
Biologically Important Areas II for cetaceans within U.S. and adjacent waters – West Coast Region 

Supplementary File B: BIA Supplementary Descriptions and Scores 

John Calambokidis1*, Michaela A. Kratofil1, Daniel M. Palacios2,3, Barbara A. Lagerquist2,3, Gregory S. 

Schorr4, M. Bradley Hanson5, Robin W. Baird1, Karin A. Forney6, Elizabeth A. Becker7, R. Cotton 

Rockwood8, Elliott L. Hazen9 

1Cascadia Research Collective, Olympia, WA, USA 
2Marine Mammal Institute, Oregon State University, Newport, OR, USA 
3Department of Fisheries, Wildlife, and Conservation Sciences, Oregon State University, Corvallis, OR, 

USA 
4Marine Ecology and Telemetry Research, Seabeck, WA, USA 
5National Oceanic and Atmospheric Administration, National Marine Fisheries Service, Northwest 

Fisheries Science Center, Seattle, WA 
6National Oceanic and Atmospheric Administration, National Marine Fisheries Service, Southwest 

Fisheries Science Center, Moss Landing, CA 
7Ocean Associates, Inc., under contract to the Marine Mammal and Turtle Division, Southwest Fisheries 

Science Center, National Marine Fisheries Service, National Oceanic and Atmospheric Administration, La 

Jolla, CA 
8Point Blue Conservation Science, Petaluma, CA, USA 
9National Oceanic and Atmospheric Administration, National Marine Fisheries Service, Southwest 

Fisheries Science Center, Monterey, CA 

 

*Correspondence: 

John Calambokidis 

calambokidis@cascadiaresearch.org 

 

mailto:calambokidis@cascadiaresearch.org


7. Biologically Important Areas for Cetaceans Within U.S. Waters – West Coast

Region

Supplementary Descriptions

BIAs are sorted by species common name, BIA type, Importance Score and descriptive name. Child BIAs, if present, follow the parent
BIA in the order of Importance Score and descriptive name.

Supplementary Description 7. 1. Blue whale feeding area

Species name: Blue whale (Balaenoptera musculus)

Stock or population: Eastern North Pacific

Descriptive name: Blue whale West Coast - Parent

BIA type: Feeding Area

BIA label: F-BIA2-s-b3-WC032-0a

Transboundary across: None

Hierarchy: Hierarchical BIA; Parent of children a

Importance score: 2 (Intensity: 2, Data support: 3)

Supporting notes for intensity score: We assigned an Intensity score of 2 for this BIA due to the following reasons:

• Blue whales make extensive movements from low-latitude breeding grounds off Central America to productive, high-latitude
feeding grounds off the US West Coast, with most feeding blue whales concentrated off the California coast, as described by
this revised BIA.
• The total abundance estimate for blue whales in the eastern North Pacific was recently estimated at 1,898 (SE=161)
individuals (Calambokidis and Barlow, 2020), with a slight positive population growth trend since the 1990s. 
• Blue whales can be found off the US West Coast throughout the year although concentrations begin to increase in late spring,
peak in the summer and fall, and decrease in the late fall into winter. This seasonal occurrence aligns with seasonal prey
availability along the US West Coast and the feeding BIA described here captures the early summer to late fall period (June
through November).
• HD model predicted density threshold value chosen for the BIA boundary determination process includes highest whale
densities predicted for the study area, and the greatest proportion of overlapping blue whale HRs out of 110 total HRs. 
• No other feeding BIA is being delineated for eastern North Pacific blue whales, highlighting the importance of the BIA
described here for the entire eastern North Pacific blue whale population

Supporting notes for data support score: We assigned a Data Support score of 3 for this BIA based on the following lines of
supporting evidence:
• These revised feeding BIA boundaries and corresponding time period were informed by additional sightings obtained since
the initial 2015 effort, spanning 34 years in total (1986-2020), and restricted to sightings where feeding or milling behaviors
were observed.
• The addition of home ranges derived from 110 satellite tagged blue whales since 1998 provided a more unbiased (relative to
dedicated survey efforts) perspective on the distribution of these whales feeding off the US West Coast. Satellite tag locations
used to derive feeding home ranges were informed by movement model estimated behaviors (i.e., area-restricted search; Irvine
et al., 2014; Mate et al., 2018) and only included data from tags that transmitted at least 30 days of data. 
• Although nearly half of the satellite tags included in this assessment were deployed off the southern California coast,
individuals tagged here generally remained within the stretch of the coast from the Gulf of Farallones to the Channel Islands
further supporting site importance of this region as a feeding ground for blue whales; these grounds are highlighted by the
child (core) BIA.
• Habitat-based density models used represent multi-year averages (spanning 1991-2018) of predictions during the summer/fall
feeding season reflecting a broader distribution for the BIAs, and account for potential range shifts related to variations in
decadal oceanographic conditions over the study period (Becker et al., 2020b; Calambokidis et al., 2009). Predicted densities
agree with concentrations of both sightings of feeding/milling blue whales and overlap of individual feeding blue whale home
ranges derived from satellite tag data.
• Abundance estimates specific to this population in the eastern North Pacific are contemporary and based on long-term
sighting and photographic data (Calambokidis and Barlow, 2020). 
• Child (core) BIA highlights feeding “hotspots” within the broader parent BIA boundary agreed among higher levels of each
supporting data layer (concentrations of sightings, increased home range overlap from satellite tagged whales, higher habitat-
based density model predictions). 

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Spatiotemporal variability indicator for both parent and core blue whale F-BIAs
is static. Blue whales may respond to spatiotemporal variation in the environment and some of the habitat models for large
whales have incorporated dynamic variables to try and predict this (Forney et al. 2012, Becker et al 2020a. 2020b, Abrahms et
al. 2019a, 2019b). More specifically, common variation in oceanographic conditions along the West Coast region often results
in variation in the spatial distribution of large whale prey patches (e.g., krill, anchovies). As such, these whales may adjust their
feeding behavior in space and time accordingly. However, we assigned a Spatiotemporal Variability Indicator score of “static”



for all BIAs here, due to the following reasons: (1) for BIAs derived from the integrated approach (such as this one), we
intentionally attempted to account for year-to-year variability in whale distribution by using multi-year averaged HD model
outputs; (2) many of the BIAs’ spatial extents cover large areas, such that whale distribution within those areas may change in
response to the environment, but the spatial polygons themselves are unlikely to move in space or time.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainty for both the parent and child blue
whale feeding BIAs described in this assessment, although see narrative on spatiotemporal variability above. This boundary is
supported by three independent data sources (sightings from small-boat surveys, home ranges from long-term satellite tag
deployments, multi-year averaged habitat-based density models) and combined have complementary strengths and
weaknesses. The parent BIA boundary characterized here encompasses (1) nearly all visual sightings of feeding or milling blue
whales documented from 1986 through 2020; (2) a large proportion of shared home ranges from satellite tagged blue whales;
and (3) broad levels of predicted densities from HD models along the coastline. The resulting child BIA reflects higher
intensity values of all three supporting data layers, highlighting known (e.g., Channel Islands, Gulf of Farallones) important
primary feeding grounds for blue whales within the broader coast-wide West Coast feeding ground.

Months of year designation is applicable: June, July, August, September, October, November

Tagging data supporting designation (Y/N): Y

# of tags: 110

# of years in which supporting tagging data collected: 12 (1998-2017)

Supporting information: Feeding home ranges (HR) were estimated for 110 blue whales satellite-tagged by OSU off California
from 1998 through 2017 (Irvine et al. 2014; Mate et al. 2018). HRs were estimated for individual tagged whales using kernel
density estimation methods as described in Irvine et al. (2014) and Mate et al. (2018); details on satellite tag data processing
methods are provided as supplementary material. We quantified intensity of space use by mapping each individual’s home
range on a 10 km x 10 km raster (all on the same grid), summing the total number of home ranges in each cell across all
individuals, and calculating the proportion of the total 110 home ranges within each grid cell. For the parent BIA, we chose a
proportion of all home ranges based on a threshold value of 0.082 (i.e., grid cells with greater than 0.082 proportion of all
home ranges included). For the core BIA, a threshold value of 0.155 proportion of the total 110 home ranges was chosen.

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 4,395

# of years in which supporting visual data collected: 34 (1986-2020)

Supporting information: Sightings data used for the BIA boundary determinations were collected from dedicated small boat
survey efforts conducted by CRC from 1986 through 2020; only sightings where feeding or milling behaviors were observed
were included in this assessment (n=4,395). To create a layer based on this dataset, we used kernel density estimation (KDE) to
generate a two-dimensional probability distribution using the package ks (Duong, 2021). The bandwidth value (smoothing
parameter) was set to 10 kilometers. For the parent BIA, a broad KDE contour threshold of at least 90% was chosen. For the
core BIA, a narrower threshold of 80% was chosen.

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): Y

Supporting information: Calambokidis et al., 1990, 2009

Genetic analyses conducted supporting designation (Y/N): N

What factors justify the boundary selection?: A combination of sightings data collected from dedicated small boat survey efforts by
Cascadia Research Collective (CRC), satellite tag data from long-term implant tags deployed by Oregon State University (OSU),
and multi-year averaged habitat-based density (HD) models generated by Southwest Fisheries Science Center (SWFSC) were used
to inform BIA boundaries for blue whale feeding BIAs off the US West Coast. For each of the three datasets, two threshold values
were chosen: one for creating parent BIAs (i.e., broader distribution) and one for creating child BIAs to represent core areas of use
(core BIA, hereafter). Spatial filters were applied to restrict each dataset to the subset of area which met the density or habitat use
thresholds. For each of the three data layers (tag HRs, HD model, sightings KDE), there is variability in values across species (or
populations): (1) variability in density values across species (or populations) that relates to factors such as the geographic range of
the species, behavior of the species, relative abundance, and survey coverage (or sample size of whales tagged); and (2) variability
in the spatial sampling across the three data layers, due to the nature of the “survey” methods underlying each layer (i.e., large-scale
ship-based line-transect surveys, free movements of tagged whales, localized small-boat surveys). Because of (1), setting exact,
quantitative density values for each of the three layers for all species (e.g., 0.005 whales/km2 predicted density for all) would not
result in species-specific biologically important areas. While equal quantile-based thresholds could be established across layers to
mitigate this (e.g., 0.60 quantile for all data layers), this approach would fail to recognize substantial differences in the spatial scale
that each layer reflects (i.e., variation from (2)). Therefore, in attempt to recognize biases that could arise from both (1) and (2)
while also maintaining consistency across large whale F-BIAs, we applied a general approach in which threshold values for parent
and child BIAs were defined by quantiles specific to each data layer but held the same across species. Layer-specific quantile-based
threshold values were justified through expert elicitation (see manuscript for full explanation. The parent BIA HD model layer
threshold was specified as the 0.80 quantile, and the core BIA threshold was one quantile higher than the parent BIA threshold
(0.90 quantile) for all species. The parent BIA tagged whale home range (HR) threshold was specified as the 0.20 quantile of the
total proportion of overlapping HRs and the core BIA threshold value was the 0.30 quantile of the total range of overlapping HRs.
Quantiles of the proportion of overlapping HRs were the same across species. For the parent BIAs, the 90% sightings KDE contour
was used and for the core BIAs, one intensity level higher (80% sightings KDE contour) was used. 



All analyses were conducted within the program R (R Core Team, 2021). The inner (shoreward) boundary of the parent BIA was
defined as the 50 m depth contour and the child (core) BIA was defined as the 80 m depth contour, based on the depth frequency of
small boat sightings (see supplementary materials for figures). Our intention with these inner boundary definitions was to capture
the nearshore nature of this species while recognizing that to some degree their densities decrease with increased distance to shore. 

Each of the three data layers relies on different datasets that have their own strengths and weaknesses. The sighting database is
based on more than 4,000 observations of blue whales feeding or milling but is biased by the uneven distribution of effort. The
tagging data includes 110 deployments with tagging locality bias in southern California but provide detailed patterns of movement
over extensive periods, and the habitat-density model is based on sightings from ship-board line-transect surveys covering the entire
West Coast including offshore waters, but is limited to sightings collected during these surveys which were conducted only every
few years. Integrating these three datasets and looking at areas of agreement (overlap) provides the most comprehensive way to set
BIAs, taking into consideration the potential strengths and biases of each dataset.

Habitat-based density model supporting information:

Multi-year averaged HD model predictions based on data collected from surveys from 1991 to 2018 were used in the BIA boundary
determinations; details on survey design and HD modeling methods are described in Becker et al. (2020a, 2020b). The more recent
predictions reported in Becker et al. (2020b) do not extend to the Washington US/Canada border. However, earlier HD predictions
reported by Becker et al. (2020a) do extend to this northern region, albeit based on lower survey effort (1991-2014), and therefore,
the northern portion of predictions from Becker et al. (2020a) were extracted and merged with the Becker et al. (2020b) predictions
to create a more complete HD model layer for humpback whales along the U.S. west coast. The parent BIA threshold was 0.00093
whales/km2 and the core BIA threshold was 0.0018 whales/km2.

Data sources: Oregon State University (accessed 2021); Cascadia Research Collective (accessed 2021); Southwest Fisheries Science
Center, National Marine Fisheries Service (accessed 2021)

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 1

References: Becker, E.A., K. Forney, P. Fiedler, J. Barlow, S. Chivers, C.A. Edwards, A.M. Moore, and J.V. Redfern. 2016. Moving
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Supplementary Description 7. 2. Blue whale feeding area

Species name: Blue whale (Balaenoptera musculus)

Stock or population: Eastern North Pacific

Descriptive name: Blue whale West Coast - Core

BIA type: Feeding Area

BIA label: F-BIA3-s-b3-WC032-a

Transboundary across: None

Hierarchy: Hierarchical BIA; Child a

Importance score: 3 (Intensity: 3, Data support: 3)

Supporting notes for intensity score: We assigned an Intensity score of 3 for this BIA due to the following reasons:
• Blue whales make extensive movements from low-latitude breeding grounds off Central America to productive, high-latitude
feeding grounds off the US West Coast, with most feeding blue whales concentrated off the California coast, as described by
this revised BIA.
• The total abundance estimate for blue whales in the eastern North Pacific was recently estimated at 1,898 (SE=161)
individuals (Calambokidis and Barlow, 2020), with a slight positive population growth trend since the 1990s. 
• Blue whales can be found off the US West Coast throughout the year although concentrations begin to increase in late spring,
peak in the summer and fall, and decrease in the late fall into winter. This seasonal occurrence aligns with seasonal prey
availability along the US West Coast and the feeding BIA described here captures the early summer to late fall period (June
through November).
• HD model predicted density threshold value chosen for the BIA boundary determination process includes highest whale
densities predicted for the study area, and the greatest proportion of overlapping blue whale HRs out of 110 total HRs. 
• No other feeding BIA is being delineated for eastern North Pacific blue whales, highlighting the importance of the BIA
described here for the entire eastern North Pacific blue whale population

Supporting notes for data support score: We assigned a Data Support score of 3 for this BIA based on the following lines of
supporting evidence:
• These revised feeding BIA boundaries and corresponding time period were informed by additional sightings obtained since
the initial 2015 effort, spanning 34 years in total (1986-2020), and restricted to sightings where feeding or milling behaviors
were observed.
• The addition of home ranges derived from 110 satellite tagged blue whales since 1998 provided a more unbiased (relative to
dedicated survey efforts) perspective on the distribution of these whales feeding off the US West Coast. Satellite tag locations
used to derive feeding home ranges were informed by movement model estimated behaviors (i.e., area-restricted search; Irvine
et al., 2014; Mate et al., 2018) and only included data from tags that transmitted at least 30 days of data. 
• Although nearly half of the satellite tags included in this assessment were deployed off the southern California coast,
individuals tagged here generally remained within the stretch of the coast from the Gulf of Farallones to the Channel Islands
further supporting site importance of this region as a feeding ground for blue whales; these grounds are highlighted by the
child (core) BIA.
• Habitat-based density models used represent multi-year averages (spanning 1991-2018) of predictions during the summer/fall
feeding season reflecting a broader distribution for the BIAs, and account for potential range shifts related to variations in
decadal oceanographic conditions over the study period (Becker et al., 2020b; Calambokidis et al., 2009). Predicted densities
agree with concentrations of both sightings of feeding/milling blue whales and overlap of individual feeding blue whale home
ranges derived from satellite tag data.
• Abundance estimates specific to this population in the eastern North Pacific are contemporary and based on long-term
sighting and photographic data (Calambokidis and Barlow, 2020). 
• Child (core) BIA highlights feeding “hotspots” within the broader parent BIA boundary agreed among higher levels of each
supporting data layer (concentrations of sightings, increased home range overlap from satellite tagged whales, higher habitat-
based density model predictions). 

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Spatiotemporal variability indicator for both parent and core blue whale F-BIAs
is static. Blue whales may respond to spatiotemporal variation in the environment and some of the habitat models for large
whales have incorporated dynamic variables to try and predict this (Forney et al. 2012, Becker et al 2020a. 2020b, Abrahms et
al. 2019a, 2019b). More specifically, common variation in oceanographic conditions along the West Coast region often results
in variation in the spatial distribution of large whale prey patches (e.g., krill, anchovies). As such, these whales may adjust their
feeding behavior in space and time accordingly. However, we assigned a Spatiotemporal Variability Indicator score of “static”
for all BIAs here, due to the following reasons: (1) for BIAs derived from the integrated approach (such as this one), we
intentionally attempted to account for year-to-year variability in whale distribution by using multi-year averaged HD model
outputs; (2) many of the BIAs’ spatial extents cover large areas, such that whale distribution within those areas may change in
response to the environment, but the spatial polygons themselves are unlikely to move in space or time.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainty for both the parent and child blue
whale feeding BIAs described in this assessment, although see narrative on spatiotemporal variability above. This boundary is
supported by three independent data sources (sightings from small-boat surveys, home ranges from long-term satellite tag
deployments, multi-year averaged habitat-based density models) and combined have complementary strengths and
weaknesses. The parent BIA boundary characterized here encompasses (1) nearly all visual sightings of feeding or milling blue



whales documented from 1986 through 2020; (2) a large proportion of shared home ranges from satellite tagged blue whales;
and (3) broad levels of predicted densities from HD models along the coastline. The resulting child BIA reflects higher
intensity values of all three supporting data layers, highlighting known (e.g., Channel Islands, Gulf of Farallones) important
primary feeding grounds for blue whales within the broader coast-wide West Coast feeding ground.

