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Observations of Beachcast Bowhead Whales (Balaena mysticetus) in
the Southeastern Beaufort Sea and Amundsen Gulf, 1987–2016 

LOIS A. HARWOOD1, 6, ELLEN V. LEA2, STEPHEN A. RAVERTy3, PATRICIA A. HALL4, ERIN LINN5, LIANNE
POSTMA4, and OLE NIELSEN4

1Fisheries and Oceans Canada, 301 5204 50th Avenue, yellowknife, Northwest Territories X1A 1E2 Canada 
2Fisheries and Oceans Canada, P.O. Box 1871, Inuvik, Northwest Territories X0E 0T0 Canada 
3Animal Health Center, British Columbia Ministry of Agriculture, 1767 Angus Campbell Road, Abbotsford, British Columbia

V3G 2M3 Canada 
4Fisheries and Oceans Canada, 501 University Crescent, Winnipeg, Manitoba R3T 2N6 Canada 
5Golder Associates Ltd., 1721 8th Street East, Saskatoon, Saskatchewan S7H 0T4 Canada 
6Corresponding author: lois.harwood@dfo-mpo.gc.ca

Harwood, Lois A., Ellen V. Lea, Stephen A. Raverty, Patricia A. Hall, Erin Linn, Lianne Postma, and Ole Nielsen. 2017.
Observations of beachcast Bowhead Whales (Balaena mysticetus) in the southeastern Beaufort Sea and Amundsen
Gulf, 1987–2016. Canadian Field-Naturalist 131(3): 270–279. https://doi.org/10.22621/cfn.v131i3.2028

Each spring, most Bowhead Whales (Balaena mysticetus) of the Bering-Chukchi-Beaufort (BCB) population migrate to the
Canadian Beaufort Sea and Amundsen Gulf for summer feeding. Occasionally, Inuvialuit hunters and others observe beachcast
(stranded) or adrift Bowhead Whale carcasses. From 1987 to 2016, 26 such occurrences were recorded. Most (65%) were found
by Inuvialuit hunters travelling on the land, with the majority (54%) reported during 2000–2006. Bowhead Whale carcasses were
found widely distributed throughout the region, with twice as many in Amundsen Gulf (65%) compared with the southeastern
Beaufort Sea (35%). It was possible to measure or estimate standard length for 17 of 26 specimens, and all were either provisional
‘subadults’ (7–9.5 m; n = 10; 59%) or provisional ‘mature adults’ (13–16 m; n = 7; 41%). The cause(s) of mortality was not
determined for any of the specimens. Whales in the ‘subadult’ group were likely 1–4 years old, while the ‘mature adult’
group were likely mostly mature animals (~25 y), including some potentially very old (>100 y). There was evidence or direct
observation of Polar Bears (Ursus maritimus) and/or Grizzly Bears (U. arctos) scavenging at 60% of the carcasses for which
presence or absence of bears or bear sign (scats and/or tracks) was reported. It is important to continue to record incidental
observations of beachcast Bowhead Whales, as this may enable stranding rates to be evaluated. 
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Introduction
Each spring, most Bowhead Whales (Balaena mys-

ticetus) of the Bering-Chukchi-Beaufort (BCB) popu-
lation migrate to the Canadian portion of the Beaufort
Sea and the Amundsen Gulf to feed during the summer
(Richardson et al. 1987; Moore and Reeves 1993; Har-
wood et al. 2010, 2017). They aggregate and forage
there during August and September, with most starting
their return westward to the Bering Sea wintering areas
by mid to late September (Citta et al. 2015; ADFG
2017; Harwood et al. 2017). 

The BCB population is listed as Special Concern under
Canada’s Species at Risk Act (SARA Registry 2017)
and endangered under the US Endangered Species Act
(NOAA 2016). Bowhead Whales have a slow growth
rate, a low reproductive rate, a late age of sexual matu-
rity (~25 y; Rosa et al. 2013), and are extremely long-
lived (oldest on record is a 14.6 m male, 211 y; George
et al. 1999; Lubetkin et al. 2012). Based on the spring
2011 census at Point Barrow, Alaska, the most recent
estimate of population size for the BCB population
was 16 820 whales (95% CI = 15 176–18 643; Givens
et al. 2016), representing an increase over the last
decade. Clarke et al. (2013, 2014) reported that calf
sighting rates increased during this same period, and

George et al. (2015) detected increases in the body con-
dition of whales from 1989–2011, statistically so in sub -
adults. Although future trajectories for population size
and body condition are not known (George et al. 2015),
a suite of indicators are presently showing positive or
stable trends (George et al. 2017).

In the western Canadian Arctic, local Inuvialuit
hunters, fishers, pilots, researchers, and park staff have
observed and reported beachcast or drifting Bowhead
Whale carcasses during recent decades. The co-man-
agement framework which is now in place with the
implementation of the Inuvialuit Final Agreement (IFA;
INAC 1986) has fostered and enhanced reporting of
unusual occurrences of wildlife in the Inuvialuit Set-
tlement Region (ISR), including beachcast Bowhead
Whale carcasses. Our objective was to summarize the
location and timing of beachcast Bowhead Whale reports
in the western Canadian Arctic, by reviewing available
stranding records for 1987 to 2016. Where feasible, our
secondary objective was to examine the relative size of
beachcast specimens, and examine the records for pos-
sible reason(s) for the mortalities. We also note observa-
tions of Grizzly Bear (Ursus arctos) and Polar Bear (U.
maritimus) scavenging at beachcast Bowhead Whale
carcasses. 
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Methods
People travelling in coastal areas of the Inuvialuit Set-

tlement Region (i.e., subsistence hunters and fishers,
and scientific, enforcement, aviation, and park staff)
have made opportunistic observations of beachcast or
drifting Bowhead Whale carcasses and reported these
to Fisheries and Oceans Canada (DFO). Coastal areas
of the ISR used by Inuvialuit harvesters for hunting and
travel are extensive and include most coastlines (Fig-
ure 1). We do not have empirical records of the number
of trips or hours of search effort that were involved in
the discovery of the carcasses. 

