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Introduction

This study chronicles the recent history and investigates 
the stock identity of beluga whales (Delphinapterus leucas) 
in Kotzebue Sound, north-western Alaska, using genetic 
analysis in concert with a detailed review of field observa-
tions and IK. This region was long frequented by belugas, 
in summer, until their near disappearance in the 1980s 
(Lucier & Vanstone 1995; Burns & Seaman 1986; Seaman 

et al. 1986; Frost & Lowry 1990; Huntington et al. 1999). 
Our genetic study spans the pre- and post-decline periods 
over four decades (1978–2019). 

Belugas once annually returned in large numbers 
(>1000 individuals) to Kotzebue Sound, an extensive 
inlet of shallow waters in the south-eastern Chukchi Sea, 
each summer to feed, calve and rear their young (Burns 
& Seaman 1986; Seaman et al. 1986; Lucier & Vanstone 
1995; Figs. 1, 2). The annual seasonal presence of these 
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belugas was a central component of the subsistence hunt-
ing culture of the Iñupiat people of the Kotzebue Sound 
region that dates back thousands of years (Lucier & 
Vanstone 1995; Burns & Seaman 1986; Seaman et al. 
1986; Frost & Lowry 1990; Huntington et al. 1999; 
Seaman et al. 2018). Ethnographic studies in the early 
1950s were able to draw directly on Iñupiat knowledge of 
the annual return of belugas going back to the 1860s and 
1870s (Lucier & Vanstone 1995), and archaeological 
studies have recorded beluga remains in settlement sites 
around Kotzebue Sound dating to 2800 before the pres-
ent (Giddings & Anderson 1986). 

The documentation of IK over the past century and a 
half, in concert with scientific research in more recent 
decades, reveals a history of changing hunting methods 
and shifting whale behaviours, including the disappear-
ance of belugas from culturally important harvest loca-
tions, even before the decline of the 1980s. Historically, 
belugas entered Kotzebue Sound as sea ice broke up in 
the spring, typically late May or early June (e.g., Burch 
1998; Seaman et al. 1986; Seaman et al. 2015; Seaman 
et al. 2018). Prior to the 1970s, the two most important 
beluga hunting areas were Sisualik (sometimes spelled 
Sheshalik; ‘place that has beluga whales’) and Eschscholtz 

Bay (Fig. 2). IK suggested that belugas entered Kotzebue 
Sound along the northern coast and first passed by 
Sisualik, where hunters would ‘drive’ or herd them into 
shallow waters for harvest (Fig. 2). The hunt at Sisualik 
was typically complete by mid-July (Burch 1998; Lucier 
& Vanstone 1995). Although few harvest records exist 
prior to the late 1970s, Fejes (1966) noted that > 80 belu-
gas were harvested at Sisualik in 1958 and Foote & Cooke 
(1966) noted that 52 were harvested there in 1960, sug-
gesting that harvests were once substantial. Belugas typi-
cally entered Eschscholtz Bay as the ice retreated in early 
June; here belugas would enter the shallow bay with 
incoming tides and exit with outgoing tides (Burch 1998; 
Huntington et al. 1999; Fig. 2). The harvest at Eschscholtz 
Bay co-occurred with that at Sisualik and was also typi-
cally complete by mid-July (Burch 1998). Again, harvest 
records prior to the late 1970s are scarce; about 25 belu-
gas were harvested in Eschscholtz Bay in 1951 (Lucier & 
Vanstone 1995) and 130 were harvested in 1972 (Alaska 
Department of Fish & Game unpubl. data). According to 
Burch (1998), some belugas were also harvested at the 
mouth of the Selawik River as late as July or even August, 
and some belugas were caught in subsistence nets along 
the southern coast of Kotzebue Sound in July and August. 

Fig. 1 Distribution (light blue) of beluga whales (Delphinapterus leucas) in the north Pacific Ocean. Ten major summering concentration areas are high-

lighted in dark blue. The inset details the location of the two primary coastal areas to which beluga whales traditionally returned in summer in the eastern 

Chukchi Sea: Kotzebue Sound and Kasegaluk Lagoon.
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Although it is unclear how late into summer belugas 
remained in Kotzebue Sound prior to the 1970s, IK sug-
gests that belugas were less commonly observed after 
July (Seaman et al. 2018), at least in areas where they 
were regularly hunted. Frost & Lowry (1990) compiled 
sightings and aerial survey data and also concluded that 
belugas were relatively rare in Kotzebue Sound during 
late-July and August.

Powerboats were introduced in the 1920s and steadily 
became faster and more powerful through the 1940s and 
1950s (Morseth 1997; Seaman et al. 2015). Beluga hunt-
ing became less successful at Sisualik and northern 
Kotzebue Sound in the late 1950s and early 1960s 
(Seaman et al. 2015; Seaman et al. 2018). It is unclear if 
belugas did not return to this area on account of increased 
disturbance or if the segment of the population that 
returned to Sisualik and the northern Sound were over-
harvested. Foote & Cooke (1960) and Morseth (1997) 
suggested that belugas were still common in deeper 
waters, so disturbance may have caused them to avoid 
shallow inshore areas where they are easier to hunt. 
Regardless, hunters from Kotzebue and the surrounding 

communities began to use powerboats to travel to 
Eschscholtz Bay and Elephant Point to hunt belugas. 
After the mid-1970s, Elephant Point (Fig. 2) was the pri-
mary location for beluga hunting in Kotzebue Sound 
(Seaman et al. 2018), although belugas were still occa-
sionally taken at Sisualik and other places. Because har-
vest records were sparse prior to the 1970s, it is unclear 
whether the total harvest of belugas in Kotzebue Sound 
declined after hunting at Sisualik became more infre-
quent or if the increased use of Eschsholtz Bay and 
Elephant Point compensated for reduced harvest at 
Sisualik. 

A better documented decline in the Kotzebue Sound 
beluga harvest occurred in the mid-1980s (Fig. 3). Data 
collected between 1977 and 1984 (Fig. 3) suggests that 
the beluga harvest was highly variable but large, averag-
ing 84 whales per year during 1977-1983 (maximum of 
154 in 1982). The harvest collapsed in 1984 and has yet 
to recover. Since 1990, harvest has averaged 15 per year 
(< 10/year in 23 of the last 30 years; ABWC unpubl. data; 
Fig. 3). The information on abundance that exists also 
suggests belugas drastically declined in the mid-1980s. In 

Fig. 2 Map of Kotzebue Sound, including the primary hunting locations of Sisualik and Eschscholtz Bay. Red arrows indicate the movements of belugas 

on the basis of IK and are adapted from several sources (Burch 1998; Huntington et al. 1999; Lucier & Vanstone 1995; Morseth 1997; Seaman et al. 2015). 

