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ABSTRACT

At the 2016 IWC Scientific Committee meeting, it was agreed that an annual or biannual report
on the Bering-Chukchi-Beaufort Seas (BCB) bowhead whale stock would be submitted that
summarizes health-related data from multiple disciplines. This summary is intended to provide
ancillary but pertinent information for informing management recommendations and tracking the
status of the BCB bowhead stock. This report is the fourth of the series and summarizes general
information on population indices, whale health, and hunter observations of bowhead whales for
2020 and 2021. We provide new information on 12 indices: (1) population size and trends; (2)
adult survival rate; (3) acoustic index of relative abundance of migrating whales; (4) distribution
and migration; (5) calf production (aerial surveys); (6) pregnancy rates of landed adult females;
(7) body condition; (8) whale lice burden of landed whales; (9) proportion of landed whales
showing evidence of feeding; (10) proportion of landed whales with injuries consistent with line
entanglement, killer whale attacks and/or vessel collisions; (11) non-harvest related mortality of
bowhead whales; (12) pathological findings from postmortem examinations of landed whales; and
(13) hunter observations. These indices suggest that the bowhead population remains robust and
that the subsistence harvest is sustainable. We will continue to monitor these indices in the coming
years.

INTRODUCTION

At the 2016 IWC Scientific Committee meeting, it was agreed that an annual or biannual report
on the Bering-Chukchi-Beaufort Seas (BCB) bowhead whale (Balaena mysticetus) stock would
be submitted by the North Slope Borough and collaborators that summarizes various health-
related data (George et al. 2016). This summary is intended to provide ancillary but pertinent
information to inform management recommendations and track the status of the BCB stock. This
report is the fourth of the series (George et al. 2017a; Stimmelmayr et al. 2018, 2020) and



summarizes general information on population indices, distribution and migration, whale health,
and hunter observations of bowhead whales. Taken together, these different indices provide
timely information on bowhead whale resilience in an era of rapid ecosystem alteration in the
Pacific Arctic (e.g., Moore and Reeves 2018; Huntington et al. 2020; Gulland et al. 2022).

Population Size and Trend

In 2019, two abundance surveys were conducted to derive updated estimates of the BCB
bowhead whale population. The first was an ice-based visual survey conducted near Utgiagvik

, Alaska, during the spring migration (Givens et al., 2021a). Such surveys have been conducted
since 1978. Observers stand on a perch at the ice edge and count whales migrating through the
open lead. This count is adjusted to account for visual detection probability and whale
availability, including the proportion of whales swimming within visual range (denoted P4). In
some past surveys, P4 has been estimated from simultaneous acoustic data. In 2019, no acoustic
monitoring was completed, so P4 was estimated from a regression of P4 on perch location, using
data from other years. This approach is an improvement from some prior estimates where P4 was
estimated from a simple average of past values. The resulting abundance estimate was 12,505
bowhead whales (CV=0.228, 95% CI 7,994 to 19,560). However, the authors noted that they are
of the opinion that the estimate had significant downward bias due to several factors, including:
highly unusual ice conditions in 2019, failure to conduct watch because of closed leads during
the early weeks of the migration when numerous whales likely passed, an unusually short perch,
and hunters use of powered skiffs near the observation perch, that likely disturbed the whales
during the survey.

Givens et al. (2021b) developed a post hoc bias correction approach to adjust the estimate of
Givens et al. (2021a) for the downward bias attributed to disturbance from hunters’ powered
skiffs, using contemporaneous data on boat excursions. Indices of short-term bowhead whale
abundance at the survey perch and short-term boat noise disturbance were computed from the
available data, where ‘short term’ refers to a few hours. A generalized additive model (GAM)
was fit to the results, predicting short-term whale abundance as a smooth function of the boat
noise disturbance index, after controlling for long-term variation in the whale passage rate over
the course of the season. The fitted GAM was then used to predict passage with and without the
presence of boat noise. The ratio of the integrals of these two predicted passage curves provided
a correction factor. Variance of this correction factor was estimated using two approaches, and
found to be small. The estimated correction factor would increase the abundance estimate from
Givens et al. (2021a) by about 12%, yielding a corrected abundance estimate of 14,025
(CVv=0.228, 95% CI 8,964 to 21,942). The IWC Scientific Committee reviewed this corrected
estimate in 2021 and endorsed it as the best available estimate from the 2019 ice-based survey,
and appropriate for use with the Aboriginal Whaling Management Procedure and for inclusion in



the Scientific Committee’s Table of Agreed Abundance Estimates as Category 1A (‘acceptable
for use in In-depth Assessments or for providing management advice’) (IWC, 2022).

The second survey was conducted by the Aerial Survey of Arctic Marine Mammals (ASAMM)
project in August 2019. The study area for this aerial line-transect survey extended from 117°W-
158°W, focusing on the Beaufort Sea shelf and Amundsen Gulf, with secondary priority west of
Banks Island. The spatial and temporal scope were chosen to coincide with the time period when
the majority of the BCB bowhead whale stock is believed to be in a region that could be
effectively surveyed using aerial line-transect methods. Based on this survey, Ferguson et al.
(2022) used a spatially-explicit model to estimate the abundance of BCB bowhead whales in
2019 to be 17,175 whales (CV = 0.237; 95% CI 10,793 to 27,330). This abundance estimate
incorporates correction factors for perception bias (including transect detection probability) and
availability bias (accounting for observer field-of-view and bowhead whale surface and dive
duration). The spatially-explicit model was a hierarchical generalized additive model (Pedersen
et al. 2019) that incorporated soap film smooths (Wood et al. 2008) of space, with factor-smooth
interactions to accommodate activity state-specific estimates of availability bias.

