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For the 40 years after the end of commercial whaling in 1976, humpback whale populations in the
North Pacific Ocean exhibited a prolonged period of recovery. Using mark–recapture methods on
the largest individual photo-identification dataset ever assembled for a cetacean, we estimated
annual ocean-basin-wide abundance for the species from 2002 through 2021. Trends in annual
estimates describe strong post-whaling era population recovery from 16 875 (± 5955) in 2002 to a
peak abundance estimate of 33 488 (± 4455) in 2012. An apparent 20% decline from 2012 to 2021,
33 488 (± 4455) to 26 662 (± 4192), suggests the population abruptly reached carrying capacity due
to loss of prey resources. This was particularly evident for humpback whales wintering in Hawai‘i,
where, by 2021, estimated abundance had declined by 34% from a peak in 2013, down to
abundance levels previously seen in 2006, and contrasted to an absence of decline in Mainland
Mexico breeding humpbacks. The strongest marine heatwave recorded globally to date during the
2014–2016 period appeared to have altered the course of species recovery, with enduring effects.
Extending this time series will allow humpback whales to serve as an indicator species for the
ecosystem in the face of a changing climate.
1. Introduction
Population monitoring has become increasingly important in conservation biology as anthropogenic
activities and climate change continue to impact marine ecosystems [1–5]. Abundance trends provide
critical insights into the dynamics of animal populations, enabling a better understanding of the
ecological interactions and underlying drivers that influence their distribution, abundance and life history
[6,7]. Abundance estimation is the basis for assessing the current protection status for humpback whales
in the USA [8] and Canada [9] and has helped the understanding of anthropogenic effects such as ship
strikes on blue whales [10]. For marine mammal populations exploited to near extinction, abundance
estimation has served as an indispensable tool for decision-makers, supporting the development of
effective conservation and management strategies aimed at protecting these animals and the ecosystems
they inhabit [11,12]. Understanding population trends is essential for addressing the growing challenges
faced by marine mammals in a rapidly changing world [13]; however, detecting population changes can
be difficult due to the imprecision of most marine mammal abundance estimates and the infrequent
intervals at which most populations are surveyed [14]. For large cetaceans, such as baleen whales, these
issues are largely due to the costs and logistical challenges associated with surveying vast, often remote
marine environments, as well as elusive and often cryptic animal behaviour [15]. Limited available data
may result in poor model parameter estimation and reduced predictive power, ultimately hindering
effective conservation and management efforts [16]. Furthermore, the infrequent generation of updated
population estimates may fail to capture rapid changes in whale populations due to anthropogenic
disturbances or environmental fluctuations [17]. To address these challenges, we have drawn on an
innovative ocean-basin-wide collaboration [18] to cost-effectively generate a time series of relatively
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precise abundance estimates for a long-distance migrating species, the humpback whale (Megaptera
novaeangliae) in the North Pacific Ocean.

In the North Pacific, humpback whales are known to breed in waters off Japan, The Philippines, the
Mariana Islands, Hawai‘i, Mexico and Central America [19–22]. These whales migrate to feed in coastal
to continental shelf waters off Russia, the Bering Sea, Alaska, British Columbia, Washington, Oregon
and California [20]. As with all large cetaceans worldwide, humpback whales in the North Pacific were
the target of extensive commercial whaling until late in the twentieth century, with an estimated 31 785
whales taken from 1900 to 1976 [23,24]. Humpback whale populations in the North Pacific were
severely depleted [24], with the remnant abundance crudely estimated at a low of approximately 1200–
1600 individuals [25,26] around the end of humpback whale commercial catches in 1976 [24]. The end
of commercial whaling created a possibility of full recovery to pre-whaling abundance; it is, however,
difficult to define what full recovery means without precise estimates of pre-whaling abundance. Rice
[27] suggested that the humpback population was ‘stable at about 15 000 [animals]’ prior to 1905, and
‘was reduced to about 1000’ by 1965. However, he gave no supporting evidence for the former figure,
and the latter was estimated using catch statistics that were available at the time (either published or
provided by the USSR); it is now known that the Soviet statistics were significantly under-reported [28].
As Rice stated, no one at the time had attempted to estimate the pristine population size prior to
modern whaling, and the number of animals killed in various aboriginal operations prior to the
twentieth century is largely unknown. Consequently, there is currently no reliable estimate of pre-
whaling abundance, although calculating one is a primary aim of an ongoing Comprehensive
Assessment by the Scientific Committee of the International Whaling Commission [29].

To understand population status, two previous abundance estimation studies for North Pacific
humpback whales were undertaken using mark–recapture (also known as capture–recapture) techniques
with synoptic datasets [30,31]. These studies depended on visual matching of photographs by skilled
technicians to determine marks and recaptures of individual humpback whales based on the unique
shape and pigmentation of the ventral surface of the tail (fluke) [32,33]. The first photographic mark–
recapture abundance estimate for humpback whales in the full North Pacific Ocean was based on a
historical database of 3650 fluke images gathered from 1990 to 1993 [34]. Important western Pacific
Ocean feeding areas of Russia, the Aleutian Islands and the Bering Sea were not surveyed during the
study, and because it was retrospective, sampling did not follow a systematic design. Using a
geographically stratified Darroch method, that study estimated an abundance of approximately 6000
(s.e. = 474) humpback whales in 1992 from three major wintering areas (Mexico, Hawai‘i and Japan), but
the authors’ appraisal of likely biases suggested an adjusted estimate of approximately 8000 [34].
Assuming the same coefficient of variation (CV) as the uncorrected estimate, a minimum estimate of the
standard error for the bias-corrected estimate is 632. Petersen estimates comparing wintering and
summer areas suggest that this may have been an underestimate, but a more accurate Petersen model
approach could not be applied uniformly due to the missing data from the unsampled summer areas.

Some of the geographical biases in the 1990–1993 sampling were corrected in the 2004–2006 project
Structure of Populations, Levels of Abundance, and Status of Humpback whales (SPLASH) [20], when
coordinated efforts by over 40 different research groups across the North Pacific obtained fluke
identification photographs from all known wintering and summer areas in the North Pacific during
three winters and two summers. The experimental design sought to apportion sampling effort in
proportion to whale density to representatively sample whales in all areas. The SPLASH project’s
North Pacific abundance estimate was based on a Chapman–Petersen approach that compared all
wintering fluke photographs with all summer fluke photographs [30]. In that study, simulations were
used to correct biases associated with births and deaths (a common violation of the closed population
assumption), not sampling calves and missed matches. Many of these biases were found to be
offsetting, and the net estimate of resulting bias was only +3.5%. The bias-corrected SPLASH
abundance estimate was 21 063 (CV = 0.04) humpback whales in 2005.

Based on evidence of ongoing recovery indicated by the SPLASH study and other studies, the species
was partially delisted from the United States Endangered Species Act (ESA) in 2016 [8], and was
reassessed from Threatened to Special Concern by the Committee on the Status of Endangered
Wildlife in Canada in 2011 [35]. However, multiple current anthropogenic stressors including ship
strikes [36], entanglements [37] and climate change [5,38–40] may limit or reverse full recovery. Our
2001–2022 study period included seasons before, during and after periods of a severe marine
heatwave [41], with demonstrated effects on regional humpback whale populations [39], and signs of
compounding climate change and habitat use conflict such as fisheries interactions leading to
exacerbation of these existing threats [42,43].
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Our current study builds on past photo-identification (photo-ID) efforts mentioned above, incorporating
the historical data gathered in those studies, combined with long-term region-specific photo-ID efforts, and
making broader use of opportunistic sources, especially whale watch voyage naturalists. The sheer scale of
data now available is due to advances in automated image recognition fluke photo-ID matching [44], data
management and research collaboration [18]. These advances have shifted the abundance estimation
paradigm from data scarcity and periodic study to continuous and accessible tracking of the ocean-basin-
wide population through time. Given that no single research group’s data archive or effort could scale
and maintain what would be necessary for such an ongoing study, we combined research-based and
community science data in a broad collaboration facilitated by the data management Web platform
Happywhale.com [18]. Where data deficiency previously imposed limits on understanding, this study
used a near-real-time population modelling infrastructure and with this, we aimed to evaluate population
change with a robust time series of 20 annual abundance estimates from 2002 to 2021. We used the same
Chapman–Petersen mark–recapture approach for abundance estimation as was used for the 2004–2006
SPLASH study [30], based on a comparison of three wintering samples with two summer samples for
each calculated annual estimation. To address geographically biased sampling in pre- and post-SPLASH
years, we used a sub-sampling scheme of the SPLASH years to obtain a bias correction. We examined
whether the results of this study might be biased by long-term changes in migratory patterns and in the
relatively large proportions of the entire population that winter in Mainland Mexico and Hawai‘i,
respectively. Finally, we discussed findings of a shift in population trajectories from recovery from
industrial whaling to responding to current ecosystem conditions.
31462
2. Methods
2.1. Sample collection and matching methods
For this study, all available North Pacific humpback whale photo-ID data from a research collaboration
of 46 organizations and 4292 community science contributors were aggregated within a study period of
2001 through 2022, and reconciled in a single dataset through the research collaboration and community
science Web platform Happywhale.com. This dataset is fully described by Cheeseman et al. [18]. Photo-
ID data for the purpose of this study consisted of encounters of individually identified whales, with
associated dates and geographical locations. Multiple encounters of the same individual within the
same season (summer or winter of a given year) were condensed to one capture occasion (capture),
using the observation date closest to the midpoint of the respective season.