Months of year designation is applicable: June, July, August, September, October, November

Tagging data supporting designation (Y/N): Y

# of tags: 110

# of years in which supporting tagging data collected: 12 (1998-2017)

Supporting information: Feeding home ranges (HR) were estimated for 110 blue whales satellite-tagged by OSU off California
from 1998 through 2017 (Irvine et al. 2014; Mate et al. 2018). HRs were estimated for individual tagged whales using kernel
density estimation methods as described in Irvine et al. (2014) and Mate et al. (2018); details on satellite tag data processing
methods are provided as supplementary material. We quantified intensity of space use by mapping each individual’s home
range on a 10 km x 10 km raster (all on the same grid), summing the total number of home ranges in each cell across all
individuals, and calculating the proportion of the total 110 home ranges within each grid cell. For the parent BIA, we chose a
proportion of all home ranges based on a threshold value of 0.082 (i.e., grid cells with greater than 0.082 proportion of all
home ranges included). For the core BIA, a threshold value of 0.155 proportion of the total 110 home ranges was chosen.

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 4,395

# of years in which supporting visual data collected: 34 (1986-2020)

Supporting information: Sightings data used for the BIA boundary determinations were collected from dedicated small boat
survey efforts conducted by CRC from 1986 through 2020; only sightings where feeding or milling behaviors were observed
were included in this assessment (n=4,395). To create a layer based on this dataset, we used kernel density estimation (KDE) to
generate a two-dimensional probability distribution using the package ks (Duong, 2021). The bandwidth value (smoothing
parameter) was set to 10 kilometers. For the parent BIA, a broad KDE contour threshold of at least 90% was chosen. For the
core BIA, a narrower threshold of 80% was chosen.

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): Y

Supporting information: Calambokidis et al., 1990, 2009

Genetic analyses conducted supporting designation (Y/N): N

What factors justify the boundary selection?: A combination of sightings data collected from dedicated small boat survey efforts by
Cascadia Research Collective (CRC), satellite tag data from long-term implant tags deployed by Oregon State University (OSU),
and multi-year averaged habitat-based density (HD) models generated by Southwest Fisheries Science Center (SWFSC) were used
to inform BIA boundaries for blue whale feeding BIAs off the US West Coast. For each of the three datasets, two threshold values
were chosen: one for creating parent BIAs (i.e., broader distribution) and one for creating child BIAs to represent core areas of use
(core BIA, hereafter). Spatial filters were applied to restrict each dataset to the subset of area which met the density or habitat use
thresholds. For each of the three data layers (tag HRs, HD model, sightings KDE), there is variability in values across species (or
populations): (1) variability in density values across species (or populations) that relates to factors such as the geographic range of
the species, behavior of the species, relative abundance, and survey coverage (or sample size of whales tagged); and (2) variability
in the spatial sampling across the three data layers, due to the nature of the “survey” methods underlying each layer (i.e., large-scale
ship-based line-transect surveys, free movements of tagged whales, localized small-boat surveys). Because of (1), setting exact,
quantitative density values for each of the three layers for all species (e.g., 0.005 whales/km2 predicted density for all) would not
result in species-specific biologically important areas. While equal quantile-based thresholds could be established across layers to
mitigate this (e.g., 0.60 quantile for all data layers), this approach would fail to recognize substantial differences in the spatial scale
that each layer reflects (i.e., variation from (2)). Therefore, in attempt to recognize biases that could arise from both (1) and (2)
while also maintaining consistency across large whale F-BIAs, we applied a general approach in which threshold values for parent
and child BIAs were defined by quantiles specific to each data layer but held the same across species. Layer-specific quantile-based
threshold values were justified through expert elicitation (see manuscript for full explanation. The parent BIA HD model layer
threshold was specified as the 0.80 quantile, and the core BIA threshold was one quantile higher than the parent BIA threshold
(0.90 quantile) for all species. The parent BIA tagged whale home range (HR) threshold was specified as the 0.20 quantile of the
total proportion of overlapping HRs and the core BIA threshold value was the 0.30 quantile of the total range of overlapping HRs.
Quantiles of the proportion of overlapping HRs were the same across species. For the parent BIAs, the 90% sightings KDE contour
was used and for the core BIAs, one intensity level higher (80% sightings KDE contour) was used. 

All analyses were conducted within the program R (R Core Team, 2021). The inner (shoreward) boundary of the parent BIA was
defined as the 50 m depth contour and the child (core) BIA was defined as the 80 m depth contour, based on the depth frequency of
small boat sightings (see supplementary materials for figures). Our intention with these inner boundary definitions was to capture
the nearshore nature of this species while recognizing that to some degree their densities decrease with increased distance to shore. 

Each of the three data layers relies on different datasets that have their own strengths and weaknesses. The sighting database is
based on more than 4,000 observations of blue whales feeding or milling but is biased by the uneven distribution of effort. The
tagging data includes 110 deployments with tagging locality bias in southern California but provide detailed patterns of movement
over extensive periods, and the habitat-density model is based on sightings from ship-board line-transect surveys covering the entire
West Coast including offshore waters, but is limited to sightings collected during these surveys which were conducted only every
few years. Integrating these three datasets and looking at areas of agreement (overlap) provides the most comprehensive way to set



BIAs, taking into consideration the potential strengths and biases of each dataset.

Habitat-based density model supporting information:

Multi-year averaged HD model predictions based on data collected from surveys from 1991 to 2018 were used in the BIA boundary
determinations; details on survey design and HD modeling methods are described in Becker et al. (2020a, 2020b). The more recent
predictions reported in Becker et al. (2020b) do not extend to the Washington US/Canada border. However, earlier HD predictions
reported by Becker et al. (2020a) do extend to this northern region, albeit based on lower survey effort (1991-2014), and therefore,
the northern portion of predictions from Becker et al. (2020a) were extracted and merged with the Becker et al. (2020b) predictions
to create a more complete HD model layer for humpback whales along the U.S. west coast. The parent BIA threshold was 0.00093
whales/km2 and the core BIA threshold was 0.0018 whales/km2.

Data sources: Oregon State University (accessed 2021); Cascadia Research Collective (accessed 2021); Southwest Fisheries Science
Center, National Marine Fisheries Service (accessed 2021).

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 1
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Supplementary Description 7. 3. Fin whale feeding area

Species name: Fin whale (Balaenoptera physalus)

Descriptive name: Fin whale West Coast - Parent

BIA type: Feeding Area

BIA label: F-BIA1-s-b2-WC033-0a

Transboundary across: None

Hierarchy: Hierarchical BIA; Parent of children a

Importance score: 1 (Intensity: 1, Data support: 2)

Supporting notes for intensity score: We assigned an Intensity score of 1 for this BIA due to the following reasons:
• Fin whales make migratory movements along the US West Coast to reach productive, high latitude feeding grounds; however
previous studies have indicated that not all fin whales undertake seasonal migrations (e.g., Falcone and Schorr, 2013)
• The total abundance estimate for fin whales was recently estimated at 11,065 (CV=0.405) individuals (Becker et al., 2020b),
based on species distribution models generated from 1991-2018 line-transect survey data (abundance estimate for 2018 year). 
• Fin whales can be found off the US West Coast throughout the year although feeding aggregations begin to increase in late
spring, peak in the summer and fall, and decrease in the late fall into winter. This seasonal occurrence aligns with seasonal prey
availability along the US West Coast and the feeding BIA described here captures the early summer to late fall period (June
through November).
• One other feeding BIA is being delineated for fin whales in the eastern North Pacific (Bering Sea)
• Both parent and core BIAs cover broad areas in this region that extend to all fin whales occurring along the West Coast 

Supporting notes for data support score: We assigned a Data Support score of 2 for this BIA based on the following lines of
supporting evidence:
• These new feeding BIA boundaries and corresponding time period were informed by a combination of sightings spanning 34
years in total (1986-2020) and restricted to sightings where feeding or milling behaviors were observed.
• The addition of home ranges derived from 79 satellite tagged fin whales since 2006 during 11 unique years provided a more
unbiased (relative to dedicated survey efforts) perspective on the distribution of these whales feeding off the US West Coast.
Satellite tag locations used to derive feeding home ranges were informed by movement model estimated behaviors (i.e., area-
restricted search; Mate et al. 2018; Scales et al. 2017) and only included data from tags that transmitted at least 30 days of data.
• Although the majority of the satellite tags included in this assessment were deployed off the southern California coast,
several individuals tagged there remained in that region exhibiting feeding behaviors (estimated from state-space model) while
others made moved on along the coast further supporting site importance of this region as a feeding ground for fin whales;
these grounds are highlighted by the core BIA.
• High proportions of overlapping tagged whale home ranges agree with concentrations of sightings of feeding/milling fin
whales and a proportion of the HD model; the HD model extends to areas offshore where small-boat survey efforts have not
reached 
• Abundance estimates specific to this population are contemporary and based on systematic line-transect survey data (Becker
et al., 2020b). 
• Core BIA highlights feeding “hotspots” within the broader parent BIA boundary identified by the HD model layer and
agreed among higher levels of the sightings and satellite tag data layers
• Tag data is biased to southern California and sightings from small-boat survey efforts are limited relative to other large whale
populations of which BIAs are being delineated for

The large size of the BIAs for fin whales makes it challenging to identify more precise critical areas compared to some of the
other large whale species. As additional data becomes available, there may be better ways to delineate key core areas.
Additionally, while there is some indication of more than one possible population of fin whales using the U.S. West Coast, we
did not have a way to specifically incorporate that into our BIAs but this should be an important consideration as more
information becomes available.

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Spatiotemporal variability indicator for both parent and core fin whale F-BIAs
is static. Large whales (like fin whales) may respond to spatiotemporal variation in the environment and some of the habitat
models for large whales have incorporated dynamic variables to try and predict this (Forney et al. 2012, Becker et al 2020a.
2020b, Abrahms et al. 2019a, 2019b). More specifically, common variation in oceanographic conditions along the West Coast
region often results in variation in the spatial distribution of large whale prey patches (e.g., krill, anchovies). As such, these
whales may adjust their feeding behavior in space and time accordingly. However, we assigned a Spatiotemporal Variability
Indicator score of “static” for all BIAs here, due to the following reasons: (1) for BIAs derived from the integrated approach
(such as this one), we intentionally attempted to account for year-to-year variability in whale distribution by using multi-year
averaged HD model outputs; (2) many of the BIAs’ spatial extents cover large areas, such that whale distribution within those
areas may change in response to the environment, but the spatial polygons themselves are unlikely to move in space or time.

Boundary certainty: 2

Supporting notes for boundary certainty: We have intermediate confidence in the boundary certainty for both the parent fin
whale BIA, although see narrative on spatiotemporal variability above. There is some disagreement between the three
supporting data layers, for example, where the HD model extends farther offshore, that creates a discrepancy in our ability to
more accurately describe the primary and core feeding ranges for this species. In addition, satellite tagged fin whales off the
Oregon and Washington coast represent a small proportion of the data utilized in this assessment; thus, these northern regions



may be of higher importance for feeding fin whales, but due to limited effort and sampling in the northern regions our current
understanding of their use of these areas for feeding is not as thorough compared to southern regions.

Months of year designation is applicable: June, July, August, September, October, November

Tagging data supporting designation (Y/N): Y

# of tags: 79

# of years in which supporting tagging data collected: 2006-2018 (11 unique years)

Supporting information: Feeding home ranges (HRs) were estimated for 16 fin whales satellite-tagged by OSU and 63 fin whales
satellite-tagged by METR along the US west coast from 2006 through 2018 (Mate et al. 2018; Scales et al. 2017 ). HRs were
estimated for individual tagged whales using kernel density estimation methods as described in Mate et al. (2018); details on
satellite tag data processing methods are provided as supplementary material. We quantified intensity of space use by mapping
each individual’s home range on a 10 km x 10 km raster (all on the same grid), summing the total number of home ranges in
each cell across all individuals, and calculating the proportion of the total 79 home ranges within each grid cell. For the parent
BIA, we chose a proportion of all HRs based on a threshold value of 0.038 (i.e., grid cells greater than 0.038 proportion of all
HRs included). For the core BIA, we chose a proportion of all home ranges based on a threshold value of 0.076 proportion of
the total 79 HRs.

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 422

# of years in which supporting visual data collected: 1986-2020

Supporting information: Sightings data used for the BIA boundary determinations were collected from dedicated small boat
survey efforts conducted by CRC from 1986 through 2020; only sightings where feeding or milling behaviors were observed
were included in this assessment (n=422). To create a layer based on this dataset, we used kernel density estimation (KDE) to
generate a two-dimensional probability distribution using the package ks (Duong, 2021). The bandwidth value (smoothing
parameter) was set to 10 kilometers. For the parent BIA, a broad KDE contour threshold of at least 90% was chosen. For the
core BIA, a narrower threshold of 80% was chosen.

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): Y

Supporting information: Faclone et al. 2013, 2018, 2022

Genetic analyses conducted supporting designation (Y/N): Y

Nature of supporting information: Moderate

Supporting information: Archer et al. 2013, 2019

What factors justify the boundary selection?: A combination of sightings data collected from dedicated small boat survey efforts by
Cascadia Research Collective (CRC), satellite tag data from long-term implant tags deployed by Oregon State University (OSU),
and multi-year averaged habitat-based density (HD) models generated by Southwest Fisheries Science Center (SWFSC) were used
to inform BIA boundaries for fin whale feeding BIAs off the US West Coast. For each of the three datasets, two threshold values
were chosen: one for creating parent BIAs (i.e., broader distribution) and one for creating child BIAs to represent core areas of use
(core BIA, hereafter). Spatial filters were applied to restrict each dataset to the subset of area which met the density or habitat use
thresholds. For each of the three data layers (tag HRs, HD model, sightings KDE), there is variability in values across species (or
populations): (1) variability in density values across species (or populations) that relates to factors such as the geographic range of
the species, behavior of the species, relative abundance, and survey coverage (or sample size of whales tagged); and (2) variability
in the spatial sampling across the three data layers, due to the nature of the “survey” methods underlying each layer (i.e., large-scale
ship-based line-transect surveys, free movements of tagged whales, localized small-boat surveys). Because of (1), setting exact,
quantitative density values for each of the three layers for all species (e.g., 0.005 whales/km2 predicted density for all) would not
result in species-specific biologically important areas. While equal quantile-based thresholds could be established across layers to
mitigate this (e.g., 0.60 quantile for all data layers), this approach would fail to recognize substantial differences in the spatial scale
that each layer reflects (i.e., variation from (2)). Therefore, in attempt to recognize biases that could arise from both (1) and (2)
while also maintaining consistency across large whale F-BIAs, we applied a general approach in which threshold values for parent
and child BIAs were defined by quantiles specific to each data layer but held the same across species. Layer-specific quantile-based
threshold values were justified through expert elicitation (see manuscript for full explanation. The parent BIA HD model layer
threshold was specified as the 0.80 quantile, and the core BIA threshold was one quantile higher than the parent BIA threshold
(0.90 quantile) for all species. The parent BIA tagged whale home range (HR) threshold was specified as the 0.20 quantile of the
total proportion of overlapping HRs and the core BIA threshold value was the 0.30 quantile of the total range of overlapping HRs.
Quantiles of the proportion of overlapping HRs were the same across species. For the parent BIAs, the 90% sightings KDE contour
was used and for the core BIAs, one intensity level higher (80% sightings KDE contour) was used. 

All analyses were conducted within the program R (R Core Team, 2021). The inner (shoreward) boundary of the parent BIA was
defined as the 60 m depth contour and the child (core) BIA was defined as the 80 m depth contour, based on the depth frequency of
small boat sightings (see supplementary materials for figures). Our intention with these inner boundary definitions was to capture
the nearshore nature of this species while recognizing that to some degree their densities decrease with increased distance to shore. 

Each of the three data layers relies on different datasets that have their own strengths and weaknesses. The sighting database is
limited to just over 400 observations of fin whales feeding or milling but covers fine-scaled survey effort. The tagging data includes
79 deployments with tagging locality bias in southern California but provide detailed patterns of movement over extensive periods,
and the habitat-density model is based on sightings from ship-board line-transect surveys covering the entire West Coast including
offshore waters but the surveys were conducted only every few years. Combining these data sets to find concurrence in the



prediction of high-use regions helps address the individual data set biases and capitalize on their strengths, resulting the most robust
way to define BIAs. 

Habitat-based density model supporting information:

Multi-year averaged HD model predictions based on data collected from surveys from 1991 to 2018 were used in the BIA boundary
determinations; details on survey design and HD modeling methods are described in Becker et al. (2020a, 2020b). The more recent
predictions reported in Becker et al. (2020b) do not extend to the Washington US/Canada border. However, earlier HD predictions
reported by Becker et al. (2020a) do extend to this northern region, albeit based on lower survey effort (1991-2014), and therefore,
the northern portion of predictions from Becker et al. (2020a) were extracted and merged with the Becker et al. (2020b) predictions
to create a more complete HD model layer for humpback whales along the U.S. west coast. The parent BIA threshold was 0.014
whales/km2 and the core BIA threshold was 0.024 whales/km2.

Data sources: Oregon State University (accessed 2021); Marine Ecology and Telemetry Research (accessed 2021); Cascadia Research
Collective (accessed 2021); Southwest Fisheries Science Center, National Marine Fisheries Serviced (accessed 2021).

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 4
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Supplementary Description 7. 4. Fin whale feeding area

Species name: Fin whale (Balaenoptera physalus)

Descriptive name: Fin whale West Coast - Core

BIA type: Feeding Area

BIA label: F-BIA2-s-b2-WC033-a

Transboundary across: None

Hierarchy: Hierarchical BIA; Child a

Importance score: 2 (Intensity: 2, Data support: 2)

Supporting notes for intensity score: We assigned an Intensity score of 2 for this BIA based on the following reasons:
• Fin whales make migratory movements along the US West Coast to reach productive, high latitude feeding grounds; however
previous studies have indicated that not all fin whales undertake seasonal migrations (e.g., Falcone and Schorr, 2013)
• The total abundance estimate for fin whales was recently estimated at 11,065 (CV=0.405) individuals (Becker et al., 2020b),
based on species distribution models generated from 1991-2018 line-transect survey data (abundance estimate for 2018 year). 
• Fin whales can be found off the US West Coast throughout the year although feeding aggregations begin to increase in late
spring, peak in the summer and fall, and decrease in the late fall into winter. This seasonal occurrence aligns with seasonal prey
availability along the US West Coast and the feeding BIA described here captures the early summer to late fall period (June
through November).
• One other feeding BIA is being delineated for fin whales in the eastern North Pacific (Bering Sea)
• Both parent and core BIAs cover broad areas in this region for all fin whales occurring along the West Coast

Supporting notes for data support score: We assigned a Data Support score of 2 for this BIA based on the following lines of
supporting evidence:
• These new feeding BIA boundaries and corresponding time period were informed by a combination of sightings spanning 34
years in total (1986-2020) and restricted to sightings where feeding or milling behaviors were observed.
• The addition of home ranges derived from 79 satellite tagged fin whales since 2006 during 11 unique years provided a more
unbiased (relative to dedicated survey efforts) perspective on the distribution of these whales feeding off the US West Coast.
Satellite tag locations used to derive feeding home ranges were informed by movement model estimated behaviors (i.e., area-
restricted search; Mate et al. 2018; Scales et al. 2017) and only included data from tags that transmitted at least 30 days of data.
• Although the majority of the satellite tags included in this assessment were deployed off the southern California coast,
several individuals tagged there remained in that region exhibiting feeding behaviors (estimated from state-space model) while
others made moved on along the coast further supporting site importance of this region as a feeding ground for fin whales;
these grounds are highlighted by the core BIA.
• High proportions of overlapping tagged whale home ranges agree with concentrations of sightings of feeding/milling fin
whales and a proportion of the HD model; the HD model extends to areas offshore where small-boat survey efforts have not
reached 
• Abundance estimates specific to this population are contemporary and based on systematic line-transect survey data (Becker
et al., 2020b). 
• Core BIA highlights feeding “hotspots” within the broader parent BIA boundary identified by the HD model layer and
agreed among higher levels of the sightings and satellite tag data layers
• Tag data is biased to southern California and sightings from small-boat survey efforts are limited relative to other large whale
populations of which BIAs are being delineated for

The large size of the BIAs for fin whales makes it challenging to identify more precise critical areas compared to some of the
other large whale species. As additional data becomes available, there may be better ways to delineate key core areas.
Additionally, while there is some indication of more than one possible population of fin whales using the U.S. West Coast, we
did not have a way to specifically incorporate that into our BIAs but this should be an important consideration as more
information becomes available.