The two 2019 estimates provide an update of the abundance of BCB bowhead whales as required
every 10 years by the IWC’s Aboriginal Whaling Scheme (IWC 2019). Although the estimated
abundance for the 2019 ice-based survey is lower than the 2011 estimate of 16,820, both ice
based and aerial surveys provide confidence intervals for abundance that wholly encompass the
2011 interval (Figure 1, Givens et al. 2016, 2021b). It is not clear whether the apparent
stabilization or slight decline in the point estimates for abundance from 2011 to 2019 is due to:
sampling variability; uncorrected negative bias in both 2019 estimates or positive bias in 2011;
reduction in productivity and/or survival for unknown reasons; or some combination of these
and/or other factors. The authors of both 2019 abundance estimates assert in their papers that
they do not interpret the 2019 results as indicative of population decline, for a variety of
biological, ecological, and statistical reasons, and also because the differences between the 2011
and 2019 confidence intervals are nowhere close to statistical significance.

Using 12 abundance estimates from 1978 through 2011, Givens et al. (2016) estimated the
annual rate of population growth to be 3.7% (95% CI 2.9% to 4.6%). Figure 1 illustrates how the
apparent trend is affected by the two abundance estimates for 2019. The solid curve is fit to the
data through 2011, including the estimate of Koski et al. (2010) for 2004, not used in the prior
analysis. The dashed curve incorporates both 2019 estimates. These curves are estimated using a
simple, inverse variance weighted regression on log abundance to fit an exponential growth
model. They do not incorporate the small correlations between some prior abundance estimates
(as Givens et al. 2016 did); therefore we don’t update the growth rate estimate here. It is apparent
that the 2019 abundance estimates do not substantially reduce estimated population growth.



Plans for both a future ice-based visual/acoustic survey and a new aerial survey are at early
stages, with a first attempt at the ice-based survey tentatively planned for spring 2024 or 2025.
Given rapidly changing ice conditions in the Arctic, it will be prudent to pursue an aerial survey
on approximately the same timeline, in case the ice-based visual/acoustic survey is unsuccessful
at providing the data needed to produce a reliable abundance estimate.
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Figure 1. Estimated population growth, with (dashed curve) and without (solid curve) the two
new abundance estimates for 2019. The abundance estimates are shown with 95% confidence
intervals. The 2019 estimates are blue, and horizontally jittered in the display for clarity.



Adult Survival Rate

Bowhead whales are among the longest-living mammals (George et al. 2021a). We previously
reported an estimate of adult survival rate of 0.996 (with an approximate lower confidence bound
of 0.976) based on the 2011 photo-ID analysis that used photo matches of re-identified whales as
far back as 1985 (Givens et al. 2017; Stimmelmayr et al. 2017). This estimated high survival rate
is supported by other biological data on longevity (Keane et al. 2015). No new formal analysis of
aerial photographs has been conducted. However, in fall 2021, a photographed cow-calf pair was
matched to an image of the adult taken in 1985 (B. Tudor pers. comm.) and represents the
longest recorded (36 year) recapture of a bowhead whale (J.C. George, pers. comm.). In 1985,
white pigmentation of the peduncle was already present on the adult, suggesting advanced age of
this particular female. (George et al. 2021a). This resighting provides additional support for
extended longevity among bowhead whales and for delayed reproductive senescence in female
bowhead whales in comparison to other baleen whales (Tarpley et al. 2021).

Acoustic Index from Spring short-term moorings

Acoustic data collected by NOAA within the Pacific Arctic have yet to be formally analyzed.
Here we briefly report on hydrophone recordings collected opportunistically in 2020 and 2021.
On 24 April 2020, a dipping hydrophone was deployed briefly in the spring lead near Utgiagvik
but no bowheads were detected. This was the only time that acoustics data were collected at
Utgiagvik during 2020 due to the Covid-19 pandemic.

During 2021, bowhead calls were detected via a dipping hydrophone of the spring lead near
Utgiagvik on 10 January, 1 April, and 3 April. No bowhead calls were detected on 25 January,
10 April 16 April, 18 April, and 22 April. The bowhead whale detections on 10 January 2021
support other acoustic and telemetry studies as well as community observations that suggest
bowhead whales are generally migrating later in fall (e.g., Stafford et al. 2021a,b), may winter
farther north in the Chukchi Sea in light ice years (e.g., Citta et al. 2021), and that some
individuals may remain on traditional summering grounds over winter (e.g., Insley et al. 2021).

2020-2021 Distribution and Migration

No satellite transmitters were active during the period summarized in this report. However,
aerial surveys were flown over the Beaufort Sea in both 2020 and 2021. These aerial surveys
used the same survey design and protocols as the long-term Aerial Surveys of Arctic Marine
Mammals (ASAMM) project that provided aerial survey information in the Chukchi and
Beaufort seas for 41 years, but ended in fall 2019. In 2020 and 2021, the North Slope Borough
(NSB) funded aerial surveys of the bowhead whale autumn migration (15 September — 15
October) across the western Beaufort Sea. The objectives of the NSB Autumn Aerial Survey
studies were to: 1) conduct line-transect aerial surveys in the western Beaufort Sea to collect data



on bowhead whale density, distribution, activities, and calves using survey methods consistent
with the existing 41-year ASAMM time series; and 2) analyze the autumn aerial survey data with
the ASAMM historical database to investigate spatial and temporal patterns, variability, and
trends in bowhead whale density and habitat use in the western Alaskan Beaufort Sea.
Preliminary findings for calf sightings and calf production are summarized below. Data for the
2020 and 2021 bowhead whale distribution are currently being analyzed (Brower et al. in review;
in prep.) and will be presented at a later date.