Until the 1970s, Sisualik and Eschscholtz Bay were the primary hunting areas, although some belugas were also taken at the mouth of the Selawik River 

(hence the dotted line) and along the southern sound. After the 1970s, most belugas were harvested in Eschscholtz Bay, although belugas may still be 

harvested elsewhere at lower numbers.

http://dx.doi.org/10.33265/polar.v40.7623


Citation: Polar Research 2021, 40, 7623, http://dx.doi.org/10.33265/polar.v40.76234
(page number not for citation purpose)

Beluga whales in Kotzebue Sound G. O’Corry-Crowe et al.

1962, John J. Burns, a co-author, saw 900-1200 belugas 
in south-eastern Kotzebue Sound. In July 1978, 900-
1000 were reported in Eschscholtz Bay (Frost & Lowry 
1990). In contrast, in July of 1987, a maximum of 51 
belugas was counted on any one day during aerial sur-
veys covering over 4000 km of trackline (Frost & Lowry 
1990). A year-round passive acoustic monitoring study 
was conducted between 2014 and 2016 to record ceta-
ceans entering or leaving northern Kotzebue Sound or 
transiting through the southern Sound. Belugas were 
detected infrequently (about 20 occasions) in May and 
from July to January (Castellote et al. 2017). Detections 
were primarily echolocation click trains of single animals. 
This contrasted with higher detection rates for killer 
whales (Orcinus orca), primarily at the mouth of the 
Sound and for harbour porpoise (Phocoena phocoena), 
both inside and at the mouth of the Sound (Castellote 
et al. 2017; Whiting et al. 2019).

The low number of sightings and detections in recent 
decades has limited other research efforts. Based on satel-
lite tagging studies at other locations, belugas from two 
other stocks, the eastern Chukchi Sea and the Beaufort 
Sea, are known to migrate past, but not enter, Kotzebue 
Sound in spring and autumn (Richard et al. 2001; Luque & 
Ferguson 2010; Hauser et al. 2014; Citta et al. 2016; L. 
Loseto et al. unpubl. data; Fig. 4). Although satellite-tagged 

belugas from these two stocks have not entered Kotzebue 
Sound, it should be noted that the sample size is relatively 
small.

Why belugas declined in Kotzebue Sound during the 
1980s is unknown, but over-harvest, mortality associated 
with ice-entrapments, increased predation by killer 
whales, increases in disturbance due to the replacement 
of kayaks and umiaks by motorized boats, or a combina-
tion of these, may have played roles (Burns & Seaman 
1986; Seaman et al. 1986; Frost & Lowry 1990; 
Huntington et al. 1999; Seaman et al. 2015).

It is unclear whether the Kotzebue Sound belugas 
altered their traditional migratory behaviour some time 
in the 1980s (perhaps to avoid the region) and, if so, 
whether this involved displacement to new areas or the 
contraction of their range such that they continued to 
return to other traditional coastal areas in the Chukchi 
Sea each summer. Alternatively, the Kotzebue Sound 
belugas may be a genetically distinct subpopulation or 
stock that suffered significant depletions from which they 
have yet to recover. To address these questions, assess the 
current status of Kotzebue Sound belugas and develop 
meaningful management strategies, the genetic identity 
and differentiation of Kotzebue Sound belugas, past and 
present, must be resolved. The decline in beluga numbers 
has resulted in a near collapse of the traditional 

Fig. 3 Subsistence harvest of beluga whales in Kotzebue Sound towards the end of the historical era (1977-1983) and during the contemporary era 

(1984-2014). The data are for whales landed. Harvest in Southern Kotzebue Sound includes Elephant Point in Eschscholtz Bay; harvest in northern 

Kotzebue Sound includes Sisualik. Note that beluga harvest in the northern sound (i.e., Sisualik) was low in the 1970s, having declined before harvest 

data were consistently collected. Atypically large harvests during the contemporary era occurred in 1996 and 2007, when large numbers of whales 

were again observed in the Sound.
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subsistence beluga hunt in Alaska Native communities 
around Kotzebue Sound, almost ending an age-old rela-
tionship between the Iñupiat and the belugas of the 
region (Frost & Lowry 1990; Huntington et al. 1999; 
Seaman et al. 2015; Seaman et al. 2018). Lending addi-
tional urgency to the need to determine whether the 
beluga whales of Kotzebue Sound were a distinct stock, 
and if that stock still exists, is the MMPA’s requirement 
that actions be taken to replenish a stock that is desig-
nated as depleted. The MMPA considers a marine mam-
mal stock depleted if it is below the optimum sustainable 
population level, which is generally considered to be 
50%–70% of the largest population the habitat can 
support.

Genetic studies have been conducted on population 
structure, dispersal patterns and stock identity of belugas 
in Alaskan waters. Some included samples from Kotzebue 
Sound collected before the mid-1980s decline, termed 
here the historical era, and after the decline, to which we 
refer as the contemporary era. The earliest genetic 
research involving Kotzebue Sound whales used mtDNA 
and revealed that belugas harvested in the Sound during 
the contemporary era (1994-96) were substantially dif-
ferent from other stocks, including from belugas that 

were harvested farther north each summer near 
Kasegaluk Lagoon (O’Corry-Crowe et al. 2002; Fig. 1). 
Those findings were the first evidence that Kotzebue 
Sound belugas were likely not part of the eastern Chukchi 
Sea stock, which was originally thought to include belu-
gas that occurred in summer in Kotzebue Sound and near 
Kasegaluk Lagoon (Burns & Seaman 1986; Frost & Lowry 
1990). The limited sample size (n = 20), predominance of 
a single year in the sample set that may have included an 
unusual migration event (1996, see below) and reliance 
on a single marker (mtDNA) limited further inference at 
that time. Subsequent mtDNA analyses found that belu-
gas sampled during the historical era (1978-1982) were 
significantly different from all other known stocks in the 
North Pacific Ocean except Bristol Bay (O’Corry-Crowe 
et al. 2016; O’Corry-Crowe et al. 2018). They were also 
found to differ from whales sampled in Kotzebue Sound 
during the contemporary period. Here too, however, lim-
ited sample size (n = 39), and the predominance of sam-
ples from a single year (1982) during the historical period, 
prevented further analysis of stock origins. 