2.2. Geographical stratification
Each capture was assigned to a geographical stratum based on location, to segregate samples between
summer (feeding) areas and winter (breeding) areas and as a method to allocate samples for a bias
correction estimation described below. Geographical strata include seven summer areas and six
wintering areas (tables 1 and 2; figure 1). Stratification generally followed that used in the SPLASH
study [20], with strata based on similarities in migratory destinations. For example, the California and
Oregon stratum was separated from the Washington and southern British Columbia stratum because
whales from the former migrate almost exclusively to the coasts of Mexico and Central America, whereas
a portion of the latter also migrate to the Mexican offshore islands and Hawaiian Island regions. Our
large sample size allowed us to discern some migration patterns that were not apparent in the SPLASH
study, which resulted in the following changes in the stratification scheme: humpback whales in
southern coastal Mexico had similar distribution and migratory destinations to whales in Central
America [45,46], so we separated southern Mexico from the rest of Mainland Mexico and pooled it with
Central America. The ‘Russia’ stratum in the SPLASH study included whales from the Kamchatka
Peninsula, the Commander Islands and the Gulf of Anadyr. Based on winter migratory destinations, we
revised the stratification of Russia as follows: we included the Kamchatka Peninsula as a separate
stratum (Kamchatka whales migrated almost entirely to islands in the western Pacific), we combined the
Commander Islands with the other western Aleutian Islands to be a new western Bering Sea stratum, we
combined northern Russia coastal whales with a stratum that includes the northern and eastern Bering
Sea, and samples from the Mariana Islands (which was not sampled in the SPLASH study) were pooled
with the western Pacific stratum. Whale distributions in the North Pacific are continuous, with blurred
boundaries across most regions (e.g. [47]), with regional delineation used here only to illustrate varied



Table 1. Sample size of unique photo-identifications of humpback whale identifications in each of seven summer regions for each
season-year. Regions, west to east, include the Kamchatka Peninsula (Kamchatka), the western Bering Sea (WBerSea), the eastern
and northern Bering Sea and southern Chukchi Sea (E&NBerSea), the Gulf of Alaska (GulfOfAK), southeast Alaska and northern
British Columbia (SEAK&NorthBC), southern British Columbia and Washington (SouthBC&WA), and California and Oregon (CA&OR).

season-year Kamchatka WBerSea E&NBerSea GulfOfAK SEAK&NorthBC SouthBC&WA CA&OR

2001 0 0 85 155 78 42 240

2002 2 0 41 203 58 47 298

2003 0 1 10 147 233 23 355

2004 32 34 524 771 1305 149 302

2005 35 12 479 497 847 236 369

2006 0 9 0 147 706 148 208

2007 2 7 153 428 658 315 178

2008 12 42 195 193 615 201 296

2009 45 195 71 98 820 235 462

2010 5 679 281 216 737 164 508

2011 0 336 82 301 731 195 381

2012 5 341 181 357 572 279 513

2013 8 372 68 195 733 226 567

2014 6 156 0 208 927 134 585

2015 72 221 16 235 1032 197 653

2016 16 182 45 112 991 422 1268

2017 2 46 201 157 727 485 1306

2018 20 82 112 74 695 654 1580

2019 10 15 103 122 1471 707 1252

2020 9 3 5 68 1086 526 1120

2021 9 125 66 88 1183 535 1164
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sampling over time and to develop bias-correction factors that address non-random sampling, as described
below. We do not attempt to estimate abundance for each stratum and our primary abundance estimation
method depends on all summer (feeding) areas pooled, and all winter (presumed breeding) areas pooled.
Consequently, these geographical stratification changes have minimal impact on actual abundance
estimates, serving only to align sample distributions between SPLASH study years and non-SPLASH
study years. See electronic supplementary material, I, for stratum boundaries.

2.3. Absolute abundance estimation methods: full North Pacific Ocean
Prior to estimating abundance, whale identification data from Happywhale were pre-processed with a
custom R script [48]. For each capture, sample season was assigned as either summer or winter.
As with the SPLASH study, midpoints for each capture period were defined as 1 March (for winter)
and 1 August (for summer), hereafter ‘season-year’. In the rare cases of an individual encountered in
multiple geographical strata in a given season-year, the individual was assigned to only one
geographical stratum, based on the closest capture occasion to the seasonal midpoint.

To be comparable to the 2004–2006 SPLASH abundance estimates [30], we used the Chapman bias-
corrected version of Petersen estimator [49] with wintering area samples (pooled over three consecutive
years) as one capture occasion and with summer area samples (pooled over the two summers between
the three years of winter samples) as the second capture occasion. Modelling has shown that this
estimator is robust to sample bias created by heterogeneity in capture probabilities if the factors
affecting differential availability are different in the two capture occasions [30]. We relied on the
different geographical distribution and behaviour of whales between summer and winter to reduce
sample bias between mark and recapture samples. Recaptures included those individuals



Table 2. Sample size of unique photo-identifications of humpback whale identifications in each of six winter regions for each
season-year. Regions, west to east, include the western Pacific (WPac), the Hawaiian Islands (Hawai‘i), Baja California, Mexico
(MexBajaCal), the Revillagigedo Archipelago, Mexico (MexIsl), Mainland Mexico (MexMld) and Central America and southern
Mexico (CenAm&SMex).

season-year WPac Hawai‘i MexBajaCal MexIsl MexMld CenAm&SMex

2001 109 608 0 4 195 16

2002 130 350 0 0 221 7

2003 114 258 2 13 172 7

2004 276 1021 197 346 313 20

2005 316 1084 197 247 411 61

2006 397 1293 103 281 464 63

2007 314 1190 129 0 270 8

2008 257 886 61 0 314 54

2009 364 238 76 0 286 32

2010 316 570 100 0 312 44

2011 452 323 103 0 345 97

2012 411 269 114 0 352 50

2013 363 659 290 2 703 45

2014 454 510 442 0 607 68

2015 549 908 529 1 391 88

2016 438 430 248 0 165 60

2017 446 756 818 15 599 258

2018 414 1028 1042 0 566 218

2019 347 1628 1040 19 584 142

2020 346 1688 1317 47 583 123

2021 17 1798 638 44 719 320
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photographed in both the pooled winter and pooled summer samples, i.e. during both ‘capture
occasions’. We repeated this estimation process for 20 overlapping 3-year periods, 2002 through 2021
with data from 2001 to 2022, to produce a time series of 20 annual abundance estimates. Abundance
estimates are labelled based on the year of the first summer in each 3-year period.

Although the simple abundance estimation approach outlined above should work well if the
geographical areas were as representatively sampled throughout the time series as during the 2004–2006
SPLASH study, the achieved geographical distribution of samples was uneven in many years (table 1). In
particular, the Revillagigedo Archipelago (MxIsl), Baja California, Mexico (MxBaja), Kamchatka, Russia
(Kamch) and the eastern and western Bering Sea (BerE and BerW) were intermittently and generally
under-sampled. This was expected to bias the abundance estimates outside of the SPLASH years.
We therefore used a novel geographical bias correction approach, constructed as follows.

We assumed that the bias-corrected SPLASH abundance estimate of 21 063 whales [30] was an
unbiased estimate for study years (2004–2006). We denoted this reference estimate as NSPLASH. Let the
photo-ID data underpinning NSPLASH be denoted YSPLASH. Let Nt denote the time series (2002–2021)
of abundance values estimated in our analysis and let Yt be the associated photo-ID data. Note, each
Yt value represented 3 years of data centred on year t (e.g. Y2010 are the data from 2009, 2010, 2011).
For each t, we subsampled YSPLASH (call this subsample YSPLASH, sub(t)) so that it had the same
geographical distribution as Yt (see next paragraph). YSPLASH, sub(t) was then used to obtain an
alternative SPLASH abundance estimate (NSPLASH, alt(t)). We then calculated the ratios between
NSPLASH and each NSPLASH, alt(t). These ratios (Ft =NSPLASH/NSPLASH, alt(t)) were interpreted as the
amount of bias associated with the geographically biased subsamples and were applied as correction
factors to the uncorrected annual Chapman estimates (N0

t), to obtain corrected estimates, i.e. Nt ¼ N0
t � Ft.

To generate subsamples from the SPLASH data (YSPLASH, sub(t)) with the same geographical
distributions as the Yt, we used a largest common sample size (LCSS) approach. We calculated the
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Figure 1. Locations of photo-identification samples from humpback whales in the North Pacific 2001–2021 colour coded by
geographical strata. Summer feeding area strata north of 32°N, west to east are: Kamchatka Peninsula, Russia (black), west
Bering Sea (cyan), north and western Bering Sea (green), Gulf of Alaska (yellow), southeast Alaska and northern British
Columbia, Canada (blue and purple), southern British Columbia, Canada and Washington, United States (salmon), and California
and Oregon, United States (orange). Wintering area strata south of 32°N, west to east are West Pacific ( purple), Hawai‘i,
United States (blue), Baja California, Mexico (black), Revillagigedo Islands, Mexico (cyan), Mainland Mexico (green), southern
Mexico and Central America (yellow).
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number of unique whale identifications in all summer and wintering geographical strata for both
the SPLASH period (2004–2006) and for the estimation period (t− 1 to t + 1). For each summer and
wintering stratum we then calculated the largest sample size that could be taken from both YSPLASH and
Yt. We then subsampled both datasets by randomly sampling this LCSS from each (without
replacement) to obtain YSPLASH, sub(t) and Yt(sub). The Chapman–Petersen estimator was used with these
data subsets to obtain NSPLASH, alt(t) and N0

t, which were used to find Ft and Nt (see previous paragraph).
The primary assumptions of this bias-correction approach are that (i) the SPLASH abundance

estimate itself is not biased by non-representative geographical sampling, (ii) migration patterns have
not changed since the SPLASH period, and (iii) the geographical distribution of whales has not
changed during the course of the time series, i.e. that they have remained proportionally distributed
throughout the study area as they were during the SPLASH period. The assumption of geographical
sampling bias in the SPLASH study was addressed as part of that study [20,30]. The second
assumption, of migration pattern consistency, was evaluated by comparing migratory destinations of
southeast Alaska and northern British Columbia from two samples from different time periods, 2004–
2006 and 2019–2021, three seasons each. The third assumption, of consistency of geographical
distribution of whales, was evaluated through an ANOVA test of Hawai‘i versus Mainland Mexico
annual mean relative abundance estimates over the study period to detect shifts in differential
population growth rates between the two most sampled wintering areas.