Calf Production

Two bowhead whale calf production indices, calf ratio and calf sighting rate were derived from
aerial line-transect survey data collected during the NSB Autumn Aerial Surveys reported above,
and interpreted in the context of the long time series of ASAMM data (Clarke et al. 2022). The
calf production indices summarize data collected in the bowhead whale calf analysis area from
140°W to 160°W, during the period from 15 September to 15 October in each year from 2009 to
2021 (Figure 2). Both indices use “on-effort” data, meaning that the data were collected during
straight and level flight, at survey altitude and speed, on predefined transect lines, when
observers were actively searching and recording all bowhead whale detections. The bowhead
whale calf ratio is the proportion of observed bowhead whales that were calves. Calf ratios
provide an index of calf production and were calculated using the number of calves sighted on
effort, relative to the number of total bowhead whales sighted on effort (calves/total whales).
Calf sighting rates normalize the number of observed calves by the amount of survey effort,
providing an index of relative density. Calf sighting rates were calculated using the number of
on-effort calves per 1,000 km flown on effort.

The 2020 bowhead whale calf ratio was 0.038 (22 calves/589 whales). In 2021, the calf ratio was
0.083 (11 calves/131 whales), more than twice as high as 2020 (Table 1, Figure 3). Annual
bowhead whale calf ratios for the analysis area (140°W-160°W) varied. Using data collected
since 2009, calf ratios were highest in 2019, and have been higher on average in recent years,
compared to the first portion of the time series (Table 1, Figure 3).

The 2020 calf sighting rate was 5.1 calves per 1,000 km flown on effort and almost three times
more than 2021 (Table 1, Figure 3). Annual bowhead whale calf sighting rates for the analysis
area (140°W-160°W) varied. Using data collected since 2009, calf sighting rates were highest in
2020, and have been higher on average in recent years. This is likely because an extraordinary
number of bowhead whales were encountered in 2020, and by many accounts this was the
densest aggregations of bowhead whales recorded in the history of the annual ASAMM and
preceding (1982-2019) aerial surveys in the western Beaufort Sea (Brower et al. in review, in
prep) (Table 1, Figure 3). Further information on calf production derived from aerial surveys
from 2009 to 2021 is included in Willoughby et al. (2022a).
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Figure 2. Bowhead whale calf sightings, on effort, by primary observers, from 15 September to
15 October 2009-2021, in the analysis area (140°W-160°W).



Table 1. Bowhead whale calf ratios (CR, on-effort calves/whales) and sighting rates (SR, on-
effort calves per 1,000 km), in the analysis area (140°W-160°W), from 15 September to 15
October 2009-2021.

Year Whales Calves CR 1,000 km Calves SR
2009 145 11 0.076 6.5 11 1.7
2010 94 4 0.043 6.8 4 0.6
2011 54 3 0.056 6.8 3 0.4
2012 95 4 0.042 10.2 4 0.4
2013 57 6 0.105 4.7 6 1.3
2014 232 7 0.030 7.4 7 1.0
2015 253 10 0.040 14.1 10 0.7
2016 153 21 0.137 9.1 21 2.3
2017 174 18 0.103 6.6 18 2.7
2018 256 12 0.045 9.1 12 1.3
2019 77 19 0.247 14.7 19 1.3
2020 589 22 0.038 4.3 22 51
2021 131 11 0.083 5.8 11 1.9
Total 2,310 148 106 148
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Figure 3. Annual bowhead whale calf ratios (on-effort calves/total whales), in the analysis area
(140°W-160°W), from 15 September to 15 October (left y-axis). Annual bowhead whale calf
sighting rates (on-effort calves per 1,000 km) are depicted by the white trend line with markers,
for the analysis area (140°W-160°W), from 15 September to 15 October (right y-axis).



Pregnancy Rates of Landed Adult Females

Until recently, George et al. (2018) provided the most current pregnancy rate estimate for BCB
bowheads. George et al. (in prep) calculated pregnancy rates for BCB bowheads using data from
1973-2021, and presented two estimates. One estimate for the proportion of mature females that
were pregnant, 0.46, 95% CI [0.36, 0.55], was derived from a full dataset of harvested bowheads
examined by biologists (n=125) and includes two cohorts of pregnant whales in the spring (as
bowhead pregnancies extend longer than one year). The second, more conservative estimate was
calculated from a subset of whales (n=37) and resulted in a somewhat lower pregnancy rate
estimate: 0.38, 95% CI [0.20, 0.51]. This estimate includes only a single cohort of pregnant
whales, all landed in the fall. Accounting for the differing datasets and potential double-counting,
the authors show that both estimates are consistent with the 1976-2016 estimate of 0.317, 95%
CI1[0.25, 0.39] with a minimum 3-year calving interval presented in the 2018-2019 health report
to the IWC (Stimmelmayr et al. 2020). The results of George et al. (in prep) will be presented at
the 2023 SC meeting.