To further complicate matters, there is evidence that 
belugas of other stocks may sometimes enter Kotzebue 
Sound. The contemporary era in Kotzebue Sound has 

Fig. 4 Average daily locations from beluga satellite tagged whales in the eastern Chukchi Sea stock, presented by month of occurrence. Data were pro-

cessed according to Citta et al. (2018). Eastern Beaufort Sea stock belugas also have satellite locations in this region in spring and fall; however, there are 

no satellite locations within inner Kotzebue Sound (L. Loseto, pers comm.).
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been dominated by two events, one in 1996 and another 
in 2007, when unusually large numbers of belugas 
entered Kotzebue Sound and relatively large numbers 
were harvested (Fig. 3). The most recent genetic studies 
increased the sample size (n = 80) and time frame (1994–
2007) for the contemporary era, added nuclear markers 
(nDNA) and found that the genetic profiles (mtDNA + 
nDNA) of samples collected in 1996 and 2007 showed 
strong similarities to the Beaufort Sea stock (O’Corry-
Crowe et al. 2016; O’Corry-Crowe et al. 2018). These 
events coincided with low ice years, and in 2007, with an 
increase in killer whale sightings and observed predation 
on belugas in Kotzebue Sound. Assignment tests indi-
cated that these events most likely involved belugas from 
the Beaufort Sea stock that entered Kotzebue Sound 
during those summers (O’Corry-Crowe et al. 2016; 
O’Corry-Crowe et al. 2018).

Key questions regarding the stock composition of 
belugas within Kotzebue Sound remain unanswered. In 
this study, we address three questions: (1) were belugas 
that frequented Kotzebue Sound prior to the decline in 
the mid-1980s a demographically distinct subpopulation 
that is now greatly depleted?; (2) are the belugas that 
enter Kotzebue Sound in summer during the contempo-
rary era from a single stock or a mix of stocks?; and (3) 
what stock or stocks are contemporary belugas from? 
Here, we use a larger sample size (n = 165) and an 
expanded sampling period (1978-2019) than available in 
prior studies (O’Corry-Crowe et al. 2002; O’Corry-Crowe 
et al. 2016; O’Corry-Crowe et al. 2018), including multi-
ple well-sampled years from the historical era that enable 
assessments of genetic and demographic stability in the 
years before the decline and new samples from the period 
2008-2019 that facilitate assessments of stability in the 
genetic signal and stock origins in the most recent decade. 
We also conduct new analyses, including exclusion tests 
in concert with assignment tests, to assess whether 
Kotzebue Sound belugas harvested during the contempo-
rary era came from more than one stock. We also investi-
gate the possibility that belugas with very low likelihoods 
of occurring in any of the known stocks in the Bering–
Chukchi–Beaufort region indicate the existence of a rem-
nant Kotzebue Sound stock. 

Methods

Total DNA was extracted from contemporary tissue sam-
ples and screened for variation within 410 bps of the 
mtDNA and for polymorphism within eight hypervari-
able microsatellite markers (nDNA), according to previ-
ously published methods (O’Corry-Crowe et al. 1997; 
O’Corry-Crowe et al. 2010; O’Corry-Crowe et al. 2018). 
Evidence of allelic dropout or null alleles in the nDNA 

markers was assessed using micro-checker (version 2.2.3; 
van Oosterhout et al. 2004). Total DNA was extracted 
from teeth representing the historical era using methods 
for the recovery of aDNA (Höss & Pääbo 1993; Rohland 
& Hofreiter 2007) and screened for sequence variation 
in the 410 bp mtDNA fragment. To ensure efficacy in 
our aDNA recovery methods extractions were typically 
done on a maximum of three samples at any one time, 
and negative extraction controls as well as polymerase 
chain reaction controls were used. The characterization 
of the mtDNA target region required successful sequenc-
ing of both the forward and reverse strand of three 
shorter overlapping fragments. No nDNA analysis was 
performed on the teeth samples because of the low DNA 
quantity. As a consequence, we were not able to include 
the historical Kotzebue Sound samples in the nDNA 
analyses. Previously published mtDNA and nDNA data 
from 1474 belugas from nine populations and recog-
nized stocks were used in some of the analyses. The 
sampled belugas were from Cook Inlet, Bristol Bay, east-
ern Bering Sea, eastern Chukchi Sea, Beaufort Sea, 
Anadyr Bay and three populations in the Okhotsk Sea 
(Table 1; Meschersky et al. 2013; O’Corry-Crowe et al. 
2018).

Population structure and the population-of-origin 
of individual belugas from Kotzebue Sound were 
assessed using: (i) homogeneity tests of genetic differ-
entiation in arlequin (version 3.5; Excoffier & Lischer 
2015), (ii) assignment tests using whichrun (version 
4.1; Banks & Eichert 2000), (iii) exclusion tests using 
geneclass (version 2.0; Piry et al. 2004) and (iv) 
searches of GenBank® (National Center for 
Biotechnology Information, National Institutes of 
Health). The first two approaches were performed 
according to our previously published methods 
(O’Corry-Crowe et al. 2015; O’Corry-Crowe et al. 
2018). In the assignment tests, we used previously 
identified stocks (O’Corry-Crowe et al. 2015; O’Corry-
Crowe et al. 2018) as reference (i.e., source) stocks, 
including the three stocks in the Bering Sea (Anadyr 
Gulf, Bristol Bay and eastern Bering), as well as the 
eastern Chukchi Sea and the Beaufort Sea stocks 
(Fig. 1, Tables 2, 3). Each Kotzebue Sound beluga was 
assigned to the reference stock where that beluga’s 
genetic profile (nDNA or nDNA–mtDNA combined) 
was estimated to most likely arise, based on observed 
allelic frequencies and Hardy-Weinberg assumptions 
(nDNA) and on observed haplotype (mtDNA) frequen-
cies (Banks & Eichert 2000). Confidence in assign-
ments was based on the ratio of the likelihood 
functions of the most likely stock to that of the second 
most likely. We chose a ratio of 10, log

10
-transformed 

to a log ratio (logarithm of the odds) score of 1.0, to 
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denote high confidence in the assigned stock. In the 
exclusion analysis we computed the probability that 
an individual could belong to a reference stock by 

comparing its genotype’s likelihood of occurring in 

each reference stock to the genotype likelihoods of a 
number (n = 1000 and n = 10 000) of simulated indi-
viduals (based on Monte-Carlo resampling) from each 
stock according to the method of Paetkau et al. (2004). 
The Type-1 error level of the resultant distribution 
acted as the exclusion criterion (Piry et al. 2004). 
Kotzebue Sound belugas that had low genotype likeli-
hoods relative to the simulated individuals (e.g., < α = 
0.05) for a particular stock were considered not to 
come from that stock. 

