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ABSTRACT

The walrus (Odobenus rosmarus) is a large gregarious pinniped with upper
canine teeth that grow into long tusks. It has a discontinuous, circumpolar Arctic
and sub-Arctic distribution and is represented by two subspecies, the Atlantic
walrus, O. r. rosmarus, and the Pacific walrus, O. r. divergens (including the
walruses in the Laptev Sea).

Walruses are widely distributed but occupy a relatively narrow ecological niche,
requiring areas of shallow water with bottom substrates that support a produc-
tive bivalve community, the reliable presence of open water to access these feed-
ing areas, and suitable ice or land for hauling out.

Many walrus populations were historically overharvested, with varying levels of
recovery. Walrus populations currently face many potential threats, including
effects from climate change, human disturbance, and overharvest.

The World Wildlife Fund (WWF) Arctic Strategic Plan (ASP) has identified
walrus as a focal species, and the Arctic Program is working to enhance its under-
standing of the state of walrus in the Arctic and build circumarctic conservation
plans. The ASP objectives for walrus include having conservation measures in
place by 2020 that ensure human activities are not detrimental to walrus popula-
tions. WWF does not yet have a Species Action Plan or Conservation Actions Plan
for walruses.

This report provides WWF with information on the status, management strate-
gies, conservation threats, and knowledge gaps of circumpolar walrus popula-
tions, with recommendations for their conservation and management. It comple-
ments existing reports prepared for WWF on walrus biology and international
trade in walrus products, and will contribute to the development of species
conservation plans.

State of Circumpolar Walrus Populations 5
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INTRODUCTION

The walrus (Odobenus rosmarus) is a large
gregarious pinniped with upper canine teeth that
grow into long tusks.

It has a discontinuous, circumpolar Arctic and sub-Arctic distribution and is rep-
resented globally by two extant subspecies, the Atlantic walrus, O. r. rosmarus
(Linnaeus, 1758), and the Pacific walrus, O. r. divergens (Illiger, 1815) (Figure 1,
Tables 1 and 2). Walruses in the Laptev Sea area were once considered a separate
subspecies but are now recognized as the westernmost population of the Pacific
walrus (Lindqvist et al. 2009, 2016; Lowry 2015). Walruses occupy a large area
but relatively narrow ecological niche (Born et al. 1995). They require areas of
shallow water (ca. 80 m or less) with bottom substrates that support a productive
bivalve community, the reliable presence of open water to access these feeding
areas, and suitable ice or land for hauling out (Davis et al. 1980).

Walruses often gather in large herds, and they are associated with moving pack
ice for much of the year (Figure 2). When ice is lacking in summer and fall, they
congregate and haul out on land in a relatively small number of predictable loca-
tions (Mansfield 1973; Jay and Hills 2005). Atlantic walrus haulouts are often
situated on low, rocky shores with steep or shelving subtidal zones where ani-
mals have easy access to the water for feeding and quick escape from predators
(Figure 2) (e.g., Mansfield 1959; Salter 1979a, 1979b; Miller and Boness 1983;
R.E.A. Stewart et al. 2013, 2014a-c; Semyonova at al. 2015). Pacific walruses
haul out on a wide variety of substrates, ranging from sand to boulders (Garlich-
Miller et al. 2011). Isolated islands, points, spits, and headlands are occupied
most frequently (Garlich-Miller et al. 2011) but recently large numbers have been
observed on barrier island beaches (Arnbom 2009; CBC 2014).

While walruses are closely associated with seasonal presence of sea ice, Atlantic
walruses historically occurred in areas with little or no predictable sea ice such
as the Gulf of St Lawrence in eastern Canada, Iceland, and northern Norway
(Kovacs and Lydersen 2008:140). These areas were occupied by Atlantic wal-
ruses prior to extensive human exploitation and disturbance, but it is not known
whether walruses could currently persist there. Hunting has strongly influenced
their current distribution, and suitable walrus habitat decreases as human activi-
ties expand (Born et al. 1995; Garlich-Miller et al. 2011).

A detailed review on the biology of the walrus is available in Fay (1985). Other
sources provide information for the Atlantic (Reeves 1978; Born et al. 1995;
Stewart 2002; COSEWIC 2006; COSEWIC in press) and Pacific (Fay 1982;
Garlich-Miller et al. 2011) subspecies.

State of Circumpolar Walrus Populations
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Atlantic walruses, Svalbard,
Norway.

© Mikhail Cherkasov / WWF-Russia

PURPOSE AND SCOPE

The World Wildlife Fund (WWF) Arctic Strategic Plan (ASP) has identified
walrus as a focal species, and the WWF Arctic Program is working to enhance

its understanding of the state of walruses in the Arctic and build circumarctic
conservation plans. The ASP objectives for walruses include having conservation
measures in place by 2020 that ensure human activities are not detrimental to
walrus populations. WWF has Species Action Plans (SAP) or Conservation Ac-
tions Plans (CAP) for other Arctic priority species (polar bears, Ursus maritimus;
Arctic whales; reindeer/caribou, Rangifer tarandus), but at present there is no
SAP or CAP for walruses. The purpose of this report is to provide WWF with in-
formation on the status (Table 1), management strategies (Table 4), conservation
threats, and knowledge gaps (Table 5) of circumpolar walrus populations, with
recommendations for their conservation and management. This report comple-
ments the existing WWF biological report (Kasser and Weidmer 2012) and
TRAFFIC trade report (Shadbolt et al. 2014) for global walrus populations.

Organization

This overview of the circumpolar status and conservation of the walrus is
organized as follows:

Atlantic Walrus Population Status
Pacific Walrus Population Status
Management Regulations
Threats to Walrus Conservation

Knowledge Gaps and Research Needs

@ @G > &N =

Conservation and Management Recommendations

State of Circumpolar Walrus Populations 7
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Despite occurring over a vast area and being common in some regions,
walruses face an uncertain future.

Table 1. Conservation status of walrus at the global and range state levels. Definitions for different status ranks are available from the

specific listing organizations.

Jurisdiction ‘Organization

‘ Subspecies ‘ Status/rank’

‘ Comments

International

Canada

Greenland

Norway
(Svalbard)

Russia

United
States

International Union for the
Conservation of Nature
(IUCN) Red List

Convention on International
Trade in Endangered Spe-
cies (CITES)

Committee on the Status
of Endangered Wildlife in
Canada (COSEWIC)

Grgnlands Radliste - 2007
(Greenland Red List - 2007)

Norsk rgdliste for arter
2010 (2010 Norwegian Red
List for Species)

Krasnaya kniga Rossii (Red
Data Book of the Russian
Federation 2001)

Marine Mammal Protection
Act (MMPA)

Endangered Species Act of
1973

Marine Mammal Stock As-
sessments (NOAA Fisher-
ies and NMFS)

All

O.r.
rosmarus

O.r.
divergens

All

O.r.
rosmarus

O.r.
rosmarus

O.r.
rosmarus

O.r.
rosmarus

O. r. laptevi

O.r.
rosmarus

O.r
divergens

Vulnerable
(2016)

Near Threat-
ened (2016)

Data Deficient
(2015)

Appendix
Il (Canada)
(1975)

Special Con-
cern (2017)

Extinct (2017)

Critically En-
dangered

Endangered

Near Threat-
ened

Vulnerable

Category 3
(Rare)

Category 2
(Decreasing
number)

Not depleted

Not listed

Strategic

O. r. laptevi included with O. r. divergens.

More recent assessments of O. r. rosmarus in 1987
(Canada) and 2008, 2009, 2011, 2015 and 2016
(Greenland)

Two populations (“Designatable Units”) considered -
“High Arctic” and “Central and Low Arctic”, neither is
listed under the Species at Risk Act (SARA)

The Nova Scotia/Newfoundland/Gulf of St Lawrence
population, formerly referred to as the Northwest At-
lantic population, is listed as Extirpated under SARA.

Northwater population. Shared with Canada.

West Greenland population. Shared with Canada

Northeast Greenland population.

Pacific walrus (O. r. divergens) not listed.

In 2017 the USFWS determined that the Pacific wal-
rus does not warrant listing as threatened or endan-
gered under the ESA.

Total human-caused removals exceed estimated Po-
tential Biological Removal (PBR) so stock is classified
as “strategic”.

State of Circumpolar Walrus Populations 9
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Figure 1. Approximate current distribution of Atlantic (red polygons) and Pacific (blue polygons) walruses
(data from Gjertz and Wiig 1994; Born et al. 1995; Witting and Born 2005; COSEWIC 2006; Lowry et al.
2008; Stewart 2008; Boltunov et al. 2010; Garlich-Miller et al. 2011; LGL Limited and North/South Con-
sultants Inc. 2011; Lydersen et al. 2012; Elliot et al. 2013; Heide-Jargensen et al. 2013, 2014; Andersen et
al. 2014; Dietz et al. 2014; Kovacs et al. 2014; D.B. Stewart et al. 2014b; and M. Puhova, WWF Russia, pers.
comm.). FJL = Franz Josef Land; NZ = Novaya Zemlya

State of Circumpolar Walrus Populations



Figure 2. Atlantic walruses
in Foxe Basin, Canada, hauled
out on drifting pack ice in July

2007, and on a rocky haulout
in 2010

Above: J.W. Higdon
Below: R.E.A. Stewart

ATLANTIC WALRUS
POPULATION STATUS

Atlantic walruses historically ranged from the central Canadian Arctic east to the
Kara Sea, north to Franz Josef Land and south to Nova Scotia, Canada (Figure 1).

Within this region, six extant Atlantic walrus populations are recognized for the
purposes of this report:

1.

AL T

Canadian High Arctic - Northwest Greenland (Canada, Greenland)
Canadian Central Arctic - West Greenland (Canada, Greenland)
Canadian Low Arctic (Canada)

East Greenland (Greenland)

Svalbard - Franz Josef Land (Norway, Russia)

Kara Sea - Southern Barents Sea - Novaya Zemlya (Russia)

State of Circumpolar Walrus Populations 11



Figure 3. Map of Atlantic
walrus populations in North

America and Greenland. Popu-

lations: CCA-WG = Canadian
Central Arctic - West Green-
land; CHA-NWG = Canadian

High Arctic-Northwest Green-

12

land; CLA = Canadian Low
Arctic, EG = East Greenland.

These populations are distinguished by the degree of genetic interchange and
other factors such as geographical separation, contaminants, and lead isotope
ratios and signatures. Some populations are comprised of different management
stocks that have been identified for harvest management.

A seventh population (Nova Scotia/Newfoundland/Gulf of St Lawrence) was
historically abundant in the southwestern Gulf of St Lawrence and on the Sco-
tian Shelf in eastern Canada (Allen 1880; Reeves 1978; Born et al. 1995). It was
extirpated ca. 1850 by extensive commercial hunting (D.B. Stewart et al. 2014a).
This population appears to have been morphologically and genetically distinct
from other walruses in the north Atlantic (McLeod et al. 2014). Its extirpation
has reduced the adaptive potential of Atlantic walruses. Commercial hunting is
no longer permitted, but re-establishment of this population is unlikely due to
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the increase in other human activities in the region. Occasional recent sightings
are not considered a sign of re-establishment and population is now considered

extinct (COSEWIC 2017).

Available population estimates for Atlantic walrus populations are summarized
in Table 2. These estimates are negatively biased due to incomplete survey cover-
age and methodological problems (e.g., opportunistic counts versus standardized
surveys, unknown population composition on wintering grounds). The age-class
distributions of these populations are unknown. The International Union for
Conservation of Nature (IUCN) recently assessed the conservation status of the
Atlantic walrus subspecies as “Near Threatened” (Kovacs 2016). Conservation
status ranks assigned to the different populations by the responsible jurisdictions
are discussed on the following pages and summarized in Table 1.
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Table 2. Assessment of Atlantic walruses by population, see text for sources. Reported estimate is generally the most recent available,
with some exceptions where older (but still within 5 years) estimates were more precise.

CHA-NWG

CCA-WG

CLA

14 State of Circumpolar Walrus Populations

PS-LS 727 (CV 2009 G (adjusted Yes Canada: 2001-2010 Canada: F; = Stable since
0.07, 95% haulout counts) mean 8 (+3) (all 3 Greenland: | late 1970s
Cl 623- stocks); Greenland: G
831) 2012 quota of 64,
. historic harvests higher .
WJS 503 (CV 2008 G (adjusted Yes (BB Stable since
0.07, 95% haulout counts) late 1970s
Cl 473-
534)
BB 1,759 (CV | 2010 G (fully cor- Yes Unknown
0.29) rected aerial
line-transect
survey)
FB 10,379 2011 G (adjusted Yes 2001-2010 mean 167 F Unknown
(CV 0.42) haulout counts) (x62)
SEB 2,100- 2007 F (adjusted Yes Canada: 2001-2010 Canada: F;  Unknown
2,500 haulout counts) mean 42 (+10); Green- = Greenland:
land: current quota G
61 (historic harvests
higher)*
Mix: 7,100 2014 F (adjusted Yes NWHB: 2001-2010 F Unknown
WHB, (95% ClI= haulout counts) mean 167 (+62)
SUBL 2,500 to
20,500)
Mix: 6,020 (CV 2012 F (fully-correct-  Yes SHSUBL: 2001-2010 F Unknown
WHB, 0.40, 95% ed aerial strip- average 47 (x10)
SHSUBL, @ ClI 2,485- transect survey
SEB? 14,585) in Hudson
Strait)
100-200 2014 F (adjusted Yes 2001-2010 mean 6 F Unknown

haulout counts)

(#4)




Population’ Stock or Stock size | Year of Quality of abun- | Hunted Est. landed catch Quality of Population trend
area? estimate | dance estimate® catch esti-
(method) mate®
EG 1,430 2009 F (fully cor- Yes Recent catches ca. G Uncertain,
(CVv rected aerial 9-12 year, current possibly
0.45) survey) quota of 20/year recovered
(historic harvests (stable or
higher)* increasing)
S-FJL S 3,886 2012 G (adjusted No - - Increasing
(95% CiI haulout (pro-
3,553- counts) tected
4,262) in
1952)
FJL ?? (com- | -- No data No -- -- Increasing?
mon
popula-
tion with
Sval-
bard)
KS-SBS-  SBS 3,943 2011 G (Adjusted No -- -- Unknown
Nz (PS) (95% CiI haulout (possibly
3,605— counts) stable?) Simi-
4,325) lar to (less
precise) 2014
estimate
KS-NZ 1,355 2013 P (Direct No - - Unknown
aerial count,
no adjust-
ments)

"CHA-NWG = Canadian High Arctic - Northwest Greenland (Canada, Greenland); CCA-WG = Canadian Central Arctic - West Greenland
(Canada, Greenland); CLA = Canadian Low Arctic (Canada); EG = East Greenland (Greenland); S-FJL = Svalbard - Franz Josef Land
(Norway, Russia); KS-SBS-NZ = Kara Sea - Southern Barents Sea - Novaya Zemlya (Russia).

2 PS-LS = Penny Strait-Lancaster Sound (Canada); WJS = Western Jones Sound (Canada); BB = Baffin Bay (Canada, Greenland); FB =
Foxe Basin (Canada); NWHB = North and West Hudson Bay (Canada); SEB = South and East Baffin (Canada, and animals cross Davis
Strait to West Greenland); SHSUBL = Southern Hudson Strait-Ungava Bay-Labrador (Canada); S = Svalbard (Norway); FJL = Franz
Josef Land (Russia); SBS (PS) = Barents Sea (Pechora Sea) (Russia); KS-NZ = Kara Sea-Novaya Zemlya (Russia).

3G = Good (minimal bias, acceptable precision); F = Fair (problems with quality of data, precision uncertain); P = Poor (considerable
uncertainty, bias or few data).

4More recent data on Greenland catches and quotas are online but catch report verification is on-going: http://naalakkersuisut.gl/~/media/
Nanog/Files/Attached%20Files/Fiskeri_Fangst_Landbrug/DK/2015/Hvalros%20kvoter%20for%202015_DK.pdf, http://dk.vintage.nanoq.
gl/Emner/Erhverv/Erhvervsomraader/Fangst_og_Jagt/Fangststatistik/~/media/nanoq/DFFL/Fangst/Fangststatistik/Fangstdata/Final%20
Fangsttal_kvoterede%20arter_oversigt_2006%202014_DK_29 08_2014_2.ashx

State of Circumpolar Walrus Populations 15
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CANADIAN HIGH ARCTIC - NORTHWEST GREENLAND

The Canadian High Arctic - Northwest Greenland (CHA-NWG) population is
shared by Canada and Greenland (Figure 3), and was formerly referred to as the
North Water (Baffin Bay-Eastern Canadian Arctic) population (Born et al. 1995).
There are significant genetic differences between walruses in this population and
those in the Canadian Central Arctic - West Greenland (CCA-WG) population
(Andersen and Born 2000; Andersen et al. 2014; Shafer et al. 2014). Modelling
suggests that these populations may have split from one another during the onset
of the last glacial period, ca. 145,000 years before present (yBP) (A. Shafer, Trent
University, pers.comm.); that gene flow following the split was greater from the
CHA-NWG population to the CCA-WG population than vice versa (i.e., asymetri-
cal); and that beginning ca. 50,000 yBP, recovery of the CHA-NWG population
was limited by a bottleneck, probably related to environmental conditions during
the last glaciation (Shafer et al. 2015). Information on walrus distribution and
movements supports the geographical isolation of this population (Born et al.
1995; COSEWIC 2006; Dietz et al. 2014; Heide-Jargensen et al. 2017). Obser-
vations of walruses farther west, to the north and east of Victoria Island in the
Canadian Arctic Archipelago, have been interpreted as extra-limital occurrences
of animals from this population (Harrington 1966).

Some walruses in the CHA-NWG population move to ice edges in Lancaster
Sound or eastern Jones Sound or into the North Water to overwinter, and others
appear to winter at polynyas or in areas of rotten ice within the Canadian Arctic
Archipelago (Riewe 1976; Davis et al. 1978; Killian and Stirling 1978; Stirling

et al. 1983; Born et al. 1995; Sjare and Stirling 1996). Animals from the Baffin
Bay stock (see below for explanation of stocks within CHA-NWG) cross from
Greenland to Ellesmere Island in the spring and presumably return in the fall
(Born et al. 1995; NAMMCO 2015; Heide-Jorgensen et al. 2017). In May 2009
walruses were distributed in a belt across the southern part of the North Wa-

ter from Greenland to Ellesmere Island, over both shallow and deep (>500 m)
water (Heide-Jargensen et al. 2013). During the open-water period walruses

are concentrated along the east coast of Ellesmere Island and rare in the wa-
ters off northwest Greenland (R.E.A. Stewart et al. 2014a). Satellite tracking

of animals tagged (n=21) in June 2015 at Wolstenholme Fjord followed them
moving across the North Water to the east coast of Ellesmere Island (NAMMCO
2015:29; Heide-Jgrgensen et al. 2017). Some animals moved north along the
coast of Ellesmere Island, others far west into Jones Sound, and three went south
of Devon Island into Lancaster Sound and then west to Cornwallis Island. These
movements confirm that this walrus population extends from Greenland west-
ward well into the Canadian high Arctic.

Three management stocks have been tentatively identified within the CHA-
NWG population on the basis of satellite-linked radio tagging studies, observed
seasonal distribution, and lead isotope ratios in the teeth (Stewart 2008;
NAMMCO 2011; see also Outridge et al. 2003). These stocks are located in Penny
Strait-Lancaster Sound (Canada), western Jones Sound (Canada), and Baffin
Bay (Canada and West Greenland). Results from the 2015 tagging (NAMMCO

State of Circumpolar Walrus Populations



2015:29; Heide-Jogrgensen et al. 2017) may necessitate revisiting of these stock
delineations.

Aerial surveys of walrus haulouts in August 2009 yielded best estimates of about
727 walruses in Penny Strait-Lancaster Sound, 503 in western Jones Sound, and
1,251 in Baffin Bay (east coast of Ellesmere Island) (R.E.A. Stewart et al. 2014a,
b; Table 2). The first two stocks seem stable over three decades, and the popula-
tion trend for the shared Baffin Bay stock is unknown. Baffin Bay walruses were
also recently surveyed by Greenland researchers, with abundance estimates from
May 2009 (1,238, CV = 0.19), May 2010 (1,759, CV = 0.29; Heide-Jargensen et
al. 2013:605), and April 2014 (2,544, 95%CI = 1,513-4,279; NAMMCO 2015:29)
derived from line-transect surveys of the North Water that were corrected for
animals submerged below the detection depth (Heide-Jorgensen et al. 2013:605;
NAMMCO 2015:29). While there is good agreement among these different Baffin
Bay estimates, they should be treated with caution until there is better geograph-
ical coverage and improved understanding of the current summer distribution
and movements of walruses in the CHA-NWG population.

The biggest change in distribution of this population is in the Avanersuaq (Qaa-
naaq) area of west Greenland, where walruses were once abundant in summer
but are now absent (Vibe 1950; Born et al. 1995). Freuchen (1921) and Vibe
(1950) described substantial migrations of walruses northward in the spring
along the west coast of Greenland and southward in the fall along the east coast
of Baffin Island, but this no longer occurs (Born et al. 1995).

Conservation Status

In 2017, the Committee on the Status of Endangered Wildlife in Canada (COSE-
WIC), which makes status recommendations to the Government of Canada,
assessed this population (“Designatable Unit”, DU) as “Special Concern” (COSE-
WIC 2017). This status designation identifies it as particularly sensitive to human
activities or natural events but not endangered or threatened (www.cosewic.
gc.ca). While the Baffin Bay stock is listed as Critically Endangered on the
Greenland Red List (Boertmann 2007), recent population estimates and model-
ling of population dynamics (Witting and Born 2014) suggest the stock may be in
better condition than this designation suggests.

CANADIAN CENTRAL ARCTIC - WEST GREENLAND

The Canadian Central Arctic - West Greenland (CCA-WG) population occupies

a large area of the eastern Canadian Arctic and extends across Davis Strait to
west Central Greenland (Figure 3) (Richard and Campbell 1988; Born et al. 1995;
Stewart 2002, 2008; Shafer et al. 2014). It has been separated from the CHA-
NWG population on the basis of apparent geographical distributions (Born et

al. 1995) and genetic differences (Buchanan et al. 1998; de March et al. 2002; An-
dersen et al. 2014; Shafer et al. 2014, 2015); and from the Canadian Low Arctic
(CLA) population on the basis of geographical distributions, changes in abun-
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dance (Born et al. 1995), and lead isotope ratios (Outridge and Stewart 1999;
Outridge et al. 2003). Walruses in West Greenland and at southeastern Baffin
Island, Canada, could not be distinguished from one another genetically (Ander-
sen et al. 2014).

Four management stocks have been tentatively identified within the CCA-WG
population on the basis of satellite-linked radio tagging studies, observed sea-
sonal distribution, and lead isotope ratios in the teeth (Stewart 2008; NAMMCO
2011; see also Outridge et al. 2003). These stocks are located in Foxe Basin (Can-
ada), north and west Hudson Bay (Canada), south and east Baffin (Canada) and
West Greenland, and southern Hudson Strait-Ungava Bay-Labrador (Canada)
(see D.B. Stewart et al. 2014a). Inuit elders recognize two groups of walruses in
Foxe Basin on the basis of differences in the animals’ size, colour, flavour of meat
and blubber, and distribution (DFO 2002). There is exchange of animals between
south and east Baffin Island and West Greenland across Davis Strait (Figure

3). Most of these stocks are likely reduced from their historical levels but no
trend can be established and survey coverage is incomplete. Inuit have observed
changes in walrus distribution and seasonal availability.

Walruses from the Foxe Basin stock are widely distributed in the relatively shal-
low waters of Foxe Basin, where they live year-round (Mansfield 1959; Loughrey
1959; Crowe 1969; Beaubier 1970; Brody 1976; Orr et al. 1986; Nunavut Depart-
ment of Economic Development and Transportation 2008). Recent surveys indi-
cate that they are more common and widely distributed in central and southern
Foxe Basin than was previously known (LGL Limited and North/South Consul-
tants Inc. 2011). They may be distributed almost continuously from northern
Foxe Basin to Hudson Strait. There is some north-south movement of walruses
in Foxe Basin but no evidence of concerted movement to or from Hudson Strait
(Anderson and Garlich-Miller 1994). Walruses winter in both areas. Their
seasonal distribution in southern Foxe Basin is poorly known, although many
walruses were harvested in the Cape Dorchester area of Baffin Island in the early
to mid-1900s (Reeves and Mitchell 1986; D.B. Stewart et al. 2014a). A September
2011 survey of Foxe Basin haulouts counted 6,043 walruses with a best estimate
of 10,379 and corrected estimates ranging from 8,153 to 13,452 (Table 2) (Stew-
art et al. 2013; also see Hammill et al. 2016a). Both the maximum count and the
estimates were much greater than previous estimates for this stock (Orr et al.
1986; Richard 1994) but no temporal trend can be established, as the coverage
and methodology were different from the earlier studies.

The North and West Hudson Bay walrus stock occurs year-round in northern
Hudson Bay and western Hudson Strait, Canada (Orr and Rebizant 1987; Elliot
et al. 2013). Inuit hunters observe seasonal movements in response to changing
ice conditions (Orr and Rebizant 1987). This stock was surveyed in 1990, when
1,376 walruses were counted in northwestern Hudson Bay. At the same time 461
walruses were counted on Nottingham Island in Hudson Strait (Richard 1994).
An aerial survey of walrus haulouts in northwestern Hudson Bay and Hudson
Strait in September 2014 yielded a simple count of 2,144 walruses (Hammill et
al. 2016b). Adjusting the count for the proportion of animals hauled out, based
on data from other studies, yielded an abundance estimate of about 7,100 wal-
ruses in the Hudson Bay-Davis Strait stock (Table 2).
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Some walruses from the South and East Baffin - Western Greenland stock sum-
mer at southeastern Baffin Island and winter off West Greenland (Dietz et al.
2014), but the degree of genetic exchange is unknown. They cross the shallow-
est, narrowest portion of Davis Strait. Walruses are also present far offshore in
the pack ice of Davis Strait (Vibe 1967; Born et al. 1995). In 2005-2008, tagged
walruses left West Greenland in April and May and took an average of seven
days to swim an average distance of 338 km across Davis Strait to southeastern
Baffin Island (Dietz et al. 2014). Differences in the patterns and levels of organo-
chlorine contaminants in their blubber indicate that walruses sampled in West
Greenland and southeastern Baffin Island (Loks Land) on average feed in differ-
ent areas and/or on different prey (Muir et al. 2000). In summer 2005-2008,
aerial surveys were conducted at haulouts in the Hoare Bay area of Baffin Island
(R.E.A. Stewart et al. 2014c¢). The 2007 count yielded an abundance estimate of
2,102 (no error term) walruses when adjusted by the proportion of satellite tags
‘dry’ on the survey morning, and 2,502 (CV 0.17) when adjusted by the percent-
age of time satellite-tagged animals spent hauled out on the survey day (Table
2). Some of the animals that summer in the Hoare Bay area winter off West
Greenland. Aerial surveys of wintering areas off West Greenland in March-April
2006, April 2008, and March-April 2012 yielded abundance estimates, correct-
ed for animals submerged beyond view, ranging from 1,105 walruses (CV = 0.31,
95%CI = 610-2,002) in 2006 to 1,408 walruses (CV = 0.22, 95% CI = 922-2,150)
in 2012 (Heide-Jgrgensen et al. 2014). It is not clear what proportion of the
stock these shared animals represent, and it is not possible to assess any trends
in population size. The summer range of this stock has declined, as the walruses
that haul out on pack ice off West Greenland in the winter no longer use land
haulouts in Greenland when the ice disappears, as they did historically (Vibe
1967; Born et al. 1995).

