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Abstract

The following report provides an updated estimate of abundance for Pacific Coast Feeding
Group (PCFG) gray whales through 2024 using data derived from a collaborative, multi-year
photographic survey of gray whales in the eastern North Pacific. The data time series spans 29
years (1996-2024) and 15 survey regions along the west coast of North America from southern
California to Kodiak, Alaska. The present analysis focuses on data for animals observed between
1 June and 30 November within the PCFG range from northern California to northern British
Columbia, Canada, including the western Strait of Juan de Fuca. The population models are
identical to those used in recent efforts to estimate PCFG abundance through 2023. As of 2024,
the PCFG abundance is estimated to be 218 individuals (SE = 17.7, N,;,;;, = 203) within the
PCFG range. Using an R,,,, of 6% and a recovery factor of 0.5, the estimated Potential
Biological Removal for PCFG gray whales would be 3.15. Our abundance estimates indicate that
the PCFG has been stable over the last 25 years; however, the population has experienced a
recent decline of 18.3 % from an observed peak in abundance in 2016 (N = 262.5, Nuin = 241.7).
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Introduction

The Marine Mammal Laboratory (MML) at NOAA-NMFS’ Alaska Fisheries Science Center
coordinates and conducts annual surveys for Eastern North Pacific (ENP) gray whales
(Eschrichtius robustus) from northern California (USA) to British Columbia (CAN) as part of a
larger research collaboration to understand ENP abundance, movements, and stock structure. A
small group of ENP whales that demonstrate strong seasonal fidelity to the Pacific Northwest
was first identified by Calambokidis et al. (2004) and later recognized by the International
Whaling Commission (IWC) as the Pacific Coast Feeding Group (PCFG), which includes
individuals observed in two or more years between 1 June and 30 November from 41°N to 52°N
latitude. Whereas transient ENP whales passing through to feed in the northern waters of the
Chuckchi, Beaufort, and Bering Seas are rarely observed more than once in the Pacific
Northwest, PCFG whales are frequently resighted due to their higher fidelity to the region and
increased residency time through the summer and fall. Here, we update the estimates of PCFG
abundance through 2024 using gray whale sighting histories since 1996 and the population
modeling framework described in Calambokidis et al. (2019) and Harris et al. (2025).

Methods

Description of Photographic Catalog and Data Processing

The photographic catalog maintained by Cascadia Research Collective (CRC) provided the
baseline data for generating abundance estimates for PCFG gray whales. The CRC catalog is
comprised of imagery associated with coastal gray whale sightings from California to Alaska
between 1996 and 2024 and includes images from individuals identified as members of the
PCFG and the broader Eastern North Pacific stock. The underlying motivations leading to gray
whale encounters varied among observers, from opportunistic sightings reported by citizen
scientists to more formal surveys conducted by various research groups. Despite differences in
intent, observers followed similar procedures for photographing gray whales. When possible, the
left and right sides of the dorsal region proximate to the dorsal hump and the ventral fluke

provided the standard for gray whale photographic identification. Photographs from each



sighting were shared with CRC for matching and inclusion in the photographic catalog.
Markings used to distinguish individual gray whales included variation in skin pigmentation,
encrusting invertebrates, the size and spacing of knuckles along the dorsal ridge posterior to the
dorsal hump, and unique scarring, which in composite have provided a reliable means of

identifying individual gray whales for decades (Darling 1984).

The gray whale catalog represents 15 previously defined survey regions from southern California
to Alaska. For the purposes of quantifying the abundance of PCFG gray whales, we limited the
assessment to nine subregions from northern California (USA) to northern British Columbia
(Canada), encompassing a contiguous section of the Pacific coast of North America and the
western portion of the Strait of Juan de Fuca (SJF; Calambokidis et al. 2019) (Fig. 1). Inland
waters in Washington (other than SJF) and British Columbia are excluded from the abundance
estimates because these areas are used primarily by transient whales during the northbound
spring migration (Calambokidis et al. 2010, Calambokidis 2016). We temporally truncated the
time series to include gray whales photographed and identified within the defined region anytime
during the period between 1 June and 30 November following the IWC definition of PCFG
membership (hereafter referred to as the sampling period) (Calambokidis et al. 2019).

A sighting history was constructed for each unique gray whale photographed using 29 years of
data from 1996 to 2024. Multiple sightings of an individual whale within a year were treated as a
single detection. However, multiple sightings over the course of a year, including observations
from the spring prior to 1 June, were used to construct an observed minimum tenure (MT) for
each whale. MT was defined as the number of days between the earliest and latest date the whale
was photographed with a minimum of 1 day for any whale observed. All individuals flagged as a
calf or possible calf by contributors were initially verified against the historical catalog. Calves
that were not previously observed were assigned new catalog IDs. Once all annual sightings
were processed, within year sighting histories for all calves and mother-calf pairs (if known) are
collated and re-reviewed to score likelihood of assignments (M+/M- or C+/C-, respectively) and
to identify possible mothers that may have been missed during the sighting (Calambokidis &
Perez 2017).