DFO has maintained a database of these incidental
observations, including the reported locations, date and
source of first observation or report, state of the carcass,
and associated notes and photographs. Where practical
and when resources and personnel were available, site
visits were done to obtain additional photographs and
length measurements (standard length, tip of rostrum to
notch in tail), and in a few cases, to collect tissue sam-
ples and measure blubber thickness. The geographic
locations of the carcasses were recorded with global
positioning systems (GPS), or reported according to
local landmarks and official or local geographic names.
Locations where beachcast whales were initially ob -
served were mapped using ArcGIS (Figure 2). 

Skin tissue samples were collected from seven car-
casses to molecularly determine gender (Table 1). These
were preserved either in a salt-saturated 20% dimethyl
sulphoxide (DMSO) solution (Seutin et al. 1991), or
frozen as soon as possible after collection. These tis-
sues were transferred to fresh salt/DMSO solution in
the lab and archived at −20°C to −80°C. Total cellular
DNA extractions were performed using DNeasy blood
and tissue kit spin columns (Qiagen Hilden, Germany.
A polymerase chain reaction (PCR) based method was
used for molecular determination of gender following
methods described by Rosel (2003) and Shaw et al.
(2003). For most of the tissues, these different meth-
ods were used in tandem to verify gender assignment. 

Results
From 1987 to 2016, 23 beachcast and three drifting

Bowhead Whale carcasses were found opportunisti-
cally in the western Canadian Arctic and reported to
DFO (Figure 2; Table 1). Most were discovered by Inu-
vialuit harvesters travelling on the land (65%), with the
rest reported by others (e.g., pilots, researchers, gov-
ernment staff). Nearly half (47%) of the observations
recorded during the 30-year period were from 2000
to 2006 (Table 1). Half of the years (15 of 30) had no
occurrences, and the other years had 1–4 observations
of beachcast Bowhead Whales per year. 

Carcasses were reported from widely distributed loca-
tions (Figure 2), in both the southeastern Beaufort
Sea (35%) and Amundsen Gulf (65%). The carcasses
were clustered in several recurring locations, including
Franklin Bay (n = 4), Darnley Bay including Pearce

Point (n = 4), along the yukon coast (n = 5), off the
southwest coast of Banks Island (n = 5), and in Prince
Albert Sound (n = 3).

Carcasses were generally inaccessible for complete
necropsy, due to their remote location, positioning on
shore (e.g., portion sunk, buried), prevailing weather
conditions, and/or the presence of bears; only one car-
cass was necropsied by a veterinary pathologist (Fig-
ure 3). Carcasses ranged from bone piles (Figure 3) to
relatively intact carcasses (Figure 4). It was however
possible to estimate or measure standard length of 17
(65%) of the carcasses, measure dorsal blubber thick-
ness (25–30 cm) in three, and determine gender for
two using molecular methods (Table 1).

The estimated whale lengths were all in one of two
distinct size groupings, referred to here as provisional
‘subadults’ (7.0–9.5 m; n = 10; 59%) and provisional
‘mature adults’ (13–16 m; n = 7; 41%; Table 1) based
on suggestions by George et al. (2011). No ‘mature
adults’ were found west of Cape Bathurst, and mainly
‘subadults’ were found east of Cape Bathurst (Figure 2;
Table 1). Cursory external examination of some car-
casses and in some cases archived photos did not yield
clues as to the cause of death in any of the specimens.
None of the carcasses had any external or obvious indi-
cations of predation by Killer Whales (Orcinus orca;
George et al. 2004), or human interactions, such as ship-
strike related trauma, or harpoons, floats, or attached
ropes that would suggest the whale was struck-and-lost
during subsistence hunting. 

Of the 15 reports with notes about the presence/ab -
sence of bears, nine carcasses had one or more bears, or
evidence of scavenging (scats and/or tracks) by Polar
Bears and/or Grizzly Bears (Table 1). One carcass on
the yukon coast (no. 2; Table 1) had both bear species
feeding on the carcass at the same time. A female Polar
Bear with three cubs and three male Polar Bears were
simultaneously feeding on a carcass (no. 8; Table 1) in
southeastern Franklin Bay. At a relatively ‘fresh’ car-
cass on the western shores of Franklin Bay in 2000 (no.
7; Table 1), there were ten Grizzly Bears observed
feeding at the carcass, and another six fled when the
helicopter arrived and were sighted within 2–3 km in
the nearby hills. A large male Grizzly Bear was ob -
served at the Bowhead Whale carcass in Franklin Bay
in August 2015 (Figure 4).

Discussion
Since 1987, there have been 26 opportunistic reports

of beachcast or drifting bowhead carcasses in the west-
ern Canadian Arctic, 65% of these reported by Inuvia -
luit harvesters. The carcasses were widely distributed
along the mainland coast and the southwest shores of
Banks and Victoria islands in the Inuvialuit Settlement
Region, with twice as many found on the shores of
Amundsen Gulf (65%; all mature adults) compared
with the southeastern Beaufort Sea (35%, mainly sub -
adults). Polar Bears and/or Grizzly Bears were observed
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FIGURE 1. Coastlines in the Inuvialuit Settlement Region (ISR; polygon) self-identified by harvesters as having extreme or particular
significance to ISR hunters. We infer these to include hunting and travelling routes that are regularly used (adapted
from Community of Aklavik et al. 2008; Community of Inuvik et al. 2008; Community of Paulatuk et al. 2008; Com-
munity of Sachs Harbour et al. 2008; Community of Tuktoyaktuk et al. 2008; Community of Ulukhaktok et al. 2008). 



at, or inferred to have been scavenging at, 60% of the
carcasses. It was not possible to determine the cause(s)
of mortality in any of the specimens.