Finally, the incidence of mtDNA haplotypes and nDNA 
alleles that have only been recorded in Kotzebue Sound 
were compared to the frequency of unique and rare hap-
lotypes and alleles characteristic of other known stocks, 
in order to assess whether sampling artefacts (e.g., low 
sample sizes) versus real stock differences may explain 
the presence of haplotypes or alleles found only in 
Kotzebue Sound that have not been found elsewhere. 
This included searching the GenBank® sequence data-
base using the BLAST tool, which facilitated range-wide 
comparisons across all known mtDNA studies of beluga 
whales with sequences homologous to the current study.

Results

DNA was extracted from skin samples or teeth of 182 
belugas harvested in Kotzebue Sound over a 41-year 

period (1978–2019). A total of 165 whales yielded DNA 
of sufficient quality and quantity for genetic profiling, 119 
from earlier studies (O’Corry-Crowe et al. 2002; O’Corry-
Crowe et al. 2016; O’Corry-Crowe et al. 2018) and 46 not 
previously analysed. Of the 46 individuals, 24 were suc-
cessfully sequenced for the entire 410 bp haplotype, 
which substantially increased the sample size for the his-
torical era (1978-1982) from 39 to 63 (Table 1a). In addi-
tion, combined mtDNA–nDNA profiles were generated 
for 22 new samples collected from 2008 to 2019. This 
increased the sample size for the contemporary era (1994-
2019) from 80 to 102 for mtDNA (Table 1a) and from 63 
to 85 for nDNA (Table 1b). This also greatly increased the 
temporal span (adding the years 2008-2019) and statisti-
cal power of the data set from the contemporary era. 

mtDNA analyses

Analysis of patterns of mtDNA variation showed that 
Kotzebue Sound belugas sampled during the historical 
era were statistically different from all but one other stock 
of beluga whales in the Pacific Arctic, including those 
geographically most proximate (F

st 
= 0.077-0.552, p < 

0.003; Table 1, Fig. 5). The one exception was Bristol Bay 
(F

st 
= 0.01, p = 0.142; Table 1), a resident stock in the 

south-eastern Bering Sea (Fig. 1). The lack of significant 
differentiation is attributed to the very high frequency of 
one widespread haplotype (light orange colour in Fig. 5) 
in both. However, none of the other nine haplotypes doc-
umented in Kotzebue Sound

 
during the historical era and 

in Bristol Bay were shared (Fig. 5). To maximize temporal 
comparability with historical samples from Kotzebue 
Sound, we analysed samples collected from other stocks 
during a similar period (late-1970s to mid-1980s). Here 
too, the Kotzebue Sound belugas were statistically differ-
ent from whales sampled from the eastern Chukchi Sea 
and Beaufort Sea stocks (F

st 
= 0.427-0.483, p < 0.001). 

The expanded aDNA data set allowed us to compare 
across years during the historical era within Kotzebue 
Sound. The pattern of mtDNA diversity in the late 1970s 
and early 1980s was quite consistent (F

st
 = 0.001, p = 

0.443), indicating that belugas in those years were likely 
from the same stock.

The analysis of Kotzebue Sound belugas sampled during 
the contemporary era yielded a very different picture (Table 
1, Fig. 5). Statistically significant differences in mtDNA were 
found between contemporary and historical samples (F

st 
= 

0.3, p < 0.001). Collectively, mtDNA from contemporary 
samples was substantially different from almost all other 
stocks in the marginal seas of the Pacific Arctic (Table 1, Fig. 
5), the one exception being a low but significant degree of 
heterogeneity (F

st 
= 0.021, p = 0.007) when compared with 

the Beaufort Sea stock. In contrast to the historical era, the 

Table 2. Summary of assignment test outcomes using whichrun on 85 

beluga whales sampled in Kotzebue Sound during the contemporary era. 

Each individual was assigned to one of five known (reference) stocks in 

the Bering, Chukchi and Beaufort seas on the basis of which stock had the 

highest estimated probability of that individual’s genetic profile (based on 

nDNA markers or on nDNA and mtDNA combined) arising in that stock. 

Confidence in the assignment was estimated using log-ratio (LOD) scores 

with an LOD ≥ 1 indicating high confidence that the assigned stock was 

the most probable of the reference stocks surveyed.

Reference  

stock

nDNA nDNA–mtDNA

Highest 

probability
LOD ≥ 1.0

Highest 

probability
LOD ≥ 1.0

Bristol Bay 11 0 11 1

E Bering Sea 15 2 19 4

E Chukchi Sea 16 1 4 1

Beaufort Sea 29 1 36 15

Anadyr Bay 14 3 15 4

Totals 85 7 85 25
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contemporary belugas of Kotzebue Sound were character-
ized by a high level of mtDNA haplotypic diversity (H = 0.75 
versus H = 0.24; Table 1, Fig. 5). The contemporary sample 
set spanned 25 years and included two anomalous events 
when relatively large numbers of whales occurred in 
Kotzebue Sound: 1996 and 2007. Analysis revealed that the 
limited differentiation recorded between the contemporary 
era and the Beaufort stock was primarily driven by the 2007 
event (F

st 
= -0.001, p = 0.436; Table 1, Fig. 5). By contrast, 

the substantial differentiation between the historical and 
contemporary data sets was also driven primarily by this 
same event (F

st 
= 0.474, p < 0.0001).

All known stocks that we investigated, except for 
Cook Inlet, were found to possess one or more unique 

mtDNA haplotypes, that is, haplotypes not found else-
where (Fig. 5). Kotzebue Sound belugas had a relatively 
high number of unique haplotypes (n = 7), most of 
which were recorded during the contemporary era. 
Furthermore, none of these haplotypes were found in 
GenBank® searches, which included several mtDNA 
studies of beluga whales across the species’ range. One 
of the unique haplotypes from Kotzebue Sound 
(coloured red and located near the top of the Kotzebue 
bar charts in Fig. 5) was recorded in both eras (1981 and 
again in 2007). The additional samples from the most 
recent period (i.e., 2008-2019) had a high diversity of 
mtDNA lineages (H = 0.74), especially when compared 
to the historical era (H = 0.24). As well as including a 

Table 3. Summary of findings from assignment tests using whichrun and exclusion tests using geneclass. A subset of individuals is presented for each of 

the six possible outcomes in terms of the number of reference stocks excluded (i.e., n = 0 to n = 5), based on a statistical threshold using Monte Carlo 

resampling methods. The following is provided for each individual: (1) its mtDNA haplotype, indicating those haplotypes that have been found only in 

Kotzebue to date; (2) the stock it was assigned to on the basis of nDNA (microsatellites) and on combined nDNA–mtDNA likelihood functions along with 

the confidence (i.e., log-ratio [LOD]) scores in those assignments; and (3) its genotype’s likelihood of arising in each stock relative to n = 10 000 simulated 

individuals from that same stock with boldface and italics representing likelihoods that exclude the test individual from the reference stock at the α=0.05 

(italics) or α=0.01 (boldface) level.

