) based on the limited

new data in the last 10 years. The original BIAs (Ferguson et al., 2015)

were based on data from 1976-2008. Here, we considered all available

new information, which included data from dedicated research up to

2013 (Lucey et al., 2015) and three separate community science

sightings in 2017 and 2020 (Supplementary Information).

4.1.4 Spatiotemporal variability indicator
Spatiotemporal variability of this BIA is characterized by static

properties of the bay such as bathymetric features and food

availability at river mouths, etc. It is a small and resident

population that stays within the boundaries of the bay.

4.1.5 Boundary delineation
Boundary certainty was scored 2. The boundary was drawn to

include all of the bay within which sightings have been observed

(Laidre et al., 2000; O’Corry-Crowe et al., 2006; O’Corry-Crowe

et al., 2009). It is important to point out that we are not certain that

these belugas still use the entire area of Yakutat Bay because the last

known records have all been near Esker Creek and Beluga Bay.
4.2 Example 2 - Gray whale (Eschrichtius
robustus) feeding BIA in Sitka sound

Importance: 2, Intensity: 2, Data support: 2, Boundary certainty:

2, Spatiotemporal variability: ephemeral (e)
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4.2.1 Background information
Once common throughout the Northern Hemisphere, gray

whales are now mostly concentrated in the North Pacific Ocean

where there are two main population stocks: the western North

Pacific population (WNP) which feeds in the coastal waters of

Sakhalin Island, Russia, with little known about migratory routes

and breeding areas; and the eastern North Pacific population (ENP)

which migrates along the West coast of North America between

breeding areas in Baja California, Mexico and feeding areas between

California and the Bering, Beaufort, and Chukchi seas. (LeDuc et al.,

2002; Lang et al., 2011; Weller et al., 2012; Lang et al., 2014 and

Weller et al., 2013). Additionally, there is a small but important

feeding aggregation known as the Pacific Coast Feeding Group

(PCFG) (Calambokidis et al., 2002). Genetic studies have shown

that the ENP and WNP populations are distinct, while

mitochondrial DNA has identified the PCFG as a subgroup of the

ENP population (Lang, 2010; Lang et al., 2011). The most recent

estimates of abundance are 16,650 ENP gray whales (95% CI =

15,170-18,335) in 2021/22 (Eguchi et al., 2022), 271-311 WNP gray

whales in 2018 (Cooke et al., 2018), and 243 PCFG gray whales

(SE=18.9; CV=0.08) in 2015 (Calambokidis et al., 2017).

A majority of the ENP gray whales migrate along the US west

coast and the GOA as they transit between winter breeding areas in

Baja California and Mexico, along the central California coast

(Eguchi et al., 2022), and across the GOA to summer feeding

areas in the Bering and Chukchi seas. The GOA portion of the

northbound migration generally occurs between March and May

(Braham, 1984). While a majority of gray whales migrate to the

Bering and Chukchi seas, some whales spend summer months in

feeding aggregations between northern California and throughout

the GOA (Pike, 1962; Calambokidis et al., 2002). In these feeding

aggregations they primarily feed on amphipods, gastropods,
Frontiers in Marine Science 08
polychaetes, decapods, and cumaceans (Nerini, 1984; Darling

et al., 1998; Moore et al., 2007; Witteveen and Wynne, 2016).

In Sitka Sound, local knowledge indicates that gray whales

arrive in late March, coinciding with the herring spawning, and

are typically seen in areas where spawning has occurred. Since the

1990s, at least 20-30 gray whales have regularly come through the

area after herring spawn in the spring. Since 2014 and 2015 that

number has grown, with an estimated 150-200 gray whales in 2021

and 2022 (Straley & Wild unpublished data). It is unclear what has

triggered this phenomenon, but researchers in the area believe it has

to do with prey availability elsewhere in their range, and are

beginning studies using photographic-identification (photo-ID),

tissue sampling, and body condition analysis. While feeding

activity is the most common behavior seen, photographic and

video documentation has also shown active surface social

behavior and a variety of feeding strategies. Photo-ID and genetic

analysis of the gray whales that come to Sitka Sound in the spring

has not been done, so baseline studies are needed, and the Alaska

Department of Fish and Game (ADF&G) herring biologists are also

interested in learning more about how these exponential increases

in gray whale numbers are impacting the predation on herring eggs

and larvae. ADF&G conducted herring spawn deposition dive

surveys, which have documented troughs of bottom substrate and

kelp beds disturbed by gray whales throughout the spawning habitat

(J. Jones pers comm 26 April 2022).