2.4. Relative abundance estimation methods: Hawai‘i and Mexico
To add resolution to understanding humpback whale abundance over the study period, we estimated a
time series of abundances for two wintering areas which were relatively well sampled in most years
(Hawai‘i and Mainland Mexico, table 2) with consistent research effort over the study period, and
which comprised a high proportion of total humpback whale abundance in the North Pacific, with
migratory contributions from multiple feeding areas. Chapman–Petersen abundance estimates were
made for both wintering areas based on photo-ID samples in consistently well-sampled feeding areas.
Feeding areas were selected based on (i) being a substantial migratory contribution to the given
wintering area [20] and (ii) having a consistently high sample size of identified whales. The Hawai‘i
estimate was based on using that wintering area as one sampling occasion and the southeast Alaska/
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northern British Columbia feeding area stratum as the second sampling occasion. The Mainland Mexico
estimate was based on using that wintering area as one sampling occasion and the California/Oregon
feeding area stratum as the second sampling occasion. Humpback whales in both of these paired
wintering and feeding areas exhibited elements of migratory herd units [50] with wintering areas
shared with whales from multiple feeding areas, and feeding areas populated with whales almost
entirely from their respective paired wintering areas. As with the ocean-basin-wide model, estimates
were based on running 3-year periods with two feeding area samples and three wintering area
samples. To interpret these abundance estimates as absolute abundance would have required that the
wintering area sample was a random sample of the migratory whales from all feeding areas that
contributed to it. Because that assumption was not evaluated in the scope of this study, we treated
our estimates as an index of relative abundance.

2.5. Standard error estimation
To estimate standard errors (s.e.) in abundance estimates, we used a jackknife approach [51]. For both the
bias-corrected estimates for the entire North Pacific and for the estimates of relative abundance for
the Hawaiian Island and Mainland Mexico strata, jackknife samples were taken by randomly
excluding 5% of the fluke identifications (without replacement, after season-year duplicates were
excluded for each geographical stratum). The estimation of abundance (including the bias correction)
was repeated for each of the 20 jackknife samples, and s.e. were estimated using the standard formula:

s:e:(x̂) ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n� 1
n

Xn
i¼1

(bxi � �xjack)
2

s
,

where n was the number of jackknife estimates, bxi was the ith jackknife estimate, and �xjack was the mean
of the jackknife samples. The 2004–2006 SPLASH abundance estimate was used as a reference for
correcting the bias for all other sample periods. To include the uncertainty in the SPLASH bias
correction estimate (CV = 0.04 [30]), the CV of the bias-corrected abundance was estimated as the
square root of the sum of the squared CV of the uncorrected abundance estimate plus the squared CV
of the SPLASH estimate.
3. Results
3.1. Sampling distribution
The full 2001–2022 dataset consisted of 30 484 individual humpback whales in 132 684 unique season-year
encounters, distilled from 192 869 unique encounters. The number of unique individuals that were
photographically sampled each season-year varied from 1940 to 5668, and from 1252 to 3236 for the 21
winters and summers, respectively (table 3). Photo-ID samples were post-stratified into seven feeding
areas (table 1) and six wintering areas (table 2). Sample sizes varied among seasons and regions due to
varying effort; 20 of 294 season-regions had no effort and zero identifications. Kamchatka and the
Mexican Islands regions were consistently under-sampled, with an average of 14 and 49 seasonal
identifications, respectively. Hawai‘i (833), California/Oregon (648) and southeast Alaska/northern
British Columbia (772) averaged the highest seasonal identifications, resulting from both high
abundance and high effort. Across all seasons and regions, we found a mean of 448 unique
identifications per season, and a maximum of 1798 unique identifications in one season. Sample sizes
increased on average fourfold over the years of the study period, with the highest number of unique
identifications from 2017 onward (table 3). Further description of this sample distribution is found in [18].

3.2. Recapture rates and bias correction
Between-season matches ranged from 4.95% to 11.43% of individuals per season (table 3). Over the full
study period, 63% of all individuals were captured in multiple seasons and/or regions, suggesting that a
high proportion of the North Pacific humpback whale population was included in the sample [18]. While
sample sizes were very limited for some regions, no region stood out with a disproportionately low
recapture rate. Recapture rates ranged from 56.8% of individuals captured in multiple seasons and/or
regions in the Mariana Islands to 87.2% in southern Mexico and Central America. Following the
photo-ID methodology of [44], we assumed that 97–99% of potential matches were found.
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Figure 2. Bias-corrected estimates of humpback whale abundance for the full North Pacific Ocean. The red line represents a three-
year moving average of abundance estimates. Vertical lines represent confidence intervals based on ± twice the standard errors
(s.e.). S.e. include both the uncertainty in the abundance for the SPLASH years (CV = 0.04, mid-sample year = 2005 [30]) and
the uncertainty in the bias-correction process. Inset: North Pacific humpback whale abundance in the context of post-whaling
population estimates [25,26] and 1993 estimate [31].
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Bias correction factors (Ft) averaged 1.11 (0.94–1.22, s.d. 0.07, table 3), adjusting abundance
estimations upward, in most cases, from uncorrected abundance estimates biased by non-representative
sampling efforts.

3.3. Abundance estimation and trends
Bias-corrected estimates of humpback whales in the full North Pacific increased from 16 875 (s.e. = 5955)
in sample year 2002 to a peak of 33 488 (s.e. = 4455) in 2012 before an inflection with a decline to 26 662
individuals (s.e. = 4192) by sample year 2021 (figure 2 and table 3). Growth from 2002 to 2013 was
consistently positive apart from one anomalous year, 2010, averaging 5.9% yr−1. From 2014 to 2021,
estimated abundance consistently declined, averaging −3.0% yr−1. Hawai‘i region relative abundance
estimates showed a peak in 2013, then declined to abundance levels equal to the mid-2000s from 2017
onward (table 4 and figure 3). The Hawai‘i region growth phase was steeper than the North Pacific-
wide aggregated dataset, averaging 6.9% yr−1 from 2002 to 2013, then declined at an average of
−4.3% yr−1 from 2014 to 2021. By contrast, relative abundance for the Mainland Mexico region grew
at an average of 7.1% yr−1 from 2002 to 2015 before appearing to stabilize with an average of 0.9%
yr−1 growth from 2016 to 2021 (table 4 and figure 3).

3.4. Migration patterns and relative abundance
Analysis of migratory destinations of 2022 individuals found in southeast Alaska and northern British
Columbia in 2004–2006 and 2025 individuals in the same area in 2019–2021 found 591 and 698
individuals in wintering areas, respectively, with no significant difference in migratory destinations
between the two time periods (χ2 = 0.263, p = 0.877; table 5). The proportionate relative abundance of
whales between Hawai‘i and Mexico in 2002–2006 was 78% versus 22%, respectively (table 4 and
figure 4). The Hawai‘i percentage declined by an average of −0.8% annually over the study period, so
that the relative abundances were 65% versus 35% respectively by the 2017–2021 sampling period
(ANOVA p < 0.001).
4. Discussion
This studyestimateda total abundance of 26 662 (s.e. = 4192) humpbackwhales in theNorthPacific asof 2021,
growing from 2002 to 2021 at an average rate of 3%yr−1, with a 20%decline from a peak abundance of 33 488
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Figure 3. Relative estimates of humpback whale abundance for the Hawai‘i (red) and Mainland Mexico (black) regions based on
mark–recapture comparisons with northern British Columbia and southeast Alaska, and California and Oregon, respectively. The lines
represent 3-year moving averages of abundance estimates. Vertical lines represent confidence intervals based on ± twice the
standard error (s.e.).

Table 5. Migratory destinations of 2004–2006 and 2019–2021 southeast Alaska and northern British Columbia humpback whales
show no change over the study period.

time period
SEAK/NBC total
sample

total winter
matches Hawai‘i

Mainland
Mexico

both Hawai‘i and
Mainland Mexico

2004–2006 2022 individuals 29.2% (591) 90.2% (533) 10.3% (61) 0.5% (3)

2019–2021 2025 individuals 34.5% (698) 89.4% (624) 11.2% (78) 0.6% (4)
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Figure 4. Proportion of Hawai‘i and Mainland Mexico relative abundance of humpback whales during study period of 3-year pooled
samples 2002 through 2021, with a slope of −0.8% per year.
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(s.e. = 4455) in 2012. Across the North Pacific Ocean, we described a distinct inflection from post-whaling era
rapid population recovery to a state where population dynamics may now be more constrained by
environmental factors, including variability in resources induced by climate change. From 2002 through
2013, growth averaging 5.9% yr−1 agreed with the 5.2–8.6% yr−1 95% confidence interval growth rate
described by the SPLASH study [30] and was well within an estimated maximum biological potential
growth rate of 11.8% yr−1 [52]. The timing of the inflection from long-term growth, most notably evident
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in ourHawai‘i relative population estimation (figure 3), is consistentwith observed changes in oceanographic
conditions in feeding areas, specifically the severe northeast Pacific Marine Heatwave (PMH) of 2014–2016
[53], which depressed biological productivity and thus prey availability in northeast Pacific Ocean whale
feeding areas. Two other known sources of humpback whale mortality, ship strikes and entanglements,
may have contributed to the apparent decline; both have exceeded estimated potential biological removal
rates [54,55] and entanglement rates surged on the US West Coast in correlation with the PMH apparently
due to habitat compression [43,56,57] but cannot account for an estimated population decline approaching
7000 individuals across the North Pacific in just 9 years (2012–2021).