Body Condition of Landed Whales

Bowhead whales compared to other cetaceans maintain a very high level of body condition year-
round (George et al. 2015) and different indices for body condition exist (see examples in
George et al. 2015). Here we use a simple body condition index (BClg), where BClg = axillary
girth (cm) / body length (cm). George et al. (2015) show that this index of body condition is
highly correlated with more complex indices.

It is important to consider both age class and season when calculating body condition. Bowhead
whales accumulate mass differently as they age (George et al. 2021a) and, although BCB
bowhead whales are thought to feed year-round (Citta et al. 2021; Sheffield et al. 2021a), there is
no a priori reason to assume that food availability or feeding effort are seasonally equal. Indeed,
bowhead stomachs are often empty during the spring migration (Sheffield and George 2021a).
Here we limit our consideration to subadult whales (baleen length between 140 to 250 cm)
(Lubetkin et al. 2008, 2012), the age class for which we have the most data. Formal training in
how to measure bowhead whales began in 1990; hence, we consider linear trends in BClg since
1990. There is no statistically significant, long-term (1990-2021) linear trend in BClg for
subadult whales harvested in spring (p=0.61) or autumn (p=0.56); however, there is a statistically
significant effect of season (p<0.001). Average BClg (1990-2021) was 0.629 (SE=0.006) in
spring and 0.667 (SE=0.003) in autumn. To put the seasonal difference into context, a subadult
whale of average length (1,035 cm) harvested in autumn has ~39 cm or ~4% more axillary girth
than in spring.
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To visualize BClg over time, we split the harvest data into 5-year periods (noting that only 2
years of the 2020-2024 period have been sampled at the time of writing) and plotted them
relative to the 2020-2021 mean (Figures 4 and 5). For spring, during the most recent period
(2020-21), BClq falls below the long-term mean; however, sample size is limited (n=3) and both
the mean and median are similar to observations during 1990-95 and 2010-15. For autumn,
BClg during the most recent period (2020-21) also falls below the long-term average; however,
the median is similar to that observed during 1990-94, 2000-04, and 2015-19. The mean is
lower than any other 5-year period, but similar to that observed during 1990-94 and 2000

04. To put recent measurements into context, subadult whales harvested since 2020 have on
average ~18 cm or ~3% less girth than the 1990-2021 average for autumn. Average BClg has
slowly declined since 2005 (Figures 3 and 4); however, this pattern is not visible in the median
values and is within the long-term range of variation.

Bowhead whales maintain a very high level of body condition year-round compared to other
cetaceans (George et al. 2015) and body condition is currently within the long-term range of
variability, both for spring and autumn. The interannual variation in bowhead whale body
condition can be viewed as a sensitive indicator for the Pacific Arctic food web and primary
productivity (see George et al. 2015). The latter remains highly dynamic reflecting the complex
interplay between sea ice reduction and increases in seawater temperature (Frey et al. 2021). A
formal analysis of body condition is warranted, especially if more samples can be collected over
the next few years. We are planning to repeat and improve upon the analysis of George et al.
(2015), sometime within the next 2—3 years.
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Figure 4. BClq for subadult whales harvested during spring (1990-2021) in Utgiagvik . Boxes
are bounded by the 1% and 3™ quartiles and whiskers are 1.5 IQR minus the 1% quartile or plus
the 3" quartile. Horizontal lines within boxes are medians and triangles within boxes are means.
The gray dashed line is the spring 1990-2021 mean. Numbers at the top of the year represent #
of subadult whales.
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14 30 34 36 30 35 20
0.8
x -
QL —
E T
£0.7
c
S ;L - = s ]
o l l l
[
= i 1
206
D L]
D

0.57 .

1990 1995 2000 2005 2010 2015 2020
9-year period

Figure 5. BClgq for subadult whales harvested during autumn (1990-2021) in Utgiagvik

Boxes are bounded by the 1%t and 3" quartiles and whiskers are 1.5 IQR minus the 1% quartile or
plus the 3" quartile. Horizontal lines within boxes are medians and triangles within boxes are
means. The gray dashed line is the autumn 1990-2021 mean. Numbers at the top of the year
represent # of subadult whales.
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Proportion of Landed Whales Carrying Cyamids

Over a period spanning 1973 — 2015, the prevalence of landed bowheads carrying cyamids
“whale lice” (n = 673) was approximately 20% (Von Duyke et al. 2016). Table 2 documents the
numbers bowheads examined for and carrying cyamids over the past 16 years (2006 — 2021),
during which time the mean prevalence for cyamid presence on landed bowheads was 15.07 %
(SD =7.37%). Cyamid prevalence during 2020 was the lowest on record, while cyamid
prevalence during 2018 remains the highest percentage since 2005 (37%) (Table 2). Consistent
with 2018 and 2019 findings (Stimmelmayr et al. 2020) all of the bowheads with cyamids
present during 2020 and 2021 were subadults (7.8-12.8 m). This finding is inconsistent with
long-term results that indicate older whales have a higher prevalence of cyamids (Von Duyke et
al. 2016). The long-term trend of cyamid prevalence continues to suggest a 2-3 year periodicity
(Figure 6). Furthermore, there is an apparent widening range between maximum and minimum
annual prevalence of cyamids, namely an upward trend for maximum cyamid prevalence
observed from 2007 onward which is mirrored by a downward trend in minimum cyamid
prevalence from 2011 forward. Given that bowhead-cyamid interactions are likely sensitive to
ongoing climate change (e.g., Cizauskas et al. 2017; Gehman et al. 2018), a formal analysis of
the apparent trends is warranted, especially if more samples can be collected over the next few
years. We are planning to repeat and improve upon the analysis of Von Duyke et al. (2016)
within the next 2—3 years.
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Table 2. Prevalence of cyamids during 2006 — 2021 in landed bowhead whales from Gambell,
Savoonga, Kaktovik, Nuigsut, and Utgiagvik

, Alaska.