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Spatiotemporal variability indicator for both parent and core fin whale F-BIAs
is static. Large whales (such as fin whales) may respond to spatiotemporal variation in the environment and some of the habitat
models for large whales have incorporated dynamic variables to try and predict this (Forney et al. 2012, Becker et al 2020a.
2020b, Abrahms et al. 2019a, 2019b). More specifically, common variation in oceanographic conditions along the West Coast
region often results in variation in the spatial distribution of large whale prey patches (e.g., krill, anchovies). As such, these
whales may adjust their feeding behavior in space and time accordingly. However, we assigned a Spatiotemporal Variability
Indicator score of “static” for all BIAs here, due to the following reasons: (1) for BIAs derived from the integrated approach
(such as this one), we intentionally attempted to account for year-to-year variability in whale distribution by using multi-year
averaged HD model outputs; (2) many of the BIAs’ spatial extents cover large areas, such that whale distribution within those
areas may change in response to the environment, but the spatial polygons themselves are unlikely to move in space or time.

Boundary certainty: 2

Supporting notes for boundary certainty: We have intermediate confidence in the boundary certainty for both the core fin whale
BIA, although see narrative on spatiotemporal variability above. There is some disagreement between the three supporting data
layers, for example, where the HD model extends farther offshore, that creates a discrepancy in our ability to more accurately
describe the primary and core feeding ranges for this species. In addition, satellite tagged fin whales off the Oregon and
Washington coast represent a small proportion of the data utilized in this assessment; thus, these northern regions may be of



higher importance for feeding fin whales, but due to limited effort and sampling in the northern regions our current
understanding of their use of these areas for feeding is not as thorough compared to southern regions.

Months of year designation is applicable: June, July, August, September, October, November

Tagging data supporting designation (Y/N): Y

# of tags: 79

# of years in which supporting tagging data collected: 2006-2018 (11 unique years)

Supporting information: Feeding home ranges (HRs) were estimated for 16 fin whales satellite-tagged by OSU and 63 fin whales
satellite-tagged by METR along the US west coast from 2006 through 2018 (Mate et al. 2018; Scales et al. 2017 ). HRs were
estimated for individual tagged whales using kernel density estimation methods as described in Mate et al. (2018); details on
satellite tag data processing methods are provided as supplementary material. We quantified intensity of space use by mapping
each individual’s home range on a 10 km x 10 km raster (all on the same grid), summing the total number of home ranges in
each cell across all individuals, and calculating the proportion of the total 79 home ranges within each grid cell. For the parent
BIA, we chose a proportion of all HRs based on a threshold value of 0.038 (i.e., grid cells greater than 0.038 proportion of all
HRs included). For the core BIA, we chose a proportion of all home ranges based on a threshold value of 0.076 proportion of
the total 79 HRs.

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 422

# of years in which supporting visual data collected: 1986-2020

Supporting information: Sightings data used for the BIA boundary determinations were collected from dedicated small boat
survey efforts conducted by CRC from 1986 through 2020; only sightings where feeding or milling behaviors were observed
were included in this assessment (n=422). To create a layer based on this dataset, we used kernel density estimation (KDE) to
generate a two-dimensional probability distribution using the package ks (Duong, 2021). The bandwidth value (smoothing
parameter) was set to 10 kilometers. For the parent BIA, a broad KDE contour threshold of at least 90% was chosen. For the
core BIA, a narrower threshold of 80% was chosen.

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): Y

Supporting information: Falcone et al. 2013, 2018, 2022

Genetic analyses conducted supporting designation (Y/N): Y

Nature of supporting information: Moderate

Supporting information: Archer et al. 2013, 2019

What factors justify the boundary selection?: A combination of sightings data collected from dedicated small boat survey efforts by
Cascadia Research Collective (CRC), satellite tag data from long-term implant tags deployed by Oregon State University (OSU),
and multi-year averaged habitat-based density (HD) models generated by Southwest Fisheries Science Center (SWFSC) were used
to inform BIA boundaries for fin whale feeding BIAs off the US West Coast. For each of the three datasets, two threshold values
were chosen: one for creating parent BIAs (i.e., broader distribution) and one for creating child BIAs to represent core areas of use
(core BIA, hereafter). Spatial filters were applied to restrict each dataset to the subset of area which met the density or habitat use
thresholds. For each of the three data layers (tag HRs, HD model, sightings KDE), there is variability in values across species (or
populations): (1) variability in density values across species (or populations) that relates to factors such as the geographic range of
the species, behavior of the species, relative abundance, and survey coverage (or sample size of whales tagged); and (2) variability
in the spatial sampling across the three data layers, due to the nature of the “survey” methods underlying each layer (i.e., large-scale
ship-based line-transect surveys, free movements of tagged whales, localized small-boat surveys). Because of (1), setting exact,
quantitative density values for each of the three layers for all species (e.g., 0.005 whales/km2 predicted density for all) would not
result in species-specific biologically important areas. While equal quantile-based thresholds could be established across layers to
mitigate this (e.g., 0.60 quantile for all data layers), this approach would fail to recognize substantial differences in the spatial scale
that each layer reflects (i.e., variation from (2)). Therefore, in attempt to recognize biases that could arise from both (1) and (2)
while also maintaining consistency across large whale F-BIAs, we applied a general approach in which threshold values for parent
and child BIAs were defined by quantiles specific to each data layer but held the same across species. Layer-specific quantile-based
threshold values were justified through expert elicitation (see manuscript for full explanation. The parent BIA HD model layer
threshold was specified as the 0.80 quantile, and the core BIA threshold was one quantile higher than the parent BIA threshold
(0.90 quantile) for all species. The parent BIA tagged whale home range (HR) threshold was specified as the 0.20 quantile of the
total proportion of overlapping HRs and the core BIA threshold value was the 0.30 quantile of the total range of overlapping HRs.
Quantiles of the proportion of overlapping HRs were the same across species. For the parent BIAs, the 90% sightings KDE contour
was used and for the core BIAs, one intensity level higher (80% sightings KDE contour) was used. 

All analyses were conducted within the program R (R Core Team, 2021). The inner (shoreward) boundary of the parent BIA was
defined as the 60 m depth contour and the child (core) BIA was defined as the 80 m depth contour, based on the depth frequency of
small boat sightings (see supplementary materials for figures). Our intention with these inner boundary definitions was to capture
the nearshore nature of this species while recognizing that to some degree their densities decrease with increased distance to shore. 

Each of the three data layers relies on different datasets that have their own strengths and weaknesses. The sighting database is
limited to just over 400 observations of fin whales feeding or milling but covers fine-scaled survey effort. The tagging data includes
79 deployments with tagging locality bias in southern California but provide detailed patterns of movement over extensive periods,
and the habitat-density model is based on sightings from ship-board line-transect surveys covering the entire West Coast including
offshore waters but the surveys were conducted only every few years. Combining these data sets to find concurrence in the



prediction of high-use regions helps address the individual data set biases and capitalize on their strengths, resulting the most robust
way to define BIAs. 

Habitat-based density model supporting information:

Multi-year averaged HD model predictions based on data collected from surveys from 1991 to 2018 were used in the BIA boundary
determinations; details on survey design and HD modeling methods are described in Becker et al. (2020a, 2020b). The more recent
predictions reported in Becker et al. (2020b) do not extend to the Washington US/Canada border. However, earlier HD predictions
reported by Becker et al. (2020a) do extend to this northern region, albeit based on lower survey effort (1991-2014), and therefore,
the northern portion of predictions from Becker et al. (2020a) were extracted and merged with the Becker et al. (2020b) predictions
to create a more complete HD model layer for humpback whales along the U.S. west coast. The parent BIA threshold was 0.014
whales/km2 and the core BIA threshold was 0.024 whales/km2.

Data sources: Oregon State University (accessed 2021); Marine Ecology and Telemetry Research (accessed 2021); Cascadia Research
Collective (accessed 2021); Southwest Fisheries Science Center, National Marine Fisheries Service (accessed 2021).

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 4

References: Archer, F.I., Morin, P.A., Hancock-Hanser, B.L., Robertson, K.M., Leslie, M.S., Bérubé, M., et al. (2013). Mitogenomic
phylogenetics of fin whales (Balaenoptera physalus spp.): genetic evidence for revision of subspecies. PLoS One, 8(5), e63396.
doi:10.1371/journal.pone.0063396

Archer, F.I., Brownell Jr, R.L., Hancock-Hanser, B.L., Morin, P.A., Robertson, K.M., Sherman, K.K., et al. (2019). Revision of fin
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Supplementary Description 7. 5. Gray whale feeding area

Species name: Gray whale (Eschrichtius robustus)

Stock or population: Pacific Coast Feeding Group

Descriptive name: Pacific Coast Feeding Group - Parent

BIA type: Feeding Area

BIA label: F-BIA2-s-b3-WC034-0a

Transboundary across: None

Hierarchy: Hierarchical BIA; Parent of children a

Importance score: 2 (Intensity: 2, Data support: 3)

Supporting notes for intensity score: We assigned this BIA an Intensity score of 2 based on the following reasons:

PCFG gray whales make extensive movements from low-latitude breeding grounds off Baja to productive, high-latitude
feeding grounds off the US West Coast, with most feeding PCFG gray whales concentrated off the northern California, central
Oregon, and central and northern Washington coasts, as first identified in Calambokidis et al., (2015) and now expanded by
this revised BIA.
• The total abundance estimate for PCFG gray whales was recently estimated at 243 (SE=18.9) individuals (Calambokidis et
al., 2017) based on photographic data from 1998 through 2015. 
• Gray whales can be found off the US West Coast throughout the year although feeding aggregations begin to increase in late
spring, peak in the summer and fall, and decrease in the late fall into winter. This seasonal occurrence aligns with seasonal prey
availability along the US West Coast and the feeding BIA described here captures the early summer to late fall period (June
through November).
• Although other feeding BIAs are being delineated for gray whales in the eastern North Pacific, the PCFG gray whales
considered here have a relatively restricted feeding range along the US west coast with some extension farther north,
highlighting the importance of the BIA described here for the small PCFG gray whale population

Supporting notes for data support score: We assigned a Data Support score of 3 for this BIA based on the following lines of
supporting evidence:

These revised feeding BIA boundaries and corresponding time period were informed by additional sightings obtained since the
initial 2015 effort, spanning 29 years in total (1992-2020), and restricted to sightings where feeding or milling behaviors were
observed.
• The addition of home ranges derived from 23 satellite tagged PCFG gray whales since 2009 provided a more unbiased
(relative to dedicated survey efforts) perspective on the distribution of these whales feeding off the US West Coast. Satellite
tag locations used to derive feeding home ranges were informed by movement model estimated behaviors (i.e., area-restricted
search; Lagerquist et al., 2019) and only included data from tags that transmitted at least 30 days of data (or 50 state-space
modeled locations, estimated at two per day).
• Although the majority of the satellite tags included in this assessment were deployed off the northern California coast,
individuals tagged here generally remained within the stretch of the northern California/southern Oregon coast further
supporting site importance of this region as a feeding ground for PCFG gray whales; these grounds are highlighted by the child
(core) BIA.
• High proportions of overlapping tagged whale home ranges agree with concentrations of sightings of feeding/milling gray
whales, that were originally used to draw the 2015 boundaries.
• Abundance estimates specific to this population are contemporary and based on long-term sighting and photographic data
(Calambokidis et al., 2017). 
• Core BIA highlights feeding “hotspots” within the broader parent BIA boundary agreed among higher levels of both
sightings and satellite tag data

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: The BIA boundaries for PCFG whales are static, although variability in areas of
feeding for PCFG whales does vary year to year. The environmental factors that would predict this have not been well
described.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainty for both the parent and core PCFG
gray whale feeding BIAs along the west coast described in this assessment, even though there is some seasonal and annual
variability in the areas PCFG whales feed. This boundary is supported by two independent data sources (sightings from small-
boat surveys and home ranges from long-term satellite tag deployments) and combined have complementary strengths and
weaknesses. The parent BIA boundary characterized here encompasses nearly all visual sightings of feeding or milling PCFG
gray whales documented from 1992 through 2020 (during June-November feeding season); and (2) a large proportion of
shared home ranges from satellite tagged PCFG gray whales. The resulting core BIA reflects higher intensity values of satellite
tagged whales that agree with concentrations of sighting locations.

Months of year designation is applicable: June, July, August, September, October, November

Tagging data supporting designation (Y/N): Y

# of tags: 23

# of years in which supporting tagging data collected: 2009-2013 (3 unique years)



# of years in which supporting tagging data collected: 2009-2013 (3 unique years)

Supporting information: Feeding home ranges (HR) were estimated for 23 PCFG gray whales satellite-tagged by OSU off Central
Oregon and Northern California from 2009 through 2013 (Lagerquist et al., 2019). HRs were estimated for individual tagged
whales using kernel density estimation methods as described in Lagerquist et al., (2019); details on satellite tag data processing
methods are provided as supplementary material. We quantified intensity of space use by mapping each individual’s home
range on a 1 km x 1 km raster (all on the same grid), summing the total number of home ranges in each cell across all
individuals, and calculating the proportion of the total 23 home ranges within each grid cell. For the parent BIA, we chose a
proportion of all home ranges based on a threshold value of 0.05 (i.e., grid cells with greater than 0.05 proportion of all home
ranges included). For the core BIA, a threshold value of 0.131 proportion of the total 23 home ranges was chosen.

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 403

# of years in which supporting visual data collected: 1992-2020

Supporting information: Sightings data used for the BIA boundary determinations were collected from dedicated small boat
survey efforts conducted by CRC from 1992 through 2020; only sightings where feeding or milling behaviors were observed
were included in this assessment. There was a total of 403 sightings during the PCFG gray whale feeding season (June-
November). To create a layer based on this dataset, we used kernel density estimation (KDE) to generate a two-dimensional
probability distribution using the package ks (Duong, 2021). The bandwidth value (smoothing parameter) was set to 5
kilometers. For the parent BIA, a broad KDE contour threshold of at least 90% was chosen. For the core BIA, a narrower
threshold of 80% was chosen.

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): Y

# of years of photo records to compare: 1998-2021

Supporting information: Calambokidis et al., 2017; CRC unpublished

Genetic analyses conducted supporting designation (Y/N): Y

Nature of supporting information: Strong

Supporting information: Frasier et al. 2011; Lang et al. 2014

What factors justify the boundary selection?: A combination of sightings data collected from dedicated small boat survey efforts by
Cascadia Research Collective (CRC), satellite tag data from long-term implant tags deployed by Oregon State University (OSU),
and multi-year averaged habitat-based density (HD) models generated by Southwest Fisheries Science Center (SWFSC) were used
to inform BIA boundaries for fin whale feeding BIAs off the US West Coast. For each of the three datasets, two threshold values
were chosen: one for creating parent BIAs (i.e., broader distribution) and one for creating child BIAs to represent core areas of use
(core BIA, hereafter). Spatial filters were applied to restrict each dataset to the subset of area which met the density or habitat use
thresholds. For each of the three data layers (tag HRs, HD model, sightings KDE), there is variability in values across species (or
populations): (1) variability in density values across species (or populations) that relates to factors such as the geographic range of
the species, behavior of the species, relative abundance, and survey coverage (or sample size of whales tagged); and (2) variability
in the spatial sampling across the three data layers, due to the nature of the “survey” methods underlying each layer (i.e., large-scale
ship-based line-transect surveys, free movements of tagged whales, localized small-boat surveys). Because of (1), setting exact,
quantitative density values for each of the three layers for all species (e.g., 0.005 whales/km2 predicted density for all) would not
result in species-specific biologically important areas. While equal quantile-based thresholds could be established across layers to
mitigate this (e.g., 0.60 quantile for all data layers), this approach would fail to recognize substantial differences in the spatial scale
that each layer reflects (i.e., variation from (2)). Therefore, in attempt to recognize biases that could arise from both (1) and (2)
while also maintaining consistency across large whale F-BIAs, we applied a general approach in which threshold values for parent
and child BIAs were defined by quantiles specific to each data layer but held the same across species. Layer-specific quantile-based
threshold values were justified through expert elicitation (see manuscript for full explanation. The parent BIA HD model layer
threshold was specified as the 0.80 quantile, and the core BIA threshold was one quantile higher than the parent BIA threshold
(0.90 quantile) for all species. The parent BIA tagged whale home range (HR) threshold was specified as the 0.20 quantile of the
total proportion of overlapping HRs and the core BIA threshold value was the 0.30 quantile of the total range of overlapping HRs.
Quantiles of the proportion of overlapping HRs were the same across species. For the parent BIAs, the 90% sightings KDE contour
was used and for the core BIAs, one intensity level higher (80% sightings KDE contour) was used. All analyses were conducted
within the program R (R Core Team, 2021). 

No habitat density model estimates were available to include in the delineation of PCFG gray whale BIAs, and thus only the
satellite tag data HR and sightings KDE layers were incorporated into this assessment. 

Each of the three data layers relies on different datasets that have their own strengths and weaknesses. The sighting database is
based on more than 400 observations of gray whales feeding or milling but is biased by the uneven distribution of effort. The
tagging data includes 23 deployments with tagging locality bias in northern California but provide detailed patterns of movement
over extensive periods. Integrating these two datasets and looking at areas of agreement (overlap) provides the most comprehensive
way to set BIAs, taking into consideration the potential strengths and biases of each dataset.