Hunters from the ISR that found these carcasses have
self-identified the lands and waters where cultural and
renewable resources are of extreme significance and
sensitivity (Figure 1), and we infer these to be the most
intensely ‘searched’ coastlines during hunting and oth-
er traditional travel-based activities. Hunter reports
of beachcast animals, ‘accidental’ wildlife sightings,
predation accounts, and information on animal beha -
viour are some of the best examples of “local ecolog-
ical knowledge” (Noongwook et al. 2007). Addition-
ally, the onshore locations where the carcasses are
discovered likely reflect, at least in part, a combination
of prevailing winds, currents, and bathymetry that tends
to concentrate the carcasses and wash them ashore (Fig-
ure 2). Similarly, flight routes used by light commercial
aircraft are generally established and consistent, as are
the locations where park staff work (airstrips and
parks), although deviations from typical routes due to
weather, altitude, or destination cannot be discounted.

Despite the limitations and biases associated with the
data from beachcast whales, including an inability to
quantify search effort, the database is unique in that it
provides a long-term record of occurrences.

Our efforts to determine the cause of mortality and
establish baseline health parameters were hindered by
our inability to access fresh carcasses in a timely man-
ner. None of the carcasses had any obvious evidence of
predation or ship strike-related wounds, although most
were in an advanced state of decomposition. Length
measurements were subject to error due to decompo-
sition, scavenging, access, and positioning of the car-
cass. Evidence of freeze and thaw cycles in successive
winter seasons (Table 1) further confounds the compar-
ison of inter-annual data. The blubber thickness mea-
sured on the three specimens was consistent with that
for healthy landed bowheads (George 2009), although
blubber thickness may not be the best indicator of nutri-
tional state. A more recent study indicates adipocyte
size and fibre density may be more informative indica-
tors of body condition (Ball et al. 2015). 
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FIGURE 2. Location of beachcast and drifting Bowhead Whale (Balaena mysticetus) carcasses discovered in the western
Canadian Arctic by hunters and others, 1987–2016 (whale number corresponds to Table 1).
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In cases where fresh carcasses are examined, such as
is possible with Alaskan subsistence harvests, very few
Bowhead Whales are found with any pathology (George
et al. 1999), and blubber thickness and body condition
of subadults have been showing a positive trend over
the past 20 years (George et al. 2015). Bowheads have
a long evolutionary history and are considered to pos-
sess protective molecular adaptations relevant to age-
related diseases (Keane et al. 2015). Although the only

known natural cause of death in a stranded Bowhead
Whale was attributed to intestinal volvulus (Heidel and
Albert 1994), recent detection of harmful algal (HABs)
toxins in harvested and stranded marine mammals in
Alaska in 2014 suggest this could be a potential con-
tributing factor to future whale morbidity and loss
(Lefebvre et al. 2016). As well, detection of an exotic
pathogen, phocine distemper virus in Alaskan Sea Ot -
ters (Enhydra lutris), suggests a possible route of intro-

FIGURE 3. Veterinary pathologist, assisted by technical staff from Fisheries and Oceans Canada and the community of Tuktoyaktuk,
Northwest Territories, conducting a necropsy of a highly decomposed ‘subadult’ beachcast Bowhead Whale (Balaena
mysticetus) carcass, Atkinson Point, Northwest Territories, Canada (no. 16, Figure 2). Photo: E. Linn.
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duction via the Northwest Passage (Goldstein et al.
2009). Exposure of Bowhead Whales to other novel
pathogens may also be a consideration. 

Another possible explanation for death would be nat-
ural mortality. Despite the above mentioned limitations
in measuring carcasses, given the 4 m separation in
length between our ‘subadult’ and ‘adult’ age classes,
it is unlikely that we would have assigned specimens
to the wrong group. George et al. (2015) suspect that
Bowhead Whales are most vulnerable to environmen-
tal vagaries when standard length is 8–10 m, and this
matches with our ‘subadult’ group. Mortalities in this
category may reflect early life stage events that coin-
cide with a time of weight loss and growth of baleen
racks (George et al. 2016). Our provisional ‘adult’
group most likely consisted of sexually mature whales,
some potentially very old, although recently or nearly
matured whales may have also been included (Koski
et al. 1988, 1993). Mortality in our ‘adult’ group likely
includes senescent mortality, but to an unknown extent. 

Stable and positive trends observed in this population
in recent years (see George et al. 2017) may be linked
with enhanced production of the bowhead’s plankton-
ic prey, associated with the changing climate (Moore

et al. 2014; Arrigo and van Dijken 2015; George et al.
2015; Moore and Stabeno 2015; Wood et al. 2015). It
could also include an increase in whale abundance
since the cessation of commercial whaling in the early
1900s (McGhee 1988); population size has shown a
strong recovery and has now approached pre-contact
estimates of population size (Woodby and Botkin 1993;
Brandon and Wade 2006).