There is a general movement of walruses from the Southern Hudson Strait —
Ungava Bay — Labrador stock westward through Ungava Bay and Hudson Strait
in summer to Nottingham and Salisbury islands in western Hudson Strait, with
a return movement in the fall (Degerbgl and Freuchen 1935; Loughrey 1959).
There are no systematic summer survey data for this region, but an April 2012
survey estimated the population wintering in Hudson Strait at 6,020 walruses
(Elliot et al. 2013), probably comprised of animals from various stocks (North
and West Hudson Bay, South and East Baffin, and Southern Hudson Strait —
Ungava Bay — Labrador) (Table 2). Historical harvests and observations suggest
this stock has been reduced in abundance and distribution (Bell 1884: 33DD;
Dunbar 1955; Loughrey 1959; Currie 1963:22; Born et al. 1995; D.B. Stewart et
al. 2014a). In September 2014, known walrus haulouts along the southern coast
of Hudson Strait, and on Akpatok Island in Ungava Bay, were surveyed twice by
fixed-wing aircraft (Hammill et al. 2016b). Only two walruses were seen, both at
Charles Island.

Conservation Status

Following its criteria, COSEWIC did not consider the available information
sufficient to support treating the Central Arctic and Low Arctic populations as
distinct. Consequently, walruses in these populations were treated as a single
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Designatable Unit that was designated as “Special Concern” (COSEWIC 2017).
This status designation identifies it as particularly sensitive to human activities
or natural events but not endangered or threatened (www.cosewic.gc.ca). While
the West Greenland stock was listed by the Greenland Red List (Boertmann
2007) as Endangered (Table 1), recent abundance estimates and population
modelling (Witting and Born 2014) suggest it is in better condition than this
designation suggests (GINR 2011; Wiig et al. 2014).

CANADIAN LOW ARCTIC

The Canadian Low Arctic (CLA) population, formerly known as the South and
East Hudson Bay population, extends from the Ottawa Islands in eastern Hudson
Bay south to the Ekwan Point area of western James Bay (Figure 3). The genetic
affiliation and seasonal movements of these animals are unknown. There is no
evidence for a concerted movement into or out of southeastern Hudson Bay. In-
stead, there are local seasonal movements between terrestrial haulout sites dur-
ing the ice-free period and their wintering areas (Freeman 1964). Animals caught
near Inukjuaq (Nunavik, northern Quebec), in eastern Hudson Bay, occupy
different geochemical habitats than those caught by Akulavik in Hudson Strait
(Outridge and Stewart 1999; Outridge et al. 2003). These differences coincide
with a suspected distributional gap in walrus range between the CLA and CCA-
WG populations. Until genetic relationships are established, these units should
be treated as separate populations for conservation planning purposes.

In both the Belcher and Sleeper archipelagos, walruses are present at the floe
edge in winter and move into the islands and onshore as the pack dissipates in
summer (Fleming and Newton 2003; COSEWIC 2006). The relationship between
animals in these archipelagos and those to the south near Cape Henrietta Maria
and inside James Bay is unknown. Walruses are no longer reported from areas of
eastern James Bay that they used in the historical past (COSEWIC 2006).

The first systematic aerial survey of CLA walrus population abundance was
conducted by Fisheries and Oceans Canada (DFO) in September 2014 (Hammill
et al. 2016b). This survey of haulouts in eastern Hudson Bay south to Cape
Henrietta Maria yielded a simple count of 55 walruses (Table 2). Adjusting the
count for the proportion of animals hauled out, based on data from other studies,
yielded an abundance estimate of about 200 walruses in the South and East
Hudson Bay stock (aka CLA population). This value is similar to opportunistic
counts at Cape Henrietta Maria, Ontario, of 1477 walrus in October 2007 (K.
Mills, Ontario Ministry of Natural Resources (OMNR), pers. comm.) and 221 in
August 1999 (C. Chenier, OMNR, pers. comm.) but lower than earlier estimates
of “410+” in 1988 (Richard and Campbell 1988) and "500” in 1995 (Born et al.
1995). This apparent decline has not been accompanied by a similar decline in
adjacent areas, suggesting that immigration from Hudson Strait or northern
Hudson Bay is limited (Born et al. 1995). Existing data are insufficient to assess
whether the population abundance really declined or to establish trend in
abundance (Hammill et al. 2016b).
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Conservation Status

COSEWIC (2017) did not consider the status of the CLA population on its own
but instead included it with the CCA-WG population, which was designated
“Special Concern”. The two populations are separated geographically but ge-
netic samples and tagging data are not available from the small CLA population
(COSEWIC in press), so COSEWIC criteria for separating the two populations
were not met. A more precautionary approach to assessing status, and to manag-
ing the population, is to treat walruses in the CLA as a separate population until
they are proven otherwise.

EASTERN GREENLAND

Walruses occupying the waters of East Greenland are a separate population from
those to the west or east (Witting and Born 2014). There is no evidence that these
walruses move around the southern tip of Greenland or across the northern coast
of Greenland (Born et al. 1995). A walrus has been followed from East Greenland
to Svalbard, a distance of at least 700 km over water 2500 m deep (Born and
Gjertz 1993), but genetic differences suggest very little genetic exchange between
these areas (e.g., Born et al. 2001). Annual site fidelity in both summer and
winter seems to be strong in both northeastern Greenland (Born et al. 2005) and
Svalbard (Freitas et al. 2009).

This population was depleted by hunting that occurred before walruses in North-
east Greenland north of ca. 72°N were completely protected in 1956 (Born et al.
1997). In 2009, an aerial survey of the coast from Clavering Island to the north-
ern border of the Northeast Water yielded a fully corrected summer estimate of
1,430 (CV = 0.45) walruses (Born et al. 2009). Modelling suggests this popula-
tion has recovered from its historical depletion but the trajectory of this recovery
is uncertain due to lack of a population specific growth rate estimate (Witting
and Born 2014).

Conservation Status

The East Greenland population was listed in the Greenland Red List as Near
Threatened (Boertmann 2007) but it may be in better condition than this desig-
nation suggests (Wiig et al. 2014).

SVALBARD - FRANZ JOSEF LAND

The Norwegian archipelago of Svalbard and Russian archipelago of Franz Josef
Land share a walrus population (Wiig et al. 2014; Figure 4). These animals are
genetically similar (Andersen et al. 1998; Born et al. 2001), move between the
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archipelagos (Wiig et al. 1996; Freitas et al. 2009; Hamilton et al. 2015), and are
separated from other walruses by wide distributional gaps (Born 1984; Born and
Gjertz 1993; Gjertz and Wiig 1994). In 2010, between 29 March and 25 April, an
adult male that was genetically similar to walruses in this population travelled
from the Faroe Islands to Svalbard, a distance of 2216 km (Born et al. 2014). The
relationship of Atlantic walruses in this population to those in the Kara Sea -
southern Barents Sea —Novaya Zemlya population is uncertain (Born et al. 1995;
NAMMCO 2006; Boltunov et al. 2010; Shitova et al. 2014b).

Walruses in Svalbard follow the same seasonal migration pattern regardless of
annual variations in ice and temperature regimes (Freitas et al. 2009). Sum-

mer habitat use for both sexes appears to be driven by feeding requirements

and the availability of terrestrial haulouts or sea ice. Most of the males summer
in Svalbard and most of the females and calves remain in northeastern parts

of Svalbard, in the Franz Josef Land archipelago, or between them on Victoria
Island (Lydersen et al. 2008; Gavrilo 2010; Kovacs et al. 2014; Wiig et al. 2014).
To reach breeding areas the males actively travel through areas of dense ice cover
towards Franz Josef Land in winter, regardless of sea ice advances and retreats
(Freitas et al. 2009).

Walruses in Svalbard were protected from harvesting in 1952 after having been
brought to the brink of extinction by 350 years of unregulated removals (Anon.
1952; Kovacs et al. 2014). Prior to commercial hunting the population must have
been very large (Reeves 1978; Gjertz et al. 1998; Weslawski et al. 2000). During
the first 30 years of protection, about 100 animals became established within
the archipelago. They are presumed to have come from Franz Josef Land to the
east. Since then a marked recovery has occurred in the abundance of walruses in
Svalbard. Systematic surveys that covered all current and historical haulout sites
were flown in August 2006 (Lydersen et al. 2008) and late July to mid-August
2012 (Kovacs et al. 2014). The surveys, adjusted to account for animals that were
in the water, estimated there were 2,629 (95% CI = 2,318 — 2,998) walruses in
the Svalbard area in 2006 and 3,886 (95% CI = 3,553-4,262) in 2012 (Table 2).
This represents an average annual increase of nearly 8% (Kovacs et al. 2014),
which matches the theoretical maximum rate of growth that has been calculated
for recovering walrus populations under favourable environmental conditions
with no food limitations (see Sease and Chapman 1988; Chivers 1999; Witting
and Born 2014). However, this estimate should be used with care as it does not
control for possible immigration or for variability in haulout use. Over the 6-year
period the number of land-based haulout sites increased from 78 to 91, the
number of occupied sites from 17 to 24, and the number of sites with mother-calf
pairs from 1 (1 calf) to 10 (57 small calves) (Kovacs et al. 2014).

Genetic material from historical samples collected at the Bjgrngya and Hagya
haulouts was similar to that of modern Atlantic walruses (Lindqvist et al. 2016).
No unique mitochondrial groups were found in historical samples to indicate
that a loss of genetic material occurred due to the extensive hunting, although it
cannot be ruled out due to small sample sizes.

Lydersen et al. (2008:142) suggested that since the walruses observed on Sval-
bard in 2006 were predominantly males, and are only part of a common Sval-
bard—Franz Josef Land population, this population as a whole may number over

State of Circumpolar Walrus Populations



5,000 animals. Kovacs et al. (2014) observed more females and calves on Sval-
bard in 2012 but did not make a similar extrapolation.

Franz Josef Land has not been systematically surveyed for walruses but from
2012 through 2015, surveys attempted to revisit historical terrestrial haulouts
and searched for new haulouts. Animals were counted directly from land or
vessels, or using detailed satellite images from the National Park Russian Arc-
tic Archives and unpublished reports (M. Gavrilo, Russian Arctic National Park
(RANP), pers. comm.). Twelve haulouts and a few temporary sites, visited by
small groups of animals, were reported in the 2000s in Franz Josef Land, as well
as a large haulout on Victoria Island. Of five historically large haulouts identified
by Gjertz et al. (1992), only Hayes Island and Gunter Bay on Northbrook Island
were occupied (M. Gavrilo, RANP, pers. comm.). The two haulouts on George
Island were unoccupied, and the Hall Island haulout was not visited.

The most complete haulout surveys in Franz Josef Land were conducted in
2012 and 2013 (M. Gavrilo, RANP, pers. comm.). Each survey visited nine of 10
haulouts. Direct counts of animals onshore and in the tidal zone totaled about
2,700 and 2,900, respectively. Haulouts containing 500 to 1,000 animals in at
least one of the seasons included Apollonoff Island, Dead Seal Island, Matilda
Island, and Gunter Bay. In 2001 and 2006 up to 1,000 animals were seen, from
land, near Victoria Island but no haulout was identified (Gavrilo 2010). In 2015,
satellite imagery was used to confirm the existence of a haulout with 500 to
1,000 animals on Victoria Island.

Walruses in Franz Josef Land haul out on sea ice as long as ice floes are available
(M. Gavrilo, RANP, pers. comm.). The 2012 and 2013 surveys were made during
record low sea ice in the archipelago. By mid-August the ice edge had retreated
about 160 km to the north. Direct counts at the same six haulout sites in the
summers of 2012, 2013, and 2015 counted 2,500, 2,130, and 950 animals respec-
tively. In 2015 lots of drifting and fast sea ice was present, so walruses hauled out
on sea ice near the terrestrial haulout were also counted.

Walruses in Franz Josef Land use a core network of haulouts but the numbers of
animals on a site can vary widely from year to year. For example, on Apollonoff
Island there were about 1,000 animals hauled out in mid-August 2012, whereas
during the same period in 2013 only two males were hauled out. Haulouts such
as Hoffman Island or Adelaida Island can have several hundred walruses hauled
out one year and none the next.

Conservation Status

Walruses at Svalbard are listed in the 2010 Norwegian Red List as Vulnerable
(Swenson et al. 2010). The listing is based on an assumed very low number of
reproducing females (< 250) within their Norwegian distribution area (Wiig et

al. 2014). Atlantic walrus, including those in Franz Josef Land, are classified as
Category II in the Red Data Book of the Russian Federation 2001 (Red Data Book
2001; Boltunov et al. 2010). A change to Category IV status (uncertain status) is
expected in a new edition of the Red Data Book that is in preparation (M. Gavri-
lo, RANP, pers. comm.).
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KARA SEA - SOUTHERN BARENTS SEA -
NOVAYA ZEMLYA

The genetic relationship between walruses that summer in the southern Barents
Sea and adjacent Kara and White seas to other walrus populations is uncertain,
as are their abundance and life history (Boltunov et al. 2010). Movement of wal-
ruses does occur within this region. Of 10 walruses satellite-tagged in August at
the Vaigach Island (various spellings, e.g., Vaygach) haulout, eight remained in
the Pechora Sea, moving offshore from the haulouts in early November as the sea
ice formed; two entered the Kara Sea and travelled to the North Island of Novaya
Zemlya (Semyonova et al. 2015). Of the latter, one travelled 935 km in 10 days
before its tag stopped transmitting, the other travelled farther to haul out on the
Oranskie Islands. Tag life ranged from two to 172 days. Male walruses sampled
at the Vaigach Island haulout were genetically similar (mtDNA haplotypes) to
Atlantic walruses from Svalbard but different from those of Greenland and from
Pacific walruses (Shitova et al. 2014a; Semyonova et al. 2015). Male walruses
sampled at Oranskie Island (n=8) were genetically similar to walruses (3 female,
6 male) from Franz Josef Land (Shitova et al. 2014b). Samples from female wal-
ruses, and more samples from Oranskie Island are needed for more representa-
tive comparisons.

The southeastern arm of the Barents Sea (Pechora Sea) is shallow, with high
production of the benthic prey species preferred by walruses. A recent survey has
shown that this region provides important summer habitat for Atlantic Walruses,
and earlier observations suggest that it might also be a wintering area (Lydersen
et al. 2012:1555; see also Semyonova et al. 2015). Atlantic walruses used to live in
the southwestern arm of the Barents Sea (White Sea), which is within the boreal
zone and seasonally ice-covered, but were extirpated by hunting (M. Gavrilo,
RANP, pers. comm.).

In August 2011, an aerial photographic survey of 2,563 km of Pechora Sea coast-
line counted 968 walruses (Lydersen et al. 2012; Chernook et al. 2012). The ani-
mals were hauled out at a site on Vaigach Island (Cape Lyamchin Nos; 405 wal-
ruses) and two sites on Matveyev (various spellings, e.g., Matveev) Island (184
and 379 walruses), and all appeared to be male. Crude measurements of dorsal
curvilinear lengths (N = 504) showed that 85.5% were adults and the remainder
juveniles (< 225 cm). When an adjustment factor developed for male walruses
in Svalbard (Lydersen et al. 2008) was used to account for animals in the water
during the survey, the number occupying this area was estimated at 3,943 (95%
CI = 3,605-4,325) (Table 2). This is the first estimate of walrus abundance in the
Pechora Sea. The absence of females with calves suggests that the population is
substantially larger, with a summer distribution that extends outside the survey
area.

Haulouts in the Matveev, Golets, and Dolgii (various spellings, e.g., Dolgiy)
islands area are occupied from July until late November depending upon ice con-
ditions (Glazov et al. 2013). Walruses leave the land haulouts as soon as the ice
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is strong enough to support their weight. Heavy summer use of the area between
Vaigach Island and Matveev Island, and October use of waters west of Matveev
Island to the Gulayevskiye Koshki shoals suggests that these are important feed-
ing areas for walruses. These areas, which include the Nenetsky Nature Reserve,
are perhaps the most important area of the Pechora Sea for walruses (Semyonova
et al. 2015).

In April 2014, an aerial survey (helicopter) yielded a preliminary estimate of
3,117 (SE 0.388) walruses on the ice of the Pechora Sea (Semyonova et al. 2015).
This estimate was not based on a systematic survey and relies heavily on extrapo-
lation based on habitat similarity. All sex and age groups of walruses, includ-

ing females with calves of different ages, were seen during the spring survey

but in summer Pechora Sea haulouts were occupied primarily by mature males
(Semyonova et al. 2015). The summer distribution of females with calves is not
yet clear but limited encounter and satellite tracking data suggest they may use
the coastal waters of Novaya Zemlya on both the Kara and Barents Sea sides.

Trend in abundance of Pechora Sea walruses cannot be established from the
available survey data. However, since the first haulouts were reported from
mainland coast and Matveev - Dolgiy Island in the 1990s (Isaksen et al. 2000;
Goryaev et al. 2006) more haulouts and larger herds have been reported (M.
Gavrilo, RANP, pers. comm.).

In August 2013 an aerial survey of the mainland and western part of the Kara
Sea, conducted in preparation for exploratory drilling, counted 1,355 walruses
(Chernook et al. 2014; Semyonova et al. 2015) (Table 2). Most were hauled out
on Vaigach Island (Cape Lyamchin Nos; 897) on the Barents Sea side, or swim-
ming near the Oranskie Islands (250) or Gemskerk Island (185) which are situ-
ated near Severny Island (variously spelled Severniy and Severnyi) at the north-
ern tip of the Novaya Zemlya Archipelago. Females with calves were present at
haulouts in the archipelago, unlike those in the Pechora Sea. Terrestrial observa-
tions in the summers of 2012 to 2014 found walruses using the Vaigach Island
(Lyamchin Peninsula) haulout on each of the 28 observation days, but their
numbers were highly variable, ranging from 15 to 1,300 (Semyonova et al. 2015).

The first reports in recent decades of terrestrial haulouts in northern Novaya
Zemlya were from the early 2000s, when about 200 walruses were seen on
Gemskerk Island (Marine Arctic Complex Expedition of Moscow Heritage
Institute, unpublished report). Since then visual counts from land, vessels and
fixed-winged aircraft in 2012 -2015 (National Park Russian Arctic, unpublished
reports and archived data; M. Gavrilo, RANP, pers. comm.) and satellite images
and aerial observations from fixed-winged aircraft in 2012-2013 (WWF and
Marine Mammal Council) have confirmed the existence and regular use of three
major haulouts in northern Novaya Zemlya on the Oranskie Islands, Gemskerk
Island, and at Russkaya Gavan (Chernook et al. 2014, Semyonova et al. 2015;
M. Gavrilo, RANP, pers. comm.). Maximum counts on the Oranskie Islands
have ranged from 160 to 800 animals, and peaked in August 2012 and 2013. In
June 2013 several hundred animals were observed hauled out on broken fast
ice in Russkaya Gavan (Russian Harbour). About 185 animals were seen from
the air on Gemskerk Island in mid-August 2013, but none were present in late
September 2014.
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Systematic surveys have not been conducted for walruses in the Kara Sea, but
over the past decade more terrestrial haulouts and larger herds have been re-
ported (M. Gavrilo, RANP, pers. comm.). In addition to those on Novaya Zem-
lya, several haulouts have been located in the southwest Kara Sea on northern
and western Yamal (Sharapovy Koshki, Belyi Island) (Semyonova and Boltunov
2015). Haulouts have also been found at the northern edge of the Kara Sea. Dur-
ing vessel-based and aerial surveys in August 2007 and 2008 single walruses
were seen on fast-ice of the shallow waters adjacent to Schmidt Island (north-
easternmost Kara Sea), and in the coastal waters of Ushakov and Golomyanny
islands (west of Severnaya Zemlya Archipelago). About 110 walruses, predomi-
nately males, were hauled out on the northern coast of Ushakova Island, and 120
on Vize Island (Gavrilo 2010). Since then Vize Island has been used regularly by
several dozen to 120 animals (M. Gavrilo, RANP, pers. comm.).

The discovery of haulouts on Vize and Ushakov islands fills the gap in
distribution of Atlantic walruses between Franz Josef Land and the Severnaya
Zemlya Archipelago, where only single animals have been recorded (Gavrilo
2010). There are no historical reports of haulouts (“rookeries”) northeast of
Franz Josef Land at the northern edge of the Kara Sea (Chapsky 1936). Whether
the walruses in this area now indicate a range expansion related to climate
change or population recovery is unknown. Further study of the spatial and
genetic structure of this population is needed in relation to other walruses (e.g.,
Laptev) in the Russian Arctic.

Trends in the abundance and health of walruses in the Kara Sea - Southern
Barents Sea — Novaya Zemlya population are unknown and require the system-
atic long-term collection and analysis of comparable data for proper assessment
(Semyonova et al. 2015). Further data are needed on abundance to establish
trends, on the distribution of walruses during the spring breeding season, sea-
sonal movements, genetics, contaminant levels, and interactions with shipping.

Conservation Status

In 1971, the Novaya Zemlya population of Atlantic walrus was included in the list
of rare animals of the USSR (Bychkov 1973a). The Atlantic walrus, including the
Kara Sea - Southern Barents Sea — Novaya Zemlya population, is classified as
Category II in the Red Data Book of the Russian Federation 2001 (Red Data Book
2001; Boltunov et al. 2010). A change to Category IV status (uncertain status) is
expected in a new edition of the Red Data Book that is in preparation (M. Gavri-
lo, RANP, pers. comm.).
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Table 3. Assessment of Pacific walruses by population, see text for sources.

Recent genetic studies support the existence of
two populations of Pacific walruses (Table 3),
one in the Laptev Sea area and the other in the
Bering and Chukchi seas (Lindqvist et al. 20009;
Lowry 2015; but see Garlich-Miller et al. 2011,
who retained the Laptev Sea subspecies is their
assessment due to uncertainty). Today there is

a distributional gap of 500 to 600 km between
these populations but they may have formed a
continuum (Lindqvist et al. 2009) before their
numbers were greatly reduced by heavy exploi-
tation in the Laptev Sea (Belikov and Boltunov
2005) and in the Bering and Chukchi seas
(Bockstoce and Botkin 1982; Fay et al. 1989).
The IUCN recently assessed the conservation
status of the Pacific walrus subspecies, including
those in the Laptev Sea, as Data Deficient (Lowry
2015). Conservation status ranks assigned to the
different populations by the responsible jurisdic-
tions are discussed below and summarized in
Table 3.

Figure 5. Map of Pacific walrus populations in Russia and

the USA. Populations: BCS = Bering and Chukchi Seas; LVS =
Laptev Sea.

LVS 273 - - No - - Unknown
BCS 129,000 2006 F (Aerial strip- Yes 2010-15 mean: G Unknown
(95% ClI transects with USA =2,126 (SE (has de-
55,000- thermal scanners, 23), Russia = clined since
507,000) corrected) 1,708 (SE 718)* 1970s-
1980s)

"LVS = Laptev Sea (Russia); BCS = Bering and Chukchi Seas (United States (Alaska); Russia).

2 G = Good (minimal bias, acceptable precision); F = Fair (problems with quality of data, precision uncertain); P = Poor (considerable

uncertainty, bias or few data).

3 The population was estimated at 4,000-5,000 animals according to Bychkov (1975 cited in Lowry 2015), current abundance is unknown.

4Includes estimated number struck and lost (USA and Russia) and reporting compliance (USA only) (J. MacCracken, USFWS, pers.

comm.).
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A polar bear investigates a wal-
rus haulout, Laptev Sea, Russia.

© Alexei Ebel / WWF-Canon

LAPTEV SEA

Walruses that occupy the Laptev Sea, eastern part of the Kara Sea, and western
regions of the East Siberian Sea were considered a third subspecies of the Walrus
(e.g., Vishnevskaya and Bychkov 1990). Recent morphological and genetic stud-
ies support their recognition as the westernmost population of the Pacific walrus
(Lindqvist et al. 2009, 2016), however, sample sizes may not be large enough to
confirm their status definitively (J. MacCracken, U.S. Fish and Wildlife Service
(USFWS), pers. comm.). Little information is available on walruses in the Laptev
Sea (Fedoseev 1984). The southern and central areas of the Laptev Sea tend to be
<50 m deep, which is suitable for walrus feeding (Lindqvist et al. 2009). From
November to July the entire sea is ice-covered, with polynyas in the vicinity

of Pyotr and Faddey islands and northwest of the Novosibirsk (New Siberian)
Islands (Vishnevskaya and Bychkov 1990). Ice is least abundant in September
but in some years the entire sea, with the exception of Khatanga Bay and the pre-
estuarine areas of the Lena and Yana rivers, remains ice covered for the summer.

An aerial survey of the Laptev Sea in September 1980 saw walruses in the west,
including 88 on the ice in the vicinity of eastern Taimyr (strip transects) and
herds of 200 and 397 on Peschanyi Island, and in the east in the Novosibirsk
Islands and DeLong Islands, including 150 to 200 on Belkovsky Island, 350 to
400 on Kotel'nyi Island at Cape Ainsia, about 600 on the ice near Vil’kitskii and
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Zhokhov islands (Fedoseev 1984). The survey was not systematic and the counts
were not adjusted for walruses submerged beyond view, but at least 1,785 to
1,885 walruses were present. An extrapolation of the Taimyr strip count of 88
walruses to 2,340 walruses (Fedoseev 1984) may not be valid. The number of
walruses in the Laptev Sea region was estimated at 4,000-5,000 animals accord-
ing to a report cited in Fay (1982). The largest walrus concentrations observed
by ship borne and aerial surveys in the Laptev Sea, from NE Taimyr Peninsula

to the Novsibirsk Islands in 2010-2012, were on Petra Island (160; September
23, 2010), on or in the water near Vil’kitskii Island (78; August 27, 2012), and on
Bel’kovskii Island at Cape Severnyi (Morzhovy) (63, SD = 2.65; 20 October 2010)
(Glazov et al. 2013).

In the Laptev Sea, commercial hunters killed walruses at a haulout (rookery) on
the north sand bar (Morzhovaya Kosa / Walrus spit) at the entrance to Maria
Pronchishcheva Bay on the east Taimyr coast from 1933 to 1936, but in 1937 no
walruses returned (Vishnevskaya and Bychkov 1990). Few data are available on
the post-WWII use of this haulout. Studies conducted in July-September 1984
and August-October 1985 observed consistent use of the haulout, sometimes by
up to 600 animals. There were about 80 walruses hauled out at this site when it
was visited by WWF in August 2013 (T. Arnbom, WWF Sweden, pers. comm.).
During the same trip about 1,000 walruses were found hauled out at Cape Ts-
vetkova, and at least 100 walruses were observed in the waters between Maria
Pronchishcheva Bay and Cape Tsvetkova.

Conservation Status

Laptev Sea walruses are included in the Red Book of the USSR as a rare endemic
subspecies that is potentially vulnerable because of its low numbers, limited
range, and increasing anthropogenic stress (Category III) (Vishnevskaya and
Bychkov 1990).