Data sources: Oregon State University (accessed 2021); Cascadia Research Collective (accessed 2021)

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 1

References: Calambokidis J, Evenson JR, Chandler TE, Steiger GH (1992) Individual identification of gray whales in Puget Sound in
1991. Puget Sound Notes 28:1-4.
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Supplementary Description 7. 6. Gray whale feeding area

Species name: Gray whale (Eschrichtius robustus)

Stock or population: Pacific Coast Feeding Group

Descriptive name: Pacific Coast Feeding Group - Core

BIA type: Feeding Area

BIA label: F-BIA3-s-b3-WC034-a

Transboundary across: None

Hierarchy: Hierarchical BIA; Child a

Importance score: 3 (Intensity: 3, Data support: 3)

Supporting notes for intensity score: We assigned an Intensity score of 3 for this BIA based on the following reasons:

• PCFG gray whales make extensive movements from low-latitude breeding grounds off Baja to productive, high-latitude
feeding grounds off the US West Coast, with most feeding PCFG gray whales concentrated off the northern California, central
Oregon, and central and northern Washington coasts, as first identified in Calambokidis et al., (2015) and now expanded by
this revised BIA.
• The total abundance estimate for PCFG gray whales was recently estimated at 243 (SE=18.9) individuals (Calambokidis et
al., 2017) based on photographic data from 1998 through 2015. 
• Gray whales can be found off the US West Coast throughout the year although feeding aggregations begin to increase in late
spring, peak in the summer and fall, and decrease in the late fall into winter. This seasonal occurrence aligns with seasonal prey
availability along the US West Coast and the feeding BIA described here captures the early summer to late fall period (June
through November).
• Although other feeding BIAs are being delineated for gray whales in the eastern North Pacific, the PCFG gray whales
considered here have a relatively restricted feeding range along the US west coast with some extension farther north,
highlighting the importance of the BIA described here for the small PCFG gray whale population 

Supporting notes for data support score: We assigned a Data Support score of 3 for this BIA based on the following lines of
supporting evidence:

• These revised feeding BIA boundaries and corresponding time period were informed by additional sightings obtained since
the initial 2015 effort, spanning 29 years in total (1992-2020), and restricted to sightings where feeding or milling behaviors
were observed.
• The addition of home ranges derived from 23 satellite tagged PCFG gray whales since 2009 provided a more unbiased
(relative to dedicated survey efforts) perspective on the distribution of these whales feeding off the US West Coast. Satellite
tag locations used to derive feeding home ranges were informed by movement model estimated behaviors (i.e., area-restricted
search; Lagerquist et al., 2019) and only included data from tags that transmitted at least 30 days of data (or 50 state-space
modeled locations, estimated at two per day).
• Although the majority of the satellite tags included in this assessment were deployed off the northern California coast,
individuals tagged here generally remained within the stretch of the northern California/southern Oregon coast further
supporting site importance of this region as a feeding ground for PCFG gray whales; these grounds are highlighted by the child
(core) BIA.
• High proportions of overlapping tagged whale home ranges agree with concentrations of sightings of feeding/milling gray
whales, that were originally used to draw the 2015 boundaries.
• Abundance estimates specific to this population are contemporary and based on long-term sighting and photographic data
(Calambokidis et al., 2017). 
• Core BIA highlights feeding “hotspots” within the broader parent BIA boundary agreed among higher levels of both
sightings and satellite tag data 

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: The BIA boundaries for PCFG whales are static, although variability in areas of
feeding for PCFG whales does vary year to year. The environmental factors that would predict this have not been well
described.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainty for both the parent and core PCFG
gray whale feeding BIAs along the west coast described in this assessment, even though there is some seasonal and annual
variability in the areas PCFG whales feed. This boundary is supported by two independent data sources (sightings from small-
boat surveys and home ranges from long-term satellite tag deployments) and combined have complementary strengths and
weaknesses. The parent BIA boundary characterized here encompasses nearly all visual sightings of feeding or milling PCFG
gray whales documented from 1992 through 2020 (during June-November feeding season); and (2) a large proportion of
shared home ranges from satellite tagged PCFG gray whales. The resulting core BIA reflects higher intensity values of satellite
tagged whales that agree with concentrations of sighting locations.

Months of year designation is applicable: June, July, August, September, October, November

Tagging data supporting designation (Y/N): Y

# of tags: 23

# of years in which supporting tagging data collected: 2009-2013 (3 unique years)



# of years in which supporting tagging data collected: 2009-2013 (3 unique years)

Supporting information: Feeding home ranges (HR) were estimated for 23 PCFG gray whales satellite-tagged by OSU off Central
Oregon and Northern California from 2009 through 2013 (Lagerquist et al., 2019). HRs were estimated for individual tagged
whales using kernel density estimation methods as described in Lagerquist et al., (2019); details on satellite tag data processing
methods are provided as supplementary material. We quantified intensity of space use by mapping each individual’s home
range on a 1 km x 1 km raster (all on the same grid), summing the total number of home ranges in each cell across all
individuals, and calculating the proportion of the total 23 home ranges within each grid cell. For the parent BIA, we chose a
proportion of all home ranges based on a threshold value of 0.05 (i.e., grid cells with greater than 0.05 proportion of all home
ranges included). For the core BIA, a threshold value of 0.131 proportion of the total 23 home ranges was chosen.

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 403

# of years in which supporting visual data collected: 1992-2020

Supporting information: Sightings data used for the BIA boundary determinations were collected from dedicated small boat
survey efforts conducted by CRC from 1992 through 2020; only sightings where feeding or milling behaviors were observed
were included in this assessment. There was a total of 403 sightings during the PCFG gray whale feeding season (June-
November). To create a layer based on this dataset, we used kernel density estimation (KDE) to generate a two-dimensional
probability distribution using the package ks (Duong, 2021). The bandwidth value (smoothing parameter) was set to 5
kilometers. For the parent BIA, a broad KDE contour threshold of at least 90% was chosen. For the core BIA, a narrower
threshold of 80% was chosen.

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): Y

# of years of photo records to compare: 1998-2021

Supporting information: Calambokidis et al. 2017, CRC unpublished

Genetic analyses conducted supporting designation (Y/N): Y

Nature of supporting information: Strong

Supporting information: Frasier et al., 2011; Lang et al., 2014

What factors justify the boundary selection?: A combination of sightings data collected from dedicated small boat survey efforts by
Cascadia Research Collective (CRC), satellite tag data from long-term implant tags deployed by Oregon State University (OSU),
and multi-year averaged habitat-based density (HD) models generated by Southwest Fisheries Science Center (SWFSC) were used
to inform BIA boundaries for fin whale feeding BIAs off the US West Coast. For each of the three datasets, two threshold values
were chosen: one for creating parent BIAs (i.e., broader distribution) and one for creating child BIAs to represent core areas of use
(core BIA, hereafter). Spatial filters were applied to restrict each dataset to the subset of area which met the density or habitat use
thresholds. For each of the three data layers (tag HRs, HD model, sightings KDE), there is variability in values across species (or
populations): (1) variability in density values across species (or populations) that relates to factors such as the geographic range of
the species, behavior of the species, relative abundance, and survey coverage (or sample size of whales tagged); and (2) variability
in the spatial sampling across the three data layers, due to the nature of the “survey” methods underlying each layer (i.e., large-scale
ship-based line-transect surveys, free movements of tagged whales, localized small-boat surveys). Because of (1), setting exact,
quantitative density values for each of the three layers for all species (e.g., 0.005 whales/km2 predicted density for all) would not
result in species-specific biologically important areas. While equal quantile-based thresholds could be established across layers to
mitigate this (e.g., 0.60 quantile for all data layers), this approach would fail to recognize substantial differences in the spatial scale
that each layer reflects (i.e., variation from (2)). Therefore, in attempt to recognize biases that could arise from both (1) and (2)
while also maintaining consistency across large whale F-BIAs, we applied a general approach in which threshold values for parent
and child BIAs were defined by quantiles specific to each data layer but held the same across species. Layer-specific quantile-based
threshold values were justified through expert elicitation (see manuscript for full explanation. The parent BIA HD model layer
threshold was specified as the 0.80 quantile, and the core BIA threshold was one quantile higher than the parent BIA threshold
(0.90 quantile) for all species. The parent BIA tagged whale home range (HR) threshold was specified as the 0.20 quantile of the
total proportion of overlapping HRs and the core BIA threshold value was the 0.30 quantile of the total range of overlapping HRs.
Quantiles of the proportion of overlapping HRs were the same across species. For the parent BIAs, the 90% sightings KDE contour
was used and for the core BIAs, one intensity level higher (80% sightings KDE contour) was used. All analyses were conducted
within the program R (R Core Team, 2021). 

No habitat density model estimates were available to include in the delineation of PCFG gray whale BIAs, and thus only the
satellite tag data HR and sightings KDE layers were incorporated into this assessment. 

Each of the three data layers relies on different datasets that have their own strengths and weaknesses. The sighting database is
based on more than 400 observations of gray whales feeding or milling but is biased by the uneven distribution of effort. The
tagging data includes 23 deployments with tagging locality bias in northern California but provide detailed patterns of movement
over extensive periods. Integrating these two datasets and looking at areas of agreement (overlap) provides the most comprehensive
way to set BIAs, taking into consideration the potential strengths and biases of each dataset.

Data sources: Oregon State University (accessed 2021); Cascadia Research Collective (accessed 2021)

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 1

References: Calambokidis J, Evenson JR, Chandler TE, Steiger GH (1992) Individual identification of gray whales in Puget Sound in
1991. Puget Sound Notes 28:1-4.
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Supplementary Description 7. 7. Gray whale feeding area

Species name: Gray whale (Eschrichtius robustus)

Descriptive name: Sounders - Northern Puget Sound

BIA type: Feeding Area

BIA label: F-BIA2-s-b3-WC010-0

Transboundary across: None

Hierarchy: Non-hierarchical; single BIA

Importance score: 2 (Intensity: 2, Data support: 3)

Supporting notes for intensity score: We assigned an Intensity score of 2 for this BIA based on the following reasons:
• Roughly a dozen gray whales that break off from their migration route to feed in northern Puget Sound from February
through June peaking March through May, before heading north to summer feeding grounds in the Bering and Chukchi seas 
• This particular group of gray whales appear to exclusively feed on aggregations of ghost shrimp in highly productive
intertidal zones (at high tide) of northern Puget Sound (Calambokidis, 2016)
• Resighting rates of photo-identified individuals over 20 years in this region indicate the area serves as important feeding
habitat that is depended on year-to-year (Calambokidis et al., 2014, 2019)
• Other feeding BIAs are being delineated for gray whales in the Eastern North Pacific, however this particular BIA for
northern Puget Sound serves as an important feeding ground for a specific group of gray whales that exhibit high site fidelity to
the area, and during a relatively short time period. The Northern Puget Sound is largely not the sole feeding ground for this
particular group of gray whales during this shorter period. However, if recent changes in the number of gray whales using this
area for feeding and the timing of arrival and departure continue then this BIA and corresponding scoring could be modified
appropriately in the future. 

Supporting notes for data support score: We assigned a Data Support score of 3 for this BIA based on the following lines of
support:
• Long-term photo-ID data supporting use of this area since 1990 and year-to-year use of this area by a set of identified
individuals, with individual resighting rates documented over 20 years (Calambokidis, 2016; Calambokidis et al., 2014, 2019)
• Concentrations of sightings used to draw the original 2015 boundary agree with additional feeding observations accrued since
the 2015 assessment (Calambokidis et al., 2015)
• Feeding in this area is supported through both visual observations and information from CATs tag deployments
(Calambokidis, 2016)
• Since the initial 2015 study, additional information on the distribution of this group has supported the expansion of the BIA
boundary to include the rest of Port Susan
• In contrast to the 2015 assessment, only sightings that were collected by CRC and had documented feeding/milling behaviors
were considered in this assessment. The distribution of sightings remains generally the same even with the more restricted
dataset.

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: We describe a static boundary because the area that the Sounders use is very
small and relatively consistent year to year and through the season that they use it.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainty for the Sounders gray whale feeding
BIA in northern Puget Sound. CRC re-sightings of photo-identified individuals feeding in this region span a period of 27 years
(1994-2020). The BIA revised here encompasses nearly all gray whale sighting locations during the February-June feeding
season in this region and captures emerging areas of importance that were not previously recognized in the 2015 assessment
(Calambokidis et al., 2015).

Months of year designation is applicable: February, March, April, May, June

Tagging data supporting designation (Y/N): N

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 402

# of years in which supporting visual data collected: 1994-2020

Supporting information: Sightings data used for the BIA boundary determinations were collected from dedicated small boat
survey efforts conducted by CRC from 1994 through 2020; only sightings where feeding or milling behaviors were observed
were included in this assessment. There was a total of 402 sightings of feeding or milling gray whales in northern Puget Sound
during the February-June feeding season.

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): Y

# of years of photo records to compare: 27 (1994-2020)

Maximum # of years same individual photographed in area: over 20 yrs

Supporting information: Calambokidis, 2016; Calambokidis et al., 2014, 2019



Genetic analyses conducted supporting designation (Y/N): N

What factors justify the boundary selection?: Sightings data collected from dedicated small boat survey efforts by Cascadia Research
Collective (CRC) were used to revise the feeding BIA boundary for “Sounders” gray whales in Northern Puget Sound. The
Sounders gray whale BIA spans February through June, with peak use from March to May, and some indications the period of use
of this area has expanded in recent years. Revised boundary was expanded to encompass areas of emerging use based on
sightings/field observations and expert elicitation. All analyses were conducted within the program R (R Core Team, 2021).

Data sources: Cascadia Research Collective (accessed 2021)

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 1

References: Calambokidis J, Evenson JR, Chandler TE, Steiger GH (1992) Individual identification of gray whales in Puget Sound in
1991. Puget Sound Notes 28:1-4.
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and Management 4:267-276. http://www.cascadiaresearch.org/reports/ER-JCRM-02.pdf
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Important Areas for Selected Cetaceans within U.S. Waters – West Coast Region. Aquatic Mammals 41(1), 39-53, DOI
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Supplementary Description 7. 8. Gray whale migratory route

Species name: Gray whale (Eschrichtius robustus)

Stock or population: Eastern North Pacific

Descriptive name: Parent - Southbound & Northbound

BIA type: Migratory Route

BIA label: M-BIA1-s-b2-WC019-0abc

Transboundary across: GOA

Hierarchy: Hierarchical BIA; Parent of children abc

Importance score: 1 (Intensity: 1, Data support: 2)

Supporting notes for intensity score: We assigned an intensity score of 1 for this parent M-BIA based on the following criteria: 
o Proportion of population that uses the route: 90% or more, but may not capture a small proportion of migrating whales that
are distributed farther offshore
o Width of the route: Fairly narrow (<25 km) for most of it, but then wider at SCB (Southern California Bight), WA, and east
Haida Gwaii 
o Number of months in which the route is used: 8 months (Nov-Jun)
o 3 other migratory BIAs being delineated for ENP gray whales (Aleutians-Bering, Gulf of Alaska)
o This BIA intends to capture all age/sex classes of migrating individuals
o Transboundary BIA (extends to Gulf of Alaska)

Supporting notes for data support score: We assigned a data support score of 2 for the parent gray whale M-BIA for the West
Coast region that encompasses both southbound and northbound migrations (spatially and temporally). A broader distribution
of migrating gray whales in the SCB is well-supported by satellite tracking data (Mate & Urban-Ramirez, 2003; Urban R et al.
2021) and visual surveys (Rice & Wolman, 1971; Halpin et al. 2009; Carretta & Forney, 1993; Jefferson et al. 2014; Dohl et al.
1980). A broader corridor extending farther offshore with increasing latitude (from Central CA to Washington) is justified by
several sources of information (Refs in corresponding manuscript table). Precise migratory corridors along the coast of British
Columbia up to southeastern Alaska are not well known for ENP gray whales at large. Satellite tagged gray whales have been
documented using inside waters east of Haida Gwaii and nearshore waters off west Vancouver Island during migration,
however the majority of these whales were a part of the PCFG group and thus may not be reflective of the entire ENP
population (Ford et al. 2013; Lagerquist et al. 2019; Urban R et al. 2021). These references combined span over 60 years of
observations. 

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Spatiotemporal variability indicator for all gray whale migratory BIAs is static
as these boundaries are based on distance buffers from shore. Although there may be environmental factors that influence the
spatiotemporal aspects of gray whale migratory behavior, these factors are not well described for the west coast region.

Boundary certainty: 2

Supporting notes for boundary certainty: We have intermediate confidence in the parent BIA boundary. The widths of all
migratory corridors are supported by several long-term monitoring efforts, although less is known about the precise route
along the coast of British Columbia through southeastern Alaska. The child BIAs described here capture high concentrations of
migrating gray whales while the parent BIA captures a broader proportion of the population including those that take nearshore
and offshore routes.

Months of year designation is applicable: January, February, March, April, May, June, November, December

Tagging data supporting designation (Y/N): Y

Supporting information: OSU personal communication; Mate & Urban-Ramirez, 2003; Urban R et al. 2021

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 20,986

# of years in which supporting visual data collected: 1975-2022

Supporting information: Justifications for this BIA were informed by the literature as well as by maps of sightings from a
comprehensive dataset compiled by OBIS SeaMap (Halpin et al. 2009), which includes historical data (dating back to the
1970’s) and contemporary data, from both scientific institutions and community science platforms (e.g., HappyWhale).

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): N

Genetic analyses conducted supporting designation (Y/N): N

What factors justify the boundary selection?: The migratory gray whale BIAs used in this assessment were taken directly from
Calambokidis et al. (2015) and modified to more accurately reflect the known extent of migrating gray whales along the US West
Coast and to establish transboundary connectivity between the West Coast and the Gulf of Alaska BIA regions. 

The 2015 boundaries excluded some localized regions that are used by migrating gray whales; for the revised BIAs, the boundaries
were modified to encompass these areas, which include Monterey Bay, the Gulf of the Farallones, and the entirety of the SCB.
Several sources, including dedicated research organizations and citizen science platforms, have documented migrating gray whales
within the inside waters of Monterey Bay and the Gulf of Farallones, warranting inclusion of this as a biologically important area



during all migratory phases (Halpin et al. 2009 ; Mate & Urban-Ramirez, 2003). Further, visual survey and satellite tagging studies
support a broad distribution of migrating gray whales throughout the SCB during all migratory phases, extending to areas such as
the San Nicolas Basin and south of the Channel Islands (Jefferson et al. 2014, Dohl et al. 1980; Mate & Urban-Ramirez, 2003; CRC
unpublished data; Rice & Wolman, 1971; Halpin et al. 2009; Caretta & Forney, 1993), as opposed to defined corridors within the
SCB as reflected by the 2015 southbound and northbound BIA boundaries (Calambokidis et al. 2015). More specifically, the
distribution of offshore migrating gray whales in the SCB peaks around 75 km from the mainland, with maximum distances from
shore reaching up to 171 km for northbound migrating gray whales and 150 km for southbound migrating gray whales (Halpin et al.
2009). Therefore, all BIA boundaries in this assessment (parent and each child) were modified to include the entirety of the SCB,
with the outer boundary defined by that of the established 2015 boundaries (approximately 190 km from the mainland at its widest).