The PMH, the most extreme in recorded history [41], had profound environmental impacts including
elevated sea surface temperatures (by as much as 3 s.d. in some areas with maximum sea surface
temperature anomalies sometimes exceeding 3–6°C to depths ranging from 50 to 200 m), a decline in sea
surface winds, reduced upwelling and decreases in nutrient-rich water. This led to reduced
phytoplankton biomass and restructured zooplankton communities in favour of lower-calorie species
[58,59]. These changes, in concert with increased metabolically driven food demands of ectothermic
forage fish resulting in quality and quantity declines in forage fish [60], and an increased demand for
forage fish by large ectothermic predatory fish (e.g. groundfish and salmon), ultimately increased
competition beyond the demands already imposed by top predators such as marine mammals and sea
birds. The result created what Piatt et al. [61] proposed as an ‘ectothermic vise’ on the diminished forage
resource. High latitude waters within the PMH witnessed a decline in local abundance of humpback
whales, where they traditionally feed on krill and small schooling fish such as herring, capelin, sand lance
and juvenile salmon [39]. Reduced prey biomass of zooplankton combined with increased competition for
diminished forage fish resulted in severely diminished presence of calves, prevalence of ‘skinny’ whales,
increased strandings [62], and the absence of individual whales with high site fidelity to specific locales.
The impacts were also witnessed in humpback whale breeding grounds including significantly fewer
whales and calves of the year (e.g. [38,63–65]). Co-occurring with the negative effects on humpback
whales in their feeding grounds, several mass mortalities of fish-eating seabirds were documented
suggesting far reaching impacts of the PMH. For example, over 60 000 dead or dying emaciated common
murres (Uria aalge) were documented in 2015–2016 from California to Alaska, apparently from starvation,
with high rates of reproductive failure [61]. The eastern Bearing Sea witnessed shifts in zooplankton
community composition and forage fish distribution with a mass mortality of emaciated tufted puffins
(Fratercula cirrhata) during the onset of molt, apparently associated with starvation [66]. Other species,
whose food resources partially overlap with those diminished in association with the PMH, and which
also experienced declines in body condition and unusual mortality rates included: various Alaskan large
predatory groundfish, California sea lions (Zaolphus californianus) and Guadalupe fur seals (Arctocephalus
townsendi) (summarized in [61]). Given all of these co-occurring impacts with the PMH, and because
humpback whales feed on both krill and small schooling fish, and may be flexible in their ability to shift
their dominant food resource between the two when faced with variations in oceanographic and
ecological conditions affecting their food resources [67], they may serve as a valuable bellwether indicator
species of ocean-basin ecosystem health. Their lack of recovery by 2021 is notable.

While conservation management has focused on populations defined by breeding areas [8], feeding
area resource limitations are likely the greatest determinants of carrying capacity. Regional evidence in
Alaska shows variable recovery in feeding areas where local abundance was severely reduced by the
PMH, still depressed in Prince William Sound [40] compared to partial recovery in Glacier Bay
National Park [39]. The documented downward inflection in the population growth curve of North
Pacific humpback whales may indicate that population impacts of ecological stressors like the PMH
may be broad, and supports evidence of persistence for years after oceanographic conditions return
closer to the long-term mean [53]. Similar findings of the lingering effects of the PMH have been
documented in seabirds in Cook Inlet, Alaska [68].

4.1. Bias correction validity and assumptions
The bias-correction approach allowed us to account for variable sampling effort over time and space,
necessitating three assumptions. First, the assumption that the SPLASH abundance estimate is
unbiased by non-representative geographical sampling is supported by an experimental design for the
SPLASH study that pursued representative sampling of all wintering and summer areas known at the
time [20,30]. The SPLASH study had no effort in the Mariana Islands, which has since been found to
be a breeding area for humpback whales [21]; however, after seven seasons of effort there with 37
individuals identified [18], we are confident that this omission from SPLASH sampling effort would



royalsocietypublishing.org/journal/rsos
R.Soc.Open

Sci.11:231462
15

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

27
 F

eb
ru

ar
y 

20
24

 

not significantly change the abundance estimation at the scale of the full North Pacific Ocean. The
northwest Hawaiian Islands are now known to be a wintering area [69] with as yet unknown
abundance and relationship to the main Hawaiian Islands. Of 37 individuals identified in two
northwest Hawaiian Islands voyages of limited scope and duration (2007 and 2019), 24 individuals
were resighted in Hawai‘i, interchange that suggests a substantial degree of mixing. We believe this is
the only North Pacific humpback whale wintering area that may host an under-sampled, site-faithful
population, though with a majority of identified individuals also encountered in the main Hawaiian
Islands. Further study may thus reveal minimal impact on total abundance estimation statistics.
Russian feeding areas were represented by only 102 individuals during SPLASH years [20]; in
contrast, this study benefited from data from 2296 individuals [18]. This heterogeneity in sampling
effort contributed to larger s.e. ranges derived from our jackknife approach in the full North Pacific
abundance estimate, compared to narrower ranges in Hawai‘i and Mexico relative abundance estimates.

A further consideration of potential sampling bias is of equal detection probability. High accuracy of
the AI image recognition tool used for matching [44] meant any fluking whale could be confidently
identified irrespective of distinctiveness. Females with calves, however, are known to fluke less often
in wintering areas [70] though Craig and Herman demonstrated that extended focal follows of non-
fluking individuals would greatly reduce sampling bias [71]. The same study found lower wintering
resight rates of females. Further, not all humpbacks migrate every year [72]. We believe sampling bias
is effectively minimized by using multi-year pooled samples for each annual abundance estimation
and the methodology of drawing from a dataset of nearly 200 000 identified encounters (192 869
unique encounters distilled to 132 684 unique season-year encounters) that may mimic the high
detection rates of extended focal follows [71].

The second assumption, that migratory patterns have not changed, was conclusively found to be
valid based on no difference between wintering destinations of over 2000 whales each in time periods
near the beginning and end of our study period. This assumption is further supported by
demonstrated strong maternal fidelity and natal philopatry in humpback whales with sufficient
stability over time to show genetic differentiation [73–75].

Validity of the third assumptionwould require that population trendswere uniform between and across
all summer and wintering areas during the study period. We found that relative abundance between
Hawai‘i and Mexico shifted from 78% versus 22% to 65% versus 35% over the course of the study
(figure 4) apparently because of different population growth rates (figure 3). This 13% shift in relative
abundance between Hawai‘i and Mexico, and possible undetected shifts in relative abundance between
other study area regions, does violate this assumption and thus may have introduced error in our
geographical bias correction factor affecting absolute abundance estimates. We realize that the 13%
relative abundance shift is a violation of the assumption of consistent geographical distribution
underlying our sampling bias correction methodology; however, we believe its effects on observed
abundance trends (as documented by the study) are likely to be minimal because (i) the large samples
created by multi-year pooled effort where approximately one-third to half of the total estimated North
Pacific humpback population was captured in most 3-year samples and (ii) the bias corrections
themselves are relatively small. The overall trends without the bias correction are similar to the bias-
corrected trends (table 2), although the values are lower in all years except one. We cannot fully discount
this as a potential source of bias, particularly after 2013 when the proportion of the population in
Hawai‘i decreased substantially (figure 4). To address these sources of uncertainty, future study for
humpback whales in the North Pacific should include absolute abundance estimation by region.

4.2. Relative abundance estimation
We sought to refine the ocean-basin-wide abundance estimatewith regional estimates based on the two best-
sampled subset wintering areas, Hawai‘i and the Mainland Mexico. These subset models could not be
considered absolute abundance estimations because each 3-year sample was not assumed to be a closed
population or controlled for sample bias such as, in the case of Mainland Mexico, an overlap of Central
American whales. These whales are known to co-occur using the region as a migratory corridor [46,76],
and therefore the subset abundance estimate sampled a population with undefined boundaries.
In Hawai‘i, sample effort was concentrated in the Maui-Nui channel and to lesser extents off the islands of
Hawai‘i, Oahu and Kauai, without a clear definition of whether this is a comprehensive sample of an
equally mixed Hawaiian island population. The value of the relative abundance estimations was in
describing different population growth trajectories with far lower s.e. estimations than the North Pacific-
wide model. An apparent sharp decline in humpback whale relative abundance off west Maui (which
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traditionally has hosted the greatest concentrations of humpbackwhales including calves of theyear, e.g. [77–
79]) was reported after the 2014–2016 PMH, using boat-based transect surveys [38] and passive acoustic
monitoring [65], as well as off the Kohala coast of Hawai‘i Island using shore-based systematic scans [64].
The relative abundance trend measured agrees with data from density estimates by fixed-wing aerial
surveys of the entire Maui Nui region for 1993–2003 and 2019–2020 [80], though these surveys did not
occur during the period of apparent steep increase then decrease, over the 2005–2016 period. Our results
support the conclusions of Frankel et al. [64] that environmental variables likely caused Hawaiian
humpback populations to decline due to the PMH. Fluctuating but resilient humpback whale crude birth
rates in Hawai‘i [38,80] suggest the measured −4.3% yr−1 decline from 2014 to 2021 may be temporary,
stabilizing if ocean conditions in feeding areas return to the long-term mean. These trends point to an
apparent ecological shift from a half century of recovery response following near-extirpation by industrial
whaling to carrying capacity-limited abundance. It is notable that the end of the shift did not appear to
occur from population growth but rather from a decrease in carrying capacity triggered by rapid climate
change.
Soc.Open
Sci.11:231462
5. Conclusion
The end of the industrial whaling era left oceans largely empty of great whales [23,24]. Yet with no
species hunted to global extinction during this period, full recovery became a possibility. For
humpback whales, steady population growth was the 40-year trend in the North Pacific, and it is to
be celebrated that humpback whales appeared sufficiently recovered to qualify for partial delisting
from legal protected status regimes in the USA and Canada. Ironically, the timing of legal
conservation status changes for the species was coincident with the dramatic ocean-warming-induced
decline documented in this study. Some populations of humpback whales may no longer be a priority
for endangered species conservation funding [81], but now offer high value as an indicator species of
ocean-basin-wide ecosystem health [82] in a world where we can expect increased frequency and
severity of marine heatwaves. Past population monitoring efforts offered periodic abundance estimates
interspersed with many years with very coarse assessment of population trajectory (figure 2). This
study creates a shift to continuous population monitoring with rapid feedback, enabled by an
advance in AI-assisted photo-ID [44] and an ocean basin-wide collaborative effort [18]. If this cost-
effective collaborative effort is maintained with funding to gather robust sample sizes from most
wintering and summer areas of the species, we can expect to be able to detect shifts in abundance in
near real time through ongoing updates of the model with data from each passing year.