BERING AND CHUKCHI SEAS

Stock Structure

The Bering and Chukchi Seas (BCS) population of Pacific walruses is presently
managed as a single panmictic (unstructured, random-mating) unit, although
stock structure has not been thoroughly investigated (Garlich-Miller et al. 2011;
USFWS 2014). Scribner et al. (1997) found no difference in mitochondrial and
nuclear DNA among Pacific walruses sampled from four different breeding areas
in the Bering Sea (Gulf of Anadyr, Koryak Coast, southeast Bering Sea, and

St. Lawrence Island). More recently, Sonsthagen et al. (2012) assessed genetic
relationships among two putative breeding populations and six nonbreeding
aggregations. Analyses of mtDNA control region sequence data suggested that
males are distinct among breeding populations and between the eastern Chukchi
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and other nonbreeding aggregations. Nonbreeding female aggregations were
genetically distinct across marker types (microsatellites, mtDNA), as was eastern
Chukchi and all other nonbreeding aggregations (Sonsthagen et al. 2012). Jay

et al. (2008) found some suggestions of stock structure based on differences in
the ratio of trace elements in the teeth of walruses sampled in winter from two
breeding areas (southeast Bering Sea and St. Lawrence Island). Further research
on stock structure in Pacific walruses is needed (Garlich-Miller et al. 2011; US-
FWS 2014).

Pacific walruses are found throughout the continental shelf waters of the Ber-
ing and Chukchi Seas and occasionally move into the East Siberian Sea and the
Beaufort Sea (Figure 5) (Fay 1982; Lowry et al. 2008; Garlich-Miller et al. 2011;
USFWS 2014; Allen and Angliss 2015). Vagrants have also been observed south
into the North Pacific Ocean to Japan and to southcentral Alaska (Fay 1982). The
walruses that are sporadically observed to the south and west of Victoria Island
in the Canadian Arctic have tentatively been considered Pacific walruses (Har-
rington 1966; Stewart and Burt 1994). Commercial harvesting records indicate
that Pacific walrus range once extended further south. In the 17th Century they
were hunted along the southern coast of Russia in the Sea of Okhotsk and near
Unimak Pass (Aleutian Islands) and the Shumagin Islands (Alaska Peninsula)
(Elliott 1882). Recently, walruses have been observed in these general areas (J.
MacCracken, USFWS, pers. comm.).

Pacific walruses rely on broken pack-ice habitat to access offshore feeding areas
(Fay 1982), and their distribution can vary markedly in response to seasonal and
inter-annual variations in sea-ice cover (Garlich-Miller et al. 2011; Garlich-Miller
(ed.) 2012; knowledge from Bering Strait experts summarized by Kawerak, Inc.
2013). During the late winter (January to March) breeding season, walruses are
concentrated in the Bering Sea pack-ice in areas where open leads, polynyas,

or thin ice allow access to water (Fay 1982; Fay et al. 1986; Garlich-Miller et al.
2011; USFWS 2014). The specific locations of winter breeding aggregations vary
annually depending upon the distribution and extent of sea ice, but one group
generally ranges from the Gulf of Anadyr into a region southwest of St. Lawrence
Island, and a second group is found in the southeastern Bering Sea from south
of Nunivak Island into northwestern Bristol Bay (Fay 1982; Mymrin et al. 1990;
Burn et al. 2009; Garlich-Miller et al. 2011; Speckman et al. 2011). As the Bering
Sea pack ice deteriorates in the spring, most adult female and juvenile walruses
migrate northward through the Bering Strait to summer feeding areas over the
continental shelf in the Chukchi Sea (Fay 1982; Garlich-Miller et al. 2011; US-
FWS 2014). But several thousand walruses remain in the Bering Sea and forage
from coastal haulouts in the Gulf of Anadyr, Bering Strait region, and in Bristol
Bay (Garlich-Miller et al. 2011; USFWS 2014; Fischbach et al. 2016).

The summer range of Pacific walruses in the Chukchi Sea varies annually de-
pending upon the distribution and extent of sea-ice. When broken pack ice is
abundant, walruses are usually found in patchy aggregations across the shallow
continental shelf in herds ranging in size from < 10 to > 1000 animals (Gilbert
1999; Ray et al. 2006; Garlich-Miller et al. 2011). Summer aggregations occur in
loose pack-ice off the northwestern coast of Alaska between Icy Cape and Point
Barrow, and along the coast of Chukotka west to Wrangel Island (Fay 1982; Gil-
bert et al. 1992; Belikov et al. 1996; Garlich-Miller et al. 2011). In years when the
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sea-ice retreats beyond the continental shelf in late summer and early fall, wal-
ruses congregate in large numbers at terrestrial haulouts on Wrangel Island, the
northern coast of the Chukotka Peninsula, and the northwestern coast of Alaska
(Fay 1982; Belikov et al. 1996; Kochnev 2004; Kavry et al. 2006, 2008; Ovsyan-
ikov et al. 2008; Garlich-Miller et al. 2011; Fischbach et al. 2016). In late Septem-
ber and October walruses that summer in the Chukchi Sea begin migrating south
ahead of the developing sea ice. Large herds of southbound animals often congre-
gate to rest at coastal haulout sites in the southern Chukchi Sea before moving to
winter breeding areas in the Bering Sea (Garlich-Miller et al. 2011). Haulouts in
the Bering Strait Region (Big Diomede, King Island, and the Punuk Islands) are
also occasionally used by large numbers of walruses in late fall and early winter,
prior to the onset of ice formation (Fay and Kelly 1980). Male walruses that have
summered in the Bering Sea begin to move northward towards winter breeding
areas in November (Jay and Hills 2005).

Population size

Commercial over-harvesting led to historical depletion of the Pacific walrus
population. Fay (1982) speculated that the pre-exploitation population was at
least 200,000 animals given the large harvests that were sustained throughout
the 18th and 19th centuries. Population size is believed to have fluctuated mark-
edly in response to varying levels of human exploitation since that time (Fay

et al. 1989). Extensive commercial harvests reduced numbers to an estimated
50,000 - 100,000 animals in the mid-1950s (Fay et al. 1997), and the population
then increased rapidly in size during the 1960s and 19770s in response to reduc-
tions in hunting pressure (Fay et al. 1989).

From 1975 to 1990, visual aerial surveys were carried out by the United States
and Russia at 5-year intervals (USFWS 2014; Allen and Angliss 2015). Popula-
tion estimates ranged from ca. 201,000 to 246,020 animals with 95% confidence
intervals that include zero, which adds uncertainty for detecting trends in popu-
lation size (Gilbert et al. 1992; Hills and Gilbert 1994; Fay et al. 1997; Gilbert
1999). The estimates generated from these surveys are considered minimum
values. They are negatively biased because they were not adjusted for walruses in
the water and because the walruses tended to aggregate in large closely packed
groups when hauled out, which made it difficult to obtain accurate counts of ani-
mals observed (USFWS 2014; Allen and Angliss 2015).

Efforts to survey the population were suspended after 1990 due to these meth-
odological issues (Gilbert et al. 1992; Gilbert 1999). A 2000 workshop concluded
that it would not be possible to obtain a population estimate with adequate preci-
sion using the existing visual methodology and any reasonable amount of survey
effort (Garlich-Miller and Jay 2000). Remote sensing systems were viewed as
having potential to address the problem of accurately counting walruses in large
groups (Udevitz et al. 2001) in addition to being able to sample larger areas per
unit of time and reduce observer error (Burn et al. 2006). To account for walrus-
es in the water that were not available to be counted, satellite transmitters that
recorded haul-out status (in water or out) were used to estimate the proportion
of animals in the water and correct walrus counts (Udevitz et al. 2009). American
and Russian scientists developed a survey method that uses thermal imaging sys-
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tems to reliably detect groups of walruses hauled out on sea ice (Burn et al. 2006;
Udevitz et al. 2008).

A joint U.S.-Russia survey, with coincident satellite-tagging, was conducted in
March-April 2006, when the Pacific walrus population was hauled out on sea ice
habitats across the continental shelf of the Bering Sea (Speckman et al. 2011; US-
FWS 2014; Allen and Angliss 2015). Transects were surveyed with airborne ther-
mal scanners using standard strip-transect methodology, and an independent set
of scanned walrus groups was aerially photographed. Walrus counts in photo-
graphed groups were used to model the relationship between thermal signatures
and the number of walruses and estimate the number of walruses in groups that
were detected by the scanner but not photographed. The probability of thermally
detecting various-sized walrus groups was modeled to estimate the number of
walruses in groups that went undetected by the scanner (Speckman et al. 2011).
Thermal imagery can detect walruses that are hauled out on sea ice, but not
walruses swimming in water, so data from satellite-tagged walruses were used

to adjust on-ice estimates to account for animals in the water. The survey esti-
mated a Pacific walrus population of 129,000 animals (95% CI 55,000 - 507,000)
within the survey area (Speckman et al. 2011) (Table 3). The estimate is nega-
tively biased as it did not account for areas that were missed, some of which were
known to have had walruses present (USFWS 2014; Allen and Angliss 2015).

Current Population Trend

The 2006 estimate is lower than previous estimates of population size. It is also
negatively biased because some areas important to walruses were not surveyed
due to poor weather conditions (Allen and Angliss 2015 and references therein).
However, earlier population size estimates are also likely to be negatively biased
since they did not adjust for walruses in the water. Comparing the different sur-
veys is made difficult because of differences in methodology and timing, the seg-
ments of the walrus population surveyed, and incomplete coverage of areas where
walruses are known to occur (Fay et al. 1997; Gilbert 1999). The U.S. Fish and
Wildlife Service (USFWS) is developing a project to test the feasibility of genetic
mark-recapture methods to estimate population size and trend (USFWS 2014).

Available survey estimates cannot be used to identify current population trends,
and more surveys are needed to quantify trends in population size (USFWS 2014;
Allen and Angliss 2015). But, evidence shows the Pacific walrus population has
declined from a peak in the late 1970s and 1980s (Garlich-Miller et al. 2011; Tay-
lor and Udevitz 2015). Demographic data from that period indicated that popu-
lation growth was slowing (Fay and Stoker 1982; Fay et al. 1986, 1989; Sease
1986). Data on calf/cow ratios collected from harvested animals is also consistent
with a population peak in the late 1970s (i.e., low estimates in the late 1970s and
early 1980s) and subsequent population decline, suggesting that the population
is currently below the assumed carrying capacity (MacCracken 2012; USFWS
2014). The median age of reproduction for female walruses also decreased in the
1990s, consistent with reduction in density-dependent pressures (Garlich-Miller
et al. 2006). Data are not available to test whether these changes in walrus life-
history parameters might have been mediated by changes in abundance versus
environmental changes that affected carrying capacity (Allen and Angliss 2015).
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Available evidence suggests that commercial and subsistence harvests prior to
the 1960s limited the population, and adoption of harvest quotas in the 1960s re-
sulted in a population increase until the carrying capacity (ca. 300,000, Fay et al.
1997) was reached in the 1970/1980s and productivity began to decline (USFWS
2014). The lack of US harvest quotas starting in 1979 and reduced productivity
levels resulted in another population decline. Currently, the population may once
again be limited mainly by subsistence harvests (USFWS 2014), although other
factors such as haulout mortalities may also be important (Udevitz et al. 2013).
Changing sea ice dynamics may also result in further population declines in the
future (Garlich-Miller et al. 2011).

Conservation Status

The Pacific walrus is not designated as depleted under the U.S. Marine Mam-
mal Protection Act (MMPA) (USFWS 2014; Allen and Angliss 2015). In February
2008, the USFWS received a petition to list the Pacific walrus under the Endan-
gered Species Act of 1973 (ESA) (Allen and Angliss 2015). A status review by the
USFWS was compiled in 2011 (Garlich-Miller et al. 2011). Due primarily to the
combined threats of sea ice loss and harvest the USFWS has determined that list-
ing the Pacific walrus as endangered or threatened under the ESA is warranted,
but higher priority listing actions have taken precedence (USFWS 2011; Taylor
and Udevitz 2015). The total human-caused removals exceed the estimated po-
tential biological removal (PBR) of 2,580 (USFWS 2014; Allen and Angliss 2015).
The Pacific walrus stock was therefore classified as “strategic” in the U.S. In 2017
a detailed and comprehensive final species status assessment was released (Mac-
Cracken et al. 2017). Based on this assessment the USFWS (2017) determined
that the Pacific walrus does not warrant listing as threatened or endangered un-
der the ESA. While the Pacific walrus will not receive protection under the ESA,
it continues to be protected under the MMPA, which affords similar protections.
Pacific walruses in the Bering and Chukchi Sea are not listed as at risk in the Red
Data Book of the Russian Federation 2001 (Red Data Book 2001).
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Walrus haulout, Chukotka,
Russia.

© Staffan Widstrand / WWF

MANAGEMENT
REGULATIONS

Human activities that affect Atlantic walruses are managed within their respec-
tive jurisdictions by Canada, Greenland, Norway, and Russia: those affecting
Pacific walruses are managed by Russia and the United States. The management
practices of these countries are summarized briefly in this section and in Table
4. Aboriginal peoples in Canada, coastal-dwelling Alaska Natives in the United
States, and indigenous people inhabiting Chukotka (Russia) are permitted to
hunt walruses for subsistence purposes (Shadbolt et al. 2014). Greenlanders
who hunt as a full time occupation and hold a valid commercial hunting licence
can obtain a permit to hunt one walrus (Anon. 2006). Additional information is
available in recent management reviews for the Atlantic walrus (Wiig et al. 2014),
the Pacific walrus (Garlich-Miller et al. 2011), and for both subspecies (Shadbolt
et al. 2014).

A challenge with respect to managing walrus hunting remains the variable and
sometimes high rates of hunting losses (animals injured or killed but not se-
cured) (D.B. Stewart et al. 2014a; Wiig et al. 2014). Because walruses occur in
remote locations, often under inhospitable conditions, regulatory enforcement is
also a challenge.
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CANADA

Hunt management

Commercial whalers and land-based traders took many walruses from the CCA-WG
and CHA-NWG populations between ca. 1820 and 1928 (D.B. Stewart et al. 2014a).
The large removals caused A.P. Low (1906 p.281ff), commander of the Canadian
Government scientific expedition to study fisheries and geology in northern Hudson
Bay and the Arctic Islands in 1903-1904, to press for the conservation of walruses
in Hudson Bay, and to recommend that walruses be reserved for Inuit use. In 1928,
Canada established regulations that restricted killing of walruses to Aboriginal
hunters for their own food and clothing requirements but allowed walruses to be
taken under Ministerial permit for scientific purposes (Canada Privy Council 1928:
P.C. 1036). These regulations ended commercial hunting by whalers and traders in
the eastern Canadian Arctic and subsistence and sport hunting by non-Aboriginal
peoples. This was an important step toward reducing hunting pressure on the wal-
rus populations but it left important loopholes that enabled the traders to purchase
hides and ivory.

In 1931 more explicit regulations were issued forbidding the export of walrus hides
and uncarved tusks, and limiting the annual harvest of walruses to seven per family
(Canada Privy Council 1931: P.C. 1543). In 1980, the Walrus Protection Regula-
tions were enacted under the Fisheries Act (Canada Privy Council 1980: P.C. 1980
-1216). Under these regulations only “an Indian or Inuk” was allowed to “hunt and
kill walruses without a licence” and then “not more than four walruses in one year”
(Section 3), except where annual community quotas were scheduled instead for Cor-
al Harbour: 60, Sanikiluaq: 10, Arctic Bay: 10, and Clyde River: 20. In 1993, these
regulations were consolidated with those for other marine mammals in the Marine
Mammal Regulations of the Fisheries Act (SOR/93-56, 1993).

Hunts in Nunavut and Nunavik (northern Quebec) are co-managed by the Nunavut
Wildlife Management Board and Nunavik Marine Region Wildlife Board, under the
applicable sections of their respective land claims agreements, with scientific advice
from DFO, which manages walruses in other jurisdictions in cooperation with other
agencies. Community knowledge and Aboriginal traditional knowledge are also used
to manage walruses. Walrus co-management working groups for Foxe Basin and the
Baffin Bay area are working together to draft an Integrated Fisheries Management
Plan for walruses in Nunavut (DFO 2013a:13; A. McPhee, DFO Winnipeg, pers.
comm.). Under the Marine Mammal Regulations, trade in edible parts is prohibited,
except among First Nations and Inuit. A DFO Marine Mammal Transport Licence is
required to transport walrus parts within Canada, except for First Nations or Inuit
hunters who are returning home after the hunt. A Scientific Research Licence from
DFO is required to do walrus studies in walrus habitat and applicants must demon-
strate community support. Live capture is permitted only under licence. Walruses
are extralimital in the Northwest Territories (Inuvialuit Settlement Region) and in
Nunatsiavut (Labrador) and there is no regular hunting (less than one walrus taken
per decade, D.B. Stewart et al. 2014a).

Since 1994 a limited sports hunt has been opened annually for non-resident hunters
to benefit communities located near walrus populations (D.B. Stewart et al. 2014a).
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Under the Fisheries Act, hunters except “Indian or Inuk” non-beneficiaries re-
quire a licence under the Marine Mammal Regulations or Aboriginal Communal
Fishing Licence Regulation to hunt walruses (DFO 2002; Hall 2003). The Nuna-
vut Wildlife Management Board manages these hunts by limiting the number
approved annually. Most of the walruses are taken in northern Foxe Basin and
some in northern Hudson Bay. Non-resident hunters can keep the tusks, cape
(i.e., pelt from the head and neck of the walrus kept for preparation as a hunt-
ing trophy) and baculum but must leave the meat in the village. In 1975, Canada
listed the walrus under Appendix III of the Convention on International Trade
in Endangered Species (CITES) in order to monitor international trade levels
(Hall 2003). Export of walrus parts from Canada requires an export permit from
Canadian CITES authorities.

Hahitat Protection

Walrus habitat is protected under sections 34-37 of the Fisheries Act (Govern-
ment of Canada 2015), which prohibits activities that result “in serious harm to
fish that are part of a commercial, recreational or Aboriginal fishery, or to fish
that support such a fishery” (S35(1)) and the introduction of deleterious sub-
stances into waters frequented by fish, or in any place, under any conditions, that
results in the deleterious substance possibly entering such water (S36(3). Under
the Act, “fish” are broadly defined to include walrus and other marine mammals.

Existing National Parks, National Wildlife Areas, Migratory Bird Sanctuaries,
and other lands owned and managed by the Government of Canada offer tem-
porary protection to small numbers of walruses. Inuit have the right to hunt in
National Parks and other conservation areas within Nunavut and Nunatsiavut.
This level of habitat protection by itself is certainly insufficient to ensure the
long-term survival of the species. The proposed National Marine Conservation
Area in Tallurutiup Imanga/Lancaster Sound (Parks Canada 2017), which is in
the planning stage, may offer additional protection once it is established.

In Nunavut, the North Baffin Regional Land Use Plan (Sec. 3.3.8) and Keewatin
Regional Land Use Plan (Sec. 2.7) mention protection of walrus haulouts (uglit
in Inuktitut) but the level of protection is vague (Nunavut Planning Commission
20003, b). A Nunavut-wide land use plan is being prepared. The most recent
(June 2016) draft assigned haulout sites a Protected Area Land Use Designation
that prohibits incompatible uses such as mineral extraction, and includes vessel
setback requirements of up to 5 km (Nunavut Planning Commission 2016). The
walrus haulouts identified and mapped by Nunavut Planning Commission (2016)
are incomplete, as only haulouts in Foxe Basin were identified (using data from
Stewart et al. 2013). Community Areas of Interest are also assigned a Protected
Area Land Use Designation. This designation will protect some important Walrus
haulout sites in the Kivalliq region, such as Walrus Island. Numerous other
haulout sites have been reported in the literature. WWF-Canada compiled these
data (Higdon 2016) and provided the Geographic Information System (GIS)
database to the Nunavut Planning Commission, as part of the on-going review of
the draft plan (B. Laforest, WWF-Canada, pers. comm.).
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DENMARK (GREENLAND)

Hunt management

Walrus stocks in Greenland have been hunted for the past millennium (Wiig et
al. 2014 and references therein). Commercial hunting of Atlantic walruses was
prohibited in Greenland in 1956 (Anon. 1956a) but licensed hunts continue for
subsistence (Wiig et al. 2014). From the early 1900s through 2005, walrus hunt-
ing in West Greenland was regulated by limiting the hunting season and hunting
methods; there were no catch quotas in place (Born et al. 1994, 1995). On 1 June
1951, walruses in East Greenland, north of 74°24°N, received complete protection
from harvesting under a decree from the Danish Ministry of State Affairs (Born
et al. 1997). The decree also made the island of Sandgen, in Young Sound, a game
preserve, prohibiting access to protect a well-known walrus haulout.

Parliament Act no. 12 of 29 October 1999 (Anon. 1999) set the current frame-
work for regulating fishing and hunting in Greenland, with ministerial orders
that regulate the details for single species such as the walrus. In 2006, a quota
system was established by executive order for walruses (Anon. 2006). These an-
nual hunting quotas are based on the recommendations of scientific assessments
from the Greenland Institute of Natural Resources (GINR) and North Atlantic
Marine Mammal Commission (NAMMCO), using recent population estimates
to allow population growth from a depleted population, and taking into account
harvests in Nunavut from shared stocks and estimates of loss (Wiig et al. 2014).
The Hunting Committee, an independent advisory body to the Government of
Greenland on issues related to the development and management of Greenland’s
living resources, is also consulted (Government of Greenland n.d.; M. Frost,
WWF Greenland, pers. comm.). Under the series of executive orders issued in
2006 and still in force, adult females and calves are protected except in the Qaa-
naaq area (Northwest Greenland) where walrus hunting traditionally has been,
and still is, of great importance to the hunting community; walruses hauled out
on land are completely protected; there is a year-round ban on hunting south of
66°N; and walruses must be harpooned with floats attached before receiving the
finishing shot to reduce hunting losses from sinking (Wiig et al. 2014 and refer-
ences therein). Only full-time hunters are allowed to apply for a license to hunt
walruses, and these licenses are non-transferable (Ugarte 2015). There are also
limits on the hunting seasons for each stock and on the maximum size of vehicle
(e.g., boat) and minimum rifle caliber that can be used. Reporting of the sex, age
class, and harvest date of harvested walruses has been mandatory since 1994
(Wiig et al. 2014).

The current control system is considered largely effective in ensuring the quo-
tas are applied and that reporting is correct (Wiig et al. 2014). But, reporting of
animals that are struck and then lost, while mandatory, is rare (APNN 2014b
cited in Ugarte 2015). Management authorities set quotas assuming a struck and
loss rate of 3% in Baffin Bay, 15% in West Greenland and 11% in East Greenland.
These rates are based on information provided by hunters and have not been in-
dependently verified. There is a carry-over system whereby unused harvests can
be transferred from one year to the next and overharvests are subtracted from
the following year (Ugarte 2015).
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Hahitat Protection

In 2003, the Greenland Home Rule Government adopted a new Nature Protec-
tion Act (Landstings Act no 29 of 18 December 2003 on the Protection of Na-
ture) (Government of Greenland 2003) to protect biological diversity, ensure
that exploitation is sustainable, and implement international agreements on the
conservation of nature under Greenlandic law. This protection is to be based

on ecological sustainability in accordance with the precautionary principle and
thereby affords some protection to walruses and their habitats. The Greenland
Mineral Resources Act and other rules, regulations, and guidelines (Government
of Greenland 2009), also stipulate a range of measures for protecting nature and
the environment (Government of Greenland 2016).

The probability of future large-scale exploration for hydrocarbons offshore
Greenland is high, and such exploration can include activities that affect walruses
and their habitat. Applications to conduct hydrocarbon exploration must include
an environmental impact assessment (Wiig et al. 2014). Before opening new
areas for exploration and initiating a licensing process the Greenland Govern-
ment has been conducting its own Strategic Environmental Impact Assessments
(Boertmann et al. 2013). These assessments have been completed for eastern
Baffin Bay (Boertmann et al. 2009a), southeastern Baffin Bay - Davis Strait -
northern Labrador Sea (Mosbech et al. 2007; Merkel et al. 2012; Boertmann et
al. 2013; Frederiksen et al. 2012), and Northeast Greenland (Boertmann et al.
2009b; Boertmann and Mosbech 2012). Future hydrocarbon exploration might
adversely impact all three walrus populations that use Greenland waters (Wiig et
al. 2014). There are licenses for exploration and exploitation of hydrocarbons in
the Greenland Sea but so far only seismic testing is taking place (M. Frost, WWF
Greenland, pers. comm.).

The Melville Bay Nature Reserve, created in June 1980 in northwestern Green-
land (Government of Greenland 1989), and the National Park of North and East
Greenland, established July 1974 (Government of Greenland 1992), both offer
some habitat protection for terrestrial walrus haulouts but their boundaries fol-
low the coast and do not extend to offshore waters (Wiig et al. 2014). However,
guidelines and marine protection zones have been established to prevent or limit
impacts of summer and fall (mid-June through October) seismic surveys on wal-
ruses in both northwestern and northeastern Greenland (Kyhn et al. 2011). There
is extensive exploration for minerals within the park — most recently the plans to
develop a large-scale zinc and lead mine by Ironbark Zinc Ltd. at Citronenfjord
in northern Greenland (Ironbark Zinc Limited and Orbicon A/S. 2015; http://
ironbark.gl/; M. Frost, WWF Greenland, pers. comm.). This development would
involve shipping via the Northeast Water Polynya/Fram Strait and increase risk
of oil spills in the region. Residents of the Ittoqqortoormiit/Scoresby Sound

area with a hunting license are allowed to conduct traditional hunting inside the
national park and it is not explicitly stated that walruses cannot be taken during
such hunting activity (Wiig et al. 2014).

In anticipation that losses of Arctic sea ice will influence shipping activities and
routes in the future, the Danish Center for Environment and Energy and the
Greenland Institute of Natural Resources have identified vulnerable marine areas
in Greenland (Christensen et al. 2012). Future shipping changes are likely to be
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driven by natural resource development and regional trade. The report identifies
and ranks marine areas vulnerable to shipping. The North Water Polynya and
Disko Bay-Hellefiskebanke are identified as the most vulnerable (Priority 1) areas
and the Northeast Water Polynya also ranks high.

NORWAY (SVALBARD)

Hunt management

Norway (including Jan Mayen and Svalbard) does not allow the hunting of wal-
ruses. Commercial hunting was banned in 1952 in response to very large harvests
by Norwegians in Northwest Greenland in 1949 (n=623) and 1951 (1,251) (Anon.
1952; @ritsland 1973; Witting and Born 2005; Wiig et al. 2014). When Den-
mark and Norway discussed these catches, they concluded that walruses were so
depleted that they could not sustain the Norwegian harvest and, in 1952, a Royal
Decree, in accordance to the Norwegian Sealing Law of 1951, gave complete
protection to walruses (Anon. 1952; @ritsland 1973). This law applied to “sealing
inside the Norwegian fishery limit, and to sealing carried out by Norwegian citi-
zens, inhabitants of the country or by Norwegian companies and other organiza-
tions outside the Norwegian fisheries limit” (see also section below on Interna-
tional Agreements: Norwegian-Soviet Sealing Agreement of 1958 (UN 1958)).