4.2.2 Intensity
This F-BIA received an Intensity score of 2 based on the

significance of the Sitka Sound spring herring resource, in the

context of their long migratory pathway between breeding and

feeding grounds and the short-term window of this feeding

opportunity. While this region is data-limited, expert elicitation

from SMEs indicates that a large and increasing number of gray

whales use the Sitka Sound area as a feeding BIA in the spring

during the herring spawning season (Figure 4). This area is a

consistent and important feeding area, given the short 1-2 month

window and time of year it is active (spring) and the lack of other

gray whale feeding areas in the GOA during that time. The fact that

Sitka Sound is a potential stopover location to forage along a

roughly 8000 km migration corridor highlights the significance of

this F-BIA. Additionally, the prey resource of herring eggs and

larvae is fairly unique for this population of gray whales and it has

been suggested that the ability to exploit a variety of prey resources

may be important to this species’ survival (Darling et al., 1998).

4.2.3 Data support
This F-BIA received a data support score of 2. There have not

been any dedicated count, behavior, acoustic, or tag data collected

in this feeding area. Photo-ID data was collected in Sitka Sound by J.

Straley in the 1980s, 1990s, and early 2000s, though individuals

were photographed during summer and fall months, rather than

during the spring herring feeding (J. Straley, unpublished data).

Overall, this BIA is based primarily on thousands of observations,

photographs, and videos from members of the public, whale
FIGURE 2

Number of BIAs by month and BIA type.
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TABLE 2 All 5 Gulf of Alaska region Watch List areas by species and BIA type (feeding (F-BIA), migratory (M-BIA), and small resident population (S-BIA)), with general locations, scores, and designated months.
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watching companies, ADF&G biologist surveys, and local

researchers. The lack of dedicated photo-ID, abundance estimates,

and tagging studies in the area suggest a lower Data Support score.

However, the volume of testimonies from researchers, tour

operators, state biologists, and members of the public provide

very strong support for a Data Support score of 2.

4.2.4 Spatiotemporal variability indicator
This F-BIA is ephemeral, characterized by a habitat mosaic

including coastline areas that have large quantities of suitable

habitat for herring spawn, including macrocystis kelp

(Macrocystis pyrifera), seagrass, and other seaweeds. Herring

spawning locations (and thus gray whale concentrations) within

this BIA shift from year to year and within a year, and boundaries

have been drawn around the broad area where herring typically

spawn and thus where gray whales could occur to feed on eggs. The

larger Sitka Sound has been a consistent and large spawning ground

for pacific herring for hundreds, if not thousands, of years,
Frontiers in Marine Science 10
according to Tlingit stories and traditional ecological knowledge.

Tribal elders say spawn on Kruzof Island in the northern and

northwestern part of the BIA boundaries is not historically common

and has increased in the past 5-10 years due to fishing pressure. In

the mid 2000s to 2010s there were gray whales feeding along the

road system of the town of Sitka more frequently. Thus, with rapidly

shifting environmental conditions and changes in herring spawning

activity being less predictable recently, the entire region can be seen

as potential foraging habitat during the spring for gray whales.

4.2.5 Boundary delineation
Boundaries have been drawn around the broad area where

herring typically spawn and thus where gray whales may feed on

eggs on an annual basis. The larger Sitka Sound has been a

consistent and large spawning ground for pacific herring for

hundreds, if not thousands, of years, according to Alaska Native

(Tlingit) stories and traditional ecological knowledge. Tribal elders

say spawn on Kruzof Island in the northern and northwestern part
FIGURE 3

Beluga small and resident population BIAs. (A) Both GOA S-BIAs. (B) Yakutat S-BIA zoomed in.
FIGURE 4

(A) Gray whale BIAs with migratory BIA (M-BIA) shown in orange. Inset (B) shows Sitka Sound F-BIA. EEZ refers to the US Exclusive Economic Zone,
defined as 200 nm from shore.
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of the BIA boundaries is not historically common and has increased

in the past 5-10 years due to fishing pressure. In the mid 2000s to

2010s there were gray whales feeding along the road system of the

town of Sitka more frequently. Surveys are only conducted within a

limited area, near Sitka Sound, and where local guides, nature

enthusiasts, and local researchers can access with relative ease

during the time of year that animals are in this region; thus the

boundary may not be fully comprehensive in reaching the outer

limits of the area in which gray whales feed on herring. With rapidly

shifting environmental conditions and changes in herring spawning

activity being less predictable recently, this boundary delineation

was scored as a 2, to account for uncertainty in spawning locations

and thus gray whale foraging occurrence. It is possible gray whales

aggregate in other areas feeding on herring eggs during this time,

but that they are not captured on opportunistic sightseeing, whale

watching, state herring management surveys, or on other marine

mammal surveys that are centered around herring spawn and

proximity to Sitka. We suggest researchers monitor other areas

that herring spawn within Southeast Alaska and the GOA to

potentially inform future boundaries and potentially other F-BIAs

that focus on herring.
4.3 Example 3 - Sperm whale (Physeter
macrocephalus) feeding BIA in the
Gulf of Alaska

Importance: 2, Intensity: 2, Data support: 3, Boundary certainty:

2, Spatiotemporal variability: static (s).