This study establishes a beginning, and represents just one of many possible applications of a rich and
continuous collaborative dataset to monitor humpback whale abundance. Aggregation of historical data
together with a coordinated future study could enable regional abundance estimations, fine-scale
understanding of migratory patterns, and time-varying survivorship and mortality rates. Our method
of estimating population size was deliberately based on the simplest possible approach (pooling all
wintering and summer areas) in order to be comparable to the most recent previous estimate
of humpback whale abundance for the North Pacific [30]. There were substantial limitations to
this approach: it did not provide region-specific estimates of abundance or trends, it was a closed-
population model and did not allow for estimation of mortality or birth rates, and individual
estimates for a given year did not use information available in the longer time-series to improve the
estimate for that year. It is our hope and expectation that this is just the first of many explorations of
this rich and living dataset. Continued collaborative efforts across North Pacific wintering and feeding
areas have great potential for population monitoring and as an indicator of ecosystem health; some of
this is already underway. The In-depth Assessment process of the International Whaling Commission
Scientific Committee is currently developing a population model seeking to include a changing
carrying capacity term that accounts for environmental variability [29]. And a current initiative in
Hawai‘i to fit an integrated population model to these data may refine understanding of regional
abundance in the context of post-delisting monitoring under the ESA [83].
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Supplemental material I: Geographic stratification region boundaries as displayed in Figure 1. 
 
Feeding (summer) areas: 
 
Kamchatka Peninsula, Russia (black): Coastal Kamchatka Peninsula, Russia 

West Bering Sea (cyan): Russian waters from Commander Islands east of 164.5° E and south of 56° N,  across the 
International Dateline to 172° W, and Alaska, USA waters west of the International Dateline (> 0° E) and west of 
164.5° E 

North and East Bering Sea (green): Russian waters east of the International Dateline (> 0° W), and east of 172° E 
and north of 56° N. Alaska, USA waters west of 157° W 

Gulf of Alaska (yellow): Alaska, USA waters between 141° and 157° W 

Southeast Alaska (blue): Alaska, USA waters east of 141° W and Northern British Columbia, Canada (purple): British 
Columbia, Canada waters north of 51° N 

Southern British Columbia, Canada and Washington, USA (salmon): British Columbia, Canada waters south of 51° N 
and all Washington state, USA waters. 

California and Oregon, United States (orange): All waters of the states of California and Oregon, USA 

 

Wintering (presumed breeding) areas: 

West Pacific (purple): Pacific Ocean waters west of 160° E and south of 30° N 

Hawaiʻi (blue): Pacific Ocean waters west of 160° W and south of 30° N 

Revillagigedo Islands, Mexico (cyan): Mexican waters west of 110° W and south of 20° N  

Baja California, Mexico (black): Mexican waters west of 108.4° W and north of 20° N 

Mainland Mexico (green): Mexican waters east of 108.4° W and north of 20° N. Boundary between Mexico 
Mainland and Southern Mexico/Central America based on [75]. 

Southern Mexico and Central America (yellow): Mexican waters east of 108.4° W and south of 20° N, all 
Guatemalan Pacific Ocean waters, El Salvadorian waters, Honduran Pacific Ocean waters, Nicaraguan Pacific Ocean 
waters, Costa Rican Pacific Ocean waters and Panamanian Pacific Ocean waters. For Nicaragua, Costa Rica and 
Panama, where Southern Hemisphere migrants occur, all May through October encounters were removed. 
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the Department of Fisheries and Oceans, Donnor Canadian Foundation, all private donors, 
volunteers and staff and the Gitga’at and Kitasoo/Xai’xias First Nations. Photographs were collected 
under research permit MML-43. 
 
Glacier Bay National Park & Preserve and UAS Sitka acknowledge all data were collected under 
NMFS ESA/MMPA permits 600, 845, 945-1499, 945-1776, 15844, 21059, P263, P317, 473-1700, 473-
1700, 14122, and 18529. We acknowledge the many Park staff and volunteers who helped collect 
and process the data over the decades of study. 
 
Ester Quintana-Rizzo thanks the funding support of various institutions including Cascadia Research 
Collective; Fondo Nacional de Ciencia Tecnología, awarded by the Consejo Nacional de Ciencia y 
Tecnología, through the Secretaria Nacional de Ciencia y Tecnología (Fodecyt 85-2007 Project), 
Cetacean Society International, Sarasota Dolphin Research Institute, Idea Wild, Defensores de la 
Naturaleza Foundation, and SPLASH 2 coordination provided by NOAA Fisheries West Coast Region 
and NOAA Fisheries Office of Protected Resources 
 
Whales of Guerrero thanks the communities of Barra de Potosí and Zihuatanejo in Mexico for their 
assistance and support, the dedicated scientists, educators, community members and expedition 
guests who collected the data with us (in particular, Arturo Mellín, Terra Hanks, Victoria Pouey 
Santalou, Claudia Auladell Quintana and Cristina Martin, Idea Wild, Cetacean Society International, 
USFWS/Semarnat Wildlife Without Borders, National Geographic Society, Lighthouse Foundation, 
Norcross Wildlife, Oceanic Society, SEE Turtles, NOAA, Cascadia Research Collective, Smultea 
Environmental Sciences, Mysticetus, Adobe, Luis Medrano Gonzalez at UNAM, and the private 
donors who made this work possible. Data was collected under research permits: 
SGPA/DGVS/12143/16, SGPA/DGVS/011899/17, SGPA/DGVS/010770/18 
 
Ecología y Conservación de Ballenas, A.C. thanks FIBB Catalog contributors: Ecotours Vallarta, 
Vallarta Natours, Instituto Tecnológico de Bahía de Banderas, CRIP-INAPESCA, Vallarta Adventures, 
Orca de Sayulita, Oceanfriendly and Cielo Abierto who collected data. We also want to thank 
Fundación Ecológica BIOMAR, Stanley W. Ekstrom Foundation, Junghanns, Opequimar Centro 
Marino, PV Marine, Ecotours Vallarta, October Hill Foundation and many other private donors for 
their kind contributions to make this project possible. 
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NOAA Hawaiian Islands Humpback Whale National Marine Sanctuary would like to acknowledge the 
support of staff and volunteers that contributed to the Sanctuary's long-term humpback whale fluke 
catalog; and the funding support provided by Whale Trust (via Whale Tales awards), the Volgenau 
Foundation, Deborah and Michael Rybak, Whaleman Foundation, and many private donors that 
make the catalog possible. Special thanks to Rachel Finn for curating the Sanctuary's catalog. 
Photographs were collected under MMPA/ NMFS permits 14682, 15240, 20311, 932-1489, 932-1905 
and 18786. 
 
NOAA SWFSC acknowledges the U.S. Navy and especially BOEM, who have provided funding to help 
support recent line-transect surveys and associated photo ID efforts. 
 
Alaska Whale Foundation images were obtained under NOAA/NMFS Research Permits No. 0716-
1456, 716-1705, 14599 and 19703. 
 
Whale Trust acknowledges the many supporters who have funded our research over the years, 
ultimately allowing our photo-id dataset to be shared. We thank Cathy Maxwell and Haley Robb for 
their efforts in helping to manage our photo-id catalog with Happywhale submissions. These images 
were collected under NMFS-NOAA permits: 753, 987, 13846, 19925. 
 
For the Philippines, we thank WWF-Philippines, all the volunteers and researchers of BALYENA.ORG 
particularly Elson Q. Aca, Shotaro Nakagun, Timothy Gardner and Takeya Sakamoto. We are grateful 
for the funding support from Ocean Park Conservation Foundation – Hong Kong, The Rufford 
Foundation, Whale Trust and all our donors. 
 
Marine Education and Research Society (MERS) acknowledges this work would not be possible 
without the contributions of the ecotourism, research, and conservation communities of 
northeastern Vancouver Island, and the staff, volunteers, and supporters of the Marine Education 
and Research Society (MERS). Funding was provided by Fisheries and Oceans Canada and the North 
Island Marine Mammal Stewardship Association. Data collected under research licenses MML-42 
and MML-57. 
 