Hahitat Protection

Walrus haulouts at Svalbard are well documented (Gjertz and Wiig 1994; Lyder-
sen et al. 2008; Kovacs et al. 2014) and most are within protected areas (WWF
2006; Wiig et al. 2014). In 2008, regulations protecting the Northeast Svalbard
and Southeast Svalbard nature reserves in eastern Svalbard were strengthened to
reduce the impacts of ship traffic (Wiig et al. 2014). These protected areas serve
as reference areas for research. Access by tourist ships with over 200 passengers
was prohibited, as was ship use and transport of fuels other than light diesel fuel
into these areas. The objectives were to reduce direct disturbances and the risk of
oil fouling at haulouts.

RUSSIA

Hunt management

Commercial hunters took large numbers of Atlantic walruses over many centu-
ries from the Kara Sea - Southern Barents Sea - Novaya Zemlya (KS-SBS-NZ)
population (Timoshenko 1984). Regulations in the 1930s banned the taking of
animals in water and of females with calves (M. Gavrilo, RANP, pers. comm.),
but by 1934 only 1,200-1,300 animals were known to remain in the Barents and
Kara seas (Chapsky 1936). Hunting of Atlantic walruses in Russia was first lim-
ited in 1921; followed in 1935 by cessation of the state harvest from sealing ves-
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sels; and in 1949 by the prohibition of killing walruses by any fishing and seal-
ing industry in the Barents and Kara seas (Bychkov 1973a; M. Gavrilo, RANP,
pers. comm.). Since 1956, hunting for Atlantic Walruses and for walruses in the
Laptev Sea area has been banned for all Soviet citizens, except for subsistence
by some Arctic expeditions and native peoples (Anon. 1956b; Bychkov 1973a,
1973b). In 1975 regulations for the conservation and harvesting of marine mam-
mals prohibited sport hunting of walruses, as well as any landing on or littering
of shore haulouts at any time (Order No. 300 of the USSR Ministry of Fisher-
ies; Vaisman et al. 2009 cited in Shadbolt et al. 2014; Wiig et al. 2014). It also
prohibited possession, manufacture, buying, selling, storage, and transportation
of hides and tusks from walruses. These regulations apply to all USSR territory
including internal waters and the USSR economic zone (Vaisman et al. 2009
cited in Shadbolt et al. 2014). Quotas are now regulated under Federal Law No.
166 On Fishery and conservation of Aquatic Biological Resources.

Hunting of Atlantic and Laptev walruses for subsistence has been prohibited
since 1982, when they were listed in the Red Data Book; as such, trade in these
walruses is prohibited (Anon. 1982; Shadbolt et al. 2014). Pacific walruses are
not afforded the same protection.

Franz Josef Land was discovered in 1865 by Norwegian sealers who kept news
of its rich resources to themselves, so it was not until 1873 that the archipelago
was officially discovered (Horn 1930). Walrus hunting was limited to subsistence
hunts by expeditions exploring the archipelago until ca. 1897, when the Scottish
whaling vessels Balaena, Active, and Diana visited to hunt marine mammals
(Southwell 1898, 1899). Commercial hunting of walruses, mostly by Norwegian
vessels, continued regularly until 1929 when the archipelago was annexed by
the Soviet Union (Southwell 1898, 1899; Horn 1930; Leng 1972; Gjertz et al.
1992). Walruses were also hunted on Victoria Island from 1924 to 1950 (Long
1972). The combined overall harvest from Franz Josef Land-Victoria Island has
been estimated at over 8,465 walruses (Gjertz et al. 1992). When hunting losses
are included, at least 10,000 walruses were killed on Franz Josef Land in the 40
years up to 1931.

The original population size of walruses in Franz Josef Land in 1897 has been
estimated at 6,000—12,000 (Gjertz et al. 1998). By 1934, it may have been
reduced to less than 700 animals (Gjertz et al. 1998). Local surveys for walruses
in the 1990s found as few as several hundred animals during a given season
(Gjertz et al. 1998). Walrus numbers have been increasing since 1994, when the
archipelago and surrounding waters were declared a nature reserve (M. Gavrilo,
RANP, pers. comm.). Walruses continue to use traditional land-based haulouts
and establish new ones.

Commercial hunting of Pacific walruses in Russian waters, which accounted for
up to 45% of the total Russian harvest in the 1980s, ended in 1991 due to the
economic collapse of the industry (Garlich-Miller and Pungowiyi 1999). Rus-
sian legislation still allows commercial hunting but to resume it would require
an annual decree from the Russian Fisheries Ministry (Anatoli Kochnev, Chukot
TINRO, 2010, pers. comm. in Garlich-Miller et al. 2011:43).

Indigenous people inhabiting Chukotka are permitted to hunt Pacific walruses
for subsistence purposes. There are no restrictions on possession or sale of
Pacific walrus parts and derivatives, provided the harvest was legal and there is
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proper documentation to confirm legal origin (Vaisman et al. 2009 cited in Shad-
bolt et al. 2014). Export of Pacific walrus products out of Russia requires CITES
documentation (e.g., certificate of origin), unless it remains within the Eurasian
Customs Union (see below: International Agreements).

Hahitat Protection

The Atlantic walrus is classified as Category II in the Red Data Book of the Rus-
sian Federation 2001 (Red Data Book 2001; Boltunov et al. 2010). As such, the
Federal Law of April 24, 1995 (No. 52 “On the Wildlife”) requires activities that
alter its habitat, breeding and feeding conditions, and migration routes to meet
the necessary requirements to ensure its conservation. A change to category IV
status (uncertain status) is expected in a new edition of the Red Data Book that is
in preparation (M. Gavrilo, RANP, pers. comm.).

Atlantic walrus habitats on land and at sea are protected in the following special-
ly protected areas: Franz Josef Land Federal State Zakaznik (Wildlife Reserve),
Russian Arctic National Park (northern Novaya Zemlya), Nenetskiy Strict Nature
Reserve in the Pechora Sea, Great Arctic Reserve in the Kara Sea, Gydansky
Strict Nature Reserve, and in the Vaigach and Yamalsky regional wildlife reserves
(M. Gavrilo, RANP, pers. comm.). A national conservation strategy for the At-
lantic walrus is currently under development in Russia (M. Gavrilo, RANP, pers.
comm.).

Vishenvskaya and Bychkov (1990: Fig. 1) submitted proposals for walrus sanc-
tuaries in the Laptev Sea region. Laptev walrus habitats are now protected in the
Taimyr Strict Nature Reserve (NE Taimyr), and will receive formal protection in
the New Siberian Islands Zakaznik (Wildlife reserve), which is awaiting approval
(M. Gavrilo, RANP, pers. comm.).

Federal Law No. 166 On Fishery and conservation of Aquatic Biological Resourc-
es also protects walruses on their haulouts and prohibits access to those areas. It
does this by banning vessels from passing within 3 to 5 km, banning aircraft from
passing at altitudes of less than 2000 m, and prohibiting hunting within 500 m
of rookeries (haulouts) (Vaisman et al. 2009 cited in Shadbolt et al. 2014).

UNITED STATES (ALASKA)

Hunt management

The Pacific walrus population in the Bering and Chukchi Seas sustained large
commercial and subsistence harvests throughout the 18th and 19th centuries
(Fay 1982). Population size has fluctuated markedly since then in response to
varying levels of human exploitation (Fay et al. 1089). Large-scale harvesting
prior to the 1960s is thought to have reduced the population to 50,000-100,000
animals (Fay et al. 1997). Numbers are believed to have increased rapidly in the
1960s and 1970s in response to reduced hunting pressure, adoption of harvest
quotas, and regulations that limited the hunting of females (Fay et al. 1989).
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Harvest quotas in the United States were eliminated beginning in 1979 (USFWS
2014), and available evidence (e.g., demographic data) suggests that the popula-
tion has since declined (Garlich-Miller et al. 2011; USFWS 2014). The population
is currently below carrying capacity (MacCracken 2012) but there is uncertainty
regarding the factors limiting the population, since harvests have declined to
record-low levels in recent years (J. MacCracken, USFWS, pers. comm.). Popu-
lation growth may be limited by some combination of factors including habitat
change (ice loss), declines in prey availability, subsistence harvest, and mortali-
ties on haulouts (J. MacCracken, USFWS, pers. comm.).

Recent (since 2006) harvest levels have been much lower than the long-term av-
erage (USFWS 2014; J. MacCracken, USFWS, pers. comm.). Recent harvest data
are shown in Table 3, and are available in a number of sources (Garlich-Miller

et al. 2011; Shadbolt et al. 2014; USFWS 2014; Allen and Angliss 2015; J. Mac-
Cracken, USFWS, pers. comm.). These harvests have been corrected for struck
and lost animals using data from Fay et al. (1994), who found an average struck
and lost rate of 42%. The United States estimates are also corrected for non-
compliance with reporting requirements. There is no information to suggest that
illegal hunting is a significant management concern for Alaska, although charges
have been laid in regard to trade in walrus parts (Shadbolt et al. 2014).

At present, the USFWS is responsible for management and conservation of the
Pacific walrus in the USA. This authority was transferred to the USFWS from the
State of Alaska in 1972 when the Marine Mammal Protection Act (MMPA) was
implemented (USFWS 1994; Garlich-Miller et al. 2011; Shadbolt et al. 2014).
Prior to this, walrus hunting was regulated by the State of Alaska.

Walruses are protected under the MMPA, and only qualified coastal-dwelling
Alaska Natives are permitted to hunt Pacific walruses (USFWS 1994; Shadbolt

et al. 2014). They can hunt for subsistence purposes or for making and selling
authentic Native craft products, provided the harvest is not wasteful. The MMPA
also has provisions for cooperative management agreements with Alaska Native
organizations to provide for co-management of subsistence use (USFWS 2014).
The USFWS signed a formal co-management agreement with the Eskimo Walrus
Commission (EWC) in 1997 (Garlich-Miller et al. 2011; USFWS 2014 - see Ap-
pendix C of Shadbolt et al. 2014).

Provisions under the MMPA allowed states to re-assume management under
guidelines developed by Federal agencies. The State of Alaska briefly resumed
management of the Pacific walrus in 1972 with Federal provisions that limited
the harvest to 3,000 walruses per year. In 1977, residents of Togiak, AK, filed
a lawsuit against the United States arguing that their freedom to hunt marine
mammals granted in the MMPA could not be restricted by re-instituting state
conservation laws (Shadbolt et al. 2014). The court agreed and management
authority was transferred back to the USFWS in 1979 (USFWS 1994).

The Alaska Department of Fish and Game (ADFG) works in cooperation with the
USFWS and conducts research to complement projects undertaken by Native
organizations and the Federal government. The ADFG promotes co-management
of marine mammals with Alaska Native organizations (Shadbolt et al. 2014). A
conservation plan for walruses in Alaska was developed in 1994 to ensure that
they remain a sustained resource for coastal Native inhabitants of the region
(USFWS 1994; Shadbolt et al. 2014).
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Prior to the MMPA (1960 to 1972), state regulations imposed a harvest limit of
five female walruses per subsistence hunter per year, with no limit on the num-
ber of males (USFWS 1994). The MMPA provides for more liberal regulations,
and qualified Alaskan Natives are permitted to take walruses at any time of the
year for subsistence or handicraft purposes, without restrictions on sex, age, and
number of walruses, provided the harvest is not wasteful and the population is
not considered to be depleted (USFWS 1994; Shadbolt et al. 2014).

The US government is required to manage the walrus population within opti-
mum sustainable population (OSP) levels (USFWS 1994), which is defined by the
MMPA to be “the number of animals which will result in the maximum produc-
tivity of the population or the species, keeping in mind the carrying capacity of
the habitat and the health of the ecosystem of which they form a constituent
element”. Under the MMPA, the Native harvest cannot be restricted if the popu-
lation is above the level where net productivity is maximized and the harvest is
non-wasteful (USFWS 1994; Shadbolt et al. 2014). If the population is considered
depleted (i.e., the population falls below its OSP), then actions can be taken to
regulate the harvest (USFWS 1994; see MacCracken et al. 2014 and Shadbolt et
al. 2014 for additional details).

At present, there are no federally imposed quotas under the MMPA to regulate
walrus harvest limits, but some local management programs have been devel-
oped (Garlich-Miller et al. 2011). The communities of Gambell and Savoonga

on St. Lawrence Island have formed Marine Mammal Advisory Committees to
implement local regulations that limit the number of adult/sub-adult walruses
that can be killed per hunting trip. Another example is the harvesting rules set up
in the Walrus Island-State Game Sanctuary (Garlich-Miller et al. 2011) (also see
below re: Habitat Protection).

The USFWS administers two programs to monitor walrus hunting activities: the
Marking Tagging and Reporting Program (MTRP) and the Walrus Harvest Moni-
toring Program (WHMP) (Garlich-Miller and Burn 1999; Shadbolt et al. 2014).
The MTRP is a Federally mandated, year-round program that requires hunters to
present walrus tusks to USFWS representatives for tagging (Garlich-Miller and
Burn 1999). The ADFG conducted a harvest monitoring program in the 1960s
and 70s, which was taken over by the USFWS in 1980 (MMC 2003). The WHMP
is a co-management effort between the EWC and the USFWS, which was initially
run in four communities and currently operates in two (Garlich-Miller and Burn
1999; Shadbolt et al. 2014). Village residents are compensated by the USFWS for
collecting walrus harvest data from hunters after they return from hunting trips
(Garlich-Miller and Burn 1999). Harvest estimates are derived by the USFWS,
which integrates data from the MTRP and WHMP (MMC 2003). The two sources
of data are combined to calculate annual reporting compliance, correct for any
unreported harvest, and estimate total harvest. The USFWS uses the average an-
nual harvest over the past five years as an estimate of current harvest levels in the
USA and Russia (USFWS 2014 - also see Table 3). The Russian harvest data have
been collected through an observer program and a reporting program instituted
by the Russian Federation, however, this program is no longer active (J. Mac-
Cracken, USFWS, pers. comm.).

Under the MMPA, Alaska Natives are permitted to hunt walruses at any time of
the year, except at Round Island (Walrus Island-State Game Sanctuary) where
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a shorter autumn season is in place (USFWS 1994; Okonek and Snively 2005).
Most hunting in Alaska takes place in spring, when walruses are hunted on and
amongst ice floes in small boats (Garlich-Miller et al. 2011; Shadbolt et al. 2014).

Hahitat Protection

The MMPA emphasizes habitat and ecosystem protection, with goals that include
protection of essential habitats, including rookeries, mating grounds, and areas
of similar significance (Garlich-Miller et al. 2011). The typical seasonal distribu-
tion pattern, primary breeding areas, and locations of coastal haulouts in the
Bering and Chukchi seas are generally well known (e.g., see maps in Smith 2010;
USFWS 2014), but changes have been occurring in the past decade in response
to loss of sea ice (Jay et al. 2012; Demer 2016; C. Jay, United States Geological
Survey (USGS) pers. comm.) that require tracking.

Several important haulouts in Alaska are protected through private, state or
Federal land use designations. The State of Alaska created the Walrus Island
State Game Sanctuary in 1960, which includes Round Island (Garlich-Miller et
al. 2011). Round Island is managed by the ADFG, and regulations are in place

to protect the haulout there (Garlich-Miller et al. 2011). Access to the sanctu-

ary is tightly controlled and boat access within a three-mile radius of the island

is prohibited, although direct access to the island is authorized by permit and
restricted to a designated travel corridor. Pilots are also requested to avoid flights
below 5,000 feet above ground level. The creation of the Walrus Island State
Game Sanctuary prohibited walrus hunting in the Round Island area (Garlich-
Miller et al. 2011). In the early 1990s hunters from Bristol Bay petitioned to
reinstate subsistence access, which was granted, and in 1995 the Qayassiq Walrus
Commission (QWC) was formed. In September 1995, the USFWS entered into

a cooperative agreement with the ADFG, the QWC and the EWC to co-manage

a limited subsistence walrus hunt on Round Island (Okonek and Snively 2005).
Limited harvests are allowed, but the haulout site is otherwise protected in the
manner described above.

In 1980, the Alaska National Interest Lands Conservation Act created or ex-
panded National Parks and National Wildlife Refuges in Alaska, which included
the expansion of the Togiak National Wildlife Refuge (TNWR) (Garlich-Miller

et al. 2011). The TNWR protects walrus haulouts at Cape Peirce and Cape New-
enham. Access to Cape Peirce is tightly controlled through a permitted visitor
program, which requires that visitors remain out of sight, downwind, and at least
100 yards from walruses (Garlich-Miller et al. 2011). Cape Newenham has no
visitor program, as public access is extremely limited because of its proximity to
Department of Defense land and facilities.

In recent years, the number of walruses coming ashore in summer and fall
along the coastline of the Chukchi Sea in both Alaska and Russia has increased,
and mortalities have occurred from disturbance events in both countries
(Garlich-Miller et al. 2011; Garlich-Miller (ed.) 2012; USFWS 2014). Walruses
are expected to become increasingly dependent on these coastal haulouts, and
efficient management efforts to mitigate anthropogenic disturbances and associ-
ated mortality at these sites will be an important factor in walrus conservation.
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Disturbances are expected to be greater at terrestrial haulouts than in offshore
pack ice habitats, since the level of human activity (e.g., hunting, fishing, boat-
ing, air traffic) is much greater along the coast (Kochnev 2004; WWF 2010).
Growing awareness of walrus sensitivity to disturbance at coastal haulouts has
prompted the development of proactive local conservation and management
initiatives (EWC 2008; Kavry et al. 2008; WWF 2010; Garlich-Miller et al. 2011;
Garlich-Miller (ed.) 2012). In some cases, mortalities have been kept to a mini-
mum through efforts of local villagers to reduce disturbance (Garlich-Miller et al.
2011). Modelling suggests that effective mitigation of potential stressors such as
disturbance related mortalities at coastal haulouts could influence future popula-
tion outcomes (Garlich-Miller et al. 2011).

The USFWS has also developed guidelines in conjunction with the Federal Avia-
tion Administration to reduce human caused disturbances at terrestrial haulouts
in Bristol Bay and along the Northwest coast of Alaska (Garlich-Miller et al 2011).
Similar coordination has occurred with the United States Coast Guard, the North
Pacific Fisheries Management Council, and the State of Alaska to develop a no-
tice to mariners requesting that marine vessel operators avoid transiting, fishing,
tending, or anchoring within 0.5 — 1.0 mile (depending on vessel size) of walrus
haulouts (J. MacCracken, USFWS, pers. comm.).

Oil and gas exploration and development, commercial fishing, and commer-

cial shipping are currently limited in scope, intensity, and extent and are not a
substantial concern with respect to walrus habitat impacts (Garlich-Miller et al.
2011). In recent years, there have been a number of seismic surveys conducted
in the oil and gas lease sale area in the northeastern Chukchi Sea (USFWS 2014;
NOAA NMFS 2016a). In summer, a large portion of the walrus population
migrates into this region, which is considered particularly important habitat for
female walruses with dependent young - especially the Hanna Shoal area. The
USFWS monitors and mitigates potential impacts of oil and gas activities on wal-
ruses through Incidental Take Regulations (ITR) as authorized under the MMPA
(in the MMPA, “Take” is defined to include the harassment of marine mammals,
which is defined very broadly) (Garlich-Miller et al. 2011; USFWS 2014; NOAA
NMFS 2016a). Companies must adopt measures to ensure that impacts to wal-
ruses and their habitats are minimized and that there are no unmitigable adverse
impacts on walrus availability for subsistence use (USFWS 2014; NOAA NMFS
2016a). Oil and gas exploration is considered to pose a relatively minor threat

to the Pacific walrus population, although a large oil spill could have significant
impacts (Garlich-Miller et al. 2011). Current ITR also provided special consid-
erations to limit potential impacts to walruses using the Hanna Shoal area. Oil
and gas lease permits in state managed waters also contain specific requirements
designed to protect walruses and their habitats (USFWS 2014).

In the United States there are numerous acts and regulations applicable to wal-
rus management and conservation, such as the Marine Protection, Research and
Sanctuaries Act, which is designed to protect coastal marine habitats (Garlich-
Miller et al. 2011). These acts are not discussed in detail here, but are summa-
rized elsewhere (Garlich-Miller et al. 2011; Shadbolt et al. 2014).
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INTERNATIONAL AGREEMENTS

Regulations governing international trade identify illegally obtained products
and encourage member countries to have a sustainable quota system (Wiig et al.
2014). Scientists in Canada and Greenland cooperate regarding assessments of
shared stocks in the CHA-NWG and CCA-WG populations (Figure 3) but there is
no formal agreement between the countries for the management of these stocks
(Wiig et al. 2014). Brief summaries of some of the key international agreements
that affect walrus conservation follow.

Convention on the Conservation of European Wildlife and Natural Habitats
(Bern Convention)

The Bern Convention is an international agreement between governments for
nature conservation that covers most of the European Continent and parts of
Africa (Council of Europe 1979). It lists the walrus on Appendix II, which identi-
fies “Strictly protected fauna species”, and under Article 6 requires signatories
to “take appropriate and necessary legislative and administrative measures
to ensure the special protection of the wild fauna species specified in Appendix
IT”. Norway is the only signatory country that normally has walruses within its
jurisdiction, and the waters of Svalbard and Jan Mayen where they occur are
not included under the convention (Wiig et al. 2014). Norway has committed to
a nature protection policy that is consistent with the Convention for these areas
but what this means for walrus management is unclear. Russia and Greenland
are not signatories to the Convention.

Convention on the International Trade in Endangered Species (CITES)
(Washington Convention)

CITES is an international agreement between most governments worldwide that
aims to ensure that international trade in specimens of wild animals and plants
does not threaten their survival (Anon. 1973). It lists walruses in Canada on
CITES Appendix I1I, which requires that a CITES export permit verifying their
origin be issued before walrus parts and derivatives can be exported between
countries. A CITES review in 1987 concluded that increasing the level of protec-
tion for walruses in Canada by listing them on Appendix II was not justified (Hall
2003).

CITES reviews by Greenland in 2011 (GINR 2011; Wigg et al. 2014), 2015 (Ugarte
2015), and 2016 (F. Ugarte, GINR, pers. comm.) concluded that the exploita-
tion of walruses in Greenland and export of walrus products from Greenland
are not detrimental to the walrus stocks in East Greenland and West Greenland.
The reviews also concluded that current exploitation from the latter, which is
shared with Canada, is sustainable because total removals have not exceeded
the estimated annual replacement yield. The same conclusion was reached for
the Northwest Greenland stock in 2011 and 2015. This changed in 2016 when
the Greenland review found that total removals from this shared population

by Greenland and Canada (CCA-WG population) might not be sustainable (F.
Ugarte, GINR, pers. comm.).
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The effectiveness of CITES for regulating and monitoring international trade in
walrus products is limited (Shadbolt et al. 2014). The data collected do not, for
example, provide a useful estimate of how many walruses are represented in in-
ternational trade. A single permit can cover one or many pieces, and the products
from a single animal may be included in one or many permits. Countries do not
have to prove that international trade is not detrimental to walruses in the wild
before issuing export permits. This makes it difficult to determine the impact of
international trade on the walruses, and whether items are sustainably sourced.
Modern ivory can be difficult to distinguish from fossil ivory, so it is sometimes
passed off as fossil ivory to circumvent the regulations. Few cases of illegal trade
have been recorded, making it difficult to assess the extent of the problem and to
target enforcement actions.

The European Union Wildlife Trade Regulations

CITES is implemented in the European Union (EU) through a set of Regulations
known as the EU Wildlife Trade Regulations, which came into effect in 1997 (EC
2014), These regulations are designed to ensure that the provisions of CITES are
implemented uniformly in all EU member states. This measure was needed to re-
duce opportunities for illegal wildlife trade in the absence of systematic internal
border controls within the EU (Taylor et al. 2012).

These regulations are more restrictive than those of CITES, as they allow trade

to be regulated by quotas or other restrictions (Witting et al. 2014). For example,
walruses are listed in Appendix B of the regulations, which means their products
require an import permit for the EU. In 2008 the Scientific Review Group, which
determines whether imports meet conservation conditions of the regulations, de-
cided that these conditions were not met by commercially caught walruses from
Greenland. This led to the suspension of imports of Atlantic walrus products
from these hunts into the EU from Greenland.

Eurasian Customs Union (ECU)

In 2007, Belarus, Kazakhstan and Russia established the Eurasian Customs
Union (ECU), which removed border controls between these countries, creating
an integrated customs area (Taylor et al. 2012; Vaisman et al. 2013). It allows
CITES listed species to be traded freely between the ECU countries. These coun-
tries are all parties to CITES but they have not established regulations to develop
a coordinated approach to controlling legal and illegal wildlife trade within the
ECU, as the EU has done with its European Union Wildlife Trade Regulations.
Other countries, including some that are not CITES signatories have expressed
interest in joining the ECU. While the ECU is not meant to affect CITES imple-
mentation and enforcement, removal of these internal border controls does
reduce opportunities for border control and enforcement, with implications for
wildlife trade.
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North Atlantic Marine Mammal Commission (NAMMCO)

NAMMCO is an international body that was formed by agreement among Faroe
Islands, Greenland, Iceland, and Norway in 1992 to foster cooperation on the
conservation, management, and study of marine mammals in the North Atlantic
(NAMMCO 1992). Many of the marine mammals in this region had not hitherto
been covered by such an international agreement. A Working Group on Walrus
provides advice on the species to the Scientific Committee, which responds to
requests from the Council, which is the decision-making body of the Commis-
sion (Wiig et al. 2014). Specialists from both member and non-member countries
(e.g., Canada, Russia, US) are invited to Working Group meetings to address the
topics under discussion.

Canada is not a member of NAMMCO but has been invited to participate in
meetings at all levels of the organization because it shares stocks of walruses and
other marine mammals with Greenland (Wiig et al. 2014). In 2010 NAMMCO
made recommendations to improve the management of these shared walrus
stocks, including that “A common management regime be established between
Greenland and Canada on shared stocks of walruses.” (NAMMCO 2011: 408-
409). Canada has also been encouraged to join NAMMCO to facilitate the man-
agement of shared stocks.

The Norwegian-Soviet Sealing Agreement of 1958

This bilateral agreement between Norway and Russia applies to waters of the
North Atlantic east of Kap Farvel, Greenland, in which nationals of the two
countries hunt seals, namely the Greenland and Norwegian seas, Denmark Strait
and the area of Jan Mayen Island, and the Barents Sea (Article I) (UN 1958). It
forbade the taking of walruses except under special licences that could be issued
for the taking of a limited number of adult male walruses, exclusively for the
needs of the local population and for expeditions, with the express proviso that
the raw materials thus obtained shall be used for food, animal feed and other
local domestic purposes. This Agreement confirmed the 1934 Soviet prohibition
of ship-based hunting, the 1952 Norwegian prohibition of all walrus hunting,
and the 1956 Soviet prohibition of all walrus hunting in the western Soviet Arctic
(Qritsland 1973).
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The International Union for the Conservation of Nature (IUCN)

The IUCN is an international organization comprised of both governmental and
non-governmental members that was established in 1948. Its mission is “to influ-
ence, encourage and assist societies throughout the world to conserve the integ-
rity and diversity of nature and to ensure that any use of natural resources is
equitable and ecologically sustainable.” (www.iucn.org/about/). The IUCN has
observer and consultative status at the United Nations, and plays a role in the
implementation of several international conventions on nature conservation and
biodiversity. One of its important products is the IUCN Red List of Threatened
Species, which uses a scientific approach to evaluate risk of extinction. While

the IUCN’s assessment of a species’ status may influence management decisions
within member states, there is no mechanism for their enforcement on mem-
ber states.