4.3.1 Background information
Sperm whales (Physeter macrocephalus) are a cosmopolitan

species inhabiting all of the world’s major oceans. Females and

calves are thought to inhabit low-latitude equatorial waters while

mature males move between higher latitude foraging grounds and

return to low latitudes to breed (Best, 1979; Rice, 1989; Whitehead,

2003). While these north-south movements are largely assumed to

be seasonal, movement of male sperm whales worldwide has been

identified as a major knowledge gap in sperm whale population

dynamics (Whitehead, 2003). The GOA is one of these high-

latitude feeding grounds, and while it is frequented by sperm

whales in the spring, summer, and fall, acoustic data indicate that

they are present in the region year-round (Mellinger et al., 2004;

Straley et al., 2015; Diogou et al., 2019; Rice et al., 2021). Genetic

studies have indicated that the GOA is predominantly used by

males (Mesnick et al., 2011).

Sperm whale populations worldwide were severely fragmented

and decimated by commercial whaling. Overall abundance is not

known, but the size of the population was thought to be reduced

from around 1.3 million individuals to approximately 938,000

individuals by the late 1970s due to commercial whaling (Rice,

1989). Whitehead and Shin (2022) estimates the current global

population to be 736,053 sperm whales (CV = 0.218). However, no

current estimates exist for sperm whale abundance in the North

Pacific, or in the GOA (Muto et al., 2021). Straley et al. (2015)
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estimated an abundance of 150 individuals in one section of the

eastern GOA, between Cape Ommaney and Cross Sound

(approximately 56.15 N, 134.67 W) from data collected between

2003-2015. A vessel-based standardized line-transect survey

conducted in the U.S. Navy’s Temporary Maritime Activities Area

(TMAA; 144,560 square km) located east of Kodiak Island from 23

June to 18 July 2013 used visual observers during daytime hours and

a 24-hr towed array hydrophone to estimate abundance and density

of a variety of marine mammals (Rone et al., 2014). Visual data

from photo-ID resulted in an estimated abundance of 296 sperm

whales (CV(N) = 0.57). A second abundance estimate of 215 sperm

whales (CV(N) = 0.18) was estimated using acoustic localizations

from the towed-hydrophone array (Rone et al., 2014).

Sperm whale occurrence and movement is largely impacted by

prey resources (Rice, 1989; Watwood et al., 2006). In general, they

primarily forage on bathypelagic and mesopelagic prey, at average

depths of 200-1,000 m (Rice, 1989; Watwood et al., 2006; Guerra

et al., 2017). Worldwide, sperm whales mainly consume

cephalopods, though fish are an important part of their diet in

some regions (Pike, 1950; Berzin, 1959; Gaskin and Cawthorn,

1967; Kawakami, 1980; Abe and Iwami, 1989; Whitehead, 2003). In

the GOA, groundfish (i.e., bottom fish) and squid are the primary

prey of sperm whales, and are available year-round in the region

(Okutani and Nemoto, 1964; Flinn et al., 2002; Nichol et al., 2002;

Wild et al., 2020). Additionally, male sperm whales in the GOA are

known to remove sablefish (i.e., black cod, Anoplopoma fimbria)

from commercial longline fishing gear, a behavior known as

depredation. Prey consumption rates and caloric intake varies

between depredating and non-depredating individuals, with

acoustic research indicating that depredating sperm whales

potentially consume three to four times the caloric intake per unit

time as non-depredating whales (Mathias et al., 2012).

4.3.2 Intensity
This F-BIA received an Intensity score of 2 based on the

significance of the GOA area to sperm whales in the context of

their range and population size. While the GOA is a highly

productive feeding area for sperm whales, population size and

structure is poorly understood, and their range is expansive with

foraging occurring in all portions of their range.

It is unknown what role this feeding area plays to the larger

sperm whale population. Based on commercial whaling records,

sperm whales are also known to feed in the Bering Sea and Aleutian

Islands region, as well as off the British Columbia coast and off the

coast of Washington state (Okutani and Nemoto, 1964; Kawakami,

1980). Sperm whales also feed in low-latitude breeding grounds,

primarily on cephalopods (Whitehead, 2003).

4.3.3 Data support
The Data Support score was high (3) because of the breadth of

data available to analyze movement, foraging ecology, presence, and

habitat use in the GOA. There are a wide variety of data available

since 2003, including satellite tag, acoustic tag, tissue samples,

dietary analysis, photo-ID research, marine mammal survey

observations, acoustic detections from towed arrays, sonobuoys,
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and autonomous recorders, and independent knowledge from

commercial fishermen.