Finally, based on the absence of observed harpoons,
floats or ropes, or other signs of prior strikes, there was
no indication of beachcast Bowhead Whales having
been struck-but-lost by harvesters, as reported in Alaska
(NOAA 2017a). The only recent subsistence harvests
of Bowhead Whales in the western Canadian Arctic
were in 1991 (Freeman et al. 1992) and 1994 (Harwood
and Smith 2002). Prior to the 1991 harvest, the last
re corded landed bowhead in this region was in 1925
(McGhee 1988). The reasons for the concentration of
reported mortalities in the mid–early 2000s are not
known, but for the reasons above, we do not attribute
these to be hunting losses by Canadian hunters. 

The geographic separation of carcasses, with ‘sub -
adults’ in the Beaufort Sea and ‘adults’ in Amundsen
Gulf, matches the segregation of subadults and adults

FIGURE 4. Bowhead Whale (Balaena mysticetus) ‘adult’ carcass at Franklin Bay with Grizzly Bear (Ursus arctos) scavenging
(no. 26, Figure 2). Photo: B. Orkin.
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that has been observed during photogrammetric, teleme-
try, and aerial survey studies conducted in these same
areas (Cubbage and Calambokidis 1987; Koski et al.
1988; Koski and Miller 2009; Harwood et al. 2010,
2017). In all of these cases, subadults occurred mainly
in waters over the continental shelf in the Beaufort Sea,
while mature animals used more distant habitats and
deeper waters, particularly Amundsen Gulf (Koski and
Miller 2009; Harwood et al. 2017). This may explain
the propensity for beachcast specimens in the two age
groups to be separated geographically. 

The prevalence of bears and bear sign at the beach-
cast carcasses was also notable. There is growing evi-
dence that subsistence-harvested Bowhead Whale car-
casses (bone piles left after subsistence hunts in Alaska)
are becoming increasingly important in the diet of Polar
Bears, particularly because more bears are spending
more time close to shore (Miller et al. 2015; Rogers
et al. 2015). Although the extent of scavenging at Bow-
head Whale bone piles varied among years, there are
indications that the contribution of Bowhead Whale to
the diet of Polar Bears is increasing (Bentzen et al. 2007;
Herreman and Peacock 2013; Rogers et al. 2015). 

Emerging and dramatic environmental change in the
Arctic marine ecosystem (e.g., Moore and Stabeno
2015), coupled with anticipated increases in shipping
traffic in the Arctic (Halliday et al. 2017), prompted
us to compile the historical stranding records for the
Canadian portion of the BCB Bowhead range. In the
Alaskan portion of their range, which includes the west-
ern Beaufort Sea, Chukchi Sea, and Bering Sea, beach-
cast Bowhead Whales are similarly recorded through
theAlaska Marine Mammal Stranding Network (NOAA
2017a). Together, these datasets are the most practical
means to document occurrences, and may inform man-
agers when considering trends in spatial and temporal
stranding records, and often is the only metric avail-
able to assess marine mammal mortality events (NOAA
2017b). We urge keeping the database as standard and
current as possible. 

Acknowledgements
We gratefully acknowledge the many people who

reported and/or investigated the beachcast Bowhead
Whales in the Inuvialuit Settlement Region. R. Baker,
S. Cosens, L. Dahlke, L. Emaghok, R. Ettagiak, J. Illasi-
ak Jr., N. Robinson, late C. Ruben, F. Pokiak, K. Snow,
J. Felix Jr., M. Branigan, P. Cott, J. Alikamik, A. Joss,
J. Kuptana, N. Perry, J. Lucas, A. Tardiff, E. Raddi, and
T. Stein, participated in field sampling (our apologies to
anyone we may have missed). Coordinators/field lead-
ers were assisted in the field by numerous hunters and
technicians from the communities of Ulukhaktok, Sachs
Harbour, Paulatuk, Aklavik, Inuvik, and Tuktoyaktuk,
Northwest Territories. Funding was provided by DFO
and the Fisheries Joint Management Committee. We are
particularly grateful to the Hunters and Trappers Com-
mittees from Sachs Harbour, Paulatuk, Tuktoyaktuk,

Aklavik, and Ulukhaktok for notifying DFO of these
occurrences and assisting with sampling. We thank C.
George for providing advice and references relating to
these occurrences over many years and in the prepa-
ration of this paper and J. Richardson for helpful com-
ments on an earlier version. Figures 1 and 2 were pre-
pared by J. Friesen of DFO, the latter based on an
earlier iteration by D. Leonard. Preparation of this arti-
cle was funded by DFO’s Species at Risk Program. C.
George, D. Lee, and T. Jung provided comments that
improved this manuscript.

Literature Cited
ADFG (Alaska Department Fish and Game). 2017. Bow -

head Whale research, satellite tracking of western Arctic
Bowhead Whales. Accessed 28 December 2017. http://
www.adfg.alaska.gov/index.cfm?adfg=marinemammalpro
gram.bowhead.

Arrigo, K. R., and G. L. van Dijken. 2015. Continued increa-
ses in Arctic Ocean primary productivity. Progress in Ocea-
nography 136: 60–70. https://doi.org/10.1016/j.pocean.
2015.05.002

Ball, H. C., M. Stavarz, J. Oldaker, S. Usip, R. L. Londra-
ville, J. C. George, J. G. Thewissen, and R. J. Duff. 2015.
Seasonal and ontogenetic variation in subcutaneous adi-
pose of the bowhead whale (Balaena mysticetus). Anatom-
ical Record (Hoboken) 298: 1416–1423. https://doi.org
/10.1002/ar.23125

Bentzen, T. W., F. H. Follmann, S. C. Amstrup, G. S. York,
M. J. Wooller, and T. M. O’Hara. 2007.Variation in win-
ter diet of southern Beaufort Sea polar bears inferred from
stable isotope analysis. Canadian Journal of Zoology 85:
596–608. https://doi.org/10.1139/Z07-036

Brandon, J., and P. R. Wade. 2006. Assessment of the
Bering-Chukchi-Beaufort Seas stock of bowhead whales
using Bayesian model averaging. Journal of Cetacean Re -
search and Management 8: 225–239.