The IUCN Pinniped Specialist Group recently assessed the status of the Atlan-
tic and Pacific walrus subspecies separately (Lowry 2015; Kovacs 2016), and
the species-level assessment (Lowry 2016) combines those two analyses to
assess the global status. Atlantic walrus was listed as Near Threatened (Kovacs
2016) and Pacific walrus (including those in the Laptev Sea) as Data Deficient
(Lowry 2015). IUCN considered that all reasonable climate change scenarios
predict drastic changes to walrus habitats that will lead to population declines,
and this, combined with the limitations of the available abundance and trend
data, supported the listing of the species as Vulnerable under criterion A3c
(Lowry 2016). This criterion specifies a projected population size reduction of
30% suspected within the next three generations, based on a decline in qual-
ity of habitat. This is a change in the species status from the previous assess-
ment in 2008, when it was assessed as “Data Deficient” (Lowry et al. 2008).
The national Greenland IUCN red list has not been reviewed since 2007 (K.W.
Hansen, WWF Denmark, pers. comm.).
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In 2014, roughly 35,000 Pacific
walruses hauled out near Point
Lay, Alaska.
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CONSERVATION

Walruses are gregarious, provide valuable products
(meat, ivory), and have a narrow trophic niche

and restricted seasonal distribution. These factors
combine to make them vulnerable to overharvest and
environmental changes (Born et al. 1995).
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Hunting continues to be an important limiting factor for some walrus popula-
tions but industrial development and climate change may become increasingly
important. For example, shipping on a massive scale from iron mine develop-
ment may soon disrupt Atlantic walrus habitats in Hudson Strait and Foxe Basin
(Canada) year-round (NIRB 2012, 2014). Hydrocarbon exploration and devel-
opment has the potential to affect Atlantic walruses east and west of Greenland
(Mosbech et al. 2007; Boertmann et al. 2009a, 2013; Frederiksen et al. 2012;
Merkel et al. 2012) and in the Barents Sea (Boltunov et al. 2010; Lydersen et al.
2012; Semyonova et al. 2015). Loss of sea ice is helping to enable these activities
and others such as ship-based tourism (e.g., Stewart and Dawson 2011; Wiig et
al. 2014).

The status review compiled for the Pacific walrus in response to a petition to list
the subspecies under the U.S. Endangered Species Act, provides a comprehen-
sive analysis of stressors affecting the Pacific walrus at that time and stressors
that are anticipated to become more important in the future (Garlich-Miller et
al. 2011). The primary current and emerging conservation threats identified by
Garlich-Miller et al. (2011) and USFWS (2014) were (in order of importance) sea
ice loss, hunting, haulout mortalities, shipping, and disease. Ocean acidification
was too uncertain to rank at the time of the review. In 2017 the USFWS revised
the assessment, which was the basis for its determination that the Pacific wal-
rus does not warrant listing as threatened or endangered under the ESA (Mac-
Cracken et al. 2017; USFWS 2017). Stressors associated with oil and gas devel-
opment are not currently a factor; hunting removals and haulout disturbances
have declined; and shipping is greater than in the past but has also declined since
2013—2014. The magnitude of ice loss and resiliency of Pacific walruses to this
change remain uncertain.

The conservation threats to walruses from human activities stem primarily from
hunting, chemical releases, physical alteration of habitat, disturbances, and non-
indigenous species introductions. Each of these stressors can also interact with
climate change, which human activities also contribute to (IPCC 2014), and some
may combine to have cumulative effects. Some can cause direct mortality, others
may reduce fitness through contaminant loading, social disruption, displacement
or confinement, injury, parasites or diseases, or nutritional changes stemming
from food chain alteration. In combination, these effects can reduce walrus abun-
dance, thereby having ecological impacts on predator and prey species, and have
socio-economic costs by affecting hunting, tourism, and trade in handicrafts.

Protection of walruses from anthropogenic impacts other than hunting gener-
ally focuses on large-scale industrial activity (Wiig et al. 2014). In many areas
the level of protection afforded walrus habitat depends entirely on the rigor with
which Environmental Impact Assessments for these activities are conducted. The
effectiveness of environmental protection regulations depends on industry com-
pliance and the management authorities’ ability to enforce compliance, which
can be challenging in the remote areas occupied by walruses.

The discussion that follows is organized by threat, beginning with subsistence
hunting for Atlantic and Pacific walruses, then research and live capture, indus-
trial development, interactions with fisheries, habitat alteration, disturbances,
ship strikes, pollution, species introductions, and climate change.
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SUBSISTENCE HUNTING

Walrus hunts have traditionally provided important staples in the subsistence
economies of the regions they occupy. These hunts are still of great social and
cultural significance to indigenous peoples in Canada, Greenland, Alaska (USA)
and Russia, and the economic value of the meat (in terms of replacement with
store-bought foods) and ivory is substantial. In Canada, for example, the high
cost of replacing country (traditional local) foods with those purchased from the
store, the market for fermented walrus meat (igunak), the wish to obtain ivory to
sell or carve, and the perceived benefits of traditional hunting activities are fac-
tors acting to maintain walrus harvests despite the high costs of hunting (Ander-
son and Garlich-Miller 1994; Loring 1996; Gustavson et al. 2008; D.B. Stewart et
al. 2014a).

Atlantic Walruses

In Canada, there has been a general shift in Atlantic walrus distribution away
from human communities to areas that are less accessible (Kopaq 1987; Born

et al. 1995; Kuppaq 1996; Immaroitok 1996; Paniaq 2005). This is not a new
phenomenon and is related to changes in technology (Brody 1976), beginning
with the introduction of whaleboats in the 1920s, which extended hunting ranges
and enabled open-water hunting; accelerating with the introduction of motor-
ized technology ca. 1940-60; and continuing as the range and speed of boats
increases (see also Crowe 1969; Beaubier 1970; Orr et al. 1986). The extent to
which distributional changes reflect declines as opposed to shifts is not always
clear (DFO 2002). Changes in socio-economic conditions in Arctic Canada and
Greenland (and the use of snowmobiles instead of dog teams in Canada) since
the 1960s have led to reduced walrus harvests, despite increasing human popula-
tion growth (D.B. Stewart et al. 2014a; Wiig et al. 2014).

Data on the historical harvests of Atlantic Walruses from Canadian waters are
incomplete and vary widely in quality (see D.B. Stewart et al. 2014a, which elabo-
rates on their sources and quality). The Walrus Protection Regulations under

the Fisheries Act (Canada Privy Council 1980: P.C. 1980 -1216) enacted in 1980
reduced the number of walruses “an Indian or Inuk” could hunt and kill in one
year from seven to four, except where annual community quotas were scheduled
instead (Coral Harbour: 60, Sanikiluaq: 10, Arctic Bay: 10, and Clyde River: 20,
all in Nunavut). Canadian harvest data summarized in Table 3 were gathered
mostly by DFO and by Makivik Corporation’s Nunavik Research Centre. The data
were not corrected for hunting losses and do not include information on the age
or sex composition of the catch (D.B. Stewart et al. 2014a).

When the removal rates of walruses are determined, uncertainties in the report-
ed landed harvest are compounded by uncertainty in loss rates (animals injured
or killed but not secured) (D.B. Stewart et al. 2014a). Few estimates of loss rates
exist for subsistence hunts and none for sport hunts. The existing loss rate data
(Perey 1961; Freeman 1969-70, 1974-75; Beaubier 1970; Orr et al. 1986) are
over 25 years old and may not reflect current hunting practices. Lower loss rates
were observed at open water hunts in the Avanersuaq (Thule) area of northwest
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Greenland (15-25%; Born and Kristensen 1981 cited in Born et al. 1995). Cana-
dian Inuit hunters believe loss rates to be much lower (~5%) (DFO 2013a).

The hunting mortality that Atlantic walrus populations can sustain is not known.
Estimates of sustainable yield range from 3 to 5% for a population that is be-
tween 59 and 91% of carrying capacity (DeMaster 1984). DFO uses the potential
biological removal (PBR) method to estimate Canadian total allowable removals
(TAR) as a step to estimating sustainable harvest levels. It is not known where
Canadian stocks stand in relation to their carrying capacities so DFO has been
using a conservative recovery factor (Fr) of 0.5 for most management stocks
when calculating PBRs, which by definition include all human-caused mortality
(Stewart and Hamilton 2013). A recovery factor of 1.0 has also been used to cal-
culate PBRs for walruses in Foxe Basin (Hammill et al. 2016a). In the absence of
sustainable yield information specific to Atlantic walruses, DFO has been using a
maximum replacement rate (Rmax) of 0.07, based on the instantaneous growth
rate of 0.067 from a fast-growing Pacific Walrus population in the Russian Chuk-
chi Sea (Sease and Chapman 1988:23). A replacement rate of 0.08 has been used
to study the demography of Pacific walruses (Taylor and Udevitz 2015), to model
the population dynamics of Atlantic walrus populations in Greenland (Witting
and Born 2014), and to estimate total allowable removals of walruses in Foxe
Basin (Hammill et al. 2016a). Predictions of sustainable removal for Atlantic
walruses in the eastern Canadian Arctic are tentative as the population estimates
they rely upon are incomplete, hunting pressures and loss rates are uncertain,
other sources of mortality (e.g., ship strikes or net entanglements) are unknown,
and the Rmax may not be appropriate.

Using the PBR method, DFO has estimated TARs for six walrus stocks (DFO
2013b; Stewart and Hamilton 2013; Hammill et al. 2016b). The Canadian High
Arctic - Northwest Greenland population (three stocks) appears able to sustain
current Canadian removal rates but is also hunted in Greenland, where the 2016
CITES review found total removals may not be sustainable (F. Ugarte, GINR,
pers. comm.). A better understanding of walrus movement patterns and total
hunting mortality (i.e., including animals that are stuck and lost) is needed to as-
sess the sustainability of the combined harvests (DFO 2013b). Removals may not
be evenly partitioned among the three putative stocks. The ability of the Canadi-
an Central Arctic - West Greenland population to sustain current hunting remov-
al rates is uncertain, due to uncertainty in the abundance and survival estimates.
Some walruses that summer in Canada winter in Greenland waters and may be
hunted in both jurisdictions. The Greenland 2016 CITES review found that total
removals from the shared South and East Baffin-West Greenland stock (of the
CCA-WG population) are sustainable (F. Ugarte, GIRN, pers. comm.). Estimates
of the total allowable removals for walruses in Foxe Basin vary widely depending
upon how the abundance and PBR are calculated (DFO 2013b; Hammill et al.
2016a). Again, the partitioning of harvests among management stocks is un-
known (DFO 2013b). The ability to sustain current hunting removal rates from
the Canadian Low Arctic population is also uncertain. It is unknown whether this
population is homogeneous, consists of discrete stocks, or is part of the CCA-WG
population (see also Hammill et al. 2016b; COSEWIC in press).

The subsistence hunting of walruses in east Greenland was considered sustain-
able by the 2016 Greenland CITES review (F. Ugarte, GINR, pers. comm.). The
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Svalbard-Franz Josef Land walrus population (Wolkers et al. 2006) and Atlantic
walruses in the Kara Sea-Barents Sea-Novaya Zemlya population (Anon. 1982;
Shadbolt et al. 2014) are completely protected from hunting.

Pacific walruses

The primary source of human-caused mortality for Pacific walruses is subsistence
hunting, in both the United States (Alaska) and Russia (Chukotka); hunting of
walruses in the Laptev Sea has been prohibited since 1982 (Anon. 1982; Shadbolt
et al. 2014). Over the past 60 years the Pacific walrus population has sustained
Stretching ofwalrushide at Savoonga S 14w estimated annual harvest removals ranging from 3,184 to 16,127 animals (mean
okevnsenaier e = 6,440) (USFWS 2014: Fig. 2). Harvest levels since 2006 are 5 to 68% lower
than the long-term average. Recent reductions in harvest levels largely reflect
changes in walrus distribution and access by hunters (USFWS 2014; Allen and
Angliss 2015; J. MacCracken, USFWS, pers. comm.). Factors affecting harvest
levels include the cessation of Russian commercial walrus harvests after 1991,
changes in political, economic, and social conditions of subsistence hunters
in Alaska and Chukotka; and effects of variable weather and ice conditions on
hunting success (Allen and Angliss 2015). Hunters state that more frequent and
severe storms are affecting hunting effort (EWC 2003; Oozeva et al. 2004; US-
FWS 2014). For example, the 2013, 2014, and 2015 walrus hunts at St. Lawrence
Island (AK) was hampered by unusually windy, cold, wet weather coupled with
sea ice that was packed tightly around the island (Caldwell 2013; J. MacCracken,
USFWS, pers. comm.). Only about 340 walruses were caught in 2013, down from
an annual average of about 1,200 over the previous decade, resulting in the State
of Alaska declaring a subsistence economic disaster for St. Lawrence Island,
which was expanded to Diomede and Wales in 2015.

The USFWS uses the average annual harvest over the past five years as a repre-
sentative estimate of current harvest levels. The U.S. annual harvest is estimated
using data collected by direct observation and through a statewide regulatory
and reporting program (USFWS 2014; Allen and Angliss 2015). These two data
sources are combined to calculate annual reporting compliance and correct for
unreported harvests. The total U.S. subsistence harvest is the sum of reported
and estimated unreported harvests. Harvest estimates in Russia were collected
through an observer program and a government-sponsored reporting program.
To estimate total removals the estimated number harvested is multiplied by 1.72
to adjust for struck and lost walruses (i.e., those killed or wounded but not re-
trieved) (USFWS 2014). This factor is based on data collected from 1952 to 1972,
when 440 (58%) of the walruses struck with one or more bullets were retrieved
and 318 (42%) were lost (Fay et al. (1994). While equipment and hunting tech-
niques have improved since then, this estimate remains the best available for Pa-
cific walruses (USFWS 2014). About 55% of the animals struck and lost in Alaska
died immediately and most of the wounded died shortly after being struck (Fay et
al. 1994), so all walruses that have been shot with a firearm are assumed to have
been mortally wounded. The current accuracy of this struck and lost correction
factor is unknown (USFWS 2014; Allen and Angliss 2015).

Harvests from 2003 to 2007 are summarized in Allen and Angliss (2015), and
2006-2010 harvests are summarized in USFWS (2014) (the two source tables
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Researchers test walrus biopsy
sampling equipment.
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provide slightly different data formats). Estimated harvest mortality for the
2003-2007 five-year period ranged from 4,960 to 5,457 walruses per year (Allen
and Angliss 2015). Estimates for the 2006-2010 period, as reported in USFWS
(2014), show a wider range, from 3,828 to 6,119 walruses per year. The 2010-
2015 range is 1,708-2,126 (J. MacCracken, USFWS, pers. comm.). Sex ratios of
the harvest have been 1.55:1 or 1.3:1 males to females for the U.S. component,
depending on 5-year period, and 3.76:1 or 3.5:1 for the Russian walrus harvest
(Allen and Angliss 2015; USFWS 2014). Overall, population-level removals are
biased to males at a ratio of ca. 2.5:1.

Despite the extensive data on Pacific walrus harvests, estimates of absolute popu-
lation size and population trend are uncertain due to the bias and imprecision in
estimated population sizes over time (Hills and Gilbert 1994; Taylor and Ude-
vitz 2015). Largely because of unreliable abundance estimates, the proportion

of the population that is being harvested each year is not known with certainty,
although based on the 2006 estimate of 129,000, as a minimum population esti-
mate, harvest is at <4% of the population. Walruses have a =15 month gestation
that extends through the following breeding season, precluding a full-term calf
from being born more frequently than once every 2 years (Fay 1982). Because of
their low reproductive rate and a long life span the natural survival of walruses
is believed to be high, but it has not been directly estimated (Taylor and Udevitz
2015). If the population declines in response to other factors, such as sea ice loss,
harvesting the same number of walruses annually could increase the effective
harvest rate and exacerbate population declines (Jay et al. 2011).

RESEARCH AND LIVE-CAPTURE

No mortalities or serious injuries were associated with research activities on Pa-
cific walruses (satellite-tagging, biopsy sampling) conducted from 2003 to 2015,
but one calf died in 2011 when walruses at the Point Lay, Alaska haulout cleared
the beach as USGS researchers and local guides boated past (USFWS 2014; Allen
and Angliss 2015; J. MacCracken, USFWS, pers. comm.). Four orphaned calves
were rescued from the wild and placed on public display between 2003 and 2007
(Allan and Angliss 2015). Up to 52 calves were captured in Russia and placed on
public display from 2006 to 2010, and another 3 calves were found on a beach in
Alaska in 2012 and taken into captivity (USFWS 2014).

INDUSTRIAL DEVELOPMENT

Atlantic walruses in Canada will be exposed to new industrial activities (DFO
2013b), including greatly increased shipping associated with reduced ice and
increased exploration and extraction of minerals and hydrocarbons in the Cana-
dian Arctic (Smith and Stephenson 2013). For example, the Baffinland Iron Mine
project, which the Nunavut Impact Review Board’s environmental impact assess-
ment concluded could proceed (see NIRB 2012), would greatly increase shipping
traffic, both in frequency of passages and seasonal extent (12 months) through
Hudson Strait and Foxe Basin (BIMC 2012). It has begun shipping up to 4.2 mil-

State of Circumpolar Walrus Populations 55



56

lion tonnes of iron ore through Davis Strait, Baffin Bay, Pond Inlet, and Eclipse
Sound annually during the open water period, and has proposed to increase iron
ore shipping via Milne Port from to 12 million tonnes per year (NIRB 2015).
Many other mineral deposits that require shipping are also in various stages of
exploration and/or development in the Canadian Arctic (Gavrilchuk and Lesage
2014; NIRB 2014).

Inuit in the Belcher Islands of southeastern Hudson Bay, Canada have expressed
concern that hydroelectric developments are reducing winter currents, and
contributing to heavier ice conditions that harm overwintering marine birds

and mammals (Federal Review Panel for the Eastmain-1-A Diversion Project
2006:346; Stewart and Hamilton 2007). Fresh water released to meet winter
power demands may be diluting the offshore surface waters, enabling ice to form
more rapidly and entrap wildlife (J. Heath cited in George 2013). Such formation
might reduce wintering success of the Canadian Low Arctic walrus population.

Future large-scale exploration for hydrocarbons is probable west and east of
Greenland. Exploration activities in eastern Baffin Bay, offshore northwestern
Greenland, have the potential to adversely impact the Baffin Bay walrus stock
(Boertmann et al. 2009a); in southeastern Baffin Bay, Davis Strait and the
northern Labrador Sea offshore Greenland have the potential to adversely impact
the South and East Baffin-West Greenland walrus stock (Mosbech et al. 2007;
Frederiksen et al. 2012; Merkel et al. 2012; Boertmann et al. 2013); and offshore
northeastern Greenland have the potential to adversely impact the East Green-
land walrus population (Boertmann et al. 2009a). There is also interest in lead-
zinc mine development in East Greenland that would involve shipping (M. Frost,
WWF Greenland, pers. comm.). Svalbard and the northern part of the Barents
Sea (north of Bear Island) currently have little industrial activity and petroleum
related activities are still not allowed (Wiig et al. 2014).

Threats to Atlantic walruses in Russian waters are currently related mostly to
development of oil and gas fields. In Franz Josef Land, most of the walrus range
is protected within the Franz Josef Land Federal State Zakaznik (Wildlife Re-
serve) but the area immediately south of the zakaznik may soon be exposed to
hydrocarbon development (M. Gavrilo, RANP, pers. comm.). In the southeastern
Barents Sea (or Pechora Sea) and southwestern Kara Sea extensive petroleum
exploration, development, production, and transport are ongoing (Boltunov et
al. 2010; Chernook et al. 2012; Lydersen et al. 2012:1555; Semyonova et al. 2015;
M. Gavrilo, RANP, pers. comm.). Shelf areas of both seas are being prospected
for petroleum deposits and licenses have been issued in areas next to or overlap-
ping important walrus habitats (M. Gavrilo, RANP, pers. comm.). Shipping along
the Northern Sea Route is increasing to support these activities and to transport
oil, gas and other mineral resources from Siberia to Western Europe. Risks to
walruses and their prey from these industrial activities are not well understood
and require more thorough research and monitoring of these animals. Lydersen
et al. 2012:1555). A 15-mile exclusion zone on the development of onshore and
offshore infrastructure, applying to the haulouts and surrounding water and
shoreline, has been recommended to protect walruses on the Vaigach (Lyamchin
Peninsula), Matveyev, Britvin, and Pukhovy islands (southern Novaya Zemlya);
and on the Oranskiye islands, and Cape Konstantin (northern Novaya Zem-

lya) which, as part of the National Park, already have a 12-mile protected zone
(Semyonova et al. 2015; M. Gavrilo, RANP, pers. comm.).
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Shelf regions of the Laptev Sea are polluted by a number of inland industries

and activities (Tsyban et al. 2005). River run-off and atmospheric transport play
an important role in marine pollution. Sources of pollution include oil and gas
exploration and production, inland water and sea transport, ore mining and
processing, accidental oil spills and discharges, and effluent from towns and
settlements situated on the coast and along rivers such as the Lena River (Tsyban
et al. 2005). With the extended ice navigation season ships tend to use polynyas,
which are vitally important habitat for walruses that overwinter in the Laptev Sea
(M. Gavrilo, RANP, pers. comm.).

0Oil and gas exploration blocks in the Chukchi Sea overlap with shallow, produc-
tive, ice covered habitat used by a significant proportion of the Pacific walrus
population each summer (Garlich-Miller et al. 2011). The waters of the eastern
Chukchi Sea are considered particularly important habitat for female walruses
and their dependent young. In 2009, 2010, and 2011 a number of seismic surveys
were conducted in the lease sale area (USFWS 2014). The USFWS monitors and
mitigates potential impacts of oil and gas activities on walruses through inciden-
tal take regulations (ITR) as authorized under the MMPA (USFWS 2014; Allen
and Angliss 2015). These regulations require measures to ensure that impacts to
walruses remain negligible, minimize habitat impacts, and eliminate adverse im-
pacts on walrus availability for subsistence use. The current ITRs were renewed
in 2013 for another five years (USFWS 2014). The Hanna Shoal area seems to be
particularly attractive to walruses summering in the Chukchi Sea, and the cur-
rent ITRs also provide special considerations to limit potential impacts to wal-
ruses utilizing this area (USFWS 2014). Current levels of oil and gas exploration
are considered to pose a relatively minor threat to the Pacific walrus population
(USFWS 2011), but a large oil spill could significantly impact the population de-
pending on timing, location, amount and type of oil, efficacy of response efforts,
etc. (USFWS 2014).

Decreases in summer sea ice extent may lead to increased opportunities for com-
mercial shipping through the Arctic, leading to increased risk of disturbance,
habitat modification (e.g., through ice-breaking), and increased risk of spills

and discharge of pollutants (Tynan and Demaster 1997; Moore 2005; Laidre

et al. 2008; Garlich-Miller et al. 2011). Transits through the Bering Strait have
increased significantly in recent years and are currently outpacing regulatory
efforts to define shipping channels, seasons of use, and mitigation measures (US-
FWS 2014). Commercial shipping is expected to increase in the future, but ship-
ping is not currently impacting the Pacific walrus population to any great degree
and is not expected to be a major source of mortality in the future (Garlich-Miller
et al. 2011; USFWS 2014).

INTERACTIONS WITH FISHERIES

Direct conflicts of Pacific walruses with fisheries for other species are uncommon,
and mortality and serious injury from these interactions is considered insignifi-
cant (< 2 mortalities/year in Alaskan fisheries) (Lowry et al. 2008; USFWS 2011,
2014; Allen and Angliss 2015). However, disturbances caused by fisheries that
overlap walrus habitats could displace walruses from their preferred feeding
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Research helicopter, Svalbard.
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habitats, cause them to abandon haulouts, and interfere with their communica-
tions (COSEWIC in press). At present, this is unlikely be a significant problem.
Arctic fisheries are also unlikely to compete directly with walruses for food or to
cause significant damage to their feeding habitats due to a variety of economic
and environmental factors. Fish stocks in the Laptev Sea are not large enough to
support the establishment of a large industrial fishery (Tsyban et al. 2005). There
are no known interactions of the Svalbard-Franz Josef Land walrus population
with commercial fisheries (Wolkers et al. 2006).

HABITAT ALTERATION

Walruses are vulnerable to the loss of both terrestrial and ice habitats. They
require access to suitable terrestrial haulouts when suitable ice platforms are
absent, and vice versa. Human activities, such as port construction that alter
shorelines in the vicinity of terrestrial haulouts or shipping that changes the
quality or presence of sea ice, risk driving walruses from an area. Fragmentation
of sea ice can have ecological consequences (Sahanatien and Derocher 2012). It
could affect habitat use by walruses during low ice years when pack ice for haul-
ing out is limited, or alter breeding habitat. There may also be a risk of walrus
mortalities from following ship tracks through the ice if these tracks then freeze,
or of mortalities or injuries from crushing by shifting ice. Walruses may not be
able to penetrate refrozen ship tracks and these tracks can provide rough ice in
which polar bears may hide more easily.

The potential effects on walruses of long-term exposure to year-round shipping
that has been approved to support iron ore development on Baffin Island are
unknown. This vessel traffic could disrupt ice environments in Hudson Strait and
Foxe Basin and affect the Canadian Central Arctic - West Greenland population.
Shipping for non-renewable resource development projects that are in various
stages of exploration and development could impact other populations in the
future.

DISTURBANCES (NOISE, SMELL, SIGHT)

Walruses are sensitive to disturbances caused by human activities and other
sources. Their response to disturbance may affect population dynamics by caus-
ing stampedes, interfering with feeding and increasing energy expenditures—
particularly on the part of calves, and by masking communications, impairing
thermoregulation and increasing stress levels (Stewart et al. (ed.) 1993). Wal-
ruses have poor eyesight but fairly acute hearing and an acute sense of smell
(Loughrey 1959). They can probably distinguish large moving objects such as
boats visually at a distance of ~60 m but were unable to identify a stationary
person within 6 m unless they were silhouetted. Atlantic walruses will reply to
hunters imitating their vocalizations from a distance of ca. 1 km (Loughrey 1959).
They detected the sound of a Bell 206 helicopter up to 8 km away, oriented
toward the sea when it was within 1.3 km and sometimes escaped into the water
immediately thereafter (Salter 19779a). Pacific walruses dispersed when a jet air-
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craft passed overhead at an altitude of about 9gooo m (Okonek et al. 2009), and
when a plane flew within 800 m (Okonek et al. 2010). Walruses seem to rely on
their sense of smell to warn of danger (Loughrey 1959). When approached from
upwind they will stampede into the water before the threat (e.g., person) can be
seen.

Reactions to vessel noise vary depending upon the animals’ previous experiences
(Born et al. 1995). Those from hunted populations tend to be skittish when ap-
proached by boats but when asleep can sometimes be approached within 10-20
m. Ice breaking activities caused Pacific walruses to enter the water: females

and calves when the ship was within 500-1000 m and males when it was within
100—300 m. They moved 20—25 km away from the disturbance if it continued,
but returned after it stopped. The effects, if any, of pulsed noise from seismic
exploration are unknown, as is the ability of walruses to habituate to noise.
Underwater noise might disrupt the transmission of important sounds made by
walruses, such as vocalizations during the breeding season and mother-calf com-
munications (Moore et al. 2012; Stewart et al. 2012).