Funding for the Fisheries and Oceans Canada (DFO) humpback catalog and database was provided 
by the DFO Species at Risk Program and the Parks Canada Agency. DFO would like to thank the 
many individuals and organizations that have contributed to this effort over the years.  
 
Marine Megafauna and Fisheries Research Group (MMAPE) thank Ricky Rebolledo and Victoria 
Jansen for all their generosity in lending us a zodiac to be able to take pictures in the Revillagigedo 
archipelago. We want to say thank you so much to Sea Shepherd Conservation Society, and all who 
participated as part of the crew of R/V Martin Sheen and R/V White Holly, during the research 
campaigns to the Revillagigedo archipelago from 2019 to 2021. Especially we want to thank Eva 
Hidalgo, Andrea Bonilla, John Payne, Derek Kimball and JP. Also, we thank all the “MMAPE” students 
who supported both field and photo editing work. We also thank the staff of the Revillagigedo 
National Park, particularly Erendida Frías for all her support in organizing the visits to the park. We 
thank the SEP-CONACYT “Proyecto de Investigación Científica Básica #288211, that financed part of 
the expeditions to Revillagigedo from 2019 to 2021 and SPLASH II that partially supported the 
financing of the 2022 season. Finally, to the academic department of fisheries engineering of the 
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UABCS, to the Dirección General de Ecología del Municipio de Los Cabos and to the staff of Cabo 
Expeditions, particularly Diego Ruíz and Oscar Ortiz, who supported us during our photo-ID work in 
Los Cabos. 
 
Joëlle De Weerdt (Association ELI-S) thanks the private donors and the institutions who provided 
funding for this research including Cascadia Research Collective, Idea Wild, Cetacean Society 
International, Garmin, Joanna Toole Foundation, and Rufford Foundation. Special thanks to the 
captains and all the fieldwork assistants who helped collecting the data with us. The research was 
done under research permits of MARENA: DGPNB-IC-001-2016/ 009-2018/ 006-2019 / 011-2020 / 
011-2021. 
 
Hawaii Marine Mammal Consortium acknowledges photography and fieldwork by Suzanne Yin, 
Susan Rickards, Adam Frankel, Kim New and others whose images were obtained under 
NOAA/NMFS Research Permits 774-1437, 782-1719, 1127-1921, 15330, and 20605.Thanks to 
Cascadia Research Collective and NOAA Pacific Islands Fisheries Science Center and Southwest 
Fisheries Science Center for permitting assistance.  Over the years of the study, we relied on funding 
or in-kind support from the AmazonSmile Foundation, Atkinson Foundation, Benevity-Apple 
Matching Gifts Program, Cornell University, Hawaiian Island Humpback Whale National Marine 
Sanctuary, Honda Motor Corporation of America, Network for Good, PayPal Giving Fund, Norcross 
Foundation, State of Hawaii Department of Land and Natural Resources, University of Hawaii, and 
Whale Tales as well as many individual donors which made our work possible. 
 
Funding from the University of Hawaiʻi at Manoa and the Office of Naval Research Department of 
Defense (Grant # N00014-19-1-2612) made this research contribution possible from the Marine 
Mammal Research Program at the Hawaii Institute of Marine Biology at the University of Hawaii at 
Manoa. This paper represents HIMB and SOEST contribution numbers 1943 and 11757, respectively. 
 
Humpback Whales of the Salish Sea acknowledges the ecotourism sector, community members, and 
researchers who have contributed to this work. 
 
Ocean Wise acknowledges that this work would not be possible without the contributions of the 
ecotourism, research, and coastal communities of northern British Columbia along with the staff, 
volunteers, and supporters of Ocean Wise. Funding was provided in part by a financial contribution 
from Fisheries and Oceans Canada. Data was collected under research licenses MML-18. 
 
Adam A. Pack acknowledges that all fluke ID images and associated data of The Dolphin Institute 
(TDI) were collected under the following NOAA Permits: NMFS 707-15631-00 (Louis M. Herman, P.I), 
1071-1770 (Adam A. Pack, P.I.), 587-1767-01 (Dan Salden, P.I.), 14585 (Adam A. Pack, P.I.) and 19655-
02 (Adam A. Pack, P.I.), as well State of Hawaii Permits and University of Hawaii IACUC approved 
protocols.  The Dolphin Institute is grateful for research efforts of its participants and the many 
graduate and undergraduate students and interns at the University of Hawaii Kewalo Basin Marine 
Mammal Laboratory and University of Hawaii at Hilo Marine Mammal Lab, as well as from the 
support of its members, University of Hawai’i at Hilo, Office of Naval Research (Grant N00014-02-1-
1058), the National Fish and Wildlife Foundation (Grant 200-0170-035), the Hawaiian Islands 
Humpback Whale National Marine Sanctuary, SPLASH,  Whale Trust, The Hawaii Sea Grant College 
Program, LeBurta Atherton, The LeBurta Atherton Foundation, The Robles Foundation, Captain 
Dennis Rogers and Alaska Sea Adventures.  
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Happywhale would like to acknowledge the following photo and data contributors for the North 
Pacific dataset: 
 
Photo-contributing scientists and research groups: 
Bernardo Alps, Diane Alps, Carlos Alvarez, Dave Anderson, Eric Angel Ramos, Lisa Angle, Aquarium 
of the Pacific, Eileen Avery, Annie Douglas Baird, Robin Baird, Ken Balcomb, Daniel Bianchetta, Nancy 
Black, Jim Borrowman, Elliott Breslar, Vladimir Burkanov, Ethan Bushey, Dave Cade, Dominique 
Camacho, Salvatore Cerchio, Bay Cetology, Todd Chandler, Channel Islands NMS (CINMS) Naturalist 
Corps, Casey Clark, Marilyn Dahlheim, Luciano Dalla Rosa, Grupo de Mastozoología Marina, Facultad 
de Ciencias, UNAM, Solène Derville, Rene Devito, Bethany Diehl, Discovery Whale Watch research, 
Don Dolittle, Carlos Andres Elgueta Godoy, Dave Ellifrit, Candice Emmons, Ma. Eugenia Rodríguez 
Vázquez, Joe Evenson, Joseph Evenson, James Fahlbusch, Erin Falcone, Holly Fearnbach, Debbie and 
Mark Ferrari, Michael Fishbach, Ian Flynn-Thomas, Pieter Folkens, Karin Forney, Hillary Foster, Adam 
Frankel, Lauren Fritz, Frank Garita Alpízar, Kathi George, Don Gillies, Brian Gisborne, Paulina Godoy y 
Carlos Aguilera, Geoff Grow, Grupo de Investigación de Mamíferos Marinos, Chris Hamilton, Jeff 
Harris, Elizabeth Henderson, Shoal Hollingsworth, Kathy Hough, Oceanico Huatulco, Jessie Huggins, 
Yulia Ivashchenko, Laura J. Morse, Shirel Kahane-Rapport, Josh Kaye-Carr, Eric Keen, Bill Keener, Sara 
Kerosky, Thomas R. Kieckhefer, Amber Klimek, John Kuizenga, Barbara LaCorte, Daniel Laggner, 
Marc Lammers, Bekah Lane, Ingermarie Laursen, Scott Leon, Ron LeValley, Steve Lewis and Rachel 
Myron, Dave Lott, Emma Luck, Amber Luvmour, Tim Markowitz, Marine Life Studies, Eric Martin, 
Beth Mathews, Cathy Maxwell, Carolyn McCleskey, Gitte McDonald, Josh McInnes, Elizabeth Mitchell, 
MMOBiDiC, Nora Moloney, Jim Nahmens, Anne Nelson, Flip Nicklin, North Gulf Oceanic Society, Julia 
O'Hern, Marie O'Shaughnessy, Dan Olsen, Lenin Oviedo, Kim Parsons, Doug Perrine, Robert Pitman, 
Programa Nacional de Conservación de Cetáceos (ESA), Jennifer Quan, George R Torralba, Chris 
Rado, Mella Re, Jessica Redfern, Alan Reitsch, Heather (Vukelic) Riley, Brenda Rone, Hiram Rosales 
Nanduca, Elske Rotshuizen, Phil Rouget, Alexis Rudd, Peter Rudolph, Bart Rulon, Marco Saborio, Dan 
Salden, Doug Sandilands, Kate Sardi, Oksana Savenko, Jim Scarff, Ernst Schneidereit, Greg Schorr, 
Alisa Schulman-Janiger (California Killer Whale Project), Dan Shapiro, Charlie Short, Glenn Shuart, 
Andrea Siatkowski, Michael H Smith, Clark Snodgrass, Lisa Spaven, Kate Stafford, Peggy Stap, 
Gretchen Steiger, Lei Lani Stelle, Alison Stimpert, Wendy Szaniszlo, Isidore Szczepaniak, Angela 
Szesciorka, Jenn Tackaberry, Barbara Taylor, Kate Thomas, Leigh Torres, Marcel V. de Morais, 
Alexandra Vanderzee, Janice Waite, Eric Ward, Jane Watson, Bridget H. Watts, WCLWERN, Sophie 
Webb, Marc Webber, Daniel Webster, Bill Weinerth, Caroline Weir, Monika Wieland Shields, Lauren A 
Wild, Rob Williams, Ulrike Wolf, Manami Yamaguchi, Suzanne Yin, Eden Zang, Ann Zoidis, Elizabeth 
Zwamborn, Sachie Ozawa, Naoto Higashi, Senzo Uchida, Kiyoteru Toyama, Yukifumi Miyamura, 
Hisao Miyahira, Keiko Tamura, Kiyohide Miyahira, Okinawa Churaumi Aquarium staff 
 