Citta, J. J., L. T. Quakenbush, S. R. Okkonen, M. L.
Druckenmiller, W. Maslowski, J. Clement-Kinney, J.
C. George, H. Brower, R. J. Small, C. J. Ashjian, L. A.
Harwood, and M. P. Heide-Jørgensen. 2015. Ecological
characteristics of core areas used by western Arctic bow -
head whales, 2006–2012. Progress in Oceanography 136:
201–222. https://doi.org/10.1016/j.pocean.2014.08.012

Clarke, J. T., A. A. Brower, C. L. Christman, and M. Fer-
guson. 2014. Distribution and relative abundance of marine
mammals in the northeastern Chukchi and Western Beau -
fort seas, 2013. Annual Report, OCS Study BOEM 2014-
018. National Marine Mammal Laboratory, Alaska Fishe-
ries Science Center, Seattle, Washington, USA.

Clarke, J. T., C. Christman, A. A. Brower, and M. Fergu-
son. 2013. Distribution and relative abundance of marine
mammals in the northeastern Chukchi and Western Beau -
fort seas, 2012. Annual Report, OCS Study BOEM 2013-
00117. National Marine Mammal Laboratory, Alaska Fishe-
ries Science Center, Seattle, Washington, USA.

Community of Aklavik, the Wildlife Management Advi-
sory Council (NWT), and the Joint Secretariat. 2008.
Aklavik Inuvialuit Community Conservation Plan. Acces-
sed 28 December 2017. http://www.screeningcommittee.
ca/pdf/ccp/Aklavik_CCP.pdf.

Community of Inuvik, the Wildlife Management Advisory
Council (NWT), and the Joint Secretariat. 2008. Inuvik

http://www.adfg.alaska.gov/index.cfm?adfg=marinemammalprogram.bowhead
http://www.adfg.alaska.gov/index.cfm?adfg=marinemammalprogram.bowhead
http://www.adfg.alaska.gov/index.cfm?adfg=marinemammalprogram.bowhead
https://doi.org/10.1016/j.pocean.2015.05.002
https://doi.org/10.1016/j.pocean.2015.05.002
https://doi.org/10.1002/ar.23125
https://doi.org/10.1002/ar.23125
https://doi.org/10.1139/Z07-036
https://doi.org/10.1016/j.pocean.2014.08.012
http://www.screeningcommittee.ca/pdf/ccp/Aklavik_CCP.pdf
http://www.screeningcommittee.ca/pdf/ccp/Aklavik_CCP.pdf


278                                             THE CANADIAN FIELD-NATURALIST                                      Vol. 131

Inuvialuit Community Conservation Plan. Accessed 28
December 2017. http://www.screeningcommittee.ca/pdf/
ccp/Inuvik_CCP.pdf. 

Community of Paulatuk, the Wildlife Management Advi-
sory Council (NWT), and the Joint Secretariat. 2008.
Paulatuk Community Conservation Plan. Accessed 28
December 2017. http://www.screeningcommittee.ca/pdf/
ccp/Paulatuk_CCP.pdf.

Community of Sachs Harbour, the Wildlife Management
Advisory Council (NWT), and the Joint Secretariat.
2008. Sachs Harbour Community Conservation Plan. Ac -
cessed 28 December 2017. http://www.screeningcommit
tee.ca/pdf/ccp/SachsHarbour_CCP.pdf.

Community of Tuktoyaktuk, the Wildlife Management
Advisory Council (NWT), and the Joint Secretariat.
2008. Tuktoyaktuk Community Conservation Plan. Acces-
sed 28 December 2017. http://www.screeningcommittee.ca
/pdf/ccp/Tuktoyaktuk_CCP.pdf.

Community of Ulukhaktok, the Wildlife Management
Advisory Council (NWT), and the Joint Secretariat.
2008. Olokhaktomiut Community Conservation Plan. Acc -
essed 28 December 2017. http://www.screeningcommittee
.ca/pdf/ccp/Ulukhaktok_CCP.pdf.

Cubbage, J. C., and J. Calambokidis. 1987. Size class seg-
regation of bowhead whales discerned through stereo pho-
togrammetry. Marine Mammal Science 3: 179–185. https://
doi.org/10.1111/j.1748-7692.1987.tb00160.x

Freeman, M. R., E. A. Wein, and D. E. Keith. 1992.
Recovering Rights, Bowhead Whales and Inuvialuit Sub-
sistence in the Western Canadian Arctic. Occasional Pub-
lications Series, Studies on Whaling No. 2, University of
Alberta Press, Edmonton, Alberta, Canada. 

George, J. C. 2009. Growth, morphology, and energetics of
bowhead whales (Balaena mysticetus). Ph.D. thesis, Uni-
versity of Alaska, Fairbanks, Alaska, USA.