Walruses at dense coastal haulouts are particularly vulnerable to disturbances,
including low-level aircraft overflights and near-shore passage of vessels that can
cause mortality from stampedes (Fay and Kelly 1980; Ovsyanikov et al. 1994;
Kavry et al. 2006, 2008). Such mortalities also occur from natural sources (poor
condition, old age, injuries, predation, thunder storms, etc.) at an unknown back-
ground level (USFWS 2014). Mortalities due to human-caused stampedes are
hard to quantify, as most events are observed after the fact or go undetected (Fay
and Kelley 1980; Fischbach et al. 2009). Haulout mortalities have been docu-
mented in both Russia and Alaska in recent years (Fischbach et al. 2009; USFWS
2014). Haulout protection programs in Russia and Alaska may be a successful
management tool for reducing disturbance-related mortalities (USFWS 2014).

Young animals and those in poor condition are particularly vulnerable to tram-
pling if herds are stampeded onshore or offshore (Kavry et al. 2006, 2008).
Pacific walruses sometimes haul out in very large numbers along the Chukotka
coast on Cape Vankarem (30,000 walruses) and Cape Kozhenikov (40,000), and
nearby on Karkapko Islet (1,000). The majority of these animals are females and
calves. In autumn 2007, disturbance by humans who approached too close was

a major contributor to unprecedented high mortality of walruses in the vicinity
of capes Kozhenikov (577 carcasses) and Venkarem (>200) (Kavry et al. 2006,
2008; Arnbom 2009; T. Arnbom, WWF Sweden, pers. comm.). A similar mortal-
ity event occurred in 2008 (Arnbom 2009). At St. Lawrence Island in the Bering
Sea where at least 537 Pacific walruses died in October-November 1978, tram-
pling may have been one cause of the mortality (Fay and Kelly 1980). Some of the
animals examined had been attacked by killer whales (Orcinus orca), which may
have stampeded the large herd ashore, resulting in death by trampling of smaller
or weaker individuals. About 400 carcasses also washed ashore from various
sources and about 15% of the total mortality consisted of aborted foetuses. The
latter likely resulted from physical trauma but an infectious or toxic agent could
not be ruled out. Mortality on such a scale has not been reported for Atlantic
walruses, but stampedes do cause some mortality (Loughrey 1959). Prolonged or
repeated disturbances may cause walruses to abandon a haulout (Salter 1979a).
Haulout disturbances are a particular concern in areas where ship-based tourism
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is occurring, such as Svalbard and Canada (Wiig et al. 2014).

Ship-based tourism is relatively recent in Franz Josef Land and in Severnaya
Zemlya where it is less common (M. Gavrilo, RANP, pers. comm.). In 2015, a
marine border checkpoint was established in Franz Josef Land, enabling direct
passage of cruise ships from Svalbard and increasing traffic. Cruise ships bring
thousands of visitors to the coastal areas, and walrus watching is one of the main
attractions. Disturbance by tourism may have serious negative impacts on wal-
ruses using the haulouts, especially in Franz Josef Land, at Victoria Island, and
in northern Novaya Zemlya where many females and calves are present.

SHIP STRIKES

The threat of mortality or injury from ship strikes is uncertain (D.B. Stewart et al.
2014b). Walruses are quick and maneuverable in the water and should be able
to detect and avoid vessels approaching in open water. Icebreaking may repre-
sent a bigger threat, especially during the breeding season when animals may
be clustered, males are aggressively defending territories, and escape options
are limited by ice. The species’ gregarious nature and vigorous defense of calves
©WWF/sindre Kimered  may cause individuals or groups to challenge ships, which could lead to injury
or possibly mortality if they are struck, trapped by ice, or entrained by propeller
suction. In many areas, walruses will have limited experience with ship passage,
particularly in winter. Whether this unfamiliarity will make them more or less
apt to avoid ships is unknown. Marine mammal observations from Arctic ship-
ping as part of environmental impact assessment and monitoring may provide
the data needed to properly assess this threat.

POLLUTION

The effects of chemical contaminants on walruses are largely unknown because
the animals are large, isolated, and difficult to study experimentally (e.g., Wage-
mann and Stewart 1994; de March et al. 1998; Fisk et al. (ed.) 2003). Because
walruses excavate much of their food from the bottom sediment, they can
accumulate naturally occurring cadmium and lead in their tissues at elevated
concentrations relative to other marine mammals in the same region (Outridge et
al. 1997, 2002). Levels of organochlorines in walrus tissues are generally low be-
cause they primarily feed low in the food web (Norstrom and Muir 2000). Their
levels are typically 4—10 times lower than those of beluga whales (Delphinapter-
us leucas) from the same area, but with a similar pattern of residues. The highest
levels are found in individuals that are thought to eat seals, which accumulate
these contaminants in their blubber (Muir et al. 1995).

Ship, Svalbard.

Pollution levels are too low to cause mortality or any impediment to reproduc-
tion in the Svalbard-Franz Josef Land walrus population (Wolkers et al. 2006).
In contrast, the remains of a walrus from the Kolguev Island area of the Bar-
ents Sea contained 7 to 70 times the total polychlorinated biphenyls (XPCBs, 62
congeners; 1597.4 ng/g of lipid cf. 28.9-236 ng/g of lipid) found in fat tissue of
Pacific walruses from the Chukchi Sea (Semyonova et al. 2012). Further research
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is needed to assess the risk from persistent organic pollutants to walruses in the
Barents Sea.

The direct and indirect effects of petroleum on walruses have not been studied.
Born et al. (1995) believed that several aspects of the species’ ecology may make
it vulnerable to oil pollution, in particular, its gregariousness, which may spread
oil from animal to animal, its preference for coastal areas and loose pack ice
where o0il may be more likely to accumulate, and its reliance on benthic mol-
luscs which may accumulate petroleum hydrocarbons or succumb to the oil.

Oil fouling is unlikely to cause hypothermia due to their thick blubber but, like
seals, walruses may continue to use haulouts that have been fouled (Isaksen

et al. 1998). This could lead to irritation and damage to the eyes and skin and
increased exposure to the deleterious effects of inhaling aromatic hydrocarbons
(neuronal damage). They would also be vulnerable to disturbance and possibly
stampedes during clean-up activities. Walrus populations may be most vulner-
able to harm from oil spills during the calving period, and calves may be the
most vulnerable component of the population (Born et al. 1995). Contamination
due to increased shipping traffic is likely to increase as a stressor of walruses in
the Chukchi Sea (Jay et al. 2011), and elsewhere, as ice reductions make areas
occupied by walruses more accessible to human activities. Oil and gas explora-
tion and development, discussed earlier under “Industrial Development”, also
has the potential to expose some walruses from most populations to hydrocarbon
contamination in the future.

SPECIES INTRODUCTIONS

As circumpolar shipping increases, the risk of introducing non-indigenous spe-
cies into walrus habitats on fouled ships hulls or in discharged ballast water also
increases. Little is known about what non-indigenous species might be intro-
duced, their ability to establish, or potential impacts to indigenous species such
as the Atlantic walrus (Stewart and Howland 2009; Chan et al. 2012; Stewart et
al. 2015). It is important that there be a better understanding of this pathway,
given that shipping is likely to increase substantially over the next decade and
vessels involved in resource extraction from mines and wells in the circumpolar
Arctic will arrive empty and in ballast. Vulnerability of walruses to changes in the
species composition, abundance, and growth of benthic invertebrates is unknown
but potentially serious. Walruses eat a wide variety of organisms (e.g., Fay et al.
1986; Fisher and Stewart 1997; Seymour et al. 2014a, 2014b) and may be able

to shift their foraging patterns to compensate for changes, but they also eat a lot
and thus would be vulnerable to declines in the abundance and/or size of key
prey species. The introduction of a non-indigenous disease that causes shellfish
die-off could therefore be serious. Little is known about diseases of walruses or
the potential for harm from parasites or diseases that might be introduced via
biota carried in ballast water or on ships hulls.
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Walrus resting on drift ice,
Svalbard.
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CLIMATE CHANGE

The effects of climate change on walrus habitat will be very complex. The di-
rections and magnitudes of these changes will vary seasonally and regionally,
making prediction of their impacts on walruses very difficult. All aspects of the
species ecology are likely to be affected by a combination of changes in the ice
platform, foraging opportunities, and other factors.

Major changes in sea ice conditions are occurring throughout the circumpolar
region (Parkinson and Cavalieri 2008; Sahanatien and Derocher 2012; Parkinson
2014; Frey et al. 2015). The effects of a decrease in the extent and duration of
Arctic sea ice in response to warming will depend upon the geographical loca-
tion. Quality of the ice cover, water depth, bottom substrate, and availability of
suitable terrestrial haulouts will be particularly important. Loss of ice cover in
areas with terrestrial haulouts may increase food availability for walruses by
improving access to feeding areas in shallow inshore waters that are currently
covered in winter by landfast ice (Born et al. 2003; Born and Wiig 2005; Laidre
et al. 2008). This effect will be greatest in areas with extensive landfast ice that
extends offshore over waters deeper than ca. 100 m. On the other hand, loss of
ice cover in shallow feeding areas that are situated offshore, far from suitable
terrestrial haulouts, may greatly reduce the seasonal feeding distribution, leading
to crowding at haulouts and reduced abundance (Kovacs et al. 2011; Taylor and
Udevitz 2015).

Warming and loss of ice cover could alter the benthic biomass of key prey for
walruses (Piepenburg 2005; Grebmeier et al. 2006, 2015; Bluhm and Gradinger
2008; Kovacs et al. 2014). The direction and magnitude of the change is uncer-
tain and likely to vary over time and space. Initially increases in water tempera-
ture and incident light might stimulate primary production, enhancing export
production of phytodetritus to benthic macrinvertebrate species, and thereby
increasing food for the walruses (Grebmeier et al. 2015). Continued warming
and freshening of the surface waters could have the opposite effect, by strength-
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ening stratification of the water column and thereby limiting the availability of
nutrients required for photosynthesis and primary production. Warming and
freshening of the surface water inflow earlier in the season could have complex
and regionally variable impacts on phytoplankton production, on the timing and
development of zooplankton communities, and consequently on the strength

of pelagic-benthic coupling and the benthic biomass of key prey for walruses
(Grebmeier et al. 2006, 2015). Piepenburg (2005) has hypothesized that in-
creased fluvial runoff and reduced ice cover could lead to a shift in the relative
importance of sea-ice, pelagic and benthic biota in the overall carbon and energy
flux, ultimately resulting in a switch from a ‘sea-ice algae—benthos’ to a ‘phyto-
plankton— zooplankton’ dominance; which could reduce benthic production and
thereby food for walruses (Bluhm and Gradinger 2008; Kovacs et al. 2014).

Ocean acidification related to increased atmospheric CO2 may also alter trophic
dynamics by reducing the availability of calcium to marine invertebrates, and by
altering host-pathogen relationships in favour of pathogens (Azetsu and Scott et
al. 2010; Garlich-Miller et al. 2011; AMAP 2013; Kroeker et al. 2013; Asplund et
al. 2014; USFWS 2014; Yamamoto-Kawai et al. 2016; Qi et al. 2017). The likeli-
hood of such trophic changes, their time horizon, and possible effects on the
abundance and composition of walrus prey and thereby walruses are unknown.
This threat is an issue of concern because lower pH levels can interfere with
invertebrate shell formation and erode existing shells (Garlich-Miller et al. 2011;
USFWS 2014). Walruses have a wide prey base that includes >100 benthic inver-
tebrate taxa from all major phyla (Fay et al. 1986; Fisher and Stewart 1997; Shef-
field and Grebmeier 2009; Seymour et al. 2014a). Walruses are highly adapted
for obtaining bivalves, but they also have the potential to switch to other prey
items if bivalves and other calcifying invertebrate populations decline (USFWS
2014). Whether other prey items would meet their nutritional needs is not known
(Sheffield and Grebmeier 2009). There is also uncertainty about the extent to
which other suitable non-bivalve prey might be available, mainly due to uncer-
tainty about the effects of ocean acidification (USFWS 2014).

The impacts of changes in Arctic and subarctic ice dynamics on Pacific walruses
are not well understood (Garlich-Miller et al. 2011). Walruses use sea ice as a
substrate for birthing, nursing, and resting between foraging trips. Declines in
sea ice extent have been documented, and are predicted to continue, in both
summer and winter habitats (Meier et al. 2007; Overland and Wang 2007;
Stroeve et al. 2008; Douglas 2010; NSIDC 2012). In recent years, summer sea
ice extent in the Chukchi Sea has retreated off the shallow continental shelf to
over deep Arctic Ocean waters, where walruses cannot forage effectively (USFWS
2014). Females with dependent young are the animals most likely to be affected
by changes in energy expenditure or competition (Garlich-Miller et al. 2011).
They require a platform upon which to haulout and rest between foraging trips,
so they must remain closer to ice or shore than the males, which can remain at
sea for extended periods (Taylor and Udevitz 2015). These impacts of summer
sea ice declines have been documented but ice loss may also impact walruses di-
rectly during other seasons via declines in their sea-ice breeding habitat (Kovacs
et al. 2014).

In the Bering and Chukchi seas, the effect of diminished sea ice on walrus be-
havior is already evidenced by their increased use of land haul-outs (Kavry et
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al. 2006, 2008; Jay and Fischbach 2008), and by foraging in September and
October in nearshore rather than offshore areas as in the past (Jay et al. 2012).
Numbers of walruses coming ashore along Chukchi Sea coast in both Alaska
and Russia have increased over the past decade (Kavry et al. 2006, 2008; Bol-
tunov and Nikiforov 2008; Garlich-Miller et al. 2011; Jay et al. 2011). Female
and young walrus are arriving earlier and staying longer at coastal haulouts as
summer ice disappears, with numbers in the tens of thousands at some haulouts
in both Russia and Alaska (Kavry et al. 2006, 2008; USFWS 2014; Allen and
Angliss 2015).

Demographic changes related to ice loss have not yet been detected in the Ber-
ing and Chukchi population (Taylor and Udevitz 2015). It is not known whether
the food supply within foraging range of coastal haulouts is able to support such
large numbers of walruses over the long term (Garlich-Miller et al. 2011; USFWS
2014). Thin animals that appear to be physiologically stressed have been report-
ed from Chukotka and Alaska (Ovsyanikov and Menyushina 2008; Ovsyanikov
et al. 2008; Garlich-Miller et al. 2011), but the majority of walruses observed at
fall haulouts in Alaska in 2010 and 2011 were in good physical condition (USFWS
2014). If benthic communities near coastal haul-outs are unable to provide suf-
ficient food (Jay and Hills 2005) nutritional stress may result in reduced repro-
duction, juvenile survival, and possibly adult female survival (Jay et al. 2011).
Trampling and mass mortality of calves may be more likely when disturbances
stampede these very large concentrations of walruses that are hauled out on land
(Udevitz et al. 2013).

When sea ice is not available walruses must haul out on land. The fossil record
suggests that 9,000 to 1,000 years ago, when walruses occupied areas along the
east coast of Canada, summer surface water temperatures there may have ranged
between 12 and 15°C (Miller 1997). Whether these animals summered in these
warm waters or moved north into cooler waters is unknown. Within the last few
hundred years they thrived in the Gulf of St Lawrence and on the Scotian Shelf
(Shuldham 1775; Stewart 1806; Perley 1850; Gilpin 1869; Allen 1880). Clearly,
walruses are capable of thriving on boreal bivalves if there is a northward move-
ment of these species in response to warming, although such a prey shift might
not be without problems.

The Pacific walrus also persisted in the geologic past, apparently during periods
when ice was absent or at least more limited (Jay et al. 2011). Behavioural and
physiological responses to changes in air temperature suggest that Pacific walrus
calves can maintain their body temperature at an air temperature of 18°C in still
air and shade (Fay and Ray 1968; Ray and Fay 1968). Above this temperature,
they go into the water to avoid overheating. Air temperatures at or above this
level for an extended period of time might disrupt normal feeding, moulting, and
calving schedules.

Some populations of Atlantic walruses may be less vulnerable to ice loss than
Pacific walruses (Jay et al. 2011; Kovacs et al. 2011). Fischbach et al. (2009) have
postulated that the mortality of 131 young Pacific walruses along the Chukchi Sea
coast near Icy Cape, Alaska, in mid-September 2009 was related to loss of sea ice
cover over the continental shelf, but this cannot be confirmed. A large mortality
event involving Pacific walruses at Wrangel Island in 2007 was also coincident
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with light ice conditions and polar bear predation (Ovsyanikov and Menyushina
2008; Ovsyanikov et al. 2008). Evidence of similar mortality events is lacking for
Atlantic walruses. In the event of ice loss, fewer Atlantic walrus populations may
need to increase energy expenditure to access distant foraging areas. This may
apply in particular to the Canadian eastern Arctic where there are large shal-

low areas near shore, many islands, and a high degree of shoreline complexity
that afford haulouts within range of feeding areas. Atlantic walruses in Russian
waters are highly dependent on sea ice and show little evidence of adaptation to
ice-free environments (M. Gavilo, RANP, pers. comm.). Atlantic walruses are un-
likely to congregate at haulouts in the very large numbers for protracted periods
reported for Pacific walruses, or to experience the same intraspecific competition
for limited food resources near the haulouts.

Indirect effects of climate change may pose a greater threat to walruses than the
change itself. Sea ice loss that increases interactions with humans may impact
walruses more than other environmental factors (COSEWIC in press). In Canada,
winter hunting pressure on walruses may decrease as ice conditions become less
predictable (Laidler 2007). The duration of open-water access to walruses may
increase in response to ice loss, and walruses may also become more concentrat-
ed at terrestrial haulouts (Born and Wiig 2005; NAMMCO 2006), but whether
the overall hunting pressure will increase in response is unknown. In Canada,
careful regulation of Inuit hunting may be required to prevent walruses disap-
pearing from haulouts as they did in West and Northwest Greenland during the
20th century (Born and Wiig 2005). Earlier loss of sea ice could prompt Arctic
marine fisheries to expand into areas that have not hitherto been fished commer-
cially (Christiansen et al. 2014), increasing the potential for interactions between
walruses and fisheries.

The impacts of climate change on future subsistence harvests of Pacific walruses
are difficult to predict (Hovelrsrud 2008). Subsistence harvests have declined in
recent years, due to a faster spring migration and more frequent severe storms
that have limited hunting opportunities during the spring migration (Kapsch et
al. 2010; USFWS 2014). Animals are being harvested earlier in the spring and
earlier in the winter than during previous decades, demonstrating hunter adap-
tations to changing environmental conditions (USFWS 2014; Allen and Angliss
2015). Garlich-Miller et al. (2011) assumed that summer sea ice loss would result
in a walrus population decline over time, and that subsistence harvests could
become unsustainable if not reduced in concert with any population declines.
The Native Villages of Gambell and Savoonga (Alaska) have recently adopted trip
limit ordinances, and a Tribal Wildlife Grant was acquired to ensure administra-
tion (USFWS 2014; Allen and Angliss 2015). These are positive developments

for the continued management of subsistence harvests. The USFWS, in coopera-
tion with the Russian Federation, had established a comprehensive monitoring
program to gather detailed information on harvest trends and characteristics
(Allen and Angliss 2015), but this may no longer be active (J. MacCracken, US-
FWS, pers. comm.). The USFWS has developed Cooperative Agreements with the
Eskimo Walrus Commission annually since 1997 to facilitate local participation
in walrus conservation and management activities in Alaska (USFWS 2014). This
co-management process is ongoing.

Predation by polar bears and killer whales may also increase as walruses are
forced to make greater use of terrestrial sites and spend more time in open water
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(Garlich-Miller et al. 2011). Young walruses will be most at risk from predation
by these species. Walruses are consumed most often by older male polar bears,
and there is spatial variation in the importance of walruses as a prey item (Thie-
mann et al. 2007, 2008; Galicia et al. 2015). Killer whales prey on Pacific wal-
ruses (Kryukova et al. 2012) but Inuit indicate that killer whales in the eastern
Canadian Arctic rarely if ever feed on Atlantic walrus (Ferguson et al. 2012). If
the availability of their other prey declines they may learn to successfully hunt
walruses.

Disease and parasite transmission could increase in response to increased ter-
restrial haulout use (Burek et al. 2008; Sonsthagen et al. 2012). Walruses might
also be exposed to novel pathogens and parasites as vector species expand their
distributions northward. In September 2011, 6% of the walruses at the Point Lay
haulout had skin lesions that were similar to those observed on ringed seals that
summer and fall and suggestive of a viral infection (Garlich-Miller et al. 2011;
USFWS 2014). Nearly half of the seals were dead and the rest were lethargic,
but the walruses were in good physical condition other than the lesions. Most of
affected walruses were subadults and some had healed lesions, which would indi-
cate that the disorder is not necessarily fatal (Garlich-Miller et al. 2011; USFWS
2014). A number of dead calves at the haulout had both skin lesions and signs

of trampling trauma however, and the ultimate cause of death is not known. In
December 2011, the National Oceanic and Atmospheric Administration’s Na-
tional Marine Fisheries Service (NOAA NMFS) declared the seal mortalities an
unusual mortality event (UME) and with USFWS concurrence, included wal-
rus in the UME due to the similarities of the lesions (Garlich-Miller et al. 2011;
USFWS 2014; NOAA NMFS 2011). No causative agent has been identified and it
is unknown whether or not the same agent is infecting both species (symptoms
appear to be less severe in walruses). Tissue sampling and laboratory analyses
are ongoing (Garlich-Miller et al. 2011; USFWS 2014; NOAA NMFS 2016b).

Climatic warming could also have unanticipated impacts. For example, an in-
crease in the occurrence of thunderstorms could disturb walruses and result in
stampede-related mortality (Okonek and Snively 2005). If primary prey species
become limited, walruses might eat more seals and thereby increase the inci-
dence of Trichinella infection (Garlich-Miller et al. 2011) although the life history
of T. nativa is not well known.

Potential for future habitat projections

Predictions of future conditions can be an important tool for identifying conser-
vation priorities for circumpolar walrus populations. We therefore explored the
possibility of projecting future habitat based on two Representative Concentra-
tion Pathways (RCPs) - 8.5 and 4.5 - as identified by the Intergovernmental Panel
on Climate Change (IPCC).

Representative Concentration Pathways (RCPs) are four greenhouse gas concen-
tration trajectories adopted by the IPCC for its fifth Assessment Report (AR5) in
2014 (Moss et al. 2008, 2010). The pathways are used for climate modelling and
research and describe four possible climate futures that depend on the quantity
of greenhouse gas emissions in future years. The four RCPs are RCP 2.6, RCP 4.5,
RCP 6, and RCP 8.5, which are named after a possible range of radiative forcing
values in the year 2100 relative to pre-industrial values (+2.6, +4.5, +6.0, and
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+8.5 W/mz2, respectively) (Weyant et al. 2009). The RCPs are consistent with a
wide range of possible changes in future anthropogenic greenhouse gas (GHG)
emissions (van Vuuren et al. 2011; Collins et al. 2013). The different scenarios
have the following assumptions on global annual GHG emissions (Meinshausen
et al. 2011): RCP 2.6 assumes that emissions peak between 2010-2020 and de-
cline substantially thereafter; emissions in RCP 4.5 peak around 2040 and then
decline; compared to RCP 6 where emissions peak around 2080, then decline;
and RCP 8.5, where emissions continue to rise throughout the 21st century (i.e.,
a worst-case scenario). Each RCP was developed by a different modelling group.

Two of the four scenarios are being considered. RCP 4.5 is an intermediate emis-
sions scenario developed by the Pacific Northwest National Laboratory in the US.
In this scenario, radiative forcing is stabilized by 2100, consistent with a future
with relatively ambitious emissions reductions, stringent climate policies, stable
methane emissions, and CO2 emissions that continue to increase only slightly
before a decline commences ca. 2040 (Thomson et al. 2011). In contrast, RCP 8.5
is a high emission scenario developed by the International Institute for Applied
System Analysis in Austria. It is consistent with a future with no policy changes
to reduce emissions and is characterized by increasing greenhouse gas emissions
that lead to high greenhouse gas concentrations over time (Riahi et al. 2011).

Hamilton et al. (2014) assessed future polar bear habitat conditions in the
Canadian Arctic Archipelago using a Coupled Model Intercomparison Project
Phase 5 (CMIP5) simulation from the Geophysical Fluid Dynamics Laboratory
Coupled Physical Model (GFDL-CM3) driven by radiative scenario RCP8.5 to
pilot a regional model. The simulation includes a realistic spatial distribution of
sea ice extent and thickness and simulates the observed trend in minimum sea
ice extent during the 1979—2013 period. This pilot simulation was dynamically
downscaled using the ice-ocean Massachusetts Institute of Technology General
Circulation Model (MITgem) simulation in regional mode over the Arctic at a
resolution of 18km.

To study changes in polar bear sea ice habitat, each pixel was classified as mul-
tiyear ice, annual ice, or ice-free based on the sea ice concentration of the pixel
location over a given year (ice types defined as per Comiso 2012). Numerous
studies have linked changes in the seasonal ice cycle, particularly changes to the
ice-free period, to effects on polar bear population size, survival, and reproduc-
tion (e.g., Stirling et al. 1999; Durner et al. 2009; Rode et al. 2010, 2013; Robbins
et al. 2012; Cherry et al. 2013). Given this information, Hamilton et al. (2014)
were able to link sea ice concentration to polar bear habitat quality via well
established relationships between sea ice and polar bear foraging success (chiefly
predation on ringed seals). Furthermore, Hamilton et al. (2014) examined polar
bear habitat in a relatively small geographic area, the Canadian Arctic Archipel-
ago. As such, it was a relatively simple process to define polar bear habitat based
solely on sea ice concentration.

In contrast, sufficient data to develop similar sea ice models for walruses, across
both subspecies and all populations in the circumpolar range, do not exist. There
are some data from some populations, for example satellite-tagging studies in
Alaska (Jay and Garner 2002; Jay and Hills 2005; Jay et al. 2006, 2010, 2012,
2014) and Svalbard (Lydersen et al. 2008; Freitas et al. 2009; Lydersen and Ko-
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vacs 2014), but there is a paucity of data on species-habitat relationships in other
areas. Walrus habitat and ecological relationships also vary across subspecies
and populations. For example, Pacific walruses generally follow seasonal patterns
of ice advance and retreat, whereas Atlantic walruses generally feed in coastal
areas because of the narrow continental shelf over much of its range (Garlich-
Miler et al. 2011). The distribution of many Atlantic walrus stocks is restricted

to relatively small areas by natural barriers such as land masses (Born et al.
1995), which can be contrasted with the habitat and ecological conditions of the
northern Bering and Chukchi Seas, namely broken pack-ice habitat juxtaposed
over large areas of shallow continental shelf waters with high benthic produc-
tion (Garlich-Miler et al. 2011). There have been attempts to model walrus range
based on habitat requirements at the species level (e.g., AquaMaps), but such
“one size fits all” models may bear little resemblance to reality. In comparison

to polar bears, other habitat variables would also be required, including depth,
which limits walrus access to benthic prey; substrate, which influences prey
availability; and distance to shore, which influences seasonal access to prey and
thereby feeding energetics.