Information sources for this BIA included photo-ID records,

satellite and acoustic tag records, genetic samples, dietary data from

tissue samples, and acoustic recordings. In the eastern GOA, the

Southeast Alaska Sperm Whale Avoidance Project (SEASWAP)

data include hundreds of hours of photo-ID and field observations

from trained researchers (122 individual whales in photo-ID

catalog); 35 satellite tag records placed between 2007 and 2017

that had an average deployment period of 45 days; 11 acoustic tag

records placed in 2007 and 2009 that yielded 146 hours of acoustic

and movement data from a 2-axis accelerometer; 33 tissue samples

taken between 2007 and 2018 for dietary analysis; nine tissue

samples taken between 2004-2009 used in genetic analysis;

thousands of hours of acoustic recordings from autonomous

recorders and towed arrays between 2003 and 2019; and

hundreds of fishermen testimonials. SEASWAP focuses efforts in

the eastern GOA, roughly between Cape Ommaney and Cross

Sound (approximately 56.15 N, 134.67W), with very little dedicated

sperm whale research or SMEs working outside of that area in the

GOA. However, NOAA collects observational data on sperm whale

interactions on both their federal longline sablefish survey and

through logbook data with the commercial longline fishing fleet

throughout the GOA, Bering Sea, and Aleutian Islands.

Throughout the central and western portions of the GOA, data

include 4,586 km of line transects surveyed on an International

Whaling Commission Pacific Ocean Whale and Ecosystem

Research (IWC-POWER) cruise from mid-July to mid-September

2019, where visual observations of marine mammals were recorded,

and 229 sonobuoys were deployed. This cruise resulted in 47 visual

observations of sperm whales, no photo-ID or biopsies, and acoustic

detection of sperm whales on 52.8% (n=112) of the sonobuoys. In

addition to the ICW-POWER cruise, NOAA funded a Collaborative

Large Whale Survey (CLaWS) which was conducted from mid-July

to mid-September 2015 in the GOA (Rone et al., 2015). The second

leg of the survey departed and returned to Kodiak, AK, and

encountered sperm whales both visually on line transect surveys

and acoustically on sonobuoys. Visually, 3,117 km of line transects

were surveyed, with 46 individual sperm whales sighted.
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Additionally, 191 sonobuoys were deployed, with 107 (56%)

detecting sperm whales acoustically. Finally, in 2013 a NOAA-led

GOA Line-Transect Survey (GOALS II) was conducted for marine

mammal occurrence in the Temporary Maritime Activities Area

(TMAA) of the US Navy (Rone et al., 2014). Of the 4,504 km line

transects conducted visually, 22 individual sperm whales were

sighted. Of the 6,304 km of line-transect effort with towed array

hydrophones, there were 241 sperm whale detections acoustically

out of 379 total acoustic detections (64%). Out of the 181 sonobuoys

deployed, 47 (26%) detected sperm whales (Rone et al., 2014).

4.3.4 Spatiotemporal variability indicator
This F-BIA is static (s), characterized by the continental slope

region, a fixed region defined by bathymetry, which is thought to be

the primary habitat for sperm whales in the GOA based on whaling

records, visual and acoustic surveys, tagging records, and

SEASWAP analysis (Thode et al., 2007; Sigler et al., 2008;

Ivashchenko et al., 2014b; Rone et al., 2014; Schakner et al., 2014;

Straley et al., 2014; Rone et al., 2015; Matsuoka et al., 2020; Wild,

unpublished data).

4.3.5 Boundary delineation
This F-BIA covers the entire GOA offshore waters of depths

200-2,000m, which is generally considered the outer continental

shelf and the continental slope habitat (Figure 5). This delineation is

based on satellite tag records, acoustic data, stable isotope diet

analysis, sighting data, and conversations with fishermen, scientists,

and fisheries managers finding distributions of sperm whales

throughout the GOA across the slope habitat (Thode et al., 2007;

Sigler et al., 2008; Schakner et al., 2014; Straley et al., 2014; Wild

et al. In Review). Satellite tag data from animals tagged on the shelf

edge in the eastern GOA show that tagged whales do not move out

into the central GOA or off the shelf edge after tagging (Straley et al.,

2014, Wild et al. In Review). Acoustic and visual line transect

surveys near Kodiak Island that extended off the shelf edge and into

the deep ocean also found that sperm whales were predominantly

located over the continental slope habitat (Rone et al., 2014; Rone

et al., 2015; Matsuoka et al., 2020; Rice et al., 2021). Matsuoka et al.