George, J. C., J. Bada, J. Zeh, L. Scott, S. E. Brown, T.
O’Hara, and R. Suydam. 1999. Age and growth estimates
of bowhead whales (Balaena mysticetus) via aspartic acid
racemization. Canadian Journal of Zoology 77: 571–580.
https://doi.org/10.1139/z99-015

George, J. C., M. L. Druckenmiller, K. L. Laidre, K. L.,
R. Suydam, and B. Person. 2015. Bowhead whale body
condition and links to summer sea ice and upwelling in the
Beaufort Sea. Progress in Oceanography 136: 250–262.
https://doi.org/10.1016/j.pocean.2015.05.001

George, J. C., E. Follmann, J. Zeh, M. Sousa, R. Tarpley,
R. Suydam, and L. Horstmann-Dehn. 2011. A new way
to estimate the age of bowhead whales (Balaena mysticetus)
using ovarian corpora counts. Canadian Journal of Zoology
89: 840–852. https://doi.org/10.1139/z11-057

George, J. C., L. M. Philo, K. Hazard, D. Withrow, G. M.
Carroll, and R. Suydam. 2004. Frequency of killer whale
(Orcinus orca) attacks and ship collisions based on scarring
on bowhead whales (Balaena mysticetus) of the Bering-
Chukchi-Beaufort Seas Stock. Arctic 47: 247–255.

George, J. C., R. Stimmelmayr, A. Brower, J. Clarke, M.
Ferguson, A. Von Duyke, G. Sheffield, K. Stafford, T.
Stormo, B. Person, L. Sousa, B. Tudor, and R. Suydam.
2017. 2016 Health Report for the Bering-Chukchi-Beau-
fort Seas Bowhead Whales – Preliminary Findings prepared
for International Whaling Commission SC/67/AWMP/10.
Department of Wildlife Management, Barrow, Alaska.
https://doi.org/10.13140/RG.2.2.32608.07686

George, J. C., R. Stimmelmayr, R. Suydam, S. Usip, G.
Givens, T. Sformo, and J. G. M. Thewissen. 2016. Severe

bone loss as part of the life history strategy of Bowhead
Whales. PLoS ONE 11(6). https://doi.org/10.1371/journal
.pone.0156753

Givens, G. H., S. L. Edmondson, J. C. George, R. Suydam,
R. A. Charif, A. Rahaman, D. Hawthorne, B. Tudor, R.
A. DeLong, and C. W. Clark. 2016. Horvitz-Thompson
whale abundance estimate adjusting for uncertain recapture,
temporal availability variation and intermittent effort.
Environmetrics 26: 1–16. https://doi.org/10.1002/env.2379

Goldstein, T., J. A. K. Mazet, V. A. Gill, A. M. Doroff, K. A.
Burek, and A. Hammond. 2009. Phocine distemper virus
in Northern Sea Otters in the Pacific Ocean, Alaska, USA.
Emerging Infectious Diseases 15: 925–927. https://doi.org
/10.3201/eid1506.090056

Halliday, W. D., S. J. Insley, R. C. Hilliard, T. de Jong, and
M. K. Pine. 2017. Potential impacts of shipping noise on
marine mammals in the western Canadian Arctic. Marine
Pollution Bulletin 123: 73–82. https://doi.org/10.1016/j.
marpolbul.2017.09.027

Harwood, L. A., and T. G. Smith. 2002. Whales of the Inu-
vialuit Settlement Region in Canada’s Western Arctic: an
overview and outlook. Arctic 55 (Supplement 1): 77–93. 

Harwood, L. A., J. C. Auld, A. A. Joynt, and S. E. Moore.
2010. Distribution of Bowhead Whales in the SE Beau-
fort Sea during late summer, 2007–2009. DFO Canadian
Science Advisory Research Document 2009/111. Accessed
13 October 2017. http://www.dfo-mpo.gc.ca/Library/340
269.pdf.

Harwood, L. A., L. T. Quakenbush, R. J. Small, J. C.
George, J. Pokiak, C. Pokiak, M. P. Heide-Jørgensen,
E. V. Lea, and H. Brower. 2017. Movements, habitat use,
and inferred foraging by bowhead whales in the Canadian
Beaufort Sea during August-September, 2006–2012. Arctic
70: 161–176. https://doi.org/10.14430/arctic4648

Heidel, J. R., and T. F. Albert. 1994. Intestinal volvulus in a
bowhead whale, Balaena mysticetus. Journal of Wildlife
Diseases 30: 126–128. https://doi.org/10.7589/0090-3558-
30.1.126

Herreman, J., and E. Peacock. 2013. Polar bear use of a per-
sistent food subsidy: insights from non-invasive genetic
sampling in Alaska. Ursus 24: 148–163. https://doi.org/10
.2192/URSUS-D-12-00030.1

INAC (Indian and Northern Affairs Canada). 1986. The
Western Arctic Claim, Inuvialuit Final Agreement, As
Amended. Accessed 6 June 2016. http://www.inuvialuit
land.com/resources/Inuvialuit_Final_Agreement.pdf.

Keane, M., J. Semeiks, A. Webb, Y. Li, V. Quesada, T.
Craig, L. Madsen, S. van Dam, D. Brawand, P. I. Mar-
ques, P. Michalak, L. Kang, J. Bhak, H.-S. Yim, N. V.
Grishin, N. H. Nielsen, M. P. Heide-Jørgensen, E. M.
Oziolor, C. W. Matson, G. M. Church, G. W. Stuart,
J. C. Patton, J. C. George, R. Suydam, K. Larsen, C.
López-Otín, M. J. O’Connell, J. W. Bickham, B. Thom-
sen, and J. Pedro de Magalhães. 2015. Insights into the
evolution of longevity from the bowhead whale genome.
Cell Reports 10: 112–122. https://doi.org/10.1016/j.celrep.
2014.12.008

Koski, W. R., R. A. Davis, G. W. Miller, and D. E. Withrow.
1993. Reproduction. Pages 239–274 in The Bowhead
Whale. Edited by J. J. Burns, J. J. Montague, and C. J.
Cowles. Special Publication No. 2. The Society for Marine
Mammalogy, Lawrence, Kansas, USA. 