The parent BIA was defined as the revised southbound BIA (corridor width of 10 km from California to Oregon, 15 m from Oregon
to Washington, and 30 km along Washington outer oast; see details in Southbound - All child BIA) merged with an extension north
along the west coast of British Columbia and up to the southmost extent of the Gulf of Alaska ENP gray whale migratory BIA to
explicitly define the migratory connectivity between these two regions; as such, this parent BIA represents a transboundary BIA.
This transboundary extension roughly follows the continental shelf off of Vancouver Island and along the west coast of Haida
Gwaii, encompassing the inside waters of Haida Gwaii which migrating gray whales have been known to use (Ford et al. 2013;
Lagerquist et al. 2019; Urbán R et al. 2021). Lastly, we defined the time period of this BIA as November through June to capture
both northbound and southbound migrations from southeast Alaska to southern California (Rugh et al. 2001; Pike, 1962; Mate and
Urban-Ramirez, 2003; Urban-R. et al. 2021; Poole, 1984; Herzing and Mate, 1984; Shelden et al. 2000).

Data sources: OBIS SeaMap gray whale sightings database (1975-2022; accessed 2022; Halpin et al. 2009); Cascadia Research
Collective (1975-2020; accessed 2022); Oregon State University (personal communication, accessed 2022)

Approximate % of population that uses this area for the designated purpose (if known): 90% or more

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 3
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Supplementary Description 7. 9. Gray whale migratory route

Species name: Gray whale (Eschrichtius robustus)

Stock or population: Eastern North Pacific

Descriptive name: Northbound - Phase B

BIA type: Migratory Route

BIA label: M-BIA3-s-b3-WC019-c

Transboundary across: None

Hierarchy: Hierarchical BIA; Child c

Importance score: 3 (Intensity: 3, Data support: 3)

Supporting notes for intensity score: We assigned an intensity score of 3 for this Northbound Phase B M-BIA based on the
following metrics:
o Proportion of population that uses the route: 50-90%
o Width of the route: <25km (5 km throughout with exception to the Southern California Bight (SCB))
o Number of months in which the route is used: 3 months (March-May)
o 3 other migratory BIAs being delineated for ENP gray whales (Aleutians-Bering, Gulf of Alaska)
o This route is primarily used by cow/calf pairs that tend to migrate closer to shore than adults and juveniles 
o Does not extend north to the Gulf of Alaska M-BIA

We point out that the lines of evidence supporting this BIA's Intensity score of 3 are very similar to that of the Northbound
Phase A BIA, which has an Intensity score of 2. Intensity for the Northbound Phase B BIA was scored higher than that for
Northbound Phase A because Phase B occupies a narrower corridor and shorter time period. In addition, Phase B reflects an
important migratory corridor specifically for mother/calf pairs, a more vulnerable demographic.

Supporting notes for data support score: We assigned a data support score of 3 to this BIA. Migratory corridors defined here
were taken directly from Calambokidis et al. (2015) and modified based on support from several sources of historical and
contemporary information, including tagging studies (Mate and Urban-Ramirez, 2003; Lagerquist et al. 2019; OSU pers comm,
2022; Urban R et al. 2021), dedicated and opportunistic boat-, aerial-, and land-based visual surveys (Rice and Wolman, 1971;
Halpin et al. 2009; Dohl et al. 1980; Rugh et al., 2001; Green et al. 1995; CRC unpublished; Poole, 1984; Herzing and Mate,
1984; Shelden and Laake, 2002; Shelden et al. 2000; Caretta and Forney, 1993; Jefferson et al. 2014). These references
combined span over 60 years of observations.

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Spatiotemporal variability indicator for all gray whale migratory BIAs is static
as these boundaries are based on distance buffers from shore. Although there may be environmental factors that influence the
spatiotemporal aspects of gray whale migratory behavior, these factors are not well described for the west coast region.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainties for each child migratory BIA
described here for gray whales off the US West Coast. The widths of all migratory corridors are supported by several long-
term monitoring efforts, although less is known about the precise route along the coast of British Columbia through
southeastern Alaska. The child BIAs described here capture high concentrations of migrating gray whales while the parent BIA
captures a broader proportion of the population including those that take nearshore and offshore routes.

Months of year designation is applicable: March, April, May

Tagging data supporting designation (Y/N): N

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 4,896

# of years in which supporting visual data collected: 1975-2022

Supporting information: Justification for this corridor was supported by the literature as well as by maps of sightings from a
comprehensive dataset compiled by OBIS SeaMap (Halpin et al. 2009), which includes historical data (dating back to the
1970’s) and contemporary data, from both scientific institutions and community science platforms (e.g., HappyWhale).

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): N

Genetic analyses conducted supporting designation (Y/N): N

What factors justify the boundary selection?: The migratory gray whale BIAs used in this assessment were taken directly from
Calambokidis et al. (2015) and modified to more accurately reflect the known extent of migrating gray whales along the US West
Coast and to establish transboundary connectivity between the West Coast and the Gulf of Alaska BIA regions. 

The 2015 boundaries excluded some localized regions that are used by migrating gray whales; for the revised BIAs, the boundaries
were modified to encompass these areas, which include Monterey Bay, the Gulf of the Farallones, and the entirety of the SCB.
Several sources, including dedicated research organizations and citizen science platforms, have documented migrating gray whales
within the inside waters of Monterey Bay and the Gulf of Farallones, warranting inclusion of this as a biologically important area
during all migratory phases (Halpin et al. 2009; Mate & Urban-Ramirez, 2003). Further, visual survey and satellite tagging studies



support a broad distribution of migrating gray whales throughout the SCB during all migratory phases, extending to areas such as
the San Nicolas Basin and south of the Channel Islands (Jefferson et al. 2014, Dohl et al. 1980; Mate & Urban-Ramirez, 2003; CRC
unpublished data; Rice & Wolman, 1971; Halpin et al. 2009; Caretta & Forney, 1993), as opposed to defined corridors within the
SCB as reflected by the 2015 southbound and northbound BIA boundaries (Calambokidis et al. 2015). More specifically, the
distribution of offshore migrating gray whales in the SCB peaks around 75 km from the mainland, with maximum distances from
shore reaching up to 171 km for northbound migrating gray whales and 150 km for southbound migrating gray whales (Halpin et al.
2009). Therefore, all BIA boundaries in this assessment (parent and each child) were modified to include the entirety of the SCB,
with the outer boundary defined by that of the established 2015 boundaries (approximately 190 km from the mainland at its widest).

The northbound phase B BIA (primarily cow/calf pairs) described by Calambokidis et al. (2015) remained largely the same (5 km
from shore corridor along the entire coast north of the SCB) with exception to the modifications that were applied to all migratory
BIAs described herein (i.e., filling in Monterey Bay, Gulf of Farallones, SCB). A number of previous studies support a nearshore
corridor for northbound migrating gray whale cows and calves (Poole, 1984; Halpin et al. 2009; Herzing and Mate, 1984; WDFW
pers comm, 2022). While this BIA previously spanned months March through July, we redefined the time period for this corridor to
March through May to more accurately reflect the time period that this phase of gray whales occurs on the US West Coast, rather
than that of their entire northbound migratory route to the Arctic (Poole, 1984). This BIA is totally within the Phase A BIA but
reflects the narrower corridor and more specific time period for the mother and calf portion of the migration.

Data sources: OBIS SeaMap gray whale sightings database (1975-2022; accessed 2022; Halpin et al. 2009); Cascadia Research
Collective (1975-2020; accessed 2022); Oregon State University (accessed 2022)

Approximate % of population that uses this area for the designated purpose (if known): 50-90%

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 1
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Supplementary Description 7. 10. Gray whale migratory route

Species name: Gray whale (Eschrichtius robustus)

Stock or population: Eastern North Pacific

Descriptive name: Northbound - Phase A

BIA type: Migratory Route

BIA label: M-BIA2-s-b3-WC019-b

Transboundary across: None

Hierarchy: Hierarchical BIA; Child b

Importance score: 2 (Intensity: 2, Data support: 3)

Supporting notes for intensity score: We assigned an intensity score for this Northbound Phase A M-BIA based on the following
metrics:
o Proportion of population that uses the route: 50-90%
o Width of the route: <25km along the entire coast
o Number of months in which the route is used: 5 months 
o 3 other migratory BIAs being delineated for ENP gray whales (Aleutians-Bering, Gulf of Alaska)
o This BIA intends to capture all age/sex classes of migrating individuals, but primarily adults (without calves) and juveniles
o Does not extend north to the Gulf of Alaska M-BIA

Supporting notes for data support score: We assigned a data support score of 3 for this BIA. Migratory corridors defined here
were taken directly from Calambokidis et al. (2015) and modified based on support from several sources of historical and
contemporary information, including tagging studies (Mate and Urban-Ramirez, 2003; Lagerquist et al. 2019; OSU pers comm,
2022; Urban R et al. 2021), dedicated and opportunistic boat-, aerial-, and land-based visual surveys (Rice and Wolman, 1971;
Halpin et al. 2009; Dohl et al. 1980; Rugh et al., 2001; Green et al. 1995; CRC unpublished; Poole, 1984; Herzing and Mate,
1984; Shelden and Laake, 2002; Shelden et al. 2000; Caretta and Forney, 1993; Jefferson et al. 2014). These references
combined span over 60 years of observations.

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Spatiotemporal variability indicator for all gray whale migratory BIAs is static
as these boundaries are based on distance buffers from shore. Although there may be environmental factors that influence the
spatiotemporal aspects of gray whale migratory behavior, these factors are not well described for the west coast region.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainties for each child migratory BIA
described here for gray whales off the US West Coast. The widths of all migratory corridors are supported by several long-
term monitoring efforts, although less is known about the precise route along the coast of British Columbia through
southeastern Alaska. The child BIAs described here capture high concentrations of migrating gray whales while the parent BIA
captures a broader proportion of the population including those that take nearshore and offshore routes.

Months of year designation is applicable: January, February, March, April, May

Tagging data supporting designation (Y/N): Y

Supporting information: OSU personal communication; Mate and Urban-Ramirez, 2003

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 19,389

# of years in which supporting visual data collected: 1975-2022

Supporting information: Modifications to this BIA were informed by the literature as well as by maps of sightings from a
comprehensive dataset compiled by OBIS SeaMap (Halpin et al. 2009), which includes historical data (dating back to the
1970’s) and contemporary data, from both scientific institutions and community science platforms (e.g., HappyWhale).

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): N

Genetic analyses conducted supporting designation (Y/N): N

What factors justify the boundary selection?: The migratory gray whale BIAs used in this assessment were taken directly from
Calambokidis et al. (2015) and modified to more accurately reflect the known extent of migrating gray whales along the US West
Coast and to establish transboundary connectivity between the West Coast and the Gulf of Alaska BIA regions. 

The 2015 boundaries excluded some localized regions that are used by migrating gray whales; for the revised BIAs, the boundaries
were modified to encompass these areas, which include Monterey Bay, the Gulf of the Farallones, and the entirety of the Southern
California Bight (SCB). Several sources, including dedicated research organizations and citizen science platforms, have documented
migrating gray whales within the inside waters of Monterey Bay and the Gulf of Farallones, warranting inclusion of this as a
biologically important area during all migratory phases (Halpin et al. 2009; Mate & Urban-Ramirez, 2003). Further, visual survey
and satellite tagging studies support a broad distribution of migrating gray whales throughout the SCB during all migratory phases,
extending to areas such as the San Nicolas Basin and south of the Channel Islands (Jefferson et al. 2014, Dohl et al. 1980; Mate &
Urban-Ramirez, 2003; CRC unpublished data; Rice & Wolman, 1971; Halpin et al. 2009; Caretta & Forney, 1993), as opposed to
defined corridors within the SCB as reflected by the 2015 southbound and northbound BIA boundaries (Calambokidis et al. 2015).



More specifically, the distribution of offshore migrating gray whales in the SCB peaks around 75 km from the mainland, with
maximum distances from shore reaching up to 171 km for northbound migrating gray whales and 150 km for southbound migrating
gray whales (Halpin et al. 2009). Therefore, all BIA boundaries in this assessment (parent and each child) were modified to include
the entirety of the SCB, with the outer boundary defined by that of the established 2015 boundaries (approximately 190 km from the
mainland at its widest). 

The northbound phase A BIA (primarily adults and juveniles) described by Calambokidis et al. (2015) was defined as a corridor of
8 km from shore uniformly along the US West Coast. Based on several sources and types of information, this corridor width does
not appropriately depict the distribution of northbound (phase A) migrants along the entire West Coast. The 8 km distance from
shore corridor is appropriate for the region north of the SCB through the remainder of California (Shelden & Laake, 2002; OSU
pers comm, 2022; Poole, 1984; Mate & Urban-Ramirez, 2003; Caretta & Forney, 1993). Both aerial surveys and locations from
satellite tagged gray whales indicate a slightly broader distribution off the Oregon coast (Green et al. 1995; OSU pers comm, 2022).
Lastly, off the Washington coast northbound migrating gray whales have been documented just over 25 km from shore (Washington
Department of Fisheries and Wildlife (WDFW) pers comm, 2022; Green et al. 1995; OSU pers comm, 2022; CRC unpublished).
Based on these lines of evidence supporting variation in migratory corridor width with increasing latitude, we revised the
northbound phase A BIA by expanding the corridor to 15 km from shore off the Oregon coast and 20 km from shore off the
Washington coast. Lastly, the time period of this BIA was redefined as the period spanning January through May (previously
January-July) to capture the vast majority of northbound (phase A) migrating gray whales within the US West Coast region (Rugh
et al. 2001; Poole, 1984).

Data sources: OBIS SeaMap gray whale sightings database (1975-2022; accessed 2022; Halpin et al. 2009); Cascadia Research
Collective (1975-2020; accessed 2022); Oregon State University (accessed 2022)

Approximate % of population that uses this area for the designated purpose (if known): 50-90%

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 3
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Supplementary Description 7. 11. Gray whale migratory route

Species name: Gray whale (Eschrichtius robustus)

Stock or population: Eastern North Pacific

Descriptive name: Southbound - All

BIA type: Migratory Route

BIA label: M-BIA2-s-b3-WC019-a

Transboundary across: None

Hierarchy: Hierarchical BIA; Child a

Importance score: 2 (Intensity: 2, Data support: 3)

Supporting notes for intensity score: We assigned an intensity score of 2 for the southbound child M-BIA based on the following
metrics:

o Proportion of population that uses the route: 50-90%
o Width of the route: <25km for all areas along the coast except WA (30 km wide)
o Number of months in which the route is used: 4 months
o 3 other migratory BIAs being delineated for ENP gray whales (Aleutians-Bering, Gulf of Alaska)
o This BIA intends to capture all age/sex classes of migrating individuals along the US West Coast 
o Does not extend north to the Gulf of Alaska M-BIA

Supporting notes for data support score: We assigned a data support score of 3 for this BIA. Migratory corridors defined here
were taken directly from Calambokidis et al. (2015) and modified based on support from several sources of historical and
contemporary information, including tagging studies (Mate and Urban-Ramirez, 2003; Lagerquist et al. 2019; OSU pers comm,
2022; Urban R et al. 2021), dedicated and opportunistic boat-, aerial-, and land-based visual surveys (Rice and Wolman, 1971;
Halpin et al. 2009; Dohl et al. 1980; Rugh et al., 2001; Green et al. 1995; CRC unpublished; Poole, 1984; Herzing and Mate,
1984; Shelden and Laake, 2002; Shelden et al. 2000; Caretta and Forney, 1993; Jefferson et al. 2014). These references
combined span over 60 years of observations.

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Spatiotemporal variability indicator for all gray whale migratory BIAs is static
as these boundaries are based on distance buffers from shore. Although there may be environmental factors that influence the
spatiotemporal aspects of gray whale migratory behavior, these factors are not well described for the west coast region.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainties for each child migratory BIA
described here for gray whales off the US West Coast. The widths of all migratory corridors are supported by several long-
term monitoring efforts, although less is known about the precise route along the coast of British Columbia through
southeastern Alaska. The child BIAs described here capture high concentrations of migrating gray whales while the parent BIA
captures a broader proportion of the population including those that take nearshore and offshore routes.

Months of year designation is applicable: January, February, November, December

Tagging data supporting designation (Y/N): Y

Supporting information: OSU personal communication;

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 15,399

# of years in which supporting visual data collected: 1975-2022

Supporting information: Modifications to this BIA were informed by the literature as well as by maps of sightings from a
comprehensive dataset compiled by OBIS SeaMap (Halpin et al. 2009), which includes historical data (dating back to the
1970’s) and contemporary data, from both scientific institutions and community science platforms (e.g., HappyWhale).

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): N

Genetic analyses conducted supporting designation (Y/N): N

What factors justify the boundary selection?: The migratory gray whale BIAs used in this assessment were taken directly from
Calambokidis et al. (2015) and modified to more accurately reflect the known extent of migrating gray whales along the US West
Coast and to establish transboundary connectivity between the West Coast and the Gulf of Alaska BIA regions. 

The 2015 boundaries excluded some localized regions that are used by migrating gray whales; for the revised BIAs, the boundaries
were modified to encompass these areas, which include Monterey Bay, the Gulf of the Farallones, and the entirety of the Southern
California Bight (SCB). Several sources, including dedicated research organizations and citizen science platforms, have documented
migrating gray whales within the inside waters of Monterey Bay and the Gulf of Farallones, warranting inclusion of this as a
biologically important area during all migratory phases (Halpin et al. 2009 ; Mate & Urban-Ramirez, 2003). Further, visual survey
and satellite tagging studies support a broad distribution of migrating gray whales throughout the SCB during all migratory phases,
extending to areas such as the San Nicolas Basin and south of the Channel Islands (Jefferson et al. 2014, Dohl et al. 1980; Mate &
Urban-Ramirez, 2003; CRC unpublished data; Rice & Wolman, 1971; Halpin et al. 2009; Caretta & Forney, 1993), as opposed to



defined corridors within the SCB as reflected by the 2015 southbound and northbound BIA boundaries (Calambokidis et al. 2015).
More specifically, the distribution of offshore migrating gray whales in the SCB peaks around 75 km from the mainland, with
maximum distances from shore reaching up to 171 km for northbound migrating gray whales and 150 km for southbound migrating
gray whales (Halpin et al. 2009). Therefore, all BIA boundaries in this assessment (parent and each child) were modified to include
the entirety of the SCB, with the outer boundary defined by that of the established 2015 boundaries (approximately 190 km from the
mainland at its widest). 