(2020) noted that sperm whales were widely distributed throughout
FIGURE 5

Sperm whale F-BIA in the GOA. Contour lines are at 200m intervals from 200 - 1000 m. EEZ refers to the US Exclusive Economic Zone, defined as
200 nm from shore.
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the GOA on a line transect survey where the water depth was over

1,000 m. Most sightings from fishermen accounts, acoustic

moorings, and dedicated vessel-based research trips occurred on

the continental slope habitat. Preliminary work using spatial

modeling suggests that sperm whales are distributed widely across

the GOA slope habitat (Wild et al., In Review). Additional tag work,

genetic analysis, and movement modeling could help determine

whether the overall BIA should be broken down into smaller areas,

or if a hierarchical framework might fit the population better. A

majority of the data has been collected in the eastern GOA, and

there is a lack of in-depth research in the central and western GOA.

Additionally, a majority of sightings are geographically biased

because observation effort is primarily on the continental slope,

where the fishing activity that funds much of the existing sperm

whale research occurs. Thus with high quality data in only one

portion of the GOA region, and the other regions needing

additional data, the boundary certainty score was determined to

be a 2.
4.4 Example 4 - Humpback whale
(Megaptera novaeangliae) feeding BIAs in
Southeast Alaska

Importance: 1-3, Intensity: 2-3, Data support: 1-3, Boundary

Certainty: 1-3, Spatiotemporal Variability: ephemeral (e).

4.4.1 Background information
In the North Pacific Ocean, humpback whales undergo long-

range annual migrations between breeding and feeding grounds.

The GOA feeding grounds cover an expansive and remote coastline,

with numerous gaps in research and data collection, resulting in

uncertainty in the extent of feeding areas within the overall region.

Therefore, known feeding areas listed as BIAs may appear

fragmented, which could be due to actual breaks between feeding

hotspots for humpback whales, and/or simply due to limited

knowledge in areas not in close proximity to towns and cities

where researchers and tour operators are based. Populations of

humpback whales have been designated by breeding rather than

feeding areas. In 2016 NOAA delineated 14 distinct population

segments (DPSs) for humpback whale breeding areas throughout

the world (Federal Register, 2016). Humpback whales from four

DPSs (Western North Pacific, Hawaii, Mexico, and Central

America) have been documented feeding in the GOA. The

Mexico DPS is listed as threatened and both the Central

American and the Western North Pacific DPSs are listed as

endangered under the U.S. Endangered Species Act; the Hawaii

DPS is not listed. Whales from the Hawaii and Mexico DPSs mix on

the Southeast Alaskan feeding grounds (Federal Register, 2016) and

a very small number of Central American DPS individuals have

been identified in SEAK as well (Happywhale, unpublished data).

In SEAK, several SMEs focus efforts on humpback whale

research. For the region of SEAK, SMEs considered delineating

feeding BIAs in several ways. These included labeling the entire

region as one hierarchical BIA with different smaller areas that were

active at different times; breaking the entire region into temporal
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BIAs; and breaking the region into smaller BIAs based on space,

time, and primary prey. The consensus was that the best method to

use was the latter, breaking the overall region into smaller areas

based on temporal, spatial, environmental, and foraging differences.

The primary process used to delineate these SEAK BIAs was

through meetings with the main SMEs (listed below) in the

region, and analyzing data from research databases. During

meetings, SMEs identified the primary areas that whales use for

foraging, prey that are targeted in each area, months or seasons each

area is used, and how each area is separated or distinct from

neighboring areas. These were cross-referenced with sighting data

from researcher databases and citizen science data. A total of 10

Feeding BIAs were identified in SEAK, with an additional two watch

list areas.

4.4.2 Intensity
On SEAK feeding grounds, humpback whales primarily feed on

mixed zooplankton (primarily euphausiids) and small schooling

fish (e.g., Pacific herring (Clupea pallasii), capelin (Mallotus

villosus), and Pacific sand lance (Ammodytes hexapterus))

(Witteveen et al., 2011; Witteveen et al., 2012; Szabo, 2015;

Boswell et al., 2016; Moran et al., 2018; Straley et al., 2018). The

region attracts thousands of humpback whales to forage each year.

Humpback whales are also known to feed elsewhere in the GOA

region (e.g., Prince William Sound & Kodiak Island), the Bering Sea

and Aleutian Islands region, as well as off of British Columbia and

the US West coast.

Humpback whales make long (>5,000 km) seasonal migrations

to access these feeding areas, and feeding is believed to be

uncommon during the migration to and/or on the low-latitude

winter breeding areas. This makes humpback whales highly

dependent on foraging success in SEAK and lends itself to

increased Intensity scores. However, there are many other feeding

areas available within the GOA and other regions (e.g., Bering Sea &

Aleutian Islands, as well as the USWest Coast and British Columbia

coast), which tempers the individual significance or Intensity of a

single BIA. Short-term availability of herring in the Sitka Sound

Spring BIA, combined with the fact that few other feeding

opportunities have been identified in the region at that time

(primarily March and April) highlight an increased importance of

that feeding area and resulted in a higher Intensity score of 3 for that

BIA (Figure 6). While eulachon (Thaleichthys pacificus) in Berners

Bay also represents a short-term food source, the score remained a 2

due to the close proximity of other feeding areas at the same time

available to humpbacks in the area (Figure 6). Most other BIAs in

the region offer a variety of prey types (e.g. Glacier Bay & Icy Strait,

Juneau area, S. Lynn Canal & N. Chatham Strait, S. Chatham Strait,

Frederick Sound & Stephens Passage, and Southern SEAK) and/or

prey that are available elsewhere at the same time (i.e., Sitka Sound

Fall, Seymour Canal) and were all scored with an Intensity of

2 (Figure 6).
4.4.3 Data support
Historical information published prior to 2014 was used in BIA