Percentage of whales
# of whales with examined with

Year # of whales examined cyamids present cyamids
2006 24 2 8.30%

2007 23 4 17.40%
2008 28 3 10.70%
2009 23 3 13.00%
2010 24 6 25.00%
2011 21 3 14.30%
2012 27 6 22.20%
2013 23 2 8.70%

2014 19 2 10.50%
2015 27 7 25.90%
2016 24 2 8.30%

2017 29 2 6.90%

2018 34 10 29.40%
2019 19 4 21.10%
2020 22 4.55%

2021 27 4 14.81%

X = 15.07%
TOTAL 394 61 (SD =7.37%)
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Figure 6. Time series of cyamid prevalence during 2006 — 2021 in landed bowhead whales from
Gambell, Savoonga, Kaktovik, Nuigsut, and Utgiagvik, Alaska.
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Proportion of Landed Whales Showing Evidence of Feeding

Long-term studies (Sheffield and George 2021a) on bowhead whale feeding provide a good
framework for reporting the frequency of bowhead whales feeding and the diet in several areas
across the BCB range (Saint Lawrence Island to Kaktovik, Alaska).

Gambell and Savoonga located on Saint Lawrence island (SLI) are the only Bering Strait
communities that harvest bowheads during the winter months. While stomachs from whales
harvested near SL1 are typically examined, none were examined during 2020 or 2021 due to
Covid-19 pandemic travel restrictions. During 2020, 19 stomachs (18 Utgiagvik ;1
Wainwright) of 54 harvested whales were examined and 14 whales (74%) had prey in their
stomachs. In 2021, 24 stomachs (20 Utgiagvik, 3 Kaktovik, 1 Wainwright) of 56 landed whales
were examined and 18 individuals (75%) had prey in their stomachs. During the spring season
(2021) a total of 8 stomachs were examined and 4 whales (50 %) (3 Utgiagvik; 1 Wainwright)
had been feeding on krill. During the fall season (2020 and 2021) a total of 31 stomachs were
examined and 27 whales (87 %) had been feeding. Long-term data on landed whales with
evidence of recent feeding are summarized in Figure 7 for spring and Figure 8 for fall.

Results presented here for the Chukchi and Beaufort seas (Figures 7 and 8) are consistent with
past feeding and oceanographic studies that demonstrate that shelf waters of the Beaufort Sea are
important for feeding during fall (Sheffield and George 2021a; Ashjian et al. 2021a, 2021b). The
physical and biological factors that create favorable feeding environments (dense aggregations to
patches of krill on the shelf) during fall are relatively well understood for shelf waters of the
Beaufort Sea (Ashjian et al. 2012, 2021b; Okkonen et al. 2018). However, little is known of the
mechanisms that may contribute to bowhead whale spring feeding events, which are much less
frequent than feeding events in autumn (Sheffield and George 2021a).
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Proportion stomachs with food - Spring
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Figure 7. Proportion of bowhead whale stomachs containing food during spring, 2000-

2021. Confidence limits are exact limits as proposed by Blaker (2000) and calculated using
package ‘binGroup’ (Zhang et al. 2018) in R. Numbers at the top of the year represent # of

stomachs examined.
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Figure 8. Proportion of bowhead whale stomachs containing food during fall, 2000-

2021. Confidence limits are exact limits as proposed by Blaker (2000) and calculated using
package ‘binGroup’ (Zhang et al. 2018) in R. Numbers at the top of the year represent # of
stomachs examined.
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Proportion of landed Whales with Line Entanglement, Killer Whale, and Vessel collision
Injuries

During 2020, three (13%) of the 23 whales examined for evidence of line entanglement,
exhibited scars associated with large line entanglement. This is similar to the 1990-2012 baseline
of 12% (George et al., 2017b). During 2021, only one (3%) of the 34 whales examined exhibited
scarring associated with large line entanglement. This entanglement rate is lower than in
previous years (e.g., 2019 (10%); 2018 (12%); 2017 (13%) (Stimmelmayr et al. 2017; 2020).
The apparent decline in entanglement scarring could be because few large whales (>14 m) were
landed during 2021. Larger bodied mature whales tend to have a higher incident of line
entanglement scars due to greater exposure time at sea. It remains to be seen if 2021 is an outlier
year or indicative of some longer-term change.

During 2020 and 2021 respectively, two (9%) and three (9%) of the examined whales exhibited
scars associated with killer whale bite injuries. These results are consistent with the 1990-2012
baseline of 8% determined by George et al. (2017b). Two additional whales harvested near SLI
during 2021 were reported by whaling captains to have scarring caused by killer whales.