Kotzebue 

individual ID

mtDNA 

haplotype

whichrun geneclass

nDNA LOD nDNA–mtDNA LOD
Bristol  

Bay

E. Bering 

Sea

E. Chukchi 

Sea

Beaufort 

Sea

Anadyr 

Bay

No. of 

reference 

stocks 

excluded

KzH161 5 Beaufort Sea 0.24 E. Bering Sea 0.13 0.159 0.556 0.663 0.817 0.062 0

KzH162 9 Beaufort Sea 0.40 Beaufort Sea 0.94 0.123 0.371 0.212 0.513 0.103 0

KzH168 9 Beaufort Sea 0.23 Beaufort Sea 0.52 0.086 0.385 0.281 0.480 0.117 0

KzH170 55b Beaufort Sea 0.44 Beaufort Sea 0.62 0.429 0.539 0.654 0.802 0.199 0

KzH119 5 E. Bering Sea 0.47 E. Bering Sea 1.55 0.044 0.588 0.434 0.321 0.204 1

KzH120 65b E. Chukchi Sea 0.05 E. Bering Sea 0.22 0.098 0.471 0.477 0.519 0.031 1

KzH138 9 Beaufort Sea 0.26 Beaufort Sea 1.29 0.111 0.069 0.106 0.371 0.030 1

KzH146 67 b Bristol Bay 0.26 Bristol Bay 0.01 0.071 0.112 0.061 0.067 0.027 1

KzH134 55 b E. Chukchi Sea 0.37 E. Bering Sea 0.20 0.007 0.098 0.123 0.083 0.021 2

KzH140 9 Beaufort Sea 0.54 Beaufort Sea 1.74 0.018 0.155 0.312 0.592 0.040 2

KzH148 9 Beaufort Sea 0.67 Beaufort Sea 2.23 0.008 0.250 0.139 0.470 0.004 2

KzH195 2 Beaufort Sea 0.63 Beaufort Sea 0.13 0.001 0.100 0.058 0.208 0.001 2

KzH130 21 E. Chukchi Sea 2.25 E. Chukchi Sea 1.35 0.021 0.046 0.516 0.091 0.008 3

KzH132 14 E. Chukchi Sea 0.29 Beaufort Sea 0.45 0.024 0.040 0.211 0.180 0.027 3

KzH154 14 Beaufort Sea 0.50 Beaufort Sea 1.24 0.037 0.039 0.090 0.191 0.000 3

Kz4543 27 b Beaufort Sea 0.76 Beaufort Sea 0.5 0.005 0.197 0.027 0.413 0.037 3

Kz6350 a 6 E. Chukchi Sea 0.30 Beaufort Sea 0.30 0.002 0.003 0.075 0.058 0.007 3

Kz8425 9 Beaufort Sea 1.28 Beaufort Sea 2.35 0.001 0.018 0.029 0.162 0.003 4

KzH158 9 Beaufort Sea 0.88 Beaufort Sea 2.44 0.014 0.045 0.016 0.128 0.002 4

KzH6724 9 Beaufort Sea 0.32 Beaufort Sea 0.17 0.003 0.019 0.004 0.151 0.041 4

KzH172 a 9 Beaufort Sea 0.29 Beaufort Sea 0.52 0.002 0.037 0.019 0.073 0.009 4

KzH133 a 9 Anadyr Bay 1.36 Anadyr Bay 1.52 0.010 0.023 0.018 0.031 0.079 4

KzH153 9 Beaufort Sea 0.04 Beaufort Sea 1.37 0.000 0.032 0.005 0.029 0.001 5

KzH181 9 E. Chukchi Sea 0.23 Beaufort Sea 0.34 0.001 0.011 0.012 0.004 0.001 5

Kz12213 9 E. Bering Sea 1.33 Anadyr – E. Bering 0.00 0.000 0.011 0.007 0.002 0.000 5

a Individuals excluded from all reference stock at the α ≤ 0.1 level. b Haplotypes that have only been found in Kotzebue Sound to date.
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number of lineages common to the earlier Kotzebue 
samples and to the Beaufort Sea, these new samples 
contained a number of lineages that we had not observed 
in Kotzebue Sound to date and include a new haplo-
type, a haplotype recorded only once before in the 
Yukon delta in the Bering Sea and a haplotype charac-
teristic of the eastern Bering Sea stock.

nDNA analyses

Contemporary samples were also screened for nDNA 
variation. As stated above, we were unable to screen 

nDNA from tooth samples and were therefore unable to 
examine nDNA variation in the historical Kotzebue 
Sound samples. Nuclear markers from the contemporary 
samples were found to differ significantly from those in 
other stocks, including Cook Inlet, the Okhotsk Sea and 
all stocks in the Bering–Chukchi–Beaufort region (Table 
1). However, the level of differentiation in some cases 
was quite low (F

st 
= 0.003-0.007) and further analysis of 

the contemporary samples failed to detect differences 
among some stocks and we found no nDNA alleles in the 
Kotzebue Sound samples that were not found in at least 
one other stock across the Pacific Arctic.

Fig. 5 Diversity in mtDNA (i.e., haplotype) in beluga whales in Cook Inlet, the Bering Sea (Bristol Bay, eastern Bering Sea and Anadyr Bay), the Chukchi Sea 

(Kotzebue Sound, eastern Chukchi Sea) and the Beaufort Sea. Each unique mtDNA lineage (haplotype) is represented by a different colour. The final three 

columns represent three elements of the contemporary era, including two anomalous events, one in 1996 and the other in 2007. The unique haplotypes 

representing the historical Kotzebue Sound stock are the red and blue at the top of that column.
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The whichrun and geneclass analyses revealed that the 
genetic profiles of the contemporary Kotzebue Sound 
belugas tended to have very low likelihoods of arising in 
either the Gulf of Alaska (i.e., Cook Inlet) or the Sea of 
Okhotsk regions. The majority were excluded from both 
regions with a high degree of confidence (p <0.001). This 
is not surprising considering the geographic distance from 
Kotzebue Sound to the Gulf of Alaska and to the Sea of 
Okhotsk (Fig. 1). Contemporary Kotzebue Sound belugas 
(n = 85) were assigned to the Beaufort Sea stock more 
frequently than to the other reference stocks in the Pacific 
Arctic (i.e., Bristol Bay, eastern Bering Sea, eastern 
Chukchi Sea and Anadyr Bay) based on both genotypic 
likelihoods and on combined genotypic–haplotypic likeli-
hoods (Tables 2, 3). However, three of the 85 belugas 
sampled in Kotzebue Sound during the contemporary era 
were excluded from all of the reference stocks, including 
the Beaufort Sea stock (Table 3). This indicates that some 
belugas, although assigned to one of the five known (i.e., 
reference) stocks in the Bering–Chukchi–Beaufort region, 
based on genotypic likelihoods using assignment tests 
(whichrun), were excluded from that stock using the 
exclusion test (geneclass). 