Koski, W. R., and G. W. Miller. 2009. Habitat use by different
size classes of bowhead whales in the central Beaufort Sea

http://www.screeningcommittee.ca/pdf/ccp/Inuvik_CCP.pdf
http://www.screeningcommittee.ca/pdf/ccp/Inuvik_CCP.pdf
http://www.screeningcommittee.ca/pdf/ccp/Paulatuk_CCP.pdf
http://www.screeningcommittee.ca/pdf/ccp/Paulatuk_CCP.pdf
http://www.screeningcommittee.ca/pdf/ccp/SachsHarbour_CCP.pdf
http://www.screeningcommittee.ca/pdf/ccp/SachsHarbour_CCP.pdf
http://www.screeningcommittee.ca/pdf/ccp/Tuktoyaktuk_CCP.pdf
http://www.screeningcommittee.ca/pdf/ccp/Tuktoyaktuk_CCP.pdf
http://www.screeningcommittee.ca/pdf/ccp/Ulukhaktok_CCP.pdf
http://www.screeningcommittee.ca/pdf/ccp/Ulukhaktok_CCP.pdf
https://doi.org/10.1111/j.1748-7692.1987.tb00160.x
https://doi.org/10.1111/j.1748-7692.1987.tb00160.x
https://doi.org/10.1139/z99-015
https://doi.org/10.1016/j.pocean.2015.05.001
https://doi.org/10.1139/z11-057
https://doi.org/10.13140/RG.2.2.32608.07686
https://doi.org/10.1371/journal.pone.0156753
https://doi.org/10.1371/journal.pone.0156753
https://doi.org/10.1002/env.2379
https://doi.org/10.3201/eid1506.090056
https://doi.org/10.3201/eid1506.090056
https://doi.org/10.1016/j.marpolbul.2017.09.027
https://doi.org/10.1016/j.marpolbul.2017.09.027
http://www.dfo-mpo.gc.ca/Library/340269.pdf
http://www.dfo-mpo.gc.ca/Library/340269.pdf
https://doi.org/10.14430/arctic4648
https://doi.org/10.7589/0090-3558-30.1.126
https://doi.org/10.7589/0090-3558-30.1.126
https://doi.org/10.2192/URSUS-D-12-00030.1
https://doi.org/10.2192/URSUS-D-12-00030.1
http://www.inuvialuitland.com/resources/Inuvialuit_Final_Agreement.pdf
http://www.inuvialuitland.com/resources/Inuvialuit_Final_Agreement.pdf
https://doi.org/10.1016/j.celrep.2014.12.008
https://doi.org/10.1016/j.celrep.2014.12.008


2017                                 HARWOOD ET AL.: BEACHCAST BOWHEAD WHALES                                 279

during late summer and autumn. Arctic 62: 137–150. https:
//doi.org/10.14430/arctic127

Koski, W. R., G. W. Miller, and R. A. Davis. 1988. The
potential effects of tanker traffic on the bowhead whale in
the Beaufort Sea. Environmental Studies 58. Report NTIS
MIC-90-04552 from LGL Limited, for the Department of
Indian Affairs and Northern Development, Hull, Quebec,
Canada.

Lefebvre, K. A., L. Quakenbush, E. Frame, K. Burek
Huntingdon, G. Sheffield, R. Stimmelmayr, A. Bryan, P.
Kendrick, H. Ziel, T. Goldstein, J. A. Snyder, T. Gelatt,
F. Gulland, B. Dickerson, and V. Gill. 2016. Prevalence
of algal toxins in Alaskan marine mammals foraging in a
changing arctic and subarctic environment. Harmful Algae
55: 13–24. https://doi.org/10.1016/j.hal.2016.01.007

Lubetkin, S. C., J. E. Zeh, and J. C. George. 2012. Statistical
modeling of baleen and body length at age in bowhead
whales (Balaena mysticetus). Canadian Journal of Zoology
90: 915–931. https://doi.org/10.1139/z2012-057

McGhee, R. 1988. Beluga hunters: an archaeological recon-
struction of the history and culture of the Mackenzie Delta
Kittegaryumuit. Newfoundland Social and Economic Series
No. 13. St. John’s: Institute of Social and Economic Re -
search, Memorial University of Newfoundland, St. John’s,
Newfoundland and Labrador, Canada.

Miller, S., J. Wilder, and R. R. Wilson. 2015. Polar bear-
grizzly bear interactions during the autumn open-water peri-
od in Alaska. Journal of Mammalogy 96: 1317–1325. https:
//doi.org/10.1093/jmammal/gyv140

Moore, S. E., E. Logerwell, L. Eisner, E. Farley, L. Har-
wood, K. Kuletz, J. Lovvorn, J. Murphy, and L. Quak-
enbush. 2014. Marine fishes, birds and mammals as sen-
tinels of ecosystem variability and reorganization in the
pacific Arctic region. Pages 337–392 in The Pacific Arctic
Sector: Status and Trends. Edited by J. M. Grebmeier and
W. Maslowski. First edition. Springer, Dor drecht, Holland.

Moore, S. E., and R. R. Reeves. 1993. Distribution and move-
ment. Pages 313–386 in The Bowhead Whale. Edited by
J. J. Burns, J. J. Montague, and C. J. Cowles. Special Pub-
lication No. 2. The Society for Marine Mammalogy,
Lawrence, Kansas, USA.

Moore, S. E., and P. J. Stabeno. 2015. Synthesis of arctic
research (SOAR) in marine ecosystems of the Pacific Arc-
tic. Progress in Oceanography 136: 1–11. https://doi.org/10.
1016/j.pocean.2015.05.017

NOAA (National Oceanic and Atmospheric Administra-
tion). 2016. NOAA Fisheries, Endangered Species Act.
Accessed 6 June 2016. http://www.nmfs.noaa.gov/pr/spe
cies/esa.