The southbound BIA boundary delineated by Calambokidis et al. (2015) was defined as a corridor extending 10 km from shore
along the entire West Coast. While this corridor width may be reasonable for southbound migrating gray whales along northern and
central California (Shelden & Laake, 2002; OSU pers comm, 2022), there is evidence for a broader, more offshore distribution with
increasing latitude along the West Coast region. For example, off the Oregon coast southbound migrating gray whales have been
documented as far as 23 km from shore during aerial surveys and were on average 12 km from shore (Green et al. 1995). Even
farther offshore distributions of southbound migrating gray whales have been reported along the Washington coast; during aerial
surveys, gray whales were on average 24 km from shore with a maximum distance from shore of 43 km (Green et al. 1995). Early
logbook reports from offshore lightships included a sighting off Cape Flattery that was 32 km from shore (Pike, 1962). Visual
surveys undertaken by CRC off the Washington coast support a similar distribution of southbound migrating gray whales, with
nearly all sightings between 10-30 km from shore (maximum = 57 km; CRC unpublished). OBIS SeaMap sightings in this region
also support this distribution (Halpin et al. 2009). Based on these lines of evidence, it was deemed appropriate to redefine the
southbound migratory corridor along the Oregon coast to 15 km wide and the portion along the Washington coast to 30 km. Lastly,
the time period of the southbound BIA was redefined as the period spanning November through February (previously October
through March) to capture the majority of southbound migrating gray whales along the US West Coast region (Rugh et al. 2001;
Pike, 1962; Shelden et al. 2000).

Data sources: OBIS SeaMap gray whale sightings database (1975-2022; accessed 2022; Halpin et al. 2009); Cascadia Research
Collective (1975-2020; accessed 2022); Oregon State University (accessed 2022)

Approximate % of population that uses this area for the designated purpose (if known): 50-90%

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 3
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Supplementary Description 7. 12. Gray whale reproductive area

Species name: Gray whale (Eschrichtius robustus)

Stock or population: Eastern North Pacific

Descriptive name: Gray whale - cow and calf migrants

BIA type: Reproductive Area

BIA label: R-BIA3-s-b3-WC035-0

Transboundary across: None

Hierarchy: Non-hierarchical; single BIA

Importance score: 3 (Intensity: 3, Data support: 3)

Supporting notes for intensity score: We assigned an intensity score of 3 for this gray whale cow/calf migrant R-BIA based on the
following metrics:
o Proportion of population that uses the route: 50-90%
o Narrow corridor width close to shore <25km (5 km throughout with exception to the Southern California Bight (SCB))
o Number of months in which the route is used: 3 months (March-May)
o Two other R-BIAs for gray whales in the Arctic
o This route is primarily used by cow/calf pairs that tend to migrate closer to shore than adults and juveniles 

We point out that the lines of evidence supporting this BIA's Intensity score of 3 are very similar to that of the Northbound
Phase A BIA, which has an Intensity score of 2. Intensity for the Northbound Phase B BIA was scored higher than that for
Northbound Phase A because Phase B occupies a narrower corridor and shorter time period. In addition, Phase B reflects an
important migratory corridor specifically for mother/calf pairs, a more vulnerable demographic.

Supporting notes for data support score: We assigned a data support score of 3 to this BIA. This R-BIA is delineated based on a
migratory corridor that is disproportionately used by cow/calf pairs, and was taken directly from Calambokidis et al. (2015)
and modified based on support from several sources of historical and contemporary information, including tagging studies
(Mate and Urban-Ramirez, 2003; Lagerquist et al. 2019; OSU pers comm, 2022; Urban R et al. 2021), dedicated and
opportunistic boat-, aerial-, and land-based visual surveys (Rice and Wolman, 1971; Halpin et al. 2009; Dohl et al. 1980; Rugh
et al., 2001; Green et al. 1995; CRC unpublished; Poole, 1984; Herzing and Mate, 1984; Shelden and Laake, 2002; Shelden et
al. 2000; Caretta and Forney, 1993; Jefferson et al. 2014). These references combined span over 60 years of observations.

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Spatiotemporal variability indicator for this R-BIA is static as this boundary ais
based on a distance buffer from shore. Although there may be environmental factors that influence the spatiotemporal aspects
of gray whale migratory behavior, these factors are not well described for the west coast region.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainties for the BIA described here for
gray whales off the US West Coast. The width of this corridor used by mom/calf pairs is supported by several long-term
monitoring efforts.

Months of year designation is applicable: March, April, May

Tagging data supporting designation (Y/N): N

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 4,896

# of years in which supporting visual data collected: 1975-2022

Supporting information: Justification for this corridor was supported by the literature as well as by maps of sightings from a
comprehensive dataset compiled by OBIS SeaMap (Halpin et al. 2009), which includes historical data (dating back to the
1970’s) and contemporary data, from both scientific institutions and community science platforms (e.g., HappyWhale).

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): N

Genetic analyses conducted supporting designation (Y/N): N

What factors justify the boundary selection?: Calambokidis et al. (2015) did not delineate a reproductive BIA for gray whales; we
delineated an R-BIA in this assessment for the specific nearshore migratory corridor used late in the northbound migration
disproportionally by mothers and calves. This R-BIA is the exact same boundary as the Northbound Phase B M-BIA for gray
whales, which was modified as detailed below.

The 2015 boundaries excluded some localized regions that are used by migrating gray whales; for the revised BIAs, the boundaries
were modified to encompass these areas, which include Monterey Bay, the Gulf of the Farallones, and the entirety of the SCB.
Several sources, including dedicated research organizations and citizen science platforms, have documented migrating gray whales
within the inside waters of Monterey Bay and the Gulf of Farallones, warranting inclusion of this as a biologically important area
during all migratory phases (Halpin et al. 2009; Mate & Urban-Ramirez, 2003). Further, visual survey and satellite tagging studies
support a broad distribution of migrating gray whales throughout the SCB during all migratory phases, extending to areas such as
the San Nicolas Basin and south of the Channel Islands (Jefferson et al. 2014, Dohl et al. 1980; Mate & Urban-Ramirez, 2003; CRC



unpublished data; Rice & Wolman, 1971; Halpin et al. 2009; Caretta & Forney, 1993), as opposed to defined corridors within the
SCB as reflected by the 2015 southbound and northbound BIA boundaries (Calambokidis et al. 2015). More specifically, the
distribution of offshore migrating gray whales in the SCB peaks around 75 km from the mainland, with maximum distances from
shore reaching up to 171 km for northbound migrating gray whales and 150 km for southbound migrating gray whales (Halpin et al.
2009). Therefore, all BIA boundaries in this assessment (parent and each child) were modified to include the entirety of the SCB,
with the outer boundary defined by that of the established 2015 boundaries (approximately 190 km from the mainland at its widest).

The northbound phase B BIA (primarily cow/calf pairs; also designated as an R-BIA here) described by Calambokidis et al. (2015)
remained largely the same (5 km from shore corridor along the entire coast north of the SCB) with exception to the modifications
that were applied to all migratory BIAs described herein (i.e., filling in Monterey Bay, Gulf of Farallones, SCB). A number of
previous studies support a nearshore corridor for northbound migrating gray whale cows and calves (Poole, 1984; Halpin et al.
2009; Herzing and Mate, 1984; WDFW pers comm, 2022). While this BIA previously spanned months March through July, we
redefined the time period for this corridor to March through May to more accurately reflect the time period that this phase of gray
whales occurs on the US West Coast, rather than that of their entire northbound migratory route to the Arctic (Poole, 1984). This
BIA reflects the narrower corridor and more specific time period for the mother and calf portion of the migration and thus meets
both definitions of M-BIA and R-BIA.

Data sources: OBIS SeaMap gray whale sightings database (1975-2022; accessed 2022; Halpin et al. 2009); Cascadia Research
Collective (1975-2020; accessed 2022); Oregon State University (accessed 2022)

Approximate % of population that uses this area for the designated purpose (if known): 50-90%

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 2
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Supplementary Description 7. 13. Harbor porpoise small and resident pop.

Species name: Harbor porpoise (Phocoena phocoena)

Stock or population: Monterey Bay

Descriptive name: Monterey Bay

BIA type: Small and Resident Pop.

BIA label: S-BIA2-s-b3-WC027-0

Transboundary across: None

Hierarchy: Non-hierarchical; single BIA

Importance score: 2 (Intensity: 2, Data support: 3)

Intensity matrix: Abundance: 1, Range: 3

Supporting notes for intensity score: Overall intensity score = 2
• Abundance estimates were reported in Forney et al., (2019) at 3,455 individuals (CV = 0.579) for 2013 (from 1986-2013)
based on long-term aerial survey data. Estimates used to inform the scoring exceed the largest bin size (greater than 2,000
individuals), but coefficient of variation values associated with estimates are relatively large and thus the true population sizes
may be smaller. Therefore, the abundance score = 1
• Geographic ranges are relatively large but several lines of evidence suggest there is limited movement outside of these ranges
• Findings from previous studies indicate higher densities of harbor porpoise from shore to the 92 m isobath (Forney et al.,
1991; Carretta et al., 2001, 2009). 
• Only two S-BIAs is being delineated for harbor porpoise in the Eastern North Pacific, one each in Monterey and Morro Bay
The range size for this BIA is 1,911 km2 (range size score = 3)

Supporting notes for data support score: We assigned a Data Support score of 3 based on the following lines of supporting
evidence:
• Strong evidence for genetic differentiation from harbor porpoise in other regions along the west coast (Chivers et al., 2002,
2007; Morin et al., 2021) and evidence from genetic studies supporting restricted individual dispersal along the west coast
(Morin et al., 2021)
• Recent and more robust abundance estimates used to inform intensity criteria with an indication of increasing population
trend for this population (Forney et al., 2019)
• Differences in pollutant residues between populations further support distinction of populations and restricted range sizes
(Calambokidis and Barlow, 1991)
• Long-term aerial surveys support the range boundaries (from land to 200 m isobath)
• Radiotelemetry data from harbor porpoise provide evidence for limited movements (Hanson, 2007), albeit were from harbor
porpoise in Washington inland waters 

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Boundary largely defined by bathymetric contour and there is no information to
suggest the area is used dynamically or ephemerally.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainty for the Monterey Bay harbor
porpoise S-BIA, based on the longevity, quantity, and quality of available supporting information. Although limited
information on detailed movements of harbor porpoise are available (Hanson, 2007), a variety of other supporting lines of
evidence indicate that these populations are generally restricted to the 200-m isobath with higher concentrations inside the 100
m isobath, and that movements outside of these ranges are unlikely to occur.

Months of year designation is applicable: Year-round

Tagging data supporting designation (Y/N): N

Visual observations/records supporting designation (Y/N): Y

# of years in which supporting visual data collected: Greater than 15 y

Supporting information: Extensive aerial line-transect surveys and habitat-based density estimates show lowest densities in outer
periphery of population range and that they do not generally go beyond 200-m isobath (Forney et al., 1991; Carretta et al.,
2001, 2009)

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): N

Genetic analyses conducted supporting designation (Y/N): Y

Weak/moderate/strong support for genetic differentiation: Strong

Nature of supporting information: Strong

Supporting information: Genetic analysis (mtDNA and nuclear DNA) of samples collected along the West Coast between 1984
and 2005 indicate population is genetically distinct and geographically isolated in the Pacific. See also Morin et al. (2021)

What factors justify the boundary selection?: Calambokidis et al., (2015) delineated a small and resident BIA for the Monterey Bay
harbor porpoise stock off the West Coast based on the recognized stock boundary and the BIA here is taken directly from that
boundary. Several lines of evidence suggest this stock has a restricted range, including regional differences in pollutant ratios
(Calambokidis and Barlow, 1991), genetic studies (Chivers et al., 2002, 2007), and densities derived from aerial surveys (Forney et



al., 1991; Forney, 1995, 1999; Caretta et al., 2009). Boundaries were defined using the 200 m isobath from land (Monterey Bay =
Point Sur to Pigeon Point). 

Although the spatial boundary remained the same, information from previous and more recent studies were used to support the
scoring. Contemporary abundance estimates from each respective stock assessment report (Carretta et al., 2022) were used in
combination with the area of the BIA to determine the Intensity scores through the S-BIA scoring matrix.

Approximate % of population that uses this area for the designated purpose (if known): 100

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 1
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Supplementary Description 7. 14. Harbor porpoise small and resident pop.

Species name: Harbor porpoise (Phocoena phocoena)

Stock or population: Morro Bay

Descriptive name: Morro Bay

BIA type: Small and Resident Pop.

BIA label: S-BIA1-s-b3-WC028-0

Transboundary across: None

Hierarchy: Non-hierarchical; single BIA

Importance score: 1 (Intensity: 1, Data support: 3)

Intensity matrix: Abundance: 1, Range: 2

Supporting notes for intensity score: Overall intensity score = 1
• Abundance estimates were more recently provided by Forney et al., (2019) at 4,255 individuals (CV=0.562) estimated for
2012 (from 1986-2012), based on long-term aerial surveys. These estimates used to inform the scoring exceed the largest bin
size (greater than 2,000 individuals), but coefficient of variation values associated with estimates are relatively large and thus
the true population sizes may be smaller. (abundance score = 1)
• Geographic ranges are relatively large but several lines of evidence suggest there is limited movement outside of these ranges
• Findings from previous studies indicate higher densities of harbor porpoise from shore to the 92 m isobath (Forney et al.,
1991; Carretta et al., 2001, 2009). 
• Only two S-BIAs are being delineated for harbor porpoise in the Eastern North Pacific, one each in Monterey and Morro
Bay.
The range size of this BIA is 3,030 km2 (range size score = 2)

Supporting notes for data support score: We assigned a Data Support score of 3 for this BIA based on the following lines of
supporting evidence:
• Strong evidence for genetic differentiation from harbor porpoise in other regions along the west coast (Chivers et al., 2002,
2007; Morin et al., 2021) and evidence from genetic studies supporting restricted individual dispersal along the west coast
(Morin et al., 2021)
• Recent and more robust abundance estimates used to inform intensity criteria with an indication of increasing population
trend for this population (Forney et al., 2019)
• Differences in pollutant residues between populations further support distinction of populations and restricted range sizes
(Calambokidis and Barlow, 1991)
• Long-term aerial surveys support the range boundaries (from land to 200 m isobath)
• Radiotelemetry data from harbor porpoise provide evidence for limited movements (Hanson, 2007), albeit were from harbor
porpoise in Washington inland waters 

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Boundary largely based on bathymetric contour and there is no information to
suggest the area is used dynamically.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainty for the Morro Bay harbor porpoise
S-BIA, based on the longevity, quantity, and quality of available supporting information. Although limited information on
detailed movements of harbor porpoise are available (Hanson, 2007), a variety of other supporting lines of evidence indicate
that these populations are generally restricted to the 200-m isobath with higher concentrations inside the 100-m isobath, and
that movements outside of these ranges are unlikely to occur.

Months of year designation is applicable: Year-round

Tagging data supporting designation (Y/N): N

Visual observations/records supporting designation (Y/N): Y

# of years in which supporting visual data collected: Greater than 15 y

Supporting information: Extensive aerial line-transect surveys and habitat-based density estimates show lowest densities in outer
periphery of population range and that they do not generally go beyond 200-m isobath (Forney et al., 1991; Carretta et al.,
2001, 2009).

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): N

Genetic analyses conducted supporting designation (Y/N): Y

Weak/moderate/strong support for genetic differentiation: Strong

Nature of supporting information: Strong

Supporting information: Genetic analysis (mtDNA and nuclear DNA) of samples collected along the West Coast between 1984
and 2005 indicate population is genetically distinct and geographically isolated. See also Morin et al. (2021)

What factors justify the boundary selection?: Calambokidis et al., (2015) delineated a small and resident BIA for the Morro Bay
harbor porpoise stock off the west coast based on the recognized stock boundary and the BIA here is taken directly from that
boundary. Several lines of evidence suggest that this stock has a restricted range, including regional differences in pollutant ratios



(Calambokidis and Barlow, 1991), genetic studies (Chivers et al., 2002, 2007), and densities derived from aerial surveys (Forney et
al., 1991; Forney, 1995, 1999; Caretta et al., 2009). Boundaries were defined using the 200 m isobath from land for each stock
boundary (Morro Bay = Point Conception to Point Sur). 

Although the spatial boundary remained the same, information from previous and more recent studies were used to support the
scoring (Table 1, Supplementary File B). Contemporary abundance estimates from each respective stock assessment report (Carretta
et al., 2022) were used in combination with the area of the BIA to determine the Intensity scores through the S-BIA scoring matrix.

Approximate % of population that uses this area for the designated purpose (if known): 100

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 1
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Supplementary Description 7. 15. Humpback whale feeding area

Species name: Humpback whale (Megaptera novaeangliae)

Descriptive name: Humpback whale West Coast - Parent

BIA type: Feeding Area

BIA label: F-BIA2-s-b3-WC030-0a

Transboundary across: None

Hierarchy: Hierarchical BIA; Parent of children a

Importance score: 2 (Intensity: 2, Data support: 3)

Supporting notes for intensity score: We assigned an Intensity score of 2 for this BIA due to the following reasons:
• Humpback whales make extensive movements between low- latitude breeding grounds off Mexico and Central America to
productive, high- latitude feeding grounds off the US West Coast, as characterized by this revised BIA. 
• California/Oregon feeding humpback whales were recently estimated at 4,973 (SE=239) individuals (Calambokidis and
Barlow, 2020) with a positive population growth trend over recent decades. Abundance of feeding humpback whales off
Washington/southern British Columbia has also increased rapidly and are is estimated at 1,593 (SE=108) individuals
(Calambokidis and Barlow, 2020); this rapid growth rate highlights the emerging importance of this region as a feeding ground
for humpback whales migrating from low- latitude regions. The entire North Pacific population of humpback whales was
estimated at around 20,000 individuals (Barlow et al. 2011, Wade 2017, Calambokidis et al. 2008), indicating the BIA
described here represents a significant feeding area for humpback whales in the North Pacific.
• Humpback whales can be found off the US West Coast throughout the year although concentrations begin to increase in
spring, peak in the summer and fall, and decrease in the late fall into winter. This seasonal occurrence aligns with seasonal prey
availability along the US West Coast and the feeding BIA described here captures the spring to late fall period (March through
November).
• HD model predicted density threshold value chosen for the BIA boundary determination process includes highest whale
densities predicted for the study area. 
• Although other feeding BIAs are being delineated for humpback whales in the North Pacific (e.g., Gulf of Alaska), individual
humpbacks feeding off the US West Coast exhibit high site fidelity to particular feeding areas within the broader West Coast
region and are unlikely to use other feeding BIAs delineated in the North Pacific .