Discussion 

Based on IK, field studies and the findings we present 
here, it is evident that belugas in Kotzebue Sound once 
comprised a separate stock. Belugas that summered in 
Kotzebue Sound prior to the mid-1980s decline were sig-
nificantly different from all other known populations in 
the Pacific Arctic and Subarctic with respect to maternally 
inherited mtDNA. Although this has been alluded to before 
(e.g., O’Corry-Crowe et al. 2002; O’Corry-Crowe et al. 
2018; Lowry et al. 2019), clear evidence was not available 
until now. Significantly, the added historical-era samples 
in the current study established that the genetic signature 
before the decline was stable across years. This provides 
crucial evidence of a likely stable pattern of return to 
Kotzebue Sound by the same population of beluga whales 
year after year (see below). By contrast, the newest sam-
ples from the contemporary era provide further evidence 
of a highly variable genetic picture since the decline. Earlier 
studies of this period were dominated by two events, one 
in 1996 the other in 2007, which revealed that whales 
from another stock (or stocks), specifically the Beaufort 
Sea, likely entered the Sound in those summers (O’Corry-
Crowe et al. 2002; O’Corry-Crowe et al. 2018 Lowry et al. 
2019). The samples collected since then now reveal that 
even outside of these two notable events, the genetic sig-
nature in Kotzebue Sound has not stabilized and includes 
mtDNA lineages recorded in Kotzebue Sound during the 
historical era, some of which are unique to the Sound. 

They also include new lineages not recoded before, and 
lineages typically found at locations south as well as north 
of the Bering Strait. This suggests that the current pattern 
of use of Kotzebue Sound may be quite dynamic, with a 
likely remnant population that, at times, co-occurs with 
whales from other stocks.

A recent genetic study of population structure and 
stock identity of belugas in the North Pacific concluded 
that substantial mtDNA differentiation among summer-
ing concentrations likely indicated limited dispersal and 
long-established female-mediated philopatry to separate 
summering areas (O’Corry-Crowe et al. 2018). Thus, 
those summering aggregations were likely demographi-
cally discrete subpopulations (Avise 1995; O’Corry-Crowe 
et al. 2018). At decadal scales, temporal comparisons 
within summering concentrations showed no changes in 
mtDNA or nDNA, and kinship analysis using the nDNA 
data confirmed philopatry to a summering area across 
multiple generations. Such fidelity to natal summering 
locations provided strong evidence that individual whales 
likely inherit knowledge of traditional migratory path-
ways and destinations from other community members, 
possibly via social learning. This relationship between 
mtDNA differentiation and demographic independence in 
beluga whale populations, when combined with the con-
sistent pattern of genetic diversity and differentiation 
across years recorded in our current study, likely indicate 
that the belugas that returned to Kotzebue Sound prior to 
the mid-1980s were a demographically distinct subpopu-
lation. Demographic independence is the fundamental 
criterion for the identification of distinct population stocks 
under the MMPA (Wade & Angliss 1997; NMFS 2005). 
Our findings indicate belugas that annually frequented 
Kotzebue Sound in summer, during the historical era, 
meet the legal definition of a distinct stock. 

What is less clear is whether the historical Kotzebue 
Sound stock still exists. Contemporary genetic compari-
sons were hampered by limited sample size and inability 
to extract sufficient DNA for nDNA analysis from teeth 
obtained during the pre-decline period. This created chal-
lenges for determining whether belugas that occurred in 
Kotzebue Sound each summer during the contemporary 
era were from a single stock or a mix of stocks. The 
mtDNA results indicate that belugas now harvested in 
Kotzebue Sound have significantly different genetic pro-
files than those of the historical era and the genetic pro-
file of contemporary whales has similarities to belugas 
from the Beaufort Sea stock (Fig. 5). These findings were 
heavily influenced by 66 of 102 individuals sampled in 
two years, 1996 and 2007, when large numbers of belu-
gas were in the Sound in June and July. In 2007, whales 
were primarily adult males (46 of 48 sequenced) and 
were beyond what is thought to be the normal range for 
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Beaufort Sea belugas during July. Adult males are known 
to roam farther than mixed groups of females and calves 
(Loseto 2006; Hauser et al. 2014). Excluding those two 
years, belugas of the contemporary era that occurred in 
Kotzebue Sound shared characteristics (n = 4/9 haplo-
types) with Beaufort Sea belugas, but also had some dif-
ferences (n = 5/9 haplotypes). Of those haplotypes not 
found in the Beaufort Sea to date, one was recorded in 
Kotzebue Sound during the historical era (the pink-co-
loured haplotype in Fig. 5), one is common in the eastern 
Bering Sea and present in Bristol Bay (the brown-co-
loured haplotype), one was found only once in the Bering 
Sea (Yukon River delta) and two have not been detected 
elsewhere to date. This suggests the historical Kotzebue 
Sound stock may co-occur with whales from other stocks 
in Kotzebue Sound in recent times. 

Traditional assignment testing and mixed-stock analy-
ses rely on multilocus genotypes from all possible source 
(i.e., reference) stocks (e.g., Paetkau et al. 1995; Banks & 
Eichert 2000; Pritchard et al. 2000; Pella & Masuda 2001; 
Piry et al. 2004). These tests perform poorly if one or 
more reference stocks, such as the historical Kotzebue 
Sound stock, has not been adequately sampled. This lim-
itation was partially overcome by applying exclusion tests 
in concert with assignment tests, which indicated that 
three of 85 contemporary samples had very low probabil-
ities (p < 0.05) of arising in any of the known contempo-
rary stocks. All three were sampled in July, one in 1998 
and two in 2007. Our chosen exclusion criterion may be 
quite stringent considering the limited allelic divergence 
among stocks such that it is very difficult to exclude an 
individual from all stocks given our current resolving 
power. Using the more relaxed criterion of p < 0.1, an 
additional three whales could not be conclusively 
assigned to any of the known stocks (Table 3, 
Supplementary Table S1); two of these were sampled in 
July 2007 and one in June 1996. The lack of nDNA from 
whales of the historical Kotzebue Sound stock prevented 
us from assigning the belugas with unknown stock mem-
bership to any stock, including the historical Kotzebue 
Sound stock. 