During 2021, two mature whales had unusual scars suggestive of large vessel collisions. One was
a mature female (14.12 m) landed in Wainwright in 2021 (21WW4) that exhibited four parallel
evenly spaced linear scars (~ 10 cm wide) on the ventrum, of which two extended from the
umbilical region to the pectoral region (insertion of flippers) (Figure 9). Both of the long scars
were raised and originated from relatively recent deeper wounds with incomplete subcutaneous
healing. Although speculative, the observed type of scars could have been caused from sharp
force trauma associated with a propeller strike from a large vessel (Moore et al. 2013). Although
an unusual anatomical location for a propeller strike, swimming in ventrum-up position, rolling,
and surface resting with ventrum-up has been reported for bowhead whales (Wuersig and Koski
2021). Additionally, an immature female landed in Kaktovik during 2021 (21KK3) exhibited a
single large crescent-shaped scar along the peduncle. Shape and size were also consistent with
sharp trauma from a propeller strike. As discussed by Moore et al. (2013), single wounds are
more common in cases involving contact with a large propeller, relative to the animal’s size,
along appendages and external protuberances, or along regions of significant convexity of the
animal’s surface where only one propeller blade makes contact.

Vessel collision and bycatch are two of the greatest threats to cetaceans worldwide (see IWC
Strategic Plan to Mitigate Ship Strikes; IWC Bycatch Mitigation Initiative Strategic Plan 2018-
2028). Industrial maritime ship traffic in the range of the BCB bowhead whale population is
increasing and occurs almost year round, except for the early spring months. This is an emerging
issue and brings with it an increased risk for vessel collision among other threats (Citta et al.
2012; George et al. 2021b; Stafford 2021a; Sheffield et al. 2021b). Typically, vessel strike
injuries in BCB bowhead whales are uncommon (George et al. 2021b); however, with these two
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probable cases during 2021, the vessel collision scarring rate is 6%, which is higher than the
1990-2012 of 2% (George et al. 2017b).

Figure 9. Parallel scarring along the ventrum of a mature female whale, landed in Wainwright
during fall 2021. Evident scarring is likely caused by sharp force trauma associated with a
propeller strike from a large vessel.
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Dead Floating and Beachcast Bowheads

North Slope Borough (NSB) Autumn Aerial Surveys project conducted line transect surveys
in the northeastern Chukchi and western Beaufort Seas from mid-September to mid-October,
2020-2021. A total of three bowhead whale carcasses were documented: none in 2020 and
three in 2021. Carcasses were distributed from 152.6°W to 155.1°W (Figure 10).

On 25 September 2021, a beached bowhead whale carcass was sighted approximately 150 km
southeast of Point Barrow (Figure 10). The carcass had severe injuries (semilunar bite wounds
on what appears to be the chin, tongue removed, long linear flensing of blubber, and eviscerated
abdomen) consistent with killer whale predation. The whale was not a calf based on the presence
of long baleen plates.

On 3 October 2021, a floating bowhead whale carcass was sighted approximately 50 km east
of Point Barrow (Figure 10). The carcass had severe injuries (lower right mandible removed,
torn throat, tongue removed, semilunar bite wounds on the chin, blubber flensing, tissue
fraying on pecs and flukes) consistent with killer whale predation.

On 9 October 2021, a floating bowhead whale carcass was sighted approximately 85 km east of
Point Barrow (Figure 10). The carcass appeared to be intact. A laceration on the ventral surface
between the pectoral flippers was visible. The laceration, based on the size of a gull in the
images, was at least 55 cm long and extended through hypodermis, possibly into muscle. The
probable cause of death could not be determined.

Additionally, seven beach cast carcasses of bowhead whales were documented in 2021 during
the month of September by the NSB DWM stranding program in Kaktovik (n=3), Wainwright
(n=1), and Utgiagvik (n=3) (NSB DWM unpubl.data). No beachcast carcasses were observed
in 2020. Post-mortem examination of 2021 carcasses showed injuries consistent with killer
whale predation. The 2021 findings are consistent with the frequency of probable killer whale
predation on bowhead whale carcasses (2009-2018) and gray whale carcasses (2009-2019)
documented in the eastern Chukchi and western Beaufort study areas (Willoughby et al. 2020,
2022b).
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Figure 10. Bowhead whale carcass sightings listed by date and probable cause of death, all
survey effort, from mid-September to mid-October, 2020-2021. No carcasses were observed
during surveys in 2020.
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Health Assessment of Landed Whales

A number of unusual findings (abnormal; pathological) were observed in landed bowhead
whales during 2020 and 2021. Spring whales during 2020 were not examined due to Covid 19
pandemic restrictions.

In contrast to other baleen and toothed whales, infectious diseases caused by viruses tend to not
play a major role in natural morbidity and mortality of bowhead whales with only a few viruses
having been isolated (Smith et al. 1987; Bracht et al., 2006; De Luca et al. 2021). During 2021,
two landed whales presented with single proliferative novel type ovoid cutaneous lesions (4 x 2
cm). Given the wart-like appearance (corrugated surface) of these cutaneous lesions, a viral
etiology (papillomavirus) is possible and further investigations are underway.