I (Ferguson et al., 2015) for SEAK and reviewed for this round of
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BIA II. However, data collected after 2014 were the focus of this BIA

II assessment. Information sources included published works,

unpublished reports, raw data, and personal observations and

knowledge from SMEs that do extensive work in the region.

Long-term datasets exist throughout the region, and within SEAK

as a whole a minimum of 54 individual whales have a sighting

history of 30 years or more (Gabriele et al., 2022).

The primary data source for humpback whale BIAs in the GOA

was the Happywhale photo-ID database (Cheeseman et al., 2017;

Cheeseman et al., 2021). Sightings and photos used were

contributed by research groups led by Christine Gabriele, Janet

Neilson, Jan Straley, Heidi Pearson, John Moran, and Andy Szabo,

with permission from researchers. Additional data in Happywhale

came from members of the public and were used to enhance the

researcher data. The Happywhale database, when accessed on 21

August 2021, contained over 22,000 sightings in SEAK between

2010 and 2021. To reduce the effort bias of sightings collected more

consistently in certain areas where researchers are based or with

larger human populations, we reduced the entire sighting

spreadsheet to one sighting per individual whale per month,

resulting in just under 13,000 sightings used in our delineation of

BIAs. Heat maps were built from this sighting data to better

understand hotspots on a monthly and yearly basis.

In addition to Happywhale, there was limited data available

from deep implant satellite tags deployed on humpback whales in

Hawai’i and northern SEAK between 1995-2019. These resulted in

kernel density home range estimation in a small portion of northern

SEAK (Palacios et al., 2019; Palacios et al., 2020). Data from a

NOAA-led harbor porpoise survey conducted in July 2019 that

transited line transects throughout a majority of major waterways in
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SEAK and documented observations of humpback whales were also

used (Goetz and Zerbini, 2023).

The photographs submitted to Happywhale by members of the

public have the potential to provide a wealth of information on

abundances and sighting history for individual BIAs within SEAK.

However, at the time of this publication, these data were not

available in a format conducive to this analysis. The information

from Happywhale is valuable, and more in-depth analysis could

provide better insight into site fidelity and specific sighting histories

of individuals within each of the BIAs in SEAK.

In SEAK, a majority of available humpback whale data were

collected in the northern part of the region (from Chatham Strait

and Frederick Sound northward, see Figure 6) and from the inside

passage, which is a network of marine passages that weave through

the islands of SEAK. This geographic bias directly impacted how

BIAs were identified and scored. Few data have been collected on

the outer coast of the region or offshore waters, except for the Sitka

Sound area. Within the southern SEAK region, lack of dedicated

research and expert knowledge results in a poor understanding of

the areas that are biologically important. A majority of sighting data

from Southern SEAK came from citizen contributions, with bias in

major waterways that cruise ships and major tour boats transit and

near communities and ports from which tour boats come and go.

More research needs to be done in southern SEAK and offshore

SEAK year-round to understand humpback whale presence, prey

preferences, environmental drivers and movement of prey,

boundaries of hotspots, and timing of whale presence throughout

the region.

Southern SEAK was scored with a Data Support of 1 due to the

lack of dedicated researcher data collected in the area (Figure 6).
FIGURE 6

Humpback whale F-BIAs in the GOA (A). Inset (B) shows the SEAK BIAs, shading reflecting data support scores (lighter shades are lower data support
and darker shades are higher data support) and patterns reflecting boundary certainty (dots for score of 1, solid for score of 2, and stripes for score
of 3).
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Most of the data available in this area are from community science

contributions to Happywhale, which are biased by where tour boats

and cruise ships transit. In northern SEAK, data support scores of 3

were given in areas where consistent and systematic surveys were

conducted (e.g., Glacier Bay is surveyed five times a week June-Aug,

1-2 days a week in May and September, and opportunistically less

than once per week in April and October; the Juneau area is

surveyed approximately weekly between May and September)

(Figure 6). A Data Support score of 2 was given where there was

a variety of data sources and subject matter knowledge, but no

consistent weekly or monthly survey activity in the area (e.g., Sitka

Sound in the fall). Figure 6 shows each of the BIAs in SEAK with

shading representing the different data support scores.