Photo-contributing community scientists: 
Mark Aaron, Steven Abadi, Zack Abbey, Kevin Abernathy, Robin Abernethy, Caitlin Abraham, Mary 
Abram, julie abrams, Celia Ackerman, Michael Ackley, Sarah Acosta, Colin R. Adair, Jenn Adair, Jessica 
Adams, Paul Adams, R.J. Adams, Sheree Adams, Jenn Addison, Ellen Adelman, Sanjay adkar, Andrew 
Adler, Marilyn Adler, Christian Adlhart, Oceanside Adventures, Vallarta Adventures, sion agami, 
Robin Agarwal, Liza Aguilar Badillo, Chelsea Aguino, Helen Ahern, Artie Ahier, Bashir Ahmed, Ned 
Ahrens, Jay Ailworth, Bruce Aitken, Chandler Akerman, Kak Alak, Charles Alan Keel, Thomas Alcorn, 
David Alders, Michelle Aldrich, Phoebe Aldrich, Caryn Aleo, Margaret Alerding, Heidi Alexander, 
Maria Alexis, Robin Alexis, David Alfaro, Nelson Enrique Alfaro Hernandez, Mohammad Ali Pasha, 
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Salim Ali Siddiq, Andromeda Alighieri, Ben Allen, Darrin Allen, Karen Allen, Paul Allen, Denise Allen, 
Cindy Alley, Liz Allyn, Katheryn Jo Allyn, Watt Alston, Charles Alsup, Susan Altshuler, Jennifer Alvarez, 
JoLynn Alvarez, Michael Alves, Nadia Aly, Diogo Amaral, Gerry Ambury, Heros Amerkhanian, Cindy 
Amistoso, Peter Amster, John Amussen, Avi Anand, Lee Andelson, Blain Anderson, Jacob anderson, 
Kiersten Anderson, Ron Anderson, Tom Anderson, James Anderson, Scott Anderson, Shane 
Anderson, Thomas Anderson, Susan Andersson, Kelvin Andow, Paul Andrews, Phaedra Ann, Tisa 
Annette, Lardeau Annick, Carol Annis, Shelly Antonali-Tinsley, Benjamin Apsley, Greg Aranea, Thais 
Arata, Fernando Arcas, Joe Arceneaux, Diego Arciniega, Duncan Armour, JC Armstrong, Ilia 
Armstrong, Howard Arndt, Chris Arnold, Jen Arnold, Noel Arretche, Michael Arrighi, Rodney Artiles, 
Tammy Ash, Nick Ashby, Jim Ashe, Jeannette Ashlin, Laurel Ashlock, Carl Ashton, Anna Astafurova, 
Daniella Asturias, Allen Atkinson, Jen Atkinson, Jessica Aubry, Sean Aucoin, Jim Audley, Kristi August, 
Brian Auman, Eric Austin Yee, Jan Austin, Julie Austin, David Austin, Oliver Autrey, Linda Averett, 
Colleen Avezzano, Roxana Ayala Ruiz, Burak Ayday, Sabrina Ayles, Mark Edwin Ayre, Steve Azer, 
Chuck Babbitt, Stephen Baca, Don Baccus, Lars Backstrom, angela bacon, Tammera Badano, Gen 
Badough, Lee Bagby, Dana Bagshaw, Madeline Bahr, Danielle Baier, Bob Bailey, Lynnette Bailey, Paul 
Bailey, Michael Bain, Mike Baird, Jose Baires, Raminder S Bajwa, Martha Baker, Erik Bakke, Sanne 
Bakkers, Kelly Bakshi, Arnav Bakshi, Jim Balcom, Bruce Baldi, Anthony Baldo, Kevin Baldwin, Lisa 
Baldwin, Sara Baldwin, Kurt Baldwin, Susan Balkema, Abbie Balland, Mike Bamshad, Paul Bandall, 
Brett Banditelli, David Banks, Caitlyn Bannister, Tony Baratta, Olivia Barber, Marie Barbieri, Kerry 
Barbour, Kristen Bargas, Katarzyna Barkas, Aurimas Barkauskas, Jack Barkowski, Jay Barlow, 
Matthew Barnes, Lory Barra, Salvador Barraza Delbarco, Joel Barrett, Lisa Barrett, Danica barron, 
Dave Barry, Lisa Barry, Wesley Barry, Peter Barto, Gina Barton, Scott Bartos, Joe Barwick, Jessica Bas, 
Robert Basaraba, Kirstie Basford, Heather Baskey, Tanya Bass, Tanya Baston, John Batchelder, John 
Bateman, Cherith Bates, Marcella Battista, Jeff  Baublits, Alisa Baum, Sara Baumgartner, Kym Bausch, 
Diego Bautista, Carrie Baxter, Chelsea Baxter, Melissa Baxter, Siri Baxter, Emily Baxter, Ryan Bayliss, 
Jordan Bayuk, Nicole Bear, Cathy Beard, Kathleen Bearden, Doug Beasley, Laurie Beaubien, Rick 
Beaver, Vicki Beaver, Katie Bechtel, Colby Bechtold, Ann Beck, Steph Beck, Cindy Becker, Hilary 
Becker, Ivo Becker, Joe Beckert, Brittany Becklund, Peter Bedrossian, Barbara Bedwell, James Beedle, 
Richard Beeler, David Beeninga, Renske beerkens, Christie Beetz, james begeman, Rich Behn, 
Chelsea Behymer, Renee Beitzel, Cindy Belko, Danny Bell, Don Bell, Merle Bell, Bret Bellevue, 
Mitchell Belser, Brooke Bembenek, Jack Bender, Malory Benedetti, Chris Benesh, Elias Benkhodja, 
Chuck Bennett, Kathy L Bennett, Dustin Bennett, Lewis Bennett, Amanda Bennewitz, Laura Benson, 
Gena Bentall, Veronica Benton, Diana Benton, Heather Benz, Scott Benz, Lori Beraha, Michele Berg, 
Tanys Bergerud, Ferd Bergholz, Carey Bergman, Marcus Bergstr√∂m, Andrew Bergstrom, Marcus 
Bergström, Ezra Berkenwald, Bryan Berkowitz, Don Bermant, David Bernal, Michael Bernier, Carin 
Berolzheimer, Shamus Berry, Sierra Bertini, Allan Besson, Cynthia Lee Best, Ken Bester, Laura Beth, 
Gail Betzhold, Chris Beukenkamp, Keshav Bhanot, Domenic Biagini, Michael Bialas, Alain Bidart, 
Mark Bielick, Chris Biertuempfel, Daniel Biggs, Peter Bilandzia, Denise Billen-Mejia, Rayne Billings, 
Jack Billings, Eric Bindseil, Emma Bingham, Biocean Wildlife Encounters, Jordan Bird, David Bird, 
Steve Biro, Paul Bishop, Piper Bishop, Mira Bishop, Brendon Bissonnette, Brent Bitterman, Sally 
Bixby, Jeff Bjornson, Frank Blache, Jill Black, Mackenzie Black, Maddie Black, RON BLACKARD, Nick 
Blackburn, CYNTHIA BLACKMAN, Mary O. Blackwell, David Blaen, Anna Blake, Johanna Blakley, 
Teresa Blase, Jamie Blattmann, Olivier Blaud, Dawn Blauser, Kurt Bleacher, Adam Bleau, Bridget 
Bleshenski, Annalese Bletsch, Sophie Blews, Max Block, Fran Bloom, Jessica Blount, Janie Blue, Jeff 
Blum, Bruce Blumberg, ciaran blumenfeld, Elliott Blumenthal, Barbara Hall Blumer, Kenneth A 
Blythe, Becky Boan, Sarah Board, Vicki Boardman, Carl Boast, Dawn Boatright, Kelly Boatwright, Igor 
Bobyr, Haley Bochicchio, Carly Boddy, Laura Bogaard, Nicki Boggs, Sarah Bohn, Mael Bojórquez, Ben 
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Boline, Annette Bombosch, Gabe Bonde, julie boney, Bladimir Antonio Bonilla Cortez, Carlos R 
Bonilla Ruz, Craig Bonsignore, Jan Booch, Shari Bookstaff, Matt Boom, Khemarat Boonyapaluk, 
Sabrina Boquet, Glenn Borchers, Luciana Fortes Borelli Costa, Courtney Boren, Nicole Borger, 
Vanuza borges, Sheri Boroda, Michael Borom, Sylvia Borunda Firth, John K. Borys, Jr., kerry bostrom, 
Brian Bottomley, Karen Bounds, Lisa Bourgault, Jim Bourne, Marc Boutet, Valeria Bove, Brittany 
Bovee, Tori Bowe, Ginger Bowman, Jacob Bowman, David Boyarski, Joan Boyce, Areia Boyd, Renz 
Boyd, Dina Boyer, Shavawn Boyer, Lori Boyer, MaryAnn Boylan, Kathy Boyle, Heather Boyle 
Dimitrievski, RT Bozarth, Dana Bozich, Garrett Bozzo, Claire Brade, Larry Bradfish, Daniel Bradford, 
chelsea bradley, thomas bradley, Wes Bradley, Laura Bradley, Mark Bradley, Chris Brady, David 
Brakebill, Katie Bramlett, John Brandon, Emily Brandt, Jody Branham, Rachel Bratlie, William Brawley, 
Sam Bray, Douglas Bready, Rob Breakiron, Cathy Breining, Tom Bremer, Chris Brendemuhl, Lisa 
Brendle, Capt Frank Brennan, Elliot Breslar, Evelin Breuers, Julie Brewer, Van Brewer, Cheyenne 
Brewster, Chalon Bridges, Mickey Brilhart, Kerri Brimmer, Mike Brink, Thor Brisbin, Kaliya Briseno, 