However, we stress that the most parsimonious expla-
nation for the current presence of an ‘unknown’ stock in 
Kotzebue Sound is that some individuals from the his-
toric stock still exist and are harvested. Further, belugas 
from other stocks (especially the Beaufort Sea) are also 
harvested in Kotzebue Sound, at least in some years. That 
the historic Kotzebue Sound stock still exists is much 
more likely than there being an additional stock that has 
never been sampled before, or that a new stock emerged 
from interbreeding stocks. Indeed, hunters in Kotzebue 
Sound suspect that the large, mostly male, groups of 

belugas that are sometimes present in July are from 
someplace other than Kotzebue Sound because they do 
not follow the traditional movement patterns (Fig. 2). 
Traditionally, belugas arrived during the sea-ice break-up 
in late May and June (Fig. 2), and remained most of the 
summer, whereas the recent large groups arrive later in 
June or July, long after the ice has gone out, and do not 
appear to remain for long. Killer whales may have played 
a role by forcing belugas into Kotzebue Sound in recent 
years. The hunters also think that Kotzebue Sound belu-
gas are still present, but in much lower numbers and for 
a longer duration in summer. Determining the identity of 
these belugas is of utmost importance and will require 
more sampling. 

What happened to belugas in Kotzebue Sound?

The cause of the decline of belugas in Kotzebue Sound is 
important to consider, as it may yield some insight into 
why belugas have not recovered in this region. Recall 
that the reasons for the decline may be related to some 
combination of over-harvest, ice-entrapment, killer 
whale predation and increased disturbance by motorized 
hunting boats throughout the Sound, rather than just at 
areas where drive hunts formerly took place. We will dis-
cuss these in reverse order, from least to most likely. 

Disturbance clearly increased in Kotzebue Sound 
when hunters transitioned from kayaks and umiaks to 
motorized boats; the use of outboard engines became 
common in the 1920s and 1930s, and by the 1940s and 
1950s fewer belugas used shallow nearshore areas. 
However, they continued to be abundant in areas of 
deeper water (Foote & Cooke 1960; Morseth 1997). 
Moreover, increased noise and activity have occurred 
throughout the range of belugas, including in Bristol Bay, 
Norton Sound and the Yukon River Delta in Alaska, 
Hudson Bay in Canada, and Anadyr Bay in Russia, yet 
belugas continue to frequent those areas (Caron & Smith 
1990; ABWC unpubl.).

Another reason often mentioned by hunters for the 
decline is a possible increase in killer whale predation. 
Although the presence of killer whales has increased in 
the Chukchi Sea recently (e.g., Stafford et al. 2018; 
Willoughby et al. 2020) and they are present in Kotzebue 
Sound (Castellote et al. 2017), the change is recent and 
attributed to the decline of the extent, duration and 
thickness of the seasonal sea ice. Until recently, sea ice in 
the Chukchi Sea was relatively stable compared to other 
places in the Arctic (e.g., Laidre et al. 2015; Huntington 
et al. 2020) and killer whales have always frequented the 
Bering Strait region (Mymrin & Huntington 1999). In 
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short, there is no evidence that the population collapse in 
Kotzebue Sound was due to killer whale predation. 

The decline of belugas corresponded with the timing 
of two separate ice-entrapments near Bering Strait in 
1984. The first, near Little Diomede, trapped at least 40 
belugas in April of 1984 (Lowry et al. 1987), and the sec-
ond in Seniavin Strait, a confined waterway between an 
island and the Russian mainland, trapped 2500–3000 
belugas, 1000 of which perished, between December 
1984 and February 1985. The entrapped belugas were a 
mix of ages, including 25% two- to three-year-olds, 20% 
four- to six-year-olds and 55% adults older than six years 
of age (Ivashin & Shevlyagin 1987; Mymrin & Huntington 
1999). The winter range of Kotzebue Sound belugas is 
unknown, as is the stock identity of the entrapped belu-
gas that perished. Although the entrapped belugas may 
have been from the Kotzebue Sound stock, belugas from 
other stocks are known to pass through this area annu-
ally (Citta et al. 2016). Additionally, the large entrapment 
occurred in November of 1984, months after the harvest 
had already declined in Kotzebue Sound (Fig. 3). The fact 
that these entrapments loosely co-occurred with the 
decline in beluga abundance in Kotzebue Sound caused 
local hunters to suspect that the entrapment event was 
why their belugas disappeared. 

Although we do not know how many belugas com-
prised the historic Kotzebue Sound stock, it is almost 
certain that they were over-harvested. Various experi-
enced observers reported seeing 900–1200 belugas in 
Eschscholtz Bay in 1962, 1978 and 1981, and estimated 
that up to 2000 may have used the area (Frost & Lowry 
1990). In the seven years between 1977 and 1983, 588 
belugas were reported as landed in all of Kotzebue 
Sound, with no information about the number that 
were struck but lost (Frost & Lowry 1990; Fig. 3). The 
average annual reported harvest of 84 during 1977–
1983 would constitute 4.2% of a population of 2000 
belugas each year (annual range ca. 1% – 8%) or 8.4% 
of a population of 1000 belugas (annual range ca. 1% - 
15%). A precautionary guideline for a safe and sustain-
able annual fisheries bycatch of cetaceans, referred to as 
the Potential Biological Removal level, is 2% (Wade 
1998). Although this was not intended to be applied to 
subsistence harvests by Alaska Natives, it nonetheless 
serves as a precautionary guideline for a sustainable har-
vest. The harvest clearly exceeded 2% of either esti-
mated population size in six of seven years. Over-harvest 
was likely the primary cause of the population collapse 
in Kotzebue Sound, notwithstanding increases in distur-
bance and ice-entrapments. Over-harvest may also have 
been why harvest declined in northern Kotzebue Sound, 
at Sisaulik, in the 1960s and 1970s. If so, the population 

of belugas in Kotzebue Sound may have been declining 
prior to the 1980s. Indeed, IK surveys by Seaman et al. 
(2015) indicated that hunters noticed belugas were 
starting to decline in Eschscholtz Bay in the mid-1970s.

Management implications

The MMPA mandates that marine mammal population 
stocks be maintained as significant functioning elements 
of their ecosystems, requiring that each should be main-
tained at its optimal sustainable population level. This has 
been interpreted as preventing depletions across a spe-
cies’ range. It is clear based on the observations of local 
residents and scientists that lived or worked in Kotzebue 
Sound that belugas are much less numerous and less fre-
quently present than they once were (Frost & Lowry 
1990; Seaman et al. 2018). In fact, there are now so few, 
and their annual occurrence so unpredictable, that hunt-
ers from Kotzebue no longer travel to Eschscholtz Bay to 
hunt belugas and it is not considered feasible to conduct 
aerial surveys to estimate beluga abundance. 