Crassicaudosis (kidney worm infection) remains the dominant parasitic infection in landed
bowhead whales (Stimmelmayr et al. 2021b?) in Utgiagvik , with 13/13 (100%) examined
whales during fall 2020 and 20/25 (80%) examined whales during 2021 (spring and fall) being
infected with kidney worms. During 2021, we also had the first reports of kidney worms, one in
spring and two in fall being detected in landed whales in Wainwright (3/6). Observed gross renal
lesions in bowhead whales with mild to severe kidney worm infection range from renal arteritis
with and without partial lumen occluding thrombi, single to multiple renal granulomas and renal
cysts (Stimmelmayr et al. 2021b). Such lesions are similar to what has been described for
Cuvier’s beaked whales (Ziphius cavirostris; Diaz-Delgado et al. 2016) and less similar to what
has been reported for fin (Balaenoptera physalus), humpback (Megaptera novaeangliae), and
blue whales (Balaenoptera musculus) (Lambertsen 1986). Preliminary findings from post-
mortem examination of 2 fetuses (midterm/full term) and age distribution of bowhead whales
with kidney worm infection suggest that infection occurs likely post-weaning (baleen length > 50
cm). This is in contrast to findings in fin whales with kidney worm infection where adult sized
worms were detected in a calf (Lambertsen 1986). To further evaluate the mode of transmission
of this parasite in bowhead whales, we have completed urine sediment analysis on urine
collected from 32 bowhead whales with kidney worm infection confirmed on post-mortem
examination (2016-2021). Parasite eggs with larvae or embryonic mass were detected in 20/32
urine samples (Stimmelmayr et al. in prep). In several urine samples, hatching eggs and free
larvae were also present. Free larvae but no eggs have been previously documented in fin whale
urine (Lambertsen 1986). Our findings suggest that kidney worm transmission from one
bowhead whale to another is a complex process. Environmental shedding of eggs/larvae
(direct/indirect transmission via intermediate or paratenic hosts) and autoinfection may play a
role. Studies are ongoing to further define the ecology of kidney worms and further assess health
impacts on bowhead whales through clinical pathological investigations.

During 2020 and 2021, adult Anisakis roundworms (Anisakis spp.) were detected in 2 whales
during post-mortem examination of the stomach (single nematode) and small intestines

24



(multiple). Stomach associated parasitic nodules were absent. As discussed previously, given the
size of the stomach and the limited post-mortem stomach content examination, detection of mild
Anisakis infection is challenging (Sheffield et al. 2016). Furthermore, continuous shedding of
baleen hair may aid in mechanical deworming of bowheads whales from adult nematodes present
in the digestive system (Sheffield et al. 2016). With the exception of gastric nodules, health
impacts from minor to moderate adult anisakis spp. infections in bowhead whales are unlikely
(Stimmelmayr et al. 2021b).

Non-infectious disease conditions have been recently reviewed for bowhead whales
(Stimmelmayr et al. 2021b) and we report on previously described and novel conditions that
were observed during 2020 and 2021. In contrast to previous years a number of novel
developmental anomalies were documented in landed whales including a shortened lower jaw
and digital anomalies. The shortened lower jaw (Brachygnathia inferior) was associated with
bone necrosis and loose anterior baleen plates. Repeated mechanical trauma to the exposed
anterior baleen from closure of the mouth likely caused the observed rostral damage
characterized by inflammation and necrosis of the baleen producing tissue, loose baleen plates,
and underlying bone necrosis (Stimmelmayr & Anashugak 2022). Anterior baleen plates being
pushed out of alignment and being deformed has been observed in cases of rope entanglement of
the jaw and or rostrum and due to a fracture of the mandible resulting in misalignment of the jaw
(Philo et al. 1990; Dolman and Moore 2017). Two cases of minor developmental anomalies
(bilateral shortening of the digits; partial piebaldism of the fluke) were observed in two immature
landed bowhead whales. Additionally a free-swimming bowhead whale with a developmental
anomaly of the fluke (missing fluke notch, bilateral rounding of fluke tips, and partial lack of
pigmentation) was observed during a 2021 drone survey (Madison Kosma, pers. comm. 2021).
Developmental anomalies of the skull and appendages in baleen whales are rare (Kato 1979;
Cooper et al. 2009; Stimmelmayr et al. 2021b), thus our recent case material contributes to this
scarce knowledge base. Lastly, a few cases of minor anatomic variations of internal organs,
mostly shape and size, presence of hindlimb buds and epidermal inclusions cysts were observed
in a few whales. Hindlimb buds and epidermal inclusion cysts are occasionally reported in
bowhead whales (Thewissen et al. 2021; Stimmelmayr et al. 2021b).