4.4.4 Spatiotemporal variability indicator
All spatiotemporal variability indicators for SEAK BIAs were

classified as ephemeral. In this region, the prey are associated with

persistent but dynamic features of the ecosystem, such as currents

and eddies. Whales are typically found feeding in numerous

locations within the BIA at any given time. These “hotspots”

appear and disappear seasonally, and are likely based primarily

on environmental drivers, such as water temperature, currents, and

upwelling that influence the abundance and distribution of prey.

4.4.5 Boundary delineation
Boundary certainty scores in SEAK ranged from 1-3, with most

receiving a score of 2 (Figure 6). The lowest score of 1 was given to

the Berners Bay and southern SEAK BIAs, due to the uncertainty in

how the areas were used and lack of data to solidify boundaries. The

lack of dedicated research and expert knowledge in southern SEAK

resulted in a poor understanding of how to delineate areas that are

biologically important. More research needs to be done in southern

SEAK year-round to understand humpback whale presence, prey

preferences, environmental drivers and movement of prey,

boundaries of hotspots, and timing of whale presence. This region

was therefore scored with the caveat that it will likely be delineated

into smaller areas when more temporal and spatial data are

available. Thus, boundary certainty was scored as 1.

The highest score of 3 was given to the spring BIA for Sitka

Sound, where humpback whales forage on herring. For Sitka Sound,

there is very detailed information and maps from researchers,

community scientists, tribal members, and state fisheries

managers who spend hundreds of hours on the water and in the

air documenting herring and their predators throughout the time

when the BIA is active. The boundaries are defined by consistent

herring presence in the same overall area year after year, and thus

the SMEs felt the boundaries for the spring BIA in Sitka Sound

should be given a higher score than those for the rest of the region.

For the rest of the SEAK feeding BIAs, boundaries were drawn

around areas where sightings were most prevalent, and around

major confluences of water bodies, with input from SMEs. We also

relied on bathymetric features that potentially separate different

prey fields, impact whale behavior in those areas, or affect temporal

aspects of humpback whale presence. SMEs noted the uncertainty

in this method in that the majority of sightings are near the bases for
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research activities, and that sighting gaps could be due to either lack

of effort or lack of humpback whale use.
4.5 Watch list feeding areas

Two areas in this region were labeled as watch list areas (see

Harrison et al. submitted to this issue for a description of watch list

areas), receiving an importance score of 0 from both Data Support

and Intensity scores of 1. The first was for offshore waters in the

GOA, where a lack of dedicated research to better understand

timing, hotspots, and prey preferences resulted in an inability to

define the temporal and spatial boundaries of the area. Historic data

between 2002-2005 have shown that humpback whales use offshore

waters throughout the GOA (Witteveen et al., 2011). Additionally,

anecdotal observations from marine mammal and fisheries surveys

within the last 10 years suggests use of offshore areas during the

summer months, with expert elicitation indicating humpbacks

likely primarily use the edge of the continental shelf between

approximately 100-300 m (Straley, unpublished data). While

there are likely hotspots along the GOA for offshore habitat use,

we do not know where those might be, and thus the boundaries are

unknown for this watch list area.

The second watch list area was designated in Peril Strait, a

waterway connecting Sitka Sound to the inside passage. This area is

transited frequently by personal watercraft, Alaska Marine Highway

transportation ferries, and tour vessels; there is some community

science data documenting presence of humpback whales, and SMEs

believe whales likely spend some time in the area during certain

times of the year, but data are so limited that it was not scored with

the other BIAs in SEAK.

Increasing the research and survey efforts in these two areas, as

well as throughout the entire GOA, would improve our

understanding of humpback whale population dynamics and

habitat use in both the nearshore and offshore waters of the GOA.
5 Conclusions/recommendations

The BIA II project resulted in delineation of 20 BIAs in the

GOA region, including feeding areas for gray, humpback, North

Pacific right, and sperm whales; a migratory route for gray whales;

and two small and resident populations of beluga whales (Figure 1).

This represents an increase from the 14 BIAs identified in the BIA I

process (Ferguson et al., 2015) and includes the addition of a

scoring system (see Harrison et al. submitted to this issue for

details), and temporal and spatial structure to the BIAs, with

additional information and data made available since the last

effort. Together this process allows a more comprehensive

evaluation of the areas used by cetaceans in the GOA for

purposes of feeding, migrating, reproducing, and of small and

resident populations.