For these reasons, we suggest that it is premature to attempt to model future
walrus habitat conditions across the species range. It may be possible to model
specific populations, but data will still be lacking, to varying degrees (e.g., D.B.
Stewart et al. 2014b; MacCracken et al. 2017).
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Researchers prepare to collect
biopsy samples. Laptev Sea,
Russia.
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KNOWLEDGE GAPS AND
RESEARCH NEEDS

Active research is being conducted on all walrus
populations, but numerous research gaps and
sources of uncertainty remain.

In some cases, gaps are population-specific, for others, research is needed for all
or most populations (e.g., recent estimates of population-specific growth rates;
struck and lost rates for hunted populations). Knowledge gaps are summarized
by five main categories (Table 5).

We have not ranked knowledge gaps with respect to research priorities, as these
decisions are better left to the specific research teams, management authorities
and funding agencies. In many cases, there will a logical sequence of gaps that
need filling to address information needs - for example, data on walrus distribu-
tion and seasonal movements will inform the design of surveys for abundance,
and all these data are needed for comprehensive assessments of potential threats
(e.g., industrial development, harvest rates, climate change).
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Responsible management jurisdictions could plan research agendas based on established research needs,
with input from co-management partners and NGOs, as is currently being done by DFO in Canada (Stewart
et al. 2017). International cooperation in the establishment of research goals and priorities is also important,
and this type of cooperation is ongoing in many cases (e.g., harvest management for stocks shared between
Canada and West Greenland, NAMMCO 2006; USA-Russia working groups, Meek et al. 2008; Schuessler

2016).

Table 5. Summary of identified knowledge gaps and research needs for walrus populations (see text for details). Both general (all popula-
tions) and specific (each population) research needs are identified. Blank cells should not be considered as an indication that no knowl-
edge gaps exist, but they do indicate lower priority as identified by the authors of this report. Priorities are not ranked by importance, as
any prioritization should be done by research and funding organizations.

Both All Increase preci- Research on Improve catch = Habitat Climate change linkag-
sion and accu- circumpolar reporting and requirements - = es with other stressors.
racy of survey population update data multiple spatial
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ABUNDANCE, DISTRIBUTION, AND MOVEMENTS

There have been considerable recent advances in understanding of movements
and seasonal distribution patterns for some walrus populations (e.g., satellite-
tagging research in the Bering and Chukchi seas and at Svalbard (Lydersen et
al. 2008; Freitas et al. 2009; Jay et al. 2010, 2012, 2014; Lydersen and Kovacs
2014)), but additional data would be beneficial in many cases.

Among Atlantic walrus populations, recent (2015) satellite tracking of animals
tagged in northwest Greenland suggests that the three stocks identified in the
Canadian High Arctic - Northwest Greenland (CHA-NWG) population are not as
discrete as previously assumed (NAMMCO 2015). Additional research is needed
to inform harvest management. For the Canadian Central Arctic - West Green-
land (CCA-WG) population, an increased understanding of the seasonal move-
ments between the two countries will improve inter-jurisdictional management
of harvesting and other population stressors (e.g., oil and gas development).
Seasonal movements within and between different areas occupied by this popula-
tion (e.g., movements, if any, between Foxe Basin or South and East Hudson Bay
and northwest Hudson Bay/Hudson Strait) could also be studied via tagging. The
Canadian Low Arctic (CLA) population in southeast Hudson Bay is considered a
separate population, but this is tentative as there are no data to confirm. Research
on movement patterns of these animals (e.g., via satellite-tagging), particularly
whether they move into Hudson Strait, is needed (also see Genetics, below).

For the Kara Sea - Southern Barents Sea — Novaya Zemlya (KS-SBS-NZ) popula-
tion, data on the distribution of walruses during the spring breeding season and
on seasonal movements are needed. The relationship of Atlantic walruses in the
Svalbard — Franz Josef Land Population (S-FJL) population to those in the KS-
SBS-NZ population is uncertain (Born et al. 1995; NAMMCO 2006; Boltunov et
al. 2010; Shitova et al. 2014b). There is extensive oil exploration, development
and production currently taking place in the Pechora Sea and southwest Kara Sea.
Data on walrus distribution and movements are needed to assess the risks posed
by these industrial activities to walruses and their prey.

For Pacific walruses, data on Laptev Sea walrus movements and distribution are
needed. Movements of animals in the Bering and Chukchi Seas (BCS) population
of Pacific walruses have been extensively studied through the use of satellite-
telemetry (Jay and Garner 2002; Jay and Hills 2005; Jay et al. 2006, 2010, 2012,
2014), providing critical information for assessing impacts from industrial devel-
opment and climate change. Continuing this work could provide valuable early
information on the direction and extent of changes in walrus distribution and
abundance in response to climate change and other stressors, and thereby benefit
population management. Genetic data will also assist in understanding walrus
movement patterns (see below).

Abundance estimates are available for most populations, but with considerable
uncertainty. Bias and imprecision in estimated population sizes over time leads to
uncertainty in understanding trends in absolute population size (e.g., Taylor and
Udevitz 2015). Population estimates are generally negatively biased due to incom-
plete survey coverage and methodological issues. Research on ways to increase
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the precision and accuracy of survey estimates using different methods (e.g.,
genetic capture-mark-recapture as an potential alternative to aerial surveys) and
study designs (e.g., aerial line surveys versus aerial haulout count surveys) would
benefit walrus conservation and management across the species’ range. All popu-
lations would also benefit from regular systematic surveys for trend assessment.

Amongst Atlantic walruses, abundance trends for the Kara Sea - Southern Barents
Sea — Novaya Zemlya (KS-SBS-NZ) population are considered positive (M. Gavri-
lo, pers. comm.), but no systematic surveys have been conducted. This should be
a priority going forward. Recent surveys have been conducted for various parts of
the range of the Canadian Central Arctic - West Greenland (CCA-WG) population
(Elliott et al. 2013; Heide-Jorgensen et al. 2014; R.E.A. Stewart et al. 2014¢; Ham-
mill et al. 2016b), but a lack of understanding of seasonal distribution and poten-
tial movements between sub-areas (see above) leads to uncertainty in estimates
of population size. Surveys of the entire range could be conducted, using multiple
crews to reduce potential biases introduced by animal movement. For Pacific
walruses, data on abundance from the Laptev Sea are needed, so trends can be
monitored in relation to industrial development, pollution, and climate change.

The ability of walruses to re-colonize areas where populations have been depleted
or extirpated is not known. Large-scale studies of walrus movements (e.g., satel-
lite-tagging) and population genetics (see below) could provide relevant informa-
tion. The rarity of Atlantic walruses along the Atlantic coast of Canada since the
Nova Scotia-Newfoundland-Gulf of St Lawrence population was extirpated in the
1850s suggests that re-colonization would be exceedingly slow at best, however.

GENETIC RELATIONSHIPS

Genetic research can help answer numerous research questions, including those
of relevance to other identified categories (e.g., Abundance, distribution, and
movements, above). At the species level, research on circumpolar population ge-
netic patterns can provide valuable information on historic diversity, abundance
(e.g., effective population size), and the evolution of subspecies- and population-
level differentiation.

Among Atlantic walruses, there is a lack of genetic data from the Canadian Low
Arctic (CLA) population, an important knowledge gap. If these animals are ge-
netically distinct it will be important to retain their genetic adaptive potential as
they represent the most southerly remaining population in a period of climatic
change (see below). Genetic relationships between walruses in the Svalbard-
Franz Josef Land (S-FJL) population and those in Novaya Zemlya and the
Pechora and Kara seas in the southeastern Barents Sea (KS-SBS-NZ population)
are unknown (Boltunov et al. 2010; Lydersen et al. 2012; Lydersen and Kovacs
2014; Shitova et al. 2014a, b; Lindqvist et al. 2016). The genetic placement of
these walruses in relation to other Atlantic walruses should be a top research
priority. These data should be used to delineate where in the Russian Arctic the
separation between the Atlantic and Pacific walrus subspecies occurs. Further re-
search on stock structure in the BCS population of Pacific walruses is also needed
(Garlich-Miller et al. 2011; USFWS 2014).
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MORTALITY (ANTHROPOGENIC AND NATURAL)

Hunting by humans is the greatest known cause of mortality in most areas of
walrus range within Canada, Greenland, Russia and the United States. The hunt-
ing mortality that the different Atlantic walrus and Pacific walrus populations can
sustain is not known. In all areas where walruses are legally harvested, removal
rates are uncertain due to uncertainties in the reported harvest. This is due to
factors such as reporting bias and lack of systematic data collection effort. Even
where extensive data on harvests are available, the proportion of the population
being harvested is typically uncertain due to biased population estimates. These
uncertainties are further compounded by significant uncertainty in struck and
loss rates (animals injured or killed but not secured) (D.B. Stewart et al. 2014a).
There are few estimates for loss rates in subsistence hunts, and none are recent.
Accurate seasonal and habitat specific (e.g., land-based, and over deep and shal-
low water) data on struck and lost rates are needed for all hunted populations.

For populations that are not legally harvested (e.g., KS-SBS-NZ population of
Atlantic walruses; LVS population of Pacific walruses), data on illegal removals
(poaching) would be of value. However, the collection of data needed to under-
stand abundance and distribution should take precedence.

The natural survival rate of walruses is thought to be high, due to their low
reproductive rate and long life span, but this has not been directly estimated
(Taylor and Udevitz 2015). Rigorous survival rate estimates do not exist for any
population. Lack of this information increases uncertainty in important popula-
tion management tools used to predict demography, estimate abundance, and
calculate total allowable removals.

Rates of walrus predation by polar bears and killer whales are not well known,
nor are rates of natural mortality from sources such as disturbance, which can
stampede walruses causing trampling mortality. Efforts to study and monitor
walrus behaviour at haulouts (see below) can provide important data on distur-
bances. Mortality rates from pathogens and parasites are generally unknown.
The susceptibility of walruses to viral and bacterial diseases is poorly understood
for both subspecies (e.g., Nielsen et al. 2000, 2001a, 2001b, 2004; Calle et al.
2002; Phillipa et al 2004). Research could improve understanding of potential
risk to populations from disease exposure that could change in response to fac-
tors such as climate change that alter population and species distributions and
increase crowding at haulouts. Data on contaminant loading has been collected
for some populations (e.g., Muir et al. 1995, 2000; de March et al. 1998; Fisk et
al. (ed.) 2003; Wolkers et al. 2006; Semyonova et al. 2012), but more informa-
tion is needed on the persistent organic contaminant levels of walruses in the
Barents Sea (Semyonova et al. 2015).

The cause(s) of recent mass die-offs among Pacific walruses should be investi-
gated since these mortality levels may affect population conservation and man-
agement. Starvation, disturbance, and disease have contributed to these large
mortality events (e.g., Fay and Kelly 1980; Kavry et al. 2006, 2008; Arnbom
2009; Fischbach et al. 2009; Udevitz et al. 2013). Better understanding is needed
of the linkages between these causes of mortality and climate change, which is
likely to be a key stressor for the species over the next century.
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LIFE HISTORY AND ECOLOGY

A better understanding of walrus habitat requirements, at multiple spatial scales
(i.e., from local to circumpolar) and in all seasons, is needed to better inform
conservation and management. Habitat use information can be gathered using a
variety of methods, including satellite-tagging studies (e.g., Freitas et al. 20009;
Jay et al. 2014) and aerial or ship-based surveys (e.g., Elliott et al. 2013), and
via traditional knowledge from local resource users (e.g., EWC 2003; Laidler et
al. 2009; Garlich-Miller (ed.) 2012; DFO 2013a; Bering Strait experts in Kaw-
erak, Inc. 2013). Information on habitat use is needed for assessing impacts of
industrial development and other disturbances as well as assessment of potential
distribution shifts with climate change. At present, the level of detail of habitat
use information varies widely across populations but is perhaps best understood
in the Alaskan Chukchi Sea. An analysis of knowledge gaps could provide guid-
ance on priorities for research, to bring habitat knowledge for all populations

to a sufficient level for preliminary assessments of potential range shifts due to
global climate change (see “Potential for future habitat projections” section of
this report). Habitat-based research should consider both sea ice and terrestrial
haulouts sites, and the composition and relative abundance of suitable prey spe-
cies in relation to seasonal foraging activities.

For all populations, additional data on basic biology and life history would be
useful. Obtaining these data should be a higher priority for some populations
than others. For example, Lydersen et al. (2012: 1555) note that basic knowledge
of the population biology of Atlantic walruses throughout the eastern parts of
their range (i.e., Russia) is scarce or nonexistent. The generation time of Atlan-
tic walruses is uncertain due to gaps in knowledge of population demographics,
reproduction and survival rates, and length of the reproductive period (COSE-
WIC 2006). The relative numbers of adult females of a given age are unknown,
as is age at senescence. These gaps increase the uncertainty in any estimates of
sustainable yield for harvested populations and can have a substantial influence
on conservation and management. For example, modelling suggests the Eastern
Greenland (EG) population has recovered from its historical depletion, but the
trajectory of this recovery is uncertain due to lack of a population-specific growth
rate estimate (Witting and Born 2014). An understanding of whether or not
populations have recovered is critical to effective harvest management.

CLIMATE CHANGE IMPACTS/RESPONSE

Many potential impacts from climate change are secondary, due to linkages

with other stressors. For example, the potential for population displacement by
increasing Arctic shipping is unknown. This could be of real concern for many
walrus populations and merits proactive scientific study. These studies will need
to establish strong baselines against which changes can be measured, followed by
careful long term monitoring to establish trends, identify cause and effect, and
inform potential mitigation responses. The effects of climate change will need to
be considered in all of the various research needs identified above.
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The mating system of Atlantic walruses in fast-ice (Sjare and Stirling 1996) dif-
fers from that of Pacific walruses in pack ice (Fay et al. 1986). This suggests that
sea ice stability may be an important determinant of walrus breeding behaviour,
and sea ice declines could therefore have pronounced effect on reproduction and
population. Research on walrus behaviour (and movements and habitat use, see
above) in pack ice environments is necessary. Reductions in sea ice will increase
walrus reliance on terrestrial haulout sites, and research on haulout occupancy
and dynamics will inform efforts to mitigate disturbance. Trail cameras could be
used for monitoring and to provide information on disturbance events.

Walruses are highly adapted for obtaining bivalves, but they also have the po-
tential to switch to other prey items if bivalves and other calcifying invertebrate
populations decline (USFWS 2014). Whether other prey items would meet their
nutritional needs is not known (Sheffield and Grebmeier 2009). There is also
uncertainty about the extent to which other suitable non-bivalve prey might

be available, mainly due to uncertainty about the effects of ocean acidification
(USFWS 2014). Climate change impacts on walrus food sources are an important
research avenue. Research on diet requirements and flexibility in response to
trophic shifts is needed, as is research on energetic thresholds in Atlantic walrus
(see Noren et al. 2012, 2014, 2015, 2016 for relevant research on Pacific walrus).
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1.

International
cooperation in the
management of
shared populations

A proactive
approach to the
assessment of
potential impacts
from human
activities on
walruses and their
habitats.

CONSERVATION AND
MANAGEMENT
RECOMMENDATIONS

International jurisdictions with walrus populations have already identified many
of the gaps discussed above and detailed possible approaches to addressing
them (e.g., see Boltunov et al. 2010; Garlich-Miller et al. 2011; Wiig et al. 2014;
Semyonova et al. 2015; Stewart et al. 2017).

These details will not be repeated here but two overarching conservation and
management measures bear mention. The first is the need for international coop-
eration in the management of shared populations, and the second is the need for
a proactive approach to the assessment of potential impacts from human activi-
ties on walruses and their habitats. Both measures are increasing in importance
as human activity expands and increases in response to changes in the distribu-
tion and quality of Arctic sea ice, and will pose new threats to walruses if not well
regulated (Wiig et al. 2014).

International information sharing has benefited walrus management and if
maintained and expanded will improve the management of both Atlantic and
Pacific walruses in the future (Garlich-Miller et al. 2011; Shadbolt et al. 2014;
Wiig et al. 2014). This is particularly important between Canada and Greenland,
Norway and Russia, and Russia and the United States, which share walrus popu-
lations and regularly cooperate on research and management. Because walrus
populations do not respect international boundaries it will become increasingly
important in the face of climate change for the countries that share them to coor-
dinate these activities. Canada and Greenland, for example, cooperate informally
at a scientific level on walrus research and management. This has worked well
but they should consider formalizing their shared management of these stocks as
they have for belugas and narwhals, Monodon monoceros (Canada/Greenland
Joint Commission on the Conservation and Management of Narwhal and Beluga,
JCNB).

Climate change is already increasing the effects of human activities on
circumpolar walrus populations by improving access to mineral and hydrocarbon
resources (e.g., BIMC 2012). Many new developments are planned in the
Canadian Arctic, Greenland, and elsewhere over the next several decades.
Shipping will be a major component of these remote developments since other
transportation infrastructure is lacking or inadequate to resupply them and
transport their products to market. In the case of iron mines, which generate
massive quantities of ore that is smelted elsewhere, vessel transits may occur at
intervals of a few days, year-round. These vessels will venture into areas where
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the animals have not hitherto been exposed to shipping or icebreaking. The
effects of vessel disturbance on these walrus populations are uncertain and of
concern to the scientific community, resource users, and others (e.g., Stewart et
al. 2012; DFO 2014).

Jurisdictions with walrus populations must take a proactive approach to the
assessment of potential impacts to walruses from proposed developments.
Substantial lead-time is required to gather the baseline information needed for
predicting, assessing and monitoring impacts since basic information on wal-
ruses such as numbers and stock discreteness is often lacking (Wiig et al. 2014).
In Canada the task of establishing a strong baseline against which to measure the
impact of project activities has been largely devolved to the proponent of each
project. The resultant baselines tend to be short-term, local, and draw heavily

on existing literature as the baseline research is expensive and must be under-
taken before the project is approved and revenue is generated. These baselines
are seldom robust enough to detect anything but a very large impact and even
then may not be able to differentiate between effects caused by project activities,
natural variation, and the effects of climate change. By the time effects have been
identified and their causes argued, it may be too late for effective impact mitiga-
tion. While most environmental protection legislation requires consideration of
‘cumulative impacts’, the practical application of this concept remains problem-
atic (Wiig et al. 2014).

Governments with walrus populations need to establish robust baselines and
long term monitoring programs that enable the detection of changes in the
animals’ distribution, abundance, and health and the identification of causative
factors. They also need to support the basic research needed to establish ap-
propriate regulatory thresholds that are needed to assess potential impacts of
development. Understanding the behavioural responses of walruses to distur-
bances that occur in the air and water is vitally important for good assessment of
shipping impacts on walrus populations. For example, regulators and industry
need to know with reasonable certainty what level of noise will mask cow-calf
communications or mating songs, cause animals to stampede, or cause them to
leave their preferred habitat. Otherwise walruses may be essentially unprotected
from the effects of increasing northern industrial development.
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ANNEX: TABLE 4

Hunt management

Habitat Protection

Canada - Atlantic

Populations were over-exploited historically. Regulations
established in 1928 restricted harvests to Aboriginal hunt-
ers, ending commercial hunting by whalers and traders.
More explicit regulations in 1931 forbade export of hides
and uncarved tusks and limited Aboriginal catch to seven
walruses per family.

In 1980, Walrus Protection Regulations were enacted
under the Fisheries Act - only “an Indian or Inuk” was al-
lowed to “hunt and kill walruses without a licence”, each
individual limited to a maximum of four walruses per year
except where annual community quotas were scheduled.
In 1993, these regulations were consolidated with those
for other marine mammals in the Marine Mammal Regula-
tions of the Fisheries Act.

Hunts in Nunavut and Nunavik are co-managed by re-
gional wildlife management boards under the applicable
sections of their respective land claims agreements, with
scientific advice from DFO. Community and Aboriginal
traditional knowledge are also used to manage walruses,
and co-management working groups are drafting a fisher-
ies management plan.

A limited sports hunt has been open for non-resident hunt-
ers since 1994 to benefit communities located near walrus
populations. Most are conducted in northern Foxe Basin
with some in northern Hudson Bay.

Walrus habitat is protected under sections 34-37 of the
Fisheries Act (under the Act, “fish” are broadly defined to
include walrus and other marine mammals).

Existing Federally-managed lands (e.g., National Parks,
National Wildlife Areas) offer temporary protection to
small numbers of walruses. Inuit have the right to hunt in
National Parks and other conservation areas in Nunavut
and Nunatsiavut.

In Nunavut, the North Baffin Regional Land Use Plan and
Keewatin Regional Land Use Plan mention protection

of walrus haulouts but the level of protection is vague. A
Nunavut-wide land use plan is currently being drafted.

Greenland - Atlantic

Walrus in Greenland have been hunted for the past mil-
lennium. Commercial hunting was prohibited in 1956 but
licensed hunts continue for subsistence. Parliament Act
No 12 of 29 October 1999 on harvest and hunting is a
framework act that regulates hunting and is supplemented
by a long list of ministerial orders issued by government to
regulate details on harvest and hunting of specific species.

Until 2005 walrus hunting in West Greenland was regu-
lated by limiting hunting seasons and methods. There
were no quotas in place. Northeast Greenland walruses
received complete protection from harvesting in 1951.

In 2006, a quota system was established. Quotas are
based on the recommendations of scientific assessments,
using recent population estimates to allow population
growth from a depleted population, and taking into ac-
count Nunavut catches in shared populations and struck
and lost estimates. Quota decisions are made with regard
to international agreements and in consultation with local
hunting committees.

Adult females are protected except in Northwest Green-
land where walrus hunting is of great importance to the
hunting community, walruses hauled out on land are
completely protected, and animals must be harpooned
with floats attached before receiving the finishing shot to
reduce losses from sinking (there is concern however that
struck and lost walruses are not being reported).

In 2003 a new Nature Protection Act was adopted to pro-
tect biological diversity, ensure that exploitation is sustain-
able, and implement international agreements on the con-
servation of nature under Greenlandic law. A ministerial
order on protection and harvest of walrus was announced
in 2006. The Greenland Mineral Resources Act and other
rules, regulations, and guidelines also stipulate a range of
measures for protecting nature and the environment.

Future large-scale hydrocarbon exploration might include
activities that affect walrus habitat. Applications to conduct
hydrocarbon exploration must include an environmen-

tal impact assessment. Before opening new areas for
exploration and initiating a licensing process the Green-
land Government has been conducting its own Strategic
Environmental Impact Assessments. There are licenses
for exploration and exploitation of hydrocarbons in the
Greenland Sea but so far only seismic testing is taking
place.

The Melville Bay Nature Reserve was created in 1980 in
northwestern Greenland, and Grgnlands Nationalpark was
established in 1974 in northeastern Greenland. Both offer
some protection for terrestrial haulouts but their bound-
aries do not extend to offshore waters. Hunting by local
residents is allowed. The parks also do not offer strict pro-
tection, as extensive exploration for minerals is occurring
within the Nationalpark. In 1951 the island of Sandgen, in
East Greenland, was named a game preserve, prohibiting
access to protect a well-known haulout.
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Hunt management

Habitat Protection

Norway (Svalbard) - Atlantic

Norway (Jan Mayen and Svalbard) does not allow walrus
hunting. Commercial hunting was banned in 1952 in re-
sponse to very large catches by Norwegians in Northwest
Greenland. Denmark and Norway concluded that walruses
were so depleted that they could not sustain the Norwe-
gian harvest and a Royal Decree gave complete protec-
tion to walruses.

Walrus haulouts at Svalbard are well documented and
most are within protected areas. In 2008 regulations
protecting the Northeast Svalbard and Southeast Svalbard
nature reserves in eastern Svalbard were strengthened to
reduce the impacts of ship traffic. These protected areas
serve as reference areas for research. Access by tourist
ships with over 200 passengers was prohibited, as was
ship use and transport of fuels other than light diesel fuel.
The objectives were to reduce direct disturbances and the
risk of oil fouling at haulouts.

Russia - Atlantic

Commercial hunters took many walruses from the KS-
SBS-NZ population over many centuries, and the popula-
tion had declined considerably by the 1930s.

Hunting was first regulated in 1921; followed in 1935 by
cessation of the state harvest from sealing vessels; and in
1949 by the prohibition of killing walruses by any fishing
and sealing industry.

In 1956, hunting was banned for all Soviet citizens, except
for subsistence. In 1975, regulations prohibited sport hunt-
ing and any landing on or the littering of shore haulouts

at any time. It also prohibited possession, manufacture,
buying, selling, storage, and transportation of hides and
tusks. Subsistence hunting of Atlantic walruses has been
prohibited since 1982.

Atlantic walruses are classified as Category Il in the Red
Data Book of the Russian Federation 2001, Federal Law
requires activities that alter walrus habitat, breeding and
feeding conditions, and migration routes to meet require-
ments that ensure walrus conservation.

Atlantic walrus habitats on land and at sea are protected in
the following specially protected areas: Franz-Josef Land
Federal State Zakaznik (Wildlife Reserve), Russian Arctic
National Park (northern Novaya Zemlya), Nenetskiy Strict
Nature Reserve in the Pechora Sea, Great Arctic Reserve
in the Kara Sea, Gydansky Strict Nature Reserve, and
regional wildlife reserves Vaigach and Yamalsky.

A National Strategy for the Atlantic walrus is currently
under development in Russia.

Russia - Pacific

Commercial hunting of Pacific walruses ended in 1991
due to the economic collapse of the industry. Russian leg-
islation still allows commercial hunting, but would require
an annual decree from the Russian Fisheries Ministry to
be resumed.

Indigenous people in Chukotka are permitted to hunt
Pacific walruses for subsistence. There are no restrictions
on possession or sale of Pacific walrus parts provided the
harvest was legal and there is proper documentation.

Hunting in the Laptev Sea area has been banned since
1956 for all Soviet citizens, except for subsistence.

Laptev Sea walruses are included in the Red Book of the
USSR as a rare endemic subspecies that is potentially
vulnerable because of its low numbers, limited range, and
increasing anthropogenic stress (i.e., considered a distinct
subspecies).

Laptev Sea walrus habitats are protected in Taimyr Strict
Nature Reserve (NE Taimyr) and will get formal protection
in New Siberian Islands Zakaznik (Wildlife reserve) which
is currently in the approval stage.
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Hunt management

Habitat Protection

United States - Pacific

Large-scale harvesting prior to the 1960s reduced the
population, which then increased rapidly in the 1960s and
1970s in response to management actions. The popula-
tion has since declined; it is currently below carrying ca-
pacity and likely limited primarily by subsistence harvest.
Recent harvest levels are much lower than the long-term
average.

USFWS is responsible for management and conservation,
via authority transferred from the State of Alaska in 1972
under the Marine Mammal Protection Act (MMPA). Walrus
are protected by the MMPA and only qualified coastal-
dwelling Alaskan Natives are permitted to hunt them for
subsistence and craft purposes. The MMPA also has
provisions for cooperative management agreements to
provide for co-management of subsistence use. A conser-
vation plan was developed in 1994.

Prior to the MMPA walruses were managed via state
regulations, including quotas on females. The MMPA has
more liberal regulations, and Natives can take walrus

at any time of the year, without restrictions on sex, age,
and number provided the population is not considered
depleted. The Native harvest cannot be restricted if the
population size is above the size providing the maximum
net productivity level and the harvest is non-wasteful. If
the population is considered depleted, then actions can
be taken to regulate the harvest. At present there are no
quotas, but some local management programs have been
developed and local regulations implemented. Walrus
hunting activities are monitored via the Marking Tagging
and Reporting Program (MTRP) and the Walrus Harvest
Monitoring Program (WHMP).