Supporting notes for data support score: We assigned a Data Support score of 3 for this BIA due to the following lines of
supporting evidence:
• This revised feeding BIA boundaries and corresponding time period were informed by additional sightings collected since
the 2015 effort, spanning 34 years in total (1986-2020), and restricted to those where feeding or milling behaviors were
observed. 
• The addition of home ranges derived from 41 satellite tagged humpback whales from 2004-2019 provided a more unbiased
(relative to dedicated survey efforts) perspective on the distribution of these whales feeding off the US West Coast. Satellite
tag locations used to derive feeding home ranges were informed by movement model estimated behaviors (i.e., area-restricted
search; Palacios et al., 2020).
• Although nearly half of the satellite tags included in this assessment were deployed off the Washington/Pacific Northwest
coast, individuals tagged here generally remained within the Swiftsure Bank/Strait of Juan de Fuca regions ranging from 30 to
121 days in total, further supporting site fidelity to regional-specific feeding grounds and increasing importance of
Washington/southern British Columbia as a feeding ground for humpback whales; these grounds are highlighted by the child
(core) BIA.
• High- resolution, short-term tracks of tagged humpback whales feeding off of Washington reported by Schorr et al., (2013)
further support the importance of the Washington/southern British Columbia feeding grounds.
• Habitat-based density models used represent multi-year averages (spanning 1991-2018) of predictions during the summer/fall
feeding season reflecting a broader distribution for the BIAs, and account for documented increases in humpback whale
numbers in the study area over the study period (Becker et al., 2020b). Predicted densities agree with concentrations of both
sightings of feeding/milling humpback whales and overlap of individual feeding humpback whale home ranges derived from
satellite tag data.
• Abundance estimates specific to this region are contemporary and based on long-term sighting and photographic data
(Calambokidis and Barlow, 2020). 
• Child (core) BIA highlights feeding “hotspots” within the broader parent BIA boundary agreed among higher levels of each
supporting data layer (concentrations of sightings, increased home range overlap from satellite tagged whales, higher habitat-
based density model predictions). 

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Spatiotemporal variability indicator for both parent and core humpback whale
F-BIAs is static. Large whales (such as humpbacks) may respond to spatiotemporal variation in the environment and some of
the habitat models for large whales have incorporated dynamic variables to try and predict this (Forney et al. 2012, Becker et
al 2020a. 2020b, Abrahms et al. 2019a, 2019b). More specifically, common variation in oceanographic conditions along the
West Coast region often results in variation in the spatial distribution of large whale prey patches (e.g., krill, anchovies). As
such, these whales may adjust their feeding behavior in space and time accordingly. However, we assigned a Spatiotemporal
Variability Indicator score of “static” for all BIAs here, due to the following reasons: (1) for BIAs derived from the integrated
approach (such as this one), we intentionally attempted to account for year-to-year variability in whale distribution by using
multi-year averaged HD model outputs; (2) many of the BIAs’ spatial extents cover large areas, such that whale distribution
within those areas may change in response to the environment, but the spatial polygons themselves are unlikely to move in



space or time.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainty for both the parent and child
humpback whale feeding BIAs described in this assessment, although see narrative on spatiotemporal variability above. This
boundary is supported by three independent data sources (sightings from small-boat surveys, home ranges from long-term
satellite tag deployments, multi-year averaged habitat-based density models) and combined have complementary strengths and
weaknesses. The parent BIA boundary characterized here encompasses (1) nearly all visual sightings of feeding or milling
humpback whales documented from 1986 through 2020; (2) the majority of shared home ranges from satellite tagged
humpback whales; and (3) broad levels of predicted densities from HD models along the coastline. The resulting parent BIA
corresponds well with the bathymetric features typically used by humpback whales feeding on prey aggregations during the
March-November feeding season . The resulting child BIA reflects higher intensity values of all three supporting data layers,
highlighting both known (e.g., Monterey Bay, Gulf of Farallones) and recently emerging (e.g., Swiftsure Bank) important
primary feeding grounds for humpback whales within the broader coast-wide West Coast feeding ground.

Months of year designation is applicable: March, April, May, June, July, August, September, October, November

Tagging data supporting designation (Y/N): Y

# of tags: 41

# of years in which supporting tagging data collected: 5 (2004-2019)

Supporting information: Home ranges (HR) were estimated for forty-one humpback whales satellite-tagged by OSU along the
west coast from 2004 through 2019. HRs were estimated for individual tagged whales using kernel density estimation methods
as described in Palacios et al. (2020); details on satellite tag data processing methods are provided as supplementary material
(see manuscript materials). We quantified intensity of space use by mapping each individual’s home range on a 10 km x 10 km
raster (all on the same grid), summing the total number of home ranges in each cell across all individuals, and calculating the
proportion of the total 41 home ranges within each grid cell. For the parent BIA, we chose a proportion of all home ranges
based on a threshold value of 0.025 (i.e., grid cells with greater than 0.025 proportion of all home ranges included). For the
child BIA, a threshold value of 0.075 proportion of the total 41 home ranges was chosen.

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 4777

# of years in which supporting visual data collected: 34 (1986-2020)

Supporting information: Sightings data used for the BIA boundary determinations were collected from dedicated small boat
survey efforts conducted by CRC from 1986 through 2020; only sightings where feeding or milling behaviors were observed
were included in this assessment (n=4,777). To create a layer based on this dataset, we used kernel density estimation (KDE) to
generate a two-dimensional probability distribution using the package ks (Duong, 2021). The bandwidth value (smoothing
parameter) was set to 10 kilometers . For the parent BIA, a broad KDE contour threshold of at least 90% was chosen. For the
child BIA, a narrower KDE contour threshold of 80% was chosen.

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): Y

Supporting information: Calambokidis et al. 2008

Genetic analyses conducted supporting designation (Y/N): Y

Nature of supporting information: Strong

Supporting information: Baker et al. 2008, 2013

What factors justify the boundary selection?: A combination of sightings data collected from dedicated small boat survey efforts by
Cascadia Research Collective (CRC), satellite tag data from long-term implant tags deployed by Oregon State University (OSU),
and multi-year averaged habitat-based density (HD) models generated by Southwest Fisheries Science Center (SWFSC) were used
to inform BIA boundaries for humpback whale feeding BIAs off the US West Coast. For each of the three datasets, two threshold
values were chosen: one for creating parent BIAs (i.e., broader distribution) and one for creating child BIAs to represent core areas
of use (core BIA, hereafter). Spatial filters were applied to restrict each dataset to the subset of area which met the density or habitat
use thresholds. For each of the three data layers (tag HRs, HD model, sightings KDE), there is variability in values across species
(or populations): (1) variability in density values across species (or populations) that relates to factors such as the geographic range
of the species, behavior of the species, relative abundance, and survey coverage (or sample size of whales tagged); and (2)
variability in the spatial sampling across the three data layers, due to the nature of the “survey” methods underlying each layer (i.e.,
large-scale ship-based line-transect surveys, free movements of tagged whales, localized small-boat surveys). Because of (1), setting
exact, quantitative density values for each of the three layers for all species (e.g., 0.005 whales/km2 predicted density for all) would
not result in species-specific biologically important areas. While equal quantile-based thresholds could be established across layers
to mitigate this (e.g., 0.60 quantile for all data layers), this approach would fail to recognize substantial differences in the spatial
scale that each layer reflects (i.e., variation from (2)). Therefore, in attempt to recognize biases that could arise from both (1) and (2)
while also maintaining consistency across large whale F-BIAs, we applied a general approach in which threshold values for parent
and child BIAs were defined by quantiles specific to each data layer but held the same across species. Layer-specific quantile-based
threshold values were justified through expert elicitation (see manuscript for full explanation. The parent BIA HD model layer
threshold was specified as the 0.80 quantile, and the core BIA threshold was one quantile higher than the parent BIA threshold
(0.90 quantile) for all species. The parent BIA tagged whale home range (HR) threshold was specified as the 0.20 quantile of the
total proportion of overlapping HRs and the core BIA threshold value was the 0.30 quantile of the total range of overlapping HRs.
Quantiles of the proportion of overlapping HRs were the same across species. For the parent BIAs, the 90% sightings KDE contour
was used and for the core BIAs, one intensity level higher (80% sightings KDE contour) was used. 



All analyses were conducted within the program R (R Core Team, 2021). The inner (shoreward) boundary of the parent BIA was
defined as the 30 m depth contour and the child (core) BIA was defined as the 70 m depth contour, based on the depth frequency of
small boat sightings (see supplementary materials for figures). Our intention with these inner boundary definitions was to capture
the nearshore nature of this species while recognizing that to some degree their densities decrease with increased distance to shore. 

Each of the three data layers relies on different datasets that have their own strengths and weaknesses. The sighting database is
based on more than 4,000 observations of humpback whales feeding or milling but is biased by the uneven distribution of effort.
The tagging data is limited to 41 animals but provides detailed patterns of movement over extensive periods. The habitat-density
model is based on ship-based line-transect surveys covering the entire West Coast including offshore waters but the surveys were
conducted only every few years. Combining these data sets to find concurrence in the prediction of high-use regions helps address
the individual data set biases and capitalize on their strengths, resulting the most robust way to define BIAs. 

Habitat-based density model supporting information:
Multi-year averaged HD model predictions based on data collected from surveys from 1991 to 2018 were used in the BIA boundary
determinations; details on survey design and HD modeling methods are described in Becker et al. (2020a, 2020b). The more recent
predictions reported in Becker et al. (2020b) do not extend to the Washington US/Canada border, which has recently become an
important feeding ground for humpback whales in the eastern North Pacific. However, earlier HD predictions reported by Becker et
al. (2020a) do extend to this northern region, albeit based on lower survey effort (1991-2014), and therefore, the northern portion of
predictions from Becker et al. (2020a) were extracted and merged with the Becker et al. (2020b) predictions to create a more
complete HD model layer for humpback whales along the U.S. west coast. The parent BIA threshold was 0.0026 whales/km2 and
the core BIA threshold was 0.0013 whales/km2.

Data sources: Oregon State University (accessed 2021); Cascadia Research Collective (accessed 2021); Southwest Fisheries Science
Center, National Marine Fisheries Service (accessed 2021).

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 2
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Supplementary Description 7. 16. Humpback whale feeding area

Species name: Humpback whale (Megaptera novaeangliae)

Descriptive name: Humpback whale West Coast - Core

BIA type: Feeding Area

BIA label: F-BIA3-s-b3-WC030-a

Transboundary across: None

Hierarchy: Hierarchical BIA; Child a

Importance score: 3 (Intensity: 3, Data support: 3)

Supporting notes for intensity score: We assigned an Intensity score of 3 to this BIA due to the following reasons:
• Humpback whales make extensive movements between low- latitude breeding grounds off Mexico and Central America to
productive, high- latitude feeding grounds off the US West Coast, as characterized by this revised BIA. 
• California/Oregon feeding humpback whales were recently estimated at 4,973 (SE=239) individuals (Calambokidis and
Barlow, 2020) with a positive population growth trend over recent decades. Abundance of feeding humpback whales off
Washington/southern British Columbia has also increased rapidly and are is estimated at 1,593 (SE=108) individuals
(Calambokidis and Barlow, 2020); this rapid growth rate highlights the emerging importance of this region as a feeding ground
for humpback whales migrating from low- latitude regions. The entire North Pacific population of humpback whales was
estimated at around 20,000 individuals (Barlow et al. 2011, Wade 2017, Calambokidis et al. 2008), indicating the BIA
described here represents a significant feeding area for humpback whales in the North Pacific.
• Humpback whales can be found off the US West Coast throughout the year although concentrations begin to increase in
spring, peak in the summer and fall, and decrease in the late fall into winter. This seasonal occurrence aligns with seasonal prey
availability along the US West Coast and the feeding BIA described here captures the spring to late fall period (March through
November).
• HD model predicted density threshold value chosen for the BIA boundary determination process includes highest whale
densities predicted for the study area. 
• Although other feeding BIAs are being delineated for humpback whales in the North Pacific (e.g., Gulf of Alaska), individual
humpbacks feeding off the US West Coast exhibit high site fidelity to particular feeding areas within the broader West Coast
region and are unlikely to use other feeding BIAs delineated in the North Pacific .

Supporting notes for data support score: We assigned a Data Support score of 3 for this BIA due to the following lines of
supporting evidence:
• This revised feeding BIA boundaries and corresponding time period were informed by additional sightings collected since
the 2015 effort, spanning 34 years in total (1986-2020), and restricted to those where feeding or milling behaviors were
observed. 
• The addition of home ranges derived from 41 satellite tagged humpback whales from 2004-2019 provided a more unbiased
(relative to dedicated survey efforts) perspective on the distribution of these whales feeding off the US West Coast. Satellite
tag locations used to derive feeding home ranges were informed by movement model estimated behaviors (i.e., area-restricted
search; Palacios et al., 2020).
• Although nearly half of the satellite tags included in this assessment were deployed off the Washington/Pacific Northwest
coast, individuals tagged here generally remained within the Swiftsure Bank/Strait of Juan de Fuca regions ranging from 30 to
121 days in total, further supporting site fidelity to regional-specific feeding grounds and increasing importance of
Washington/southern British Columbia as a feeding ground for humpback whales; these grounds are highlighted by the child
(core) BIA.
• High- resolution, short-term tracks of tagged humpback whales feeding off of Washington reported by Schorr et al., (2013)
further support the importance of the Washington/southernS British Columbia feeding grounds.
• Habitat-based density models used represent multi-year averages (spanning 1991-2018) of predictions during the summer/fall
feeding season reflecting a broader distribution for the BIAs, and account for documented increases in humpback whale
numbers in the study area over the study period (Becker et al., 2020b). Predicted densities agree with concentrations of both
sightings of feeding/milling humpback whales and overlap of individual feeding humpback whale home ranges derived from
satellite tag data.
• Abundance estimates specific to this region are contemporary and based on long-term sighting and photographic data
(Calambokidis and Barlow, 2020). 
• Child (core) BIA highlights feeding “hotspots” within the broader parent BIA boundary agreed among higher levels of each
supporting data layer (concentrations of sightings, increased home range overlap from satellite tagged whales, higher habitat-
based density model predictions). 

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: Spatiotemporal variability indicator for both parent and core humpback whale
F-BIAs is static. Large whales (such as humpbacks) may respond to spatiotemporal variation in the environment and some of
the habitat models for large whales have incorporated dynamic variables to try and predict this (Forney et al. 2012, Becker et
al 2020a. 2020b, Abrahms et al. 2019a, 2019b). More specifically, common variation in oceanographic conditions along the
West Coast region often results in variation in the spatial distribution of large whale prey patches (e.g., krill, anchovies). As
such, these whales may adjust their feeding behavior in space and time accordingly. However, we assigned a Spatiotemporal
Variability Indicator score of “static” for all BIAs here, due to the following reasons: (1) for BIAs derived from the integrated
approach (such as this one), we intentionally attempted to account for year-to-year variability in whale distribution by using
multi-year averaged HD model outputs; (2) many of the BIAs’ spatial extents cover large areas, such that whale distribution
within those areas may change in response to the environment, but the spatial polygons themselves are unlikely to move in



space or time.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the boundary certainty for both the parent and child
humpback whale feeding BIAs described in this assessment, although see narrative on spatiotemporal variability above. This
boundary is supported by three independent data sources (sightings from small-boat surveys, home ranges from long-term
satellite tag deployments, multi-year averaged habitat-based density models) and combined have complementary strengths and
weaknesses. The parent BIA boundary characterized here encompasses (1) nearly all visual sightings of feeding or milling
humpback whales documented from 1986 through 2020; (2) the majority of shared home ranges from satellite tagged
humpback whales; and (3) broad levels of predicted densities from HD models along the coastline. The resulting parent BIA
corresponds well with the bathymetric features typically used by humpback whales feeding on prey aggregations during the
March-November feeding season . The resulting child BIA reflects higher intensity values of all three supporting data layers,
highlighting both known (e.g., Monterey Bay, Gulf of Farallones) and recently emerging (e.g., Swiftsure Bank) important
primary feeding grounds for humpback whales within the broader coast-wide West Coast feeding ground.

Months of year designation is applicable: March, April, May, June, July, August, September, October, November

Tagging data supporting designation (Y/N): Y

# of tags: 41

# of years in which supporting tagging data collected: 5 (2004-2019)

Supporting information: Home ranges (HR) were estimated for forty-one humpback whales satellite-tagged by OSU along the
west coast from 2004 through 2019. HRs were estimated for individual tagged whales using kernel density estimation methods
as described in Palacios et al. (2020); details on satellite tag data processing methods are provided as supplementary material.
We quantified intensity of space use by mapping each individual’s home range on a 10 km x 10 km raster (all on the same
grid), summing the total number of home ranges in each cell across all individuals, and calculating the proportion of the total
41 home ranges within each grid cell. For the parent BIA, we chose a proportion of all home ranges based on a threshold value
of 0.025 (i.e., grid cells with greater than 0.025 proportion of all home ranges included). For the child BIA, a threshold value
of 0.075 proportion of the total 41 home ranges was chosen.

Visual observations/records supporting designation (Y/N): Y

# of observations/records: 4777

# of years in which supporting visual data collected: 34 (1986-2020)

Supporting information: Sightings data used for the BIA boundary determinations were collected from dedicated small boat
survey efforts conducted by CRC from 1986 through 2020; only sightings where feeding or milling behaviors were observed
were included in this assessment (n=4,777). To create a layer based on this dataset, we used kernel density estimation (KDE) to
generate a two-dimensional probability distribution using the package ks (Duong, 2021). The bandwidth value (smoothing
parameter) was set to 10 kilometers . For the parent BIA, a broad KDE contour threshold of at least 90% was chosen. For the
child BIA, a narrower KDE contour threshold of 80% was chosen.