Data Analysis

We followed the population modeling procedures described in Calambokidis et al. (2019). To
summarize, we fit open population models within RMark (an R interface for Program MARK;
White et al. 1999, Laake 2013) to estimate PCFG abundance and survival using annual sighting
history data from the 29-year time series. We considered the same suite of competing models as
described in Calambokidis et al. (2019). We used the POPAN parameterization that included a
super population size (N), probability of entry (immigration), sighting probability (p), and
survival/permanent emigration (@) following a robust Jolly-Seber (JS) framework (Schwarz et
al. 1996). We fitted all combinations of p and ¢ and used Akaike Information Criterion (AICc;
Burnham and Anderson 2002) to select the most parsimonious model of the 30 fitted models
(Table 1). However, multimodal inference was used to compute abundance estimates,

unconditional standard errors, and confidence intervals.

The model set included parameterizations that tested for differences between “first-year” and
“post-first-year” survival, as defined by the first year an individual was observed, to account for
predicted differences in resighting PCFG and transient (i.e., non-PCFG) animals in consecutive
years (Pradel et al. 1997). Consequently, survival as implemented here is confounded with
permanent emigration, particularly within first-year survival estimates. Therefore, we expect
survival estimates to be biased low relative to true survival. Survival, and the underlying
emigration and transiency patterns, likely vary through time. To account for potential temporal
structure in survival, we followed Calambokidis et al. (2019) and implemented two distinct sub-
models representing varying degrees of complexity for first-year survival (and therefore transient
proportion) by 1) including three period-specific, first-year survival estimates (1996 and 1997,
1998, and 1999 and later); and 2) permitting first-year survival to vary by year. The three periods
were selected to reflect the progression in survey effort with a higher preponderance of newly
identified individuals that were also members of the PCFG during the earliest years and more
expansive survey coverage after 1997. The post-1998 period was intended to capture an

anticipated re-distribution of animals following an unusual mortality event in 1999.

Post-first-year survival, and therefore emigration rate, was also expected to change in response to
a short-term redistribution of individuals following a stranding event in 1999-2000. As in

Calambokidis et al. (2019), we included a group effect in all models that represented two distinct

3



groups and their post-first-year survival: 1) a group incorporating all non-calves newly observed
prior to 1999 and all calves independent of year and 2) a group incorporating all non-calves
newly observed after 1998. In order to facilitate model fitting, we assumed that all PCFG gray
whales were observed in their first year (sighting probability p and probability of entry p,,,, are
fixed to 1 for each cohort year). For estimating non-fixed sighting probabilities (p), we fitted
three models that varied by time (year) and/or varied by minimum tenure (MT) in the previous
year (Table 1). Finally, we considered models that permit first-year survival to vary as a function
of MT with the expectation that whales spending more time in the PCFG range during the
sampling period are more likely to be observed in the following year. The effect of MT was

either held constant through time or permitted to change across years or time periods.

Abundance Estimation

Annual abundance was derived from a modified Jolly-Seber estimator represented by:

uj mj
N] =Z¢)ij+zl/pl]
i=1 i=1

where the abundance of PCFG whales (N) in year j is comprised of newly observed individuals
(u) who are expected to remain part of the PCFG (@) and the number of previously observed
individuals (m) observed with sighting probability (p). We assumed that all new PCFG whales
were sighted (p = 1), and because we were only interested in estimating the abundance of whales
that will remain part of the PCFG (or the portion of newly observed whales that do not
permanently emigrate), we included yearly (j) and whale-specific covariates (i) (e.g., minimum
tenure). To obtain an abundance estimate for 2023, we assumed that the first-year survival
intercept for 2023 was the same as in 2022. For predicting the number of new whales that
remained a part of the PCFG (i.e., did not permanently emigrate), a variance-covariance matrix
for the abundance estimates was constructed using a Horvitz-Thompson-type variance estimator
from Borchers et al. (1998) with an adaptation for the first component to predict the number of

new PCFG whales.