Despite greatly reduced abundance in Kotzebue 
Sound, belugas continue to be harvested, albeit in low 
numbers in most years. Uncertainty over whether whales 
using the Sound today are from the greatly depleted his-
torical-era stock or from another abundant stock has 
caused confusion and ambivalence among both harvest-
ers and managers about the need to implement restric-
tions. The result is that the stock has not been designated 
as depleted under the MMPA. Without current and his-
torical population estimates, or an adequate understand-
ing of stock structure, there is no clear mechanism for 
legally defining the conservation status of Kotzebue 
Sound belugas and, therefore, no legal mechanism for 
instituting an appropriate management regime. 

Our findings clarify the stock identity of belugas that 
regularly occurred in Kotzebue Sound prior to about 
1983, but do not resolve the current conservation 
dilemma. The finding of at least one mtDNA haplotype 
unique to Kotzebue Sound in both the historical and 
contemporary eras suggests that remnants of this histor-
ical stock still occur and are occasionally harvested. 
More sampling, however, is required to further explore 
the existence of lineages that may be unique to Kotzebue 
Sound. Our results also indicate that belugas from at 
least one other stock, likely that of the Beaufort Sea, 
also occur in Kotzebue Sound, at least in some years. 
The most similar scenario we are aware of is beluga har-
vests in Nunavik, Canada. Hunters in Nunavik commu-
nities harvest belugas from three different stocks, the 
eastern Hudson Bay stock (N = 3400), the western 
Hudson Bay stock (N = 54 500) and the James Bay stock 
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(N = 10 600). Management requires that all belugas are 
sampled for genetic stock assignment and the propor-
tion of the harvest attributed to each stock is assessed 
for each community annually and used to adjust the 
total allowable take in the following year, such that the 
total allowable take is not exceeded in any community 
for any stock (DFO 2018; Hammill et al. 2017; Hammill 
et al. 2021). The timing of harvest is also managed to 
redirect the harvest as much as possible away from the 
small eastern Hudson Bay stock and towards the much 
larger western Hudson Bay stock, allowing for a greater 
total harvest (Hammill et al. 2021). A similar manage-
ment regime could be useful for Kotzebue Sound, 
including more genetic sampling to clarify stock struc-
ture and restricting the timing of the harvest to later in 
the summer, when Kotzebue belugas were traditionally 
less common. 

In 2015, elders and beluga hunters of the Kotzebue 
Sound region working with the ABWC met to discuss 
what could be done to re-establish the former regular 
presence and abundance of belugas. They subsequently 
drafted a management plan that includes guidelines to 
reduce the harvest and protect the belugas, especially 
females with calves (Frost et al. 2021 [this special clus-
ter]). Drafters of the Kotzebue Sound management plan 
acknowledged the presence of more than one stock and 
dealt with this by using their long-term knowledge of 
beluga behaviour. The plan encourages hunters not to 
hunt belugas from June to mid-July, when the historical 
stock was traditionally present. Belugas that arrive after 
mid-July in large groups (> 100), without grey (sub-
adult) animals or calves, are thought to belong to another 
stock, and could therefore be hunted. If hunters were to 
abide by this provision, it could reduce the harvest of the 
original Kotzebue Sound stock.

Although the Kotzebue Sound management plan 
would help protect the remnant population, hunting of 
females with calves continues. Implementation of the 
plan is problematic because there are no specified legal 
consequences, so compliance is voluntary. Local subsis-
tence hunters and leaders are faced with a dilemma; they 
know it is necessary to limit hunting to foster recovery 
because few belugas occur in summer in Kotzebue 
Sound. However, hunters, their families and communi-
ties around Kotzebue Sound long for belugas to be part 
of their diet as well as their cultural heritage and tradi-
tions. They understand that if all hunting stopped imme-
diately, it might be decades before the stock of belugas 
recovers enough to support a sustainable harvest, if they 
recover at all. A similarly greatly depleted stock of belu-
gas in Cook Inlet has not been hunted since 2005 (Hobbs 
et al. 2019) and continues to slowly decline (Shelden & 
Wade 2019). 

We recommend that the most pragmatic way forward 
is for the U.S. Government to recognize the original 
Kotzebue Sound population as a stock and to work 
through the co-management process with the ABWC and 
local Kotzebue Sound hunters to implement and enforce 
the Kotzebue Sound beluga management plan so that 
harvesting, especially of females with calves, is greatly 
reduced or eliminated in order to promote recovery or 
reestablishment of a healthy stock. Regardless of how it is 
accomplished, the US government has a legal responsibil-
ity under the MMPA to protect belugas of Kotzebue 
Sound, a severely depleted stock. 

Further clarification of the stock identity of belugas 
that still utilize Kotzebue Sound will only be possible if 
there is additional genetic sampling. Studies using non-le-
thal, biopsy sampling methods (e.g., O’Corry-Crowe et al. 
2015; Citta et al. 2018) are warranted. At a minimum, as 
long as hunting continues, every harvested beluga should 
be sampled for genetic analysis. Resources should also be 
put into supporting genetic marker development, includ-
ing SNP genotyping of bone/teeth as well as soft tissue 
(e.g., Morin & McCarthy 2007) and NGS approaches to 
further resolve historical patterns of migration and stock 
structure. As new analytical techniques are developed, 
they should also be applied to samples from Kotzebue 
Sound to improve our understanding of the stock 
structure. 

Last, we note that there are benefits to implementing 
the management plan, even if the historic Kotzebue 
Sound stock does not recover. Traditional migratory pat-
terns and the genetic characteristics of beluga stocks in 
the Pacific Arctic region likely reflect migratory culture 
that evolved over millennia (O’Corry-Crowe et al. 2018). 
There are no known examples of whether, or how, a 
stock might re-establish use of a formerly important sum-
mering area through immigration from somewhere else. 
By contrast, there are examples of belugas continuing to 
return each year to locales that have witnessed declines 
(e.g., Cumberland Sound, eastern Hudson Bay; COSEWIC 
2004). Together, these observations suggest a tendency 
toward cultural conservatism in belugas that may make 
them particularly vulnerable to persistent local threats. 
Species resilience likely requires some degree of 
behavioural adaptability, and in the case of belugas, cul-
tural innovation. It is possible that, if left undisturbed, 
belugas from other stocks migrating into Kotzebue Sound 
in summer, where there is largely unoccupied prime hab-
itat for belugas, may re-establish a ‘Kotzebue Sound 
stock.’ If allowed to increase, a new population of belugas 
sustained by a new cultural tradition of annual return to 
Kotzebue Sound could help to continue that part of the 
rich cultural tradition of the Iñupiat that is centred 
around belugas in Kotzebue Sound. 
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