Acoustic detections/records supporting designation (Y/N): N

Photo-ID evidence supporting designation (Y/N): Y

Supporting information: Calambokidis et al., 2008

Genetic analyses conducted supporting designation (Y/N): Y

Nature of supporting information: Strong

Supporting information: Baker et al. 2008, 2013

What factors justify the boundary selection?: A combination of sightings data collected from dedicated small boat survey efforts by
Cascadia Research Collective (CRC), satellite tag data from long-term implant tags deployed by Oregon State University (OSU),
and multi-year averaged habitat-based density (HD) models generated by Southwest Fisheries Science Center (SWFSC) were used
to inform BIA boundaries for humpback whale feeding BIAs off the US West Coast. For each of the three datasets, two threshold
values were chosen: one for creating parent BIAs (i.e., broader distribution) and one for creating child BIAs to represent core areas
of use (core BIA, hereafter). Spatial filters were applied to restrict each dataset to the subset of area which met the density or habitat
use thresholds. For each of the three data layers (tag HRs, HD model, sightings KDE), there is variability in values across species
(or populations): (1) variability in density values across species (or populations) that relates to factors such as the geographic range
of the species, behavior of the species, relative abundance, and survey coverage (or sample size of whales tagged); and (2)
variability in the spatial sampling across the three data layers, due to the nature of the “survey” methods underlying each layer (i.e.,
large-scale ship-based line-transect surveys, free movements of tagged whales, localized small-boat surveys). Because of (1), setting
exact, quantitative density values for each of the three layers for all species (e.g., 0.005 whales/km2 predicted density for all) would
not result in species-specific biologically important areas. While equal quantile-based thresholds could be established across layers
to mitigate this (e.g., 0.60 quantile for all data layers), this approach would fail to recognize substantial differences in the spatial
scale that each layer reflects (i.e., variation from (2)). Therefore, in attempt to recognize biases that could arise from both (1) and (2)
while also maintaining consistency across large whale F-BIAs, we applied a general approach in which threshold values for parent
and child BIAs were defined by quantiles specific to each data layer but held the same across species. Layer-specific quantile-based
threshold values were justified through expert elicitation (see manuscript for full explanation. The parent BIA HD model layer
threshold was specified as the 0.80 quantile, and the core BIA threshold was one quantile higher than the parent BIA threshold
(0.90 quantile) for all species. The parent BIA tagged whale home range (HR) threshold was specified as the 0.20 quantile of the
total proportion of overlapping HRs and the core BIA threshold value was the 0.30 quantile of the total range of overlapping HRs.
Quantiles of the proportion of overlapping HRs were the same across species. For the parent BIAs, the 90% sightings KDE contour
was used and for the core BIAs, one intensity level higher (80% sightings KDE contour) was used. 



All analyses were conducted within the program R (R Core Team, 2021). The inner (shoreward) boundary of the parent BIA was
defined as the 30 m depth contour and the child (core) BIA was defined as the 70 m depth contour, based on the depth frequency of
small boat sightings (see supplementary materials for figures). Our intention with these inner boundary definitions was to capture
the nearshore nature of this species while recognizing that to some degree their densities decrease with increased distance to shore. 

Each of the three data layers relies on different datasets that have their own strengths and weaknesses. The sighting database is
based on more than 4,000 observations of humpback whales feeding or milling but is biased by the uneven distribution of effort.
The tagging data is limited to 41 animals but provides detailed patterns of movement over extensive periods. The habitat-density
model is based on ship-based line-transect surveys covering the entire West Coast including offshore waters but the surveys were
conducted only every few years. Combining these data sets to find concurrence in the prediction of high-use regions helps address
the individual data set biases and capitalize on their strengths, resulting the most robust way to define BIAs. 

Habitat-based density model supporting information:
Multi-year averaged HD model predictions based on data collected from surveys from 1991 to 2018 were used in the BIA boundary
determinations; details on survey design and HD modeling methods are described in Becker et al. (2020a, 2020b). The more recent
predictions reported in Becker et al. (2020b) do not extend to the Washington US/Canada border, which has recently become an
important feeding ground for humpback whales in the eastern North Pacific. However, earlier HD predictions reported by Becker et
al. (2020a) do extend to this northern region, albeit based on lower survey effort (1991-2014), and therefore, the northern portion of
predictions from Becker et al. (2020a) were extracted and merged with the Becker et al. (2020b) predictions to create a more
complete HD model layer for humpback whales along the U.S. west coast. The parent BIA threshold was 0.0026 whales/km2 and
the core BIA threshold was 0.0013 whales/km2.

Data sources: Oregon State University (accessed 2021); Cascadia Research Collective (accessed 2021); Southwest Fisheries Science
Center, National Marine Fisheries Service (accessed 2021).

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 2

References: Baker, C. S., Steel, D., Calambokidis, J., Barlow, J., Burdin, A.M., and Clapham, P.J., et al. (2008). geneSPLASH: An
initial, ocean-wide survey of mitochondrial (mt) DNA diversity and population structure among humpback whales in the North
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Supplementary Description 7. 17. Killer whale small and resident pop.

Species name: Killer whale (Orcinus orca)

Stock or population: Southern Resident

Descriptive name: Southern Resident Killer Whale - Parent

BIA type: Small and Resident Pop.

BIA label: S-BIA2-s-b3-WC031-0a

Transboundary across: None

Hierarchy: Hierarchical BIA; Parent of children a

Importance score: 2 (Intensity: 2, Data support: 3)

Intensity matrix: Abundance: 3, Range: 1

Supporting notes for intensity score: Intensity score = 2
• Only 73 SRKWs as of July 2022 (abundance score = 3), divided amongst three separate pods (CWR, 2022).
• Parent BIA range is relatively large although used by three pods and overall abundance is small
• Parent BIA encompasses known range of this population along the US West Coast based on several data sources (sightings,
satellite tag data, acoustic detections). 
• No other S-BIA (or any other type of BIA) is being delineated for SRKWs

The resulting range size of the parent BIA is 60,348 km2 (range size score = 1).

Supporting notes for data support score: Data support score = 3
• Long-term photo-identification catalog and continuous monitoring efforts (when SRKWs sighted) support the abundance
value of 73 individuals (CWR, 2022)
• The parent BIA and a portion of the child (core) BIA (around San Juan Islands) were based on published critical habitat
boundaries, which incorporate habitat features known to be important to their survival. 
• Important areas in the Salish Sea (inland waters) are primarily supported by over 30 years of sighting data (Hauser et al.,
2007; Olson et al., 2018). Although the majority of these data capture only a portion of their range (Salish Sea), limited SRKW
sightings along the outer coast where there is extensive community scientist effort (e.g., whale watching operations in
Monterey Bay) may reflect that it is very unlikely that the SRKWs spend a lot of time in areas farther south within the West
Coast region. 
• Sightings in typical high-use areas have declined over recent years (Ettinger et al., 2022; Hanson et al. 2021; Shields et al.
2018), adding uncertainty to a contemporary understanding of their spatial use
• Important areas along the outer US west coast are supported by movements from eight satellite tagged SRKWs, from all
three pods (3-95 days of data), which complement our understanding of their use outside of the Salish Sea and provide a less
biased (compared to dedicated survey effort) depiction of their habitat use in areas that are often inaccessible for surveys due to
poor working conditions. The importance of this area has been more recently supported through passive acoustic studies
(Emmons et al., 2021)
• Kernel density methods used to derive core areas from satellite tag data are widely used and robust, and accounted for
varying deployment durations
• Portion of the child BIA along the outer coast includes the mouths of river systems that play a large role in supporting prey
for SRKWs (e.g., Columbia River; Hanson et al., 2021)
• SRKW’s known range does extend further north along British Columbia to southern Alaska but those regions are not part of
this region’s BIA assessment
• BIA boundaries include important transboundary areas as defined by the Department of Fisheries and Oceans Canada
(DFO’s) critical habitat

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: We assigned this score for this BIA as static. Although there are likely factors
that may influence the spatiotemporal distribution of this population within their range, they are not thoroughly described to
date.

Boundary certainty: 3

Supporting notes for boundary certainty: We have high confidence in the parent BIA boundary boundary for Southern Resident
Killer whales in the US West Coast region. The parent BIA boundary is based on published critical habitat for this population,
which was informed by this population’s known extent in US and transboundary waters identified through sightings, satellite
tag data, and acoustic detections.

Months of year designation is applicable: Year-round

Tagging data supporting designation (Y/N): Y

# of tags: 8

# of years in which supporting tagging data collected: 5 (2012-2016)

Supporting information: The parent BIA is based on designated critical habitat, which is informed by several types of information
including movements from satellite tagged whales (e.g., off the West Coast).

Visual observations/records supporting designation (Y/N): Y

Supporting information: The parent BIA is based on designated critical habitat, which is informed by several types of information



including visual observations from dedicated and opportunistic efforts (e.g., off the West Coast).(NMFS, 2021; Fisheries and
Oceans Canada, 2011)

Acoustic detections/records supporting designation (Y/N): Y

Supporting information: Hanson et al. 2013, 2018; Emmons et al. 2021

Photo-ID evidence supporting designation (Y/N): Y

# of individuals photographed: 73 individuals

# of years of photo records to compare: 1976-2022

Supporting information: Center for Whale Research, 2022

Genetic analyses conducted supporting designation (Y/N): Y

Nature of supporting information: Strong

Supporting information: Hoelzel et al., 1998

What factors justify the boundary selection?: Here we delineated an S-BIA for the SRKW population for the US West Coast region,
which was not previously designated in Calambokidis et al. (2015). While there have been some records of SRKW occurrence in
waters as north as southeast Alaska, for this assessment we focused on the extent of their known range within the West Coast region
and incorporated known biologically important areas in adjacent Canadian waters of the Salish Sea. For the parent BIA, we
primarily used existing spatial boundaries that have been well-justified through current understanding of their distribution: the US
NMFS critical habitat boundary and the Fisheries and Oceans Canada (DFO) critical habitat boundary. Additionally, we included
known portions of SRKW range that were excluded from the critical habitat designations. We further identified core areas of use
(child BIA) using information on their movements obtained from satellite tracking data and a core area in the Salish Sea previously
identified as critical habitat. 

The basis for the parent BIA for SRKWs was a combination of the critical habitat boundaries defined by NOAA Fisheries (US
waters) and DFO Canada (NMFS, 2021; Fisheries and Oceans Canada, 2011). Both critical habitat boundaries reflect areas within
the geographical range of SRKWs that contained physical and/or biological features important to their survival. In August 2021,
NOAA Fisheries revised the critical habitat for this population by extending the boundary from the Strait of Juan de Fuca to outer
coast waters (between 6 and 200m isobaths) with Point Sur, California representing the southernmost extent (NMFS, 2021). While
critical habitat excluded The Quinault Military Range Site off the Washington coast, since BIAs are based solely on biological
criteria, we include the portion of the range that was deemed biologically important for SRKWs. The parent BIA was drawn by
combining critical habitat boundaries from both NOAA Fisheries and DFO. In addition, the portion of the NOAA Fisheries critical
habitat boundary within the inner Salish Sea (around San Juan Islands) was extended across the Canadian border and just north the
capture the mouth of the Fraser River.

Data sources: Fisheries and Oceans Canada (accessed 2021); National Marine Fisheries Service (accessed 2021)

Approximate % of population that uses this area for the designated purpose (if known): 100

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 1
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Supplementary Description 7. 18. Killer whale small and resident pop.

Species name: Killer whale (Orcinus orca)

Stock or population: Southern Resident

Descriptive name: Southern Resident Killer Whale - Core

BIA type: Small and Resident Pop.

BIA label: S-BIA3-s-b2-WC031-a

Transboundary across: None

Hierarchy: Hierarchical BIA; Child a

Importance score: 3 (Intensity: 3, Data support: 3)

Intensity matrix: Abundance: 3, Range: 3

Supporting notes for intensity score: The child BIA for Southern Resident killer whales described here represents intensified use
relative to the broader parent BIA. As such, it is appropriate here to score the child BIA the highest intensity score (3). 

• Only 73 SRKWs as of July 2022, divided amongst three separate pods (CWR, 2022).
• Area of this BIA is 14,809 km2
• Areas of concentrated use highlighted by child BIAs and are either based on or aligned with important areas identified from
several different data sources (e.g., sightings (Hauser et al., 2007; Olson et al., 2018); satellite tag data (Hanson et al., 2018);
acoustic detections, (Hanson et al., 2013, 2018; Emmons et al., 2021)). 
• No other S-BIA (or any other type of BIA) is being delineated for SRKWs
• Approximate proportion of the population that is contained within child BIAs: 50%, although recognize that there is
uncertainty in this estimate. 

Supporting notes for data support score: • • Long-term photo-identification catalog and continuous monitoring efforts (when
SRKWs sighted) support the abundance value of 75 individuals (CWR, 2022)
• The parent BIA and a portion of the child BIA (around San Juan Islands) were based on published critical habitat boundaries,
which incorporate habitat features known to be important to their survival. 
• Important areas in the Salish Sea (inland waters) are primarily supported by over 30 years of sighting data (Olson et al.,
2018). Although the majority of these data capture only a portion of their range (Salish Sea), limited SRKW sightings along the
outer coast where there is extensive community scientist effort (e.g., whale watching operations in Monterey Bay) may reflect
that it is very unlikely that the SRKWs spend a lot of time in areas farther south within the West Coast region. 
• Sightings in typical high-use areas have declined over recent years (Hanson et al. 2021; Shields et al. 2018), adding
uncertainty to a contemporary understanding of their spatial use
• Important areas along the outer US west coast are supported by movements from eight satellite tagged SRKWs, from all
three pods (3-95 days of data; Table 1), which complement our understanding of their use outside of the Salish Sea and provide
a less biased (compared to dedicated survey effort) depiction of their habitat use in areas that are often inaccessible for surveys
due to poor working conditions. The importance of this area has been more recently supported through passive acoustic studies
(Emmons et al., 2021)
• Kernel density methods used to derive core areas from satellite tag data are widely used and robust, and accounted for
varying deployment durations
• Portion of the child BIA along the outer coast includes the mouths of river systems that play a large role in supporting prey
for SRKWs (e.g., Columbia River; Hanson et al., 2021)
• SRKW’s known range does extend further north along British Columbia to southern Alaska but those regions are not part of
this region’s BIA assessment
• BIA boundaries include important transboundary areas as defined by the Department of Fisheries and Oceans Canada
(DFO’s) critical habitat

Spatiotemporal variability: s

Supporting notes for spatiotemporal variability: We assigned this score for this BIA as static. Although there are likely factors
that may influence the spatiotemporal distribution of this population within their range, they are not thoroughly described to
date.

Boundary certainty: 2

Supporting notes for boundary certainty: We have intermediate confidence in the child BIA boundary for Southern Resident
Killer whales in the US West Coast region. The child BIA intends to represent the core range for this population and is based
on both satellite tag data (less biased than sightings) and a core range around the San Juan Islands that is part of published
critical habitat. However, sighting rates overall have declined over recent years and without additional information on
movements from satellite tag data, we cannot confidently assign a contemporary and comprehensive description of their core
range.

Months of year designation is applicable: Year-round

Tagging data supporting designation (Y/N): Y

# of tags: 5

# of years in which supporting tagging data collected: 5 (2012-2016)

Supporting information: Kernel density estimation (KDE) was used to generate a utility distribution (UD) of the sample



population (Worton, 1989), and a 50% isopleth of the UD was used to represent the core range of SRKWs during the months
covered by satellite tag deployments. Location data were available from 8 deployments on SRKWs from 2012 through 2016;
tags were deployed during winter months (Table 1; Hanson et al., 2018). Detailed methods on satellite tag data processing
methods will be provided as supplementary material and are the same used for the Hawai‘i region by Kratofil et al. (this issue).
Briefly, Kalman-smoothed Argos location data were first processed through the Douglas Argos Filter (Douglas et al., 2012)
via Movebank (Kranstauber et al., 2011) to remove erroneous locations, and subsequently fit to a continuous-time correlated
random walk model and predicted at a 4-hour timestep via crawl (Johnson et al., 2008; Johnson and London, 2018). Locations
were re-routed around land (land polygon with 50m distance buffer) using the pathroutr package (London, 2020). Although
locations were obtained more frequently than this 4-hour interval, kernel density analyses are sensitive to autocorrelation; as
such, a 4-hour step was used to attempt to mitigate autocorrelation. Two tracks were excluded from kernel density analysis due
to limited data that may inflate tagging locality bias (3 days of data), and an additional track was excluded as this individual
behaved in concert with one other tagged SRKW throughout its deployment (the shorter of the two tracks was excluded to
reduce pseudoreplication). The final analytical sample size was 5 tracks (3,944 filtered Argos locations). All tag locations were
pooled together, and the contribution of each tag’s location was weighted to the overall kernel density based on deployment
length, and the KDE was re-scaled so it integrated to 1 (Hauser et al., 2014; Hill et al., 2019), such that locations from shorter
deployments would have less weight than those with longer deployments. Kernel densities were estimated using the bivariate
plug-in bandwidth (or smoothing parameter) matrix (Duong & Hazelton, 2003, 2005; Duong, 2007) accessed through the ks
package for R (Duong, 2021). The location weighting was completed using the weights argument within the ks package
(Duong, 2021).

Visual observations/records supporting designation (Y/N): Y

Supporting information: Part of the child BIA is based on designated critical habitat, which is informed by several types of
information including visual observations from dedicated and opportunistic efforts (e.g., off the West Coast).(NMFS, 2021;
Fisheries and Oceans Canada, 2011)

Acoustic detections/records supporting designation (Y/N): Y

Supporting information: Hanson et al., 2013, 2018; Emmons et al., 2021

Photo-ID evidence supporting designation (Y/N): Y

# of individuals photographed: 73 individuals

# of years of photo records to compare: 1976-2022

Supporting information: Center for Whale Research, 2022

Genetic analyses conducted supporting designation (Y/N): Y

Nature of supporting information: Strong

Supporting information: Hoelzel et al., 1998

What factors justify the boundary selection?: Here we delineated an S-BIA for the SRKW population for the US West Coast region,
which was not previously designated in Calambokidis et al. (2015). While there have been some records of SRKW occurrence in
waters as north as southeast Alaska, for this assessment we focused on the extent of their known range within the West Coast region
and incorporated known biologically important areas in adjacent Canadian waters of the Salish Sea. For the parent BIA, we
primarily used existing spatial boundaries that have been well-justified through current understanding of their distribution: the US
NMFS critical habitat boundary and the Fisheries and Oceans Canada (DFO) critical habitat boundary. Additionally, we included
known portions of SRKW range that were excluded from the critical habitat designations. We further identified core areas of use
(child BIA) using information on their movements obtained from satellite tracking data and a core area in the Salish Sea previously
identified as critical habitat. 

A child BIA was delineated for SRKWs with the intent to highlight areas of intensified use (hereafter, core range) within their
overall range. The basis of the core range was a combination of NOAA’s critical habitat core area (extended over the CA border)
and high-density areas identified through kernel density analyses of satellite tag data (details on satellite tag data methods are
described below). While NOAA’s critical habitat core range is designated as a “summer core range” (around San Juan Islands),
SRKW occurrence in this region during summer months has declined considerably over recent years; the importance of this area for
SRKWs may not be as strongly associated with this particular season as has been the case historically (Ettinger et al., 2022; Hanson
et al. 2021; Shields et al. 2018). As such, we specify the core range described here to exist year-round for SRKWs.

Data sources: National Marine Fisheries Service (accessed 2021)

Approximate % of population that uses this area for the designated purpose (if known): 50

Approximate # of areas known specifically for this behavior (if feeding/cow-calf/mating/migratory) for this population: 1
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