Results

A total 0of 27,101 daily sightings were recorded between 1996 and 2024, including observations
of 994 unique whales within the PCFG range between 1 June and 30 November. The average
number of whales identified in any one year was 169 throughout the PCFG range (excluding
1996-97; Table 2). Importantly, these estimates do not reflect the true numbers of whales that use
the region because not all whales are observed that year and not all whales return annually to the
PCFG range. The annual average number of newly observed whales (excluding 1996-1998
before the photo-id effort expanded to cover all survey regions) was 32. Of these, the annual
average number of newly observed whales that were “recruited” (observed in a subsequent year,

excluding 1996-1998 and 2024) into the PCFG was 12.9 (39.8%)).
Abundance and Recruitment

Annual PCFG gray whale abundance was derived using model-averaged estimates from the JS
open population model sets (Table 1). Estimates for the PCFG displayed in Fig. 3 are for the
period between 1998 and 2024. The early years, 1996-1997, are excluded from the trend because
of the reduced effort and survey coverage at the start of the study, leading to known bias in these
earlier years. Our estimate of gray whale abundance for the PCFG was 218 individuals in 2024,
with a N,,;;,, of 203. We estimated the MMPA’s Potential Biological Removal (PBR) for the
PCFG to be 3.15, with an R,,,, of 6.2% and a recovery factor of 0.5 (Caretta et al. 2013). New
whales that are not identified as calves have appeared annually and many of these new non-calf
whales have subsequently returned and been re-sighted. Within the PCFG range from 1999 to
2023, an average of 26.8 (range: 7 - 67) new non-calves were observed each year. Of these new
non-calf whales, an average of 9.8 (range: 1 - 28) whales returned and were observed in
subsequent years. The proportion of new non-calves that had used but were not observed as

calves within the PCFG range is unknown.

Discussion

We provided an updated assessment of abundance for PCFG gray whales, extending the time

series through 2024 from 2023 used in Harris et al. (2025). Our analysis included mark-resight



data collected as part of a large-scale collaborative effort to survey PCFG gray whales in coastal
waters from northern California to northern Vancouver Island, British Columbia. Our abundance
estimates indicated that the PCFG steadily increased before declining from a peak in abundance
in 2015-2016, representing an overall decline of 18.3% during the most recent Unusual Mortality
Event (-0.7% since 2023).

Importantly, mark-resight models used in estimating abundance are sensitive to survey design,
most notably in this case to variation in survey effort within and across years throughout the
defined PCFG range. As in Calambokidis et al. (2019), we do not explicitly account for survey
effort due to inconsistencies in how effort was tracked — if at all — by contributors to the gray
whale photographic catalog. However, given the high resightability of long-lived PCFG gray
whales, the impact of excluding effort was likely limited to increased uncertainty in both sighting
probabilities and survival/emigration probabilities and, therefore, reduced precision in PCFG
abundance estimates. In addition to effort, unaccounted for heterogeneity in behavior (e.g.,
individual variation in resource utilization, site fidelity, large-scale movements, and response to
survey vessels) may also contribute to reduced precision in abundance estimates within a mark-
resight context. Yet, as highlighted in previous assessments, the present modeling framework
represents the best available for assessing PCFG abundance considering current data limitations

and knowledge gaps.
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Table 1. -- Parameter specifications for survival (¢) and sighting probability (p) in POPAN models for gray whale photographic
identification data. For survival models, S, is the baseline intercept for non-transient survival. Fy is 1 if it is year the
whale was first observed and 0 otherwise. A subscript for Fy means that it applies only for that cohort except that Fyqq
applies to cohorts 1999 and beyond and Fy, represents each of the cohorts from 1996 to 2024. C is 1 if identified as a
calf in its first year and 0 otherwise. R is 1 for calves or any whale observed in 1998 or was already in the catalog prior to
1998 and 0 otherwise. f3,- is an adjustment to post-first-year survival. MT is minimum tenure value of a whale and S, is
the estimated slope parameter for ¢ or p. f 96—97 applies to 1996-97, By o5 to 1998 and By 99 applies to 1999-2023.
Bry,06-97> Bry,08 and By o9 are the first-year survival intercept adjustments for 1996-97, 1998 and cohorts 1999-2023,
respectively, and B, . represents 27 cohort-specific first year survival parameters for 1996-2023. B is an adjustment
for calf first year survival and S, is an adjustment for calves to the slope of MT for survival. For the sighting
probability models, 5; has 26 levels for 1998-2024 and S, represents the 1997 value. p = 1 for 1996. The best models
for the Pacific Coast Feeding Group were model 9 for ¢ and model 2 for p.