NOAA (National Oceanic and Atmospheric Administra-
tion). 2017a. Marine Mammal Stranding Network, annual
reports. Accessed 13 October 2017. https://alaskafisheries
.noaa.gov/pr/strandings.

NOAA (National Oceanic and Atmospheric Administra-
tion). 2017b. Marine Mammal Unusual Mortality Events.

Accessed 13 October 2017. http://www.nmfs.noaa.gov/
pr/health/mmume/events.html.

Noongwook, G., The Native Village of Savoonga, The Nati-
ve Village of Gambell, H. P. Huntington, and J. C. Geor-
ge. 2007. Traditional knowledge of the bowhead whale
(Balaena mysticetus) around St. Lawrence Island, Alaska.
Arctic 60: 47–54.

Richardson, W. J., R. A. Davis, C. R. Evans, D. K. Ljung-
blad, and P. Norton. 1987. Summer distribution of bow-
head whales, Balaena mysticetus, relative to oil industry
activities in the Canadian Beaufort Sea, 1980–1984. Arctic
40: 93–104. https://doi.org/10.14430/arctic1753

Rogers, M. C., E. Peacock, K. Simac, M. B. O’Dell, and J.
M. Welker. 2015. Diet of female polar bears in the south-
ern Beaufort Sea of Alaska: evidence for an emerging alter-
native foraging strategy in response to environmental
change. Polar Biology 38: 1035–1047. https://doi.org/10.
1007/s00300-015-1665-4

Rosa, C., J. Zeh, J. C. George, O. Botta, M. Zauscher, J.
Bada, and T. M. O’Hara. 2013. Age estimates based on
aspartic acid racemization for bowhead whales (Balaena
mysticetus) harvested in 1998–2000 and the relationship
between racemization rate and body temperature. Marine
Mammal Science 29: 424–445. https://doi.org/10.1111/j.
1748-7692.2012.00593.x

Rosel, P. E. 2003. PCR-based sex determination in Odonto-
cete cetaceans. Conservation Genetics 4: 647–649. https://
doi.org/10.1023/A:1025666212967

SARA (Species at Risk) Registry. 2017. Species profile,
Bowhead Whale Bering-Chukchi-Beaufort population.
Accessed 14 April 2017. http://www.registrelep-sararegis
try.gc.ca/species/speciesDetails_e.cfm?sid=131.

Seutin, G., B. N. White, and P. T. Boag. 1991. Preservation
of avian blood and tissue samples for DNA analyses. Cana-
dian Journal of Zoology 69: 82–90. https://doi.org/10.1139
/z91-013

Shaw, C. N., P. J. Wilson, and B. N. White. 2003. A reliable
molecular method of gender determination for mammals.
Journal of Mammalogy 84: 123–128. https://doi.org/10.
1644/1545-1542(2003)084%3C0123:ARMMOG%3E2.0
.CO;2

Wood, K. R., N. A. Bond, S. L. Danielson, J. E. Overland,
S. A. Salo, P. J. Stabeno, and J. Whitefield. 2015. A
decade of environmental change in the Pacific Arctic re -
gion. Progress in Oceanography 136: 12–31. https://doi.org
/10.1016/j.pocean.2015.05.005

Woodby, D. A., and D. B. Botkin. 1993. Stock sizes prior to
commercial whaling. Pages 387–408 in The Bowhead
Whale. Edited by J. J. Burns, J. J. Montague, and C. J.
Cowles. Special Publication No. 2. The Society for Marine
Mammalogy, Lawrence, Kansas, USA.

Received 13 June 2016
Accepted 10 October 2017

https://doi.org/10.14430/arctic127
https://doi.org/10.14430/arctic127
https://doi.org/10.1016/j.hal.2016.01.007
https://doi.org/10.1139/z2012-057
https://doi.org/10.1093/jmammal/gyv140
https://doi.org/10.1093/jmammal/gyv140
https://doi.org/10.1016/j.pocean.2015.05.017
https://doi.org/10.1016/j.pocean.2015.05.017
http://www.nmfs.noaa.gov/pr/species/esa
http://www.nmfs.noaa.gov/pr/species/esa
https://alaskafisheries.noaa.gov/pr/strandings
https://alaskafisheries.noaa.gov/pr/strandings
http://www.nmfs.noaa.gov/pr/health/mmume/events.html.
http://www.nmfs.noaa.gov/pr/health/mmume/events.html.
https://doi.org/10.14430/arctic1753
https://doi.org/10.1007/s00300-015-1665-4
https://doi.org/10.1007/s00300-015-1665-4
https://doi.org/10.1111/j.1748-7692.2012.00593.x
https://doi.org/10.1111/j.1748-7692.2012.00593.x
https://doi.org/10.1023/A:1025666212967
https://doi.org/10.1023/A:1025666212967
http://www.registrelep-sararegistry.gc.ca/species/speciesDetails_e.cfm?sid=131
http://www.registrelep-sararegistry.gc.ca/species/speciesDetails_e.cfm?sid=131
https://doi.org/10.1139/z91-013
https://doi.org/10.1139/z91-013
https://doi.org/10.1644/1545-1542(2003)084%3C0123:ARMMOG%3E2.0.CO;2
https://doi.org/10.1644/1545-1542(2003)084%3C0123:ARMMOG%3E2.0.CO;2
https://doi.org/10.1644/1545-1542(2003)084%3C0123:ARMMOG%3E2.0.CO;2
https://doi.org/10.1016/j.pocean.2015.05.005
https://doi.org/10.1016/j.pocean.2015.05.005