NOAA’s biologically important areas intentionally focus

sharply on identifying areas and times in which cetaceans

preferentially concentrate for feeding, migrating, and activities
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related to reproduction, and also the full range of small resident

populations. This spatiotemporal information about a species’

ecology is fundamentally important to consider when analyzing

impacts to the species from existing or future changes in the

ecosystem, including anthropogenic activities. However,

comprehensive impact analyses should also consider additional

information that was not explicitly incorporated into the BIA

delineation and scoring process, such as the presence and

intensity of anthropogenic noise and other types of disturbance;

and realized or predicted effects of climate change, which may

manifest as changes in the spatiotemporal distribution of predators

or prey, ultimately affecting cetacean habitat. For example, factors

that likely affect the gray whale F-BIA in Sitka Sound include

increased predation pressure by killer whales, shifting (or lack of)

food availability in other parts of their range, and the recent (2019-

present) gray whale unusual mortality event (NOAA Fisheries News

Release, 2021). Similarly, the Pacific marine heatwave has

contributed to shifts and changes not yet understood in

humpback whale feeding areas in the GOA.

Marine heatwaves (periods of extreme warming in the ocean) can

last for days to months to years, and can cover thousands of kilometers.

These oceanographic events are projected to increase in duration,

spatial extent, and intensity due to climate change (Frölicher et al.,

2018). The NE Pacific marine heatwave in 2014-2016 had a significant

effect on cetacean (e.g., humpback whale and gray whale) population

dynamics throughout this region in ways that are still being studied or

need to be studied (Arimitsu et al., 2021; Suryan et al., 2021; Gabriele

et al., 2022). It will be important to reassess and make changes to these

BIAs where necessary at least every 4-5 years, as the effects of climate

change increasingly impact marine ecosystems and are cause for

significant conservation concern.

The GOA region borders international waters at its southern

end along the coast of British Columbia (BC). As a result, there

exists a gap in our assessment of BIAs between southern SEAK and

the northern US west coast region (see Calambokidis et al.,

submitted to this issue). While BIAs in Canadian waters may not

be of interest to US management organizations, they are important

areas to some, if not all, of these species and have ecological

implications. For example, there have been sightings of North

Pacific right whales consistently off the coast of Haida Gwaii

island in BC, and including those waters as a BIA would be

biologically relevant and was recommended by SMEs.

Additionally, there are thousands of humpback whales that feed

along the coast of BC. Many of these individuals move into SEAK

waters during the summer, and there is significant overlap between

feeding areas for humpback whales in this region. A dedicated effort

to explore the population dynamics of cetaceans between BC and

SEAK would be extremely beneficial to the BIA effort and cetacean

research in general, but was not possible for this round due to time

and funding constraints. In the future, BIA work should aim to

include BC waters in either the west coast region or the GOA

region, whichever is more biologically relevant to each species.

The use of watch list areas is important because they highlight

cases that local knowledge suggests may warrant receiving BIA

status if additional information becomes available. For example,

humpback whale foraging is known to occur in offshore waters in
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the eastern GOA in the summertime, but data is lacking to pinpoint

the spatial extent of this feeding area as well as the spatiotemporal

variability. Without dedicated research in offshore waters, the watch

list was created based on local and traditional ecological knowledge

(TEK). Even with the use of watch list areas, there are still some

obvious gaps in knowledge of species assessed in this project,

especially the open or offshore GOA waters that have a lack of

research and local knowledge. Consistent line transect surveys could

provide additional understanding of the cetaceans more

comprehensively throughout the GOA. Information on cetacean

migratory routes is lacking in the GOA, but this information may be

attained through photo-ID efforts and satellite tag deployments.

It is important to note that this BIA assessment was not

inclusive of all cetaceans in the GOA. Most notably, we did not

include, assess, or score BIAs for Dall’s porpoise (Phocoenoides

dalli), Pacific white-sided dolphins (Lagenorhynchus obliquidens),

Risso’s dolphin, killer whales, beaked whales (Ziphiidae sp.), minke

whales, sei whales (Balaenoptera borealis), or harbor porpoise.

Minke whale, killer whale, and harbor porpoise areas were

discussed with SMEs at initial meetings, and enough data likely

exist to score BIAs for these species within SEAK and PWS at a

minimum, but there was not enough time or resources available to

gather and analyze the existing data and identify and score these

areas. For all other species, there simply was not time or resources

available to assess their presence within the GOA area, nor were

SMEs aware of enough information available that could be used to

score BIAs. It would take a large effort of time and resources to

comb through data and adequately assign BIAs to score for the

species not included here or to determine if enough data exists to

score BIAs for these species by compiling agency reports and

tracking down observational data from regional biologists and/or

tribal entities. However, given more dedicated time to this project

and interviewing potential SMEs across the broad and remote GOA,

integrating these species into the next BIA assessment would help to

magnify the areas in which data gaps are present and identify

whether or not BIAs do exist for all of these species in the GOA

region. Overall, our awareness and understanding of BIAs in the

GOA region would be strengthened by more research and funding,

with BIA assessments updated at least every 4-5 years in order to

be useful.
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