Malignant neoplastic lesions remain a rare occurrence in bowhead whales (Stimmelmayr et al.
2021b), while benign masses such as hepatic lipomas/myelolipomas (Stimmelmayr et al. 2017)
and encapsulated fat necrosis (Stimmelmayr et al. 2021a) have been documented over the years.
During 2020 and 2021, two whales with hepatic lipomas and one whale with abdominal
encapsulated fatty masses were documented. Both conditions are incidental findings during post-
mortem examination that need to be differentiated from neoplastic and inflammatory lesions, as
the latter may have public health implications.
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Over the last 10 years two marine threats, namely marine harmful algal biotoxins and
microplastics have been gaining importance within the marine arctic ecosystem. The signifcance
of marine algal biotoxin exposure for marine mammals and their role in unusual mortality events
of marine species was reviewed in the 2017 IWC workshop report (SC/67A/REP/Q9). In the
Pacific Arctic monitoring for marine algae biotoxins including domoic acid (DA) and saxitoxin
(STX) in feces of landed bowhead whales and other key marine mammal species has been
ongoing for nearly a decade now (Lefebvre et al. 2016; Bowers et al. 2021; Hendrix et al. 2021).
Although present in feces, indicating exposure of bowhead whales through the food web, toxins
levels detected over the years are consistently below US Food and Drug Administration (FDA)
regulatory safety levels (Saxitoxin for shellfish (< 80 pg saxitoxin per 100 g shellfish for
commercial shellfish products; Domoic Acid for fish < 20 mg/kg domoic acid). In 2019, unusual
warm conditions resulted in elevated STX levels in the Arctic food web, underlining the
importance of warming climate as a major driver of blooms and toxin levels in prey items
(Anderson et al. 2021; Lefebvre et al. 2022). Sixty-four percent of bowhead whales (6/9) feces
tested for STX were positive, in contrast to Pacific walrus (Odobenus rosmarus), which all tested
positive (13/13). Toxin concentrations quantified in bowhead whales ranged from undetectable
(BDL = below detection limit) to 8.5 pg STX eq. 100 g—1 feces. Toxin concentrations quantified
in walruses ranged from 1.6 to 78 pg STX eq. 100 g—1 feces and approached seafood safety
regulatory limits in two animals at 78 and 72 pg STX eq. 100 g—1. Maximum ecologically-
relevant daily toxin doses to bowhead whales feeding on zooplankton were estimated to 0.7 pg
STX eq. kg body weight— 1 day— 1, significantly lower than for Pacific Walrus (21.5 pg STX eq.
kg body weight— 1 day— 1). Average and maximum STX doses in bowhead whales were well
below levels reported previously to cause illness and/ or death in humans and humpback whales.
Given the accelerated transformation of the Pacific Arctic, continued monitoring for biotoxin
exposure in key marine mammals including the bowhead whales will remain important.

Microplastics in the Arctic marine environment and marine mammals are an emerging issue
(Collard and Ask 2021; Mua et al. 2019). Although plastic debris has only been occasionally
detected in landed bowhead whales (Sheffield and George 2021; Stimmelmayr et al. 2021b)
particle capture studies by Werth et al. (2019) using baleen plates from various baleen whales
including bowhead whales indicate that baleen effectively captures small, buoyant plastic
microspheres (microplastics), thus further highlighting the potential vulnerability of bowhead
whales and other baleen whales to marine microplastic pollution (Fossi et al. 2012; Garcia et al.
2021). Starting in 2022, we will initiate a pilot study to assess the daily ingestion rates of
synthetic particles by BCB bowhead whales that feed off the coast of northern Alaska.

In conclusion, similar to previous years (George et al. 2017a; Stimmelmayr et al. 2018, 2020)

various abnormal findings ranging from infectious to non-infectious disease conditions were
observed in landed whales. Prevalence of kidney worm infection in landed whales in Utgiagvik

26



remains high (80 -100%) and studies are ongoing to further define the ecology of kidney worms
and to assess impacts from renal lesions on renal function and individual bowhead health. With
the exception of the case of the shortened jaw, the majority of non-infectious disease conditions
were unlikely to interfere with proper function of the affected structure(s) or impact the health of
the individual animal.

Hunter Observations of Bowhead Whales

Over 150 whaling captains from 11 whaling communities annually organize bowhead whale
hunting crews along the northern and western coasts of Alaska. Astute observers of bowhead
whale life history and the ocean, Inupiaq and St. Lawrence island Yupik whale hunters have
been instrumental in guiding and advancing scientific knowledge of bowhead whales. For over
40 years, whaling communities have shared in the successful management and research of
bowhead whales through their collaborative efforts to integrate vast traditional and local
knowledge with whale biologists and regulatory bodies (e.g., Albert 2000; Huntington et al.
2009; Noongwook et al. 2007).

As in previous years, 2020-2021 hunter observations during spring and fall bowhead whale
hunting (for detailed summary see Scheimreif et al. 2022) illustrate the intricate relationship
between environmental conditions and the seasonal bowhead whale hunt. Among regional
observations on notable marine issues during 2020 and 2021 were the foreign marine debris
noted throughout the Bering strait (see Sheffield et al. 2021b), the unusually nearshore migration
of bowhead whales near Wainwright during fall 2021, an unusual proliferative skin condition
observed by Kaktovik whalers in a live bowhead whale calf that was deemed sick during 2020,
and the first visual sighting of a group of killer whales in the western Beaufort Sea by Nuigsut
whaling crews during their 2021 fall hunt near Cross Island, Alaska.

These observations agree with previous reports (George et al. 2017a; Stimmelmayr et al. 2018,
2020) that the marine environment is transitioning and that bowhead whales, like other Arctic
marine wildlife, are responding to those changes by altering the timing and distribution of their
seasonal migrations.

CONCLUSIONS

Ongoing risk surveillance of core bowhead whale habitat and our increasing understanding of
direct and indirect climate change impacts on the Pacific Arctic-subarctic marine ecosystem
indicates an increasing complexity of environmental, ecological and anthropogenic stressors
being present within the bowhead whale core habitat (Stafford 2021a,b; Sheffield et al. 20213;
Lefevbre et al. 2022; Stimmelmayr and Sheffield 2021c; Willoughby et al. 2020, 2022a).
Notwithstanding these aforementioned ongoing changes, this most recent data analysis of the
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various indices reiterates that the BCB bowhead whale population remains robust, general health
of whales is good and the harvest is sustainable. Continued monitoring of the BCB bowhead
whale population remains critical to aid in our general understanding of the complex pathways
and mechanisms by which climate change has likely influenced (e.g., migration timing;
distribution) or could influence the BCB population in the foreseeable future.
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