Jane Bristow, Anthony Britton, Dave Brockway, Evan Brodsky, Stan Brody, Angie Broennimann, 
Anieke Brombacher, Keith Brooks, Mariela Brooks, Dustin Brookshire, Jack A Broom, Jan Brouard, 
Audra Brousseau, Aimee Brown, Dan Brown, David Brown, Donald Brown, Ena Brown, Eric S Brown, 
FLETCHER BROWN, Nic Brown Photo, Nick Brown, Tara Brown, Wayne Brown, Bob Brown, Brad 
Brown, Linda Brown, Patrick Brown, Terry L. Brown and Jude Abrams, Betsy Broyd, Bryan Brubaker, 
Emily Bruce, Lavonne Bruckner, Brittany Bruffey, Elie Brun, Dana Brune, Sylvain Brunetto, Julie 
Brusca, Ricarda Brusegard, Peter Bruton, Ashley Bruursema, b bryant, Roger Bryenton, Frances 
Bubalo, Paul Buck, Emma Buck, William Buck, Keith Buckingham, Craig Buckingham, Justine 
Buckmaster, Todd Buczyna, Julie Buderus, Michael Buehler, Anita Buehlmann, David Buettner, Glenn 
Bujewski, Per Nikolaj Bukh, Ian Bullock, Andrew Bunnell, Linda Burback, Nancy Burbott, Alexander 
Burdin, Kourtney Burger, Florian B√ºrger, Kristin Burk, Raina Burke, Dustin Burkhouse, Margaret 
Burks, June Burlingame Smith, Mary P.K. Burns, Taylor Burns, Taylor Burtch, Alyce Bush, Rick Bush, 
Scott Bush, Heidi Busse, Adolfo Bustamante Liz√°rraga, Alicia Buzzard, Linda Buzzini, Karen Byars, 
Jayleen Bydlon, Vern Byggdin, Laurie Byington, Jamie Byrne, Cameron Byrnes, Wendy Byrnes, Heitor 
C, Louis C, Virginia Caballero Slim, Paula Cabanilles, Jessica Cabrera-Sarduy, Nathan Cadieux, Jenny 
Caldwell, Mary Caldwell, Kandy Callaghan, John Callender, Marcie Callewaert, luis tadeo camacho 
ledesma, Robert Camp, Emily Camp, Pascale Campagna-Slater, Dawnya Campbell, Ian Campbell, Ken 
Campbell, Kristin Campbell, Pamela Campbell, Sherry campbell, Wyatt M Campbell, Chris Campo, 
Terry Canavan, Katie Cane, Natalie Cannatella, Holly Cannon, Mae Elise Cannon, Simon Cannons, 
Carol Cappadonna, Capt. Dave's Dolphin & Whale Watching Safari, captain zodiac, Courtney 
Carballo, Gustavo Cárdenas Hinojosa, Cathy Cardon, Jacky Carleton, Robert Carlin, Alyssa Carlson, 
Betsy Carlson, Dennis and Tina Carlson, Avery Carlstrom, Adam Carlton, Jeff Carlucci, Robyn Carmel, 
Matthew Carnagey, Rick carpenter, Charles Carpenter, Eric Carr, RW Carrington, Megan Carrow, 
Kristie Carruthers, Derick Carss, Peter Carstens, Lilian Carswell, Amy M Carter, Danielle Carter, 
Donna Carter, Greg Carter, Mark Carwardine, Ted Caryl, Brooke Casanova, Robyn Case, Erin Casellas, 
David Cashbaugh, Thomas Caskey, Colleen Cassel, Melvin Castaneda, Michael Castillo, Robert Castle, 
Zoe Castle, ivan lopez castro, Ben Caswell, Brian Catania, Kelly Cates, Dean Catton, John Cave, Emily 
Cavedon, Daniel Cayton, sami cerny, David Cervera, Sandra Chafee, Arun Chaganty, David 
Chamberlin, Erin Chandler, Rodney Chandler, Alan Chang, Leo Chang, David Chao, Jonathan 
Chapman, Tess Chapman, Mark Chappell, Ron Charbonneau, Chris Charlesworth, Leslie Charpentier, 
Stephanie Chastain, Erica Chavez, Freddy Chavez, Alicia Chavez terrazas, Richard Chavez, Joe Chavis, 
Maxim Cheeran, Doug Cheeseman, Gongyao Chen, Jiyu Chen, Emily Chen, Lancy Cheng, M N Cheng, 
Jonathan Cherney, Michelle Cherry, Scott Cherry, Holly Cheshier, Fabien Chesneau, Garrett Chew, 
Francine Chick, Shannon Chicoine, Céili Chilcott, Gabriella Childers, Lucita Chin, John Chiovarou, 
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Casey Cho, Brooke Chodzinski, Chris Choi, malisa chotisin, Seemant Choudhary, Russell Chowning, 
CHP Golden Gate Division Air Operations, Denny Chretien, Jonathan Christ, Emily Christensen, Jared 
Christensen, Joshua Christiansen, MaryBeth Chruden, I-Han Chu, Shon Cid, Chris Cilfone, Tim Claes, 
Gina Clapp, Lione Clare, Justin Clarey, Brian Clark, Cecilia Clark, Julian Clark, Marianne Clark, dubhan 
clark, Elizabeth Clark, John Clark, Mike Clark, andrea clarke, Chris Clarke, Emily Clarke, Rolf Clarke, 
Brent Clayton, Creed Clayton, John Clear, Christine Clear, Nancy Clear, William Clements, Tracie Cliff, 
Amanda Cline, Jill Clogston, Susie Clothier, Kathryn Clouston, Joel Cloutier, Tom Coates, Jon B Coats 
Jr, Chris Cobb, Jennifer Cobb, Rhonda Cobb, David Cochrane, John Coffey, Kayleigh Coffey, Julie. 
Coffin, Joshua Cohen, Sheri Cohen, Hannah Cohen, Laurie Colbeck, Amanda Colbert, Debbie 
Colbourne, Brenda cole, Ian Colle, Drew Collins, Casey Collins, Grace Collins, Peter Colombo, Danielle 
Colosimo, Erik Combs, Melissa Compean, Brian Congdon, Denielle Conley, Anne Conlon, Lucia 
Conner, Tim Conner, Jake Connolly, Samantha Connolly, Deborah Conrad, David Conroy, Ellen 
Conway, Kathy Conzelman, Tara Coody, Abriana Cook, Paul Cook, Sarah Cook, Jason Cook, Kathy 
Cookman, Bill Cooney, Charlie Cooper, Shaun Cooper, Taylor Cope, Chelsea Copley, Kristen Coppola, 
Kira Corcoran, Rob Cordes, Joanna Corey, Lila Corkish, Juliana Cornett, Nathaniel Cornille, Mark 
Andrew Cornish, Kristi Cornwell, Joseph Coronado, Gwiin Correa, Grace Corrigan, David Corsinotti, 
Caren Costley, Benjamin Costley, Jim Cotton, Michael Cottrell, Paul Cottrell, Michael Couffer, Kelly M 
Coursey Gray, Amy Courtney, Tanya Courtney, Jenna Covington, Tony Coward, Crystal Cowles, 
George Cowsar, John David Cowsar Jr, Chad Cox, Dana Cox, Jared Cox, Mark Cox, Justin Cox, James 
Coyer, Heather Coyne, Andrew Crabtree, Taylor Crabtree, Tracey Cragg, Emily Cramer, Valerie 
Cramer, Allan Crandell, Hannah Crazyhawk, Kay Creighton, Lucas Cressler, Aaron Cretin, E Darrell 
Crisp, Kim Crisp, Jessica Crist, James Croan, Stacey Crofoot, Douglas Croft, Christian Crook, Mariann 
crooks, Helen Cross, Joe Cross Jr, Lee Crosson, Keely Crowder, Jessica Crowe, Gabriella Crowley, 
Sanctuary Cruises, jill cruse, Erick Cruz, Haide Cruz Villagran, Cserhati Csanad, Jim Cubbage, Teresa 
cue, Michael S Cugno Jr, crystal cullen, Lisa Culp, Jennifer Cummings, Kate Cummings, Shea 
Cummings, Amanda Cummins, Sandra Cunha-Rocha, Tim Cunnell, Jeanne Cunningham, Lyla 
Cunningham, Cindy Curry, Cherish Curtis, Lindsay Curtis, Susan Curtis, Jennifer Curtis, Ashley Curtiss, 
Ali Curtner, ashlee cushing, Chris Cutler, Lauren Cutler, Andy Cvengros, Kiwi Cyr, Sarah Czaplewski, 
Eva Czirr, Peter D'Angelo, Rachel Daddona, Abigail Dahl, Laurie dahle, David Dailey, Sandra Dake, 
Dino R. Dal Bon, Jim Dalton, Eli Damron Rodriguez, Dana Wharf Whale Watching, Tatyana (Taz) 
Danahy-Moore, Trudy Danby, Caitlyn Dance, arabella dane, E Daniel, Evan Daniel, Juan Daniel 
Negrete Uribe, Angela Dardina, Conrad Dark, Sarah P Darling, Nikhil Dass, Elizabeth Datz, Tim 
Davatz, Jaymini Dave, Alison Davenport, Calley Davenport, Pat Davi, Shaun Davidson, Stu Davidson, 
Alex davies, Mike Davies, Scott Davies, Susanne Davies, Carrie davis, Chasen Davis, Chris Davis, 
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