Model Parameter Logit Formula Number of

parameters

©
1 Bo + BryFy+ BrR(1 - Fy) 3
2 Bo + BryFy + By MT Fy + 8. R(1 — Fy) 4
3 Bo + Bry,06—07Fyo6—o7 + Bryo8 Fyos + Bry00Fyos + BR(1 = Fy) 5
4 Bo + Bry06—0rFyec—o7 + Bry 08 Fyes + Bpy 00l yas + By MT Fy + 8- R(1 — Fy) 6
5 Bo + (Bry,06-07 + Bm,06-07MT ) Fyss—o7 + (Bpy 08 + By osMT ) Fyag + (Bpy 00 + Bar00MT) Fyoo + BrR(1 — Fy) 8
6 Bo + By e Fye + Bar MT Fy + B R(1 — Fy) 22
7 Ao+ Bry,.cFye + B MT Fy + BepC Fy + 3-R(1 — Fy) 23
8 Bo + Ary,Fye + BuMT Fy+ fcrC Fy + oy C MT + BrR(1 — Fy) 24
9 30 + (Bry,06—97 + Bn,06—907 M T ) Flyos_o7 + (Bry,08 + By 08 MT) Fyag + (Bry,00 + Bar,00 M T ) Fygo + BopC Fy + BrR(1 — Fy) 9
10 Bo+ (Bry96—97 + Bm,06—0r M T ) Fyos—o7 + (Bry.08 + Oa 08 MT ) Fyos + (Bry,09 + Br0oMT)Fygg + BopC Fy + B C MT + 8- R(1 — Fy) 10
p

1 Bo + B 19
2 Bo+ Bt + B MT 20
3 Ao+ B MT 2
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Table 2. -- Classification of whales seen (calves + non-calves) within the Pacific Coast
Feeding Group range (Northern California to Northern British Columbia) between
1 June and 30 November from 1996 to 2024.

Total Seen as

Year Total Newly Newly Seen. C?&l:;rsl(’):erfl?oa:sor
Seen Seen and Seen Again Year

1999 150 67 12 3
2000 140 54 28 2
2001 172 61 26 8
2002 203 52 29 14
2003 158 20 15 12
2004 177 27 13 16
2005 134 17 10 20
2006 126 7 1 18
2007 120 20 9 22
2008 173 50 18 20
2009 151 20 7 18
2010 144 15 12 19
2011 163 19 5 19
2012 208 53 22 33
2013 232 58 25 44
2014 200 36 16 53
2015 210 39 19 62
2016 187 28 12 59
2017 162 17 4 42
2018 150 24 7 43
2019 183 30 13 51
2020 165 15 4 47
2021 145 32 6 43
2022 157 19 9 50
2023 197 33 9 58
2024 184 23 - 62
Total 4391 836 331 -

Average 169 32 13 32




Table 3. -- Model-averaged estimates of Pacific Coast Feeding Group gray whale abundance
(N), standard errors (SE), and minimum population estimate (Nmin) using data from
1996 to 2024 for the area between northern California and northern British
Columbia (NCA-NBC).

Year N SE Nmin Min Calves

1996 394 27 372 0
1997 834 11.8 74.1 0
1998 1273 10.7 118.6 3
1999 147.8 16.1 135.0 0
2000 1484 15.7 1357 0
2001 179.1 146 1672 8
2002 196.0 10.6 1873 9
2003 208.8 185 1938 5
2004 2153 16.6 201.7 5
2005 2227 275 2008 3
2006 200.6 222 1828 0
2007 199.6 26.7 1785 3
2008 2139 203 1975 2
2009 2161 232 1975 1
2010 2075 21.5 1903 4
2011 212.0 17.8 1975 7
2012 2259 158 213.0 12
2013 2454 148 2333 14
2014 2540 21.6 2365 18
2015 2559 194 240.0 12
2016 266.6 27.0 2449 9
2017 2379 234 219.1 4
2018 227.0 26.1 206.1 4
2019 2266 188 2113 2
2020 220.8 194 205.0 4
2021 2226 28.1 200.2 4

2022 213.0 19.6 197.1 2



2023

2024

219.2

217.8

154  206.7

17.7  203.4
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Figure

BRITISH
COLUMBIA

Southeastern
Alaska

Central
California

Southern
California

1. -- The region highlighted in light blue represents the coastal range of the Pacific Coast
Feeding Group (PCFG), and encompasses all the seasonal survey effort used in this
analysis. Gray whale sightings in the inland waters of Washington and British
Columbia, including Puget Sound and the greater Salish Sea (highlighted in dark
blue), are most commonly members of the broader ENP as they pass through to
feeding areas in the Arctic. Sightings of PCFG whales are rarer in inland waters
during the June to November survey window.
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Figure 2. -- Number of unique gray whales observed within the Pacific Coast Feeding Group
(PCFGQG) range (a) and number of unique whales recruited into the PCFG (b) between
1996 and 2024.
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Figure 3. -- Estimated trend in annual gray whale abundance for the Pacific Coast Feeding Group
for 1998 through 2024 between northern California and northern British Columbia
(left axis). Abundance was estimated using the Jolly-Seber open population model
(POPAN parametrization). The minimum counts of calves observed over the same
period are represented as bars (right axis). Bar and trend in red reflects updated
estimates using data from 2023 through 2024.
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