MMPA emphasizes habitat and ecosystem protection,
such as the protection of essential habitats including rook-
eries and mating grounds.

Several important haulouts are protected through state or
Federal parks and protected areas. The State of Alaska
created the Walrus Island State Game Sanctuary in 1960,
which includes Round Island. Round Island is managed by
the Alaska Department of Fish and Game and regulations
are in place to protect the haulout there. Access is tightly
controlled. A limited subsistence hunt is co-managed on
Round Island. In 1980 the Togiak National Wildlife Refuge
(TNWR) was expanded. The TNWR protects walrus
haulouts at Cape Peirce and Cape Newenham. The US-
FWS has developed guideline to reduce human caused
disturbances at terrestrial haulouts in Bristol Bay and
along the Northwest coast of Alaska.

In recent years the number of walruses coming to shore in
summer and fall has increased, and mortalities have oc-
curred from disturbance events. Walruses are expected to
become increasingly dependent on coastal haulouts, and
efficient management efforts to mitigate anthropogenic
disturbances and associated mortality will be an important
factor. Local conservation and management initiatives
have been developed, and in some cases mortalities have
been minimized through efforts of local villagers to reduce
disturbances.

Seismic surveys in the eastern Chukchi Sea occur in
important habitat for females with dependent young. The
USFWS monitors and mitigates potential impacts of oil
and gas activities on walruses through Incidental Take
Regulations (ITR). Companies must adopt measures to
ensure that impacts to walruses remain negligible and
minimize impacts to their habitat.

State of Circumpolar Walrus Populations 81



REFERENCES

Allen, J.A. 1880. History of North American pinnipeds:
a monograph of the walruses, sea-lions, sea-bears and
seals of North America. U.S. Geological and Geographi-
cal Survey of the Territories, Misc. Publ. 12: 785 pp.

Allen, B.M., and R.P. Angliss. 2015. Alaska marine mam-
mal stock assessments, 2014. U.S. Dep. Commer. NOAA
Tech. Memo. NMFSAFSC-301, 304 p.

AMAP, 2013. AMAP Assessment 2013: Arctic Ocean
acidification. Arctic Monitoring and Assessment Pro-
gramme (AMAP), Oslo, Norway. viii + 99 pp.

Andersen, L.W., and E.W. Born. 2000. Indications of
two genetically different subpopulations of Atlantic
walruses (Odobenus rosmarus rosmarus) in west and
northwest Greenland. Can. J. Zool. 78: 1999—2009.

Andersen, L.W., EW. Born, 1. Gjertz, @. Wiig, L.-E.
Holm, and C. Bendixen. 1998. Population structure and
gene flow of the Atlantic walrus (Odobenus rosmarus
rosmarus) in the eastern Atlantic Arctic based on mito-
chondrial DNA and microsatellite variation. Mol. Ecol.

7:1323-1326.

Andersen, L.W., EZW. Born, R.E.A. Stewart, R. Dietz,
D.W. Doidge, and C. Lanthier. 2014. A genetic com-
parison of West Greenland and Baffin Island (Canada)
walruses: management implications. NAMMCO Sci.
Publ. 9: 33-52.

Anderson, L.E., and J. Garlich-Miller. 1994. Economic

analysis of the 1992 and 1993 summer walrus hunts in

northern Foxe Basin, Northwest Territories. Can. Tech.
Rep. Fish. Aquat. Sci. 2011: iv + 20 pp.

Anon. 1952. Fredning av hvalross. Kongelig Resolusjon
av 20. Juni 1952. (Protection of walrus. Royal Decree
20 June 1952). Oslo, Norway. Available from Fiskeride-
partementet, ovre Slottsg. 2, P.B. 8118 Dep., 0032 Oslo,
Norway.

Anon. 1956a. Vedtagt om regulering af hvalrosfangst
I Davisstraedet og Baffins Bugt den 16. november 1956
(Landsrad Rules regulating walrus catch in the Davis
Strait and Baffin Bay, 16 November 1956). Ministeriet
for Grgnland.

Anon. 1956b. Decree No. 738 of 21 November 1956 of
the RSFSR Council of Ministers on Arctic wildlife con-
servation measures. Russian Federation.

82 State of Circumpolar Walrus Populations

Anon. 1973. Convention on International Trade in
Endangered Species of Wild Fauna and Flora (amend-
ed1979). CITES Secretariat, Geneva, Switzerland.
[https://cites.org/eng/disc/text.php]

Anon. 1982. Decree No. 500 of the RSFSR Council of
Ministers of 9 September 1982. Russian Federation.

Anon. 1999. Landstingslov nr. 12 af 29. oktober 1999
om fangst og jagt [Parliament Act no. 12 of 29 October
1999 on fishing and hunting]. Greenland Home Rule
Government, Nuuk, Greenland. [http://lovgivning.gl/
lov?rid={1A6BE69B-3B89-4173-BAC1-1C61736FF93C}]

Anon. 2006 Hjemmestyrets bekendtgerelse nr. 20

af 27 Oktober 2006 om beskyttelse og fangst af hv-
alros. Grenlands Hjemmestyre, Nuuk (Greenland
Home Rule Executive Order No. 20 of 27 October
2006 on protection and harvest of walrus. Greenland
Home Rule Government, Nuuk, Greenland. [http://
lovgivning.gl/lov?rid={37A7FCF4-46A0-4B47-B42C-
B8385F315D65}&sc_lang=da-DK]

Arnbom, T. 2009. Walrus — facing new challenges in a
changing Arctic. The Circle (4): 15-16.

Asplund, M.E., S.P. Baden, S. Russ, R.P. Ellis, N. Gong,
and B.E. Hernroth. 2014. Ocean acidification and host-
pathogen interactions: blue mussels, Mytilus edulis,
encountering Vibrio tubiashii. Enviro. Microbiol. 16(4):
1029-1039.

Azetsu-Scott, K., A. Clarke, K. Falkner, J. Hamilton,
E.P. Jones, C. Lee, B. Petrie, S. Prinsenberg, M. Starr,
and P. Yeats. 2010. Calcium carbonate saturation states
in the waters of the Canadian Arctic Archipelago and
the Labrador Sea. J. Geophy. Res.-Oceans 115: C11021.
doi:10.1029/2009JC005917.

Beaubier, P.H. 1970. The hunting pattern of the Iglulig-
miut: with emphasis on the marine environment. Mon-
treal, Québec. M.A. Thesis. Department of Geography,
McGill University. ix + 250 pp.

Belikov, S.E., and A.N. Boltunov. 2005. Laptev walruses.
In: Working Paper SC/12/WWG/8 Submitted to the
NAMMCO SC Working Group.

Belikov, S., A.N. Boltunov, and Y. Gorbunov. 1996. Dis-
tribution and migration of polar bears, Pacific walruses,
and gray whales depending on ice conditions in the Rus-
sian arctic. Polar Biol. 9: 263-274.



Bell, R. 1884. Observations on the geology, mineralogy,
zoology, and botany of the Labrador coast, Hudson’s
Strait and Bay. Rep. Progr. Geol. Nat. Hist. Surv. Can. 37
pp. + appendices.

BIMC (Baffinland Iron Mines Corporation). 2012. Mary
River Project final environmental impact statement.
NIRB File No.: 08MNo053, February 14, 2012. Toronto,
ON.

Bluhm, B.A., and R. Gradinger. 2008. Regional variabil-
ity in food availability for Arctic marine mammals. Ecol.
Appl. 18(2) Suppl.: S77-S96.

Bockstoce, J.R., and D.B. Botkin. 1982. The harvest of
Pacific walruses by the pelagic whaling industry, 1848 to
1914. Arctic Alp. Res. 14: 183-188.

Boertmann, D. 2007. Grgnlands Radliste — 2007
[Greenlands Redlist -2007]. Grenlands Hjemmestyre,
Direktoratet for Miljg og Natur, Nuuk. In Danish.

Boertmann, D., and A. Mosbech. (eds.). 2012. The west-
ern Greenland Sea, a strategic environmental impact
assessment of hydrocarbon activities. Aarhus University,
DCE - Danish Centre for Environment and Energy, 268
pp- [Scientific Report from DCE — Danish Centre for
Environment and Energy no. 22].

Boertmann, D., A. Mosbech, D. Schiedek, and K. Johan-
sen (eds). 2009a. The eastern Baffin Bay. A preliminary
strategic environmental impact assessment of hydro-
carbon activities in the KANUMAS West area. National
Environmental Research Institute, Aarhus University,
Denmark. 238 pp. [NERI Technical report no. 720;
http://www.dmu.dk/Pub/FR720.pdf].

Boertmann, D., A. Mosbech, D. Schiedek, and K. Jo-
hansen (eds). 2009b. The western Greenland Sea. A
preliminary strategic environmental impact assessment
of hydrocarbon activities in the KANUMAS East area.
National Environmental Research Institute, Aarhus
University, Denmark. 246 pp. — NERI Technical report
no. 719; http://www.dmu.dk/Pub/FR719.pdf].

Boertmann, D., A. Mosbech, D. Schiedek, and M. Diin-
weber (eds.) 2013. Disko West. A strategic environmen-
tal impact assessment of hydrocarbon activities. Aarhus
University, DCE — Danish Centre for Environment and
Energy, 306 pp. [Scientific Report from DCE — Danish
Centre for Environment and Energy No. 71. http://www.
dmu.dk/Pub/SR71.pdf]

Boltunov, A.N., and V.V. Nikiforov. 2008. Pacific walrus
under stress in the Chukchi Sea. WWF Arct. Bull. 2(08):

4-5.

Boltunov, A.N., S.E. Belkov, Yu.A. Gorbunov, D.T.
Menis, and V.S. Semenova. 2010. The Atlantic walrus
of the southeastern Barents Sea and adjacent regions:
review of present-day status. WWF-Russia, Marine
Mammal Council, Moscow, Russia. 17 pp.

Born, E.W. 1984. Status of the Atlantic walrus Odobenus
rosmarus rosmarus in the Svalbard area. Polar Res. 2:

27-45.

Born, E.W., and I. Gjertz. 1993. A link between walruses
(Odobenus rosmarus) in northeast Greenland and Sval-
bard. Polar Rec. 29: 329-329.

Born, E.W., and @. Wiig. 2005. Potential effects on
Atlantic walrus of warming in the Arctic. Working paper
to the NAMMCO workshop on walruses in the North
Atlantic, Copenhagen, 11-14 January 2005. 13 pp.

Born, E.W., M.P. Heide-Jorgensen, and R.A. Davis.
1994. The Atlantic walrus (Odobenus rosmarus rosma-
rus) in West Greenland. Medd. Grenl., Biosci. 40: 1-40.

Born, E.W., 1. Gjertz, and R.R. Reeves. 1995. Population
assessment of Atlantic walrus. Norsk Polarinst. Medd.
138: 100 pp.

Born, E.W., R. Dietz, M.P. Heide-Jorgensen, and L.Q.
Knutsen. 1997. Historical and present distribution,
abundance and exploitation of Atlantic walruses (Odo-
benus rosmarus rosmarus L.) in eastern Greenland.
Medd. Grenl., Biosci. 46: 73 pp.

Born E.-W., L.W. Andersen, I. Gjertz, and @. Wiig. 2001.
A review of genetic relationships of Atlantic walruses
(Odobenus rosmarus rosmarus) east and west of Green-
land. Polar Biol. 24: 713—718.

Born, E.W., S. Rysgaard, G. Ehlmé, M. Sejr, M. Acqua-
rone, and N. Levermann. 2003. Underwater observa-
tions of foraging free-Iiving Atlantic walruses (Odobe-
nus rosmarus rosmarus) and estimates of their food
consumption. Polar Biol. 26: 348—357.

Born, E.W., M. Aquarone, L.@. Knutsen, and L. Toudal.
2005. Homing behavior in an Atlantic walrus (Odobenus
rosmarus rosmarus). Aquat. Mamm. 31(1): 11-21.

Born, E.W., D.M. Boertmann, M.P. Heide-Jorgensen, R.
Dietz, L. Witting, L. Kyhn, S. Fossette, F.F. Riget, K.L.
Laidre, and F. Ugarte. 2009. Abundance of Atlantic Wal-
rus (Odobenus rosmarus rosmarus) in East Greenland.
NAMMCO/SC/17/WWG/07.

Born, E.W., E. Stefansson, B. Mikkelsen, K.L. Laidre,
L.W. Andersen, F.F. Rigét, M. Villum Jensen, and D.
Bloch. 2014. A note on a walrus’ European odyssey.
NAMMCO Sci. Publ. 9: 75-91.

State of Circumpolar Walrus Populations 83



Brody, H. 1976. Inuit land use in northern Baffin Island
and northern Foxe Basin. Pp. 153—172, in M.M.R. Free-
man (ed.) Inuit land use and occupancy study, Vol. 1.
Canada Department of Indian and Northern Affairs,
Ottawa.

Buchanan, F.C., L.D. Maiers, T.D. Thue, B.G.E. de
March, and R.E.A. Stewart. 1998. Microsatellites from
the Atlantic walrus Odobenus rosmarus rosmarus. Mol.
Ecol. 7: 1083-1090.

Burek, K.A., F.M.D. Gulland, and T.M. O’Hara. 2008.
Effects of climate change on Arctic marine mammal
health. Ecol. Appl. 18(2) Suppl.: S126-S134.

Burn, D.M., M.A. Webber, and M.S. Udevitz. 2006.
Application of airborne thermal imagery to surveys of
Pacific walrus. Wildl. Soc. Bull. 34: 51-58.

Burn, D., M..S. Udevitz, S.G. Speckman, and R.B. Benter.
2009. An improved procedure for detection and enu-
meration of walrus signatures in airborne thermal imag-
ery. Int. J. Appl. Earth Obs. Geoinf. 11: 324-333.

Bychkov, V.A. 1973a. Atlantic walrus, Odobenus rosma-
rus rosmarus L., 1758, Novaya Zemlya population. In
Proceedings of a working meeting of seal specialists on
threatened and depleted seals of the World, University
of Guelph, Ontario, Canada. International Union for
Conservation of Nature and Natural Resources, 1110
Morges, Switzerland. (i.e., IUCN Publ. New Ser. Suppl.
Paper 39: 56-58.)

Bychkov, V.A. 1973b. The Laptev walrus (Odobenus
rosmarus laptevi Chapskii, 1940). In Proceedings of

a working meeting of seal specialists on threatened

and depleted seals of the World, University of Guelph,
Ontario, Canada. International Union for Conservation
of Nature and Natural Resources, 1110 Morges, Switzer-
land. (i.e., IUCN Publ. New Ser. Suppl. Paper 39: 54-55.)

Caldwell, S. 2013. Disaster declared for subsistence wal-
rus hunt on St. Lawrence Island. Alaska Dispatch News,
2 September 2013. [http://www.alaskadispatch.com/
article/20130902/disaster-declared-subsistence-walrus-
hunt-st-lawrence-island]

Calle, P.P., D.J. Seagars, C. McClave, D. Senne, C.
House, and J.A. House. 2002. Viral and bacterial serol-
ogy of free-ranging Pacific walrus. J. Wildl. Dis. 38:
93-100.

Canada, Privy Council. 1928. Order in Council P.C. 1036
of June 20, 1928. Canada Gazette Vol. 61, No. 53, 30
June 1928, p. 4227.

Canada, Privy Council .1931. Order in Council P.C. 1543
[correction] of July 6, 1931. Canada Gazette Vol. 65, No.
3, 18 July 1931, p. 146.

84 State of Circumpolar Walrus Populations

Canada, Privy Council. 1980. Order in Council P.C. 1980
-1216 of May 8, 1980. SOR/80-338. Canada Gazette Part
I1, Vol. 114, No. 10, 28 May 1980, pp. 1860-1862.

CBC. 2014. Walruses forced ashore en masse as sea

ice melts. The Associated Press Posted: Oct 01, 2014
10:10 AM ET Last Updated: Oct 01, 2014 10:24 AM ET.
[http://www.cbc.ca/news/technology/walruses-forced-
ashore-en-masse-as-sea-ice-melts-1.2783672].

Chan, F.T., J.E. Bronnenhuber, J.N. Bradie, K. Howland,
N. Simard, and S.A. Bailey. 2012. Risk assessment for
ship-mediated introductions of aquatic nonindigenous
species to the Canadian Arctic. DFO Can. Sci. Advis. Sec.
Res. Doc. 2011/105: vi + 93 p.

Chapsky, K.K. 1936. Walrus of the Kara Sea. Transac-
tions of the Arctic Institute (Leningrad) 67: 1—124.
[Excerpts on morphology, growth, and reproduction
translated from the Russian by T. Halpert-Scanderbeg
and incorporated into the original English summary by
F.H. Fay, December 1953. 34 typed MS pages] [http://
www.Chapskii.1936.WalrusOfKaraSea.TransArcticInsti-
tuteLeningrad.pdf]

Chernook, V.I., C. Lydersen, D.M. Glazov, I.S Trukha-
nova, and K.M. Kovacs. 2012. Aerial survey of Alantic
walruses (Odobenus rosmarus rosmarus) in the Pechora
Sea, August 2011. Marine mammals of the Holarctic.
Collected scientific works from the 77th international con-
ference, 24—28 September 2012, Suzdal, Russia. Volume
2: 366-369.

Chernook, V.I., B.A. Solovyov, A.N. Vasiliev, A.A.
Solodov, A.A., and Y. Zemlyamskaya. 2014. Aerial survey
results for marine mammals in coastal waters of the
Kara Sea in August 2013, pp. 88-89 in Marine mammals
of the Holarctic. Collected summaries of the 8th inter-
national conference. Saint Petersburg, 22—27 September
2014, Saint Petersburg, Russia.

Cherry, S.G., A.E. Derocher, G.W. Thiemann, and N.J.
Lunn. 2013. Migration phenology and seasonal fidelity of
an Arctic marine predator in relation to sea ice dynam-
ics. J. Anim. Ecol. 82: 912—921.

Chivers, S.J. 1999. Biological indices for monitoring
population status of walruses evaluated with an individ-
ual-based model. Pages 239-247 in: G.W. Garner, S.C.
Amstrup, J.L. Laake, B.F.J. Manly, L.L. McDonald, and
D.G. Robertson (eds.), Marine Mammal Survey and As-
sessment Methods. A.A. Balkema, Rotterdam.



Christensen, T., K. Falk, T. Boye, F. Ugarte, D. Boert-
mann, and A. Mosbech. 2012. Identifikation af sdrbare
marine omrader i den gronlandske/danske del af Arktis.
Aarhus Universitet, DCE — Nationalt Center for Miljo
og Energi. 72 pp. [Scientific Report from DCE — Danish
Centre for Environment and Energy no. 43; Danish with
English summary]

Christiansen, J.S., C.W. Mecklenburg, and O.V. Kara-
mushko. 2014. Arctic marine fishes and their fisheries in
light of global change. Global Change Biol. 20: 352—3509,
doi: 10.1111/gcb.12395.

Collins, M., R. Knutti, J. Arblaster, K. Caldeira, J.-L.
Dufresne, T. Fichefet, P. Friedlingstein, X. Gao et al.
2013. Chapter 12: Long-term climate change: projec-
tions, commitments and irreversibility. Pp. 1045-1047
in: IPCC WGI Fifth Assessment Report.

Comiso, J.C. 2012. Large decadal decline of the Arctic
multiyear ice cover. J. Climate 25: 1176—-1193.

COSEWIC. 2006. COSEWIC assessment and update
status report on the Atlantic walrus Odobenus rosma-
rus rosmarus in Canada. Committee on the Status of
Endangered Wildlife in Canada. Ottawa, ix + 65 pp.

COSEWIC. 2017. COSEWIC Wildlife Species As-
sessments (detailed version), April 2017. [http://
www.cosewic.gc.ca/EC89538C-1BDE-4502-979A-
F35FCF2FB63D/REVISED_ 3_detailed_species_
assessments_ e.pdf]

COSEWIC. In Press. COSEWIC assessment and sta-
tus report on the Atlantic Walrus Odobenus rosmarus
rosmarus, High Arctic population, Central/Low Arctic
population and Nova Scotia-Newfoundland-Gulf of St
Lawrence Population in Canada. Committee on the Sta-
tus of Endangered Wildlife in Canada. Ottawa. xxi + 89
pp. [http://www.registrelep-sararegistry.gc.ca/default.
asp?lang=en&n=24F7211B-1]

Council of Europe. 1979. Convention on the conserva-
tion of European wildlife and natural habitats [Bern
Convention]. European Treaty Series No. 104: 10 pp. + 4
Appendices. [http://www.coe.int/en/web/conventions/
full-list/-/conventions/treaty/104]

Crowe, K.J. 1969. A cultural geography of northern Foxe
Basin. Northern Science Research Group: Department
of Indian Affairs and Northern Development (NSRG)
69—2: xii + 130 p.

Currie, R.D. 1963. Western Ungava area economic
survey. Canada Department of Northern Affairs and Na-
tional Resources, Area Economic Survey Report 62—2:

103 pp.

Davis, R.A., W.R. Koski, and K.J. Finley. 1978. Numbers
and distribution of walruses in the central Canadian
High Arctic. LGL Limited, Environmental Research As-
sociates, 44 Eglinton Avenue West, Toronto, ON. vii +
50 pp.

Davis, R.A., K.J. Finley, and W.J. Richardson. 1980. The
present status and future management of Arctic marine
mammals in Canada. LGL Limited Environmental Re-
search Associates, Toronto for Science Advisory Board
of the Northwest Territories, Yellowknife, NWT. 93 pp.

de March, B.G.E., de Wit, C.A., and D.C.G. Muir (eds.).
1998. Persistent organic pollutants. Chapter 6, pp.
183-371 in AMAP Assessment Report: Arctic pollution
issues. Arctic Monitoring and Assessment Programme
(AMAP), Oslo, Norway.

de March, B.G.E., L.D. Maiers, and R.E.A. Stewart.
2002. Genetic relationships among Atlantic walrus
(Odobenus rosmarus rosmarus) in the Foxe Basin and
Resolute Bay—Bathurst Inlet area. DFO Can. Sci. Advis.
Sec. Res. Doc. 2002/92: 20 pp.

Degerbgl, M., and P. Freuchen. 1935. Mammals. Report
of the Fifth Thule Expedition 1921—24. Gyldendalske
Boghandel, Nordisk Forlag. 2(4—5): 1—278, Copenhagen.

DeMaster, D.P. 1984. An analysis of a hypothetical
population of walruses. Pp. 77-80, in: F.H. Fay and G.A.
Fedoseev (eds.), Soviet-American cooperative research
on marine mammals. Volume 1 — pinnipeds. NOAA
Technical Report NMFS 12.

Demer, L. 2016. Thousands of Alaska walruses have
hauled out in a surprising spot. What now? Alaska
Dispatch News, May 6, 2016. [http://www.adn.com/ar-
ticle/20160506/thousands-walruses-have-hauled-out-
unexpected-spot-what-now]

DFO (Fisheries and Oceans Canada). 2002. Atlantic wal-
rus. DFO Can. Sci. Advis. Sec. Stock Status Rep. E5-17,
18, 19, 20: 19 pp.

DFO (Fisheries and Oceans Canada). 2013a. Proceed-
ings of the Pre-COSEWIC Peer Review Meeting for At-
lantic walrus (Odobenus rosmarus rosmarus); February
28 to Marchi, 2012. DFO Can. Sci. Advis. Sec. Proceed.
Ser. 2012/041: iv + 29 p.

DFO (Fisheries and Oceans Canada). 2013b. Estimates
of abundance and total allowable removals for Atlantic
Walrus (Odobenus rosmarus rosmarus) in the Cana-
dian Arctic. DFO Can. Sci. Advis. Sec. Sci. Advis. Rep.

2013/034: 12 pp.

State of Circumpolar Walrus Populations 85



DFO (Fisheries and Oceans Canada). 2014. Science
review of the Final Environmental Impact Statement
Addendum for the early revenue phase of Baffinland’s
Mary River Project. DFO Can. Sci. Advis. Sec. Sci. Resp.
2013/024: 51 pp.

Dietz, R., E.W. Born, R.E.A. Stewart, M.P. Heide-Jor-
gensen, H. Stern, F. Rigét, L. Toudal, C. Lanthier, M.V.
Jensen, and J. Teilmann, 2014. Movements of walruses
(Odobenus rosmarus) between central West Greenland
and southeast Baffin Island, 2005-2008. NAMMCO Sci.
Publ. 9: 53-74.

Douglas, D.C. 2010. Arctic sea ice decline: Projected
changes in timing and extent of sea-ice in the Bering
and Chukchi Seas. U.S. Department of the Interior, U.S.
Geological Survey, Open File Report 2010-1176. Reston,
VA, 32 pp.

Dunbar, M.J. 1955. The status of the Atlantic walrus,
Odobenus rosmarus (L.), in Canada. Arctic Circ. VIII:
11-14.

Durner, G.M., D.C. Douglas, R.M. Nielson, S.C. Am-
strup, T.L. McDonald et al. 2009. Predicting 21st-cen-
tury polar bear habitat distribution from global climate
models. Ecol. Monogr. 79: 25—58.

EC. 2014. The European Union and Trade in Wild Flora
and Fauna. http://ec.europa.eu/environment/cites/leg-
islation_en.htm (accessed September 17, 2015)

Elliott, H.W. 1882. A monograph of the seal-islands of
Alaska. Government Printing Office, Washington, DC.

250 pp.

Elliott, R.E., V.D. Moulton, S.W. Raborn, and R.A.
Davis. 2013. Hudson Strait marine mammal surveys, 10
March — 2 April 2012. LGL Report No. TA8129-2. Pre-
pared by LGL Limited, King City, ON for Baffinland Iron
Mines Corporation, Toronto, ON. 87 pp.

EWC (Eskimo Walrus Commission). 2003. Conserving
our culture through traditional management. Depart-
ment of Natural Resources, Kawerak Inc., Nome, AK.

EWC (Eskimo Walrus Commission). 2008. A Resolution
to minimize disturbance of hauled-out Walrus. Resolu-
tion 2008-01. Eskimo Walrus Commission, Kawerak,
Inc., Nome, AK.

Fay, F.H. 1982. Ecology and biology of the Pacific wal-
rus, Odobenus rosmarus divergens Illiger. U.S. Depart-
ment of the Interior, Fish and Wildlife Service, North
American Fauna No. 74: vi + 279 pp.

Fay, F.H. 1985. Odobenus rosmarus. Mamm. Species
238:1-7.

86 State of Circumpolar Walrus Populations

Fay, F.H., and B.P. Kelly. 1980. Mass natural mortal-
ity of walruses (Odobenus rosmarus) at St. Lawrence
Island, Bering Sea, Autumn 1978. Arctic 33: 226—245.

Fay, F.H., and C. Ray. 1968. Influence of climate on the
distribution of walruses, Odobenus rosmarus (Lin-
naeus). I. Evidence from thermoregulatory behavior.
Zoologica 53: 1—18.

Fay, F.H., and S.W. Stoker. 1982. Analysis of reproduc-
tive organs and stomach contents from walruses taken
in the Alaskan native harvest, spring 1980. Final Report
contract 14-16-0007-81-5216. U.S. Fish and Wildlife
Service, Anchorage, Alaska. 86 pp.

Fay, F.H., B.P Kelly, P.H. Gehnrich, J.L. Sease, and A.A.
Hoover. 1986. Modern populations, migrations, de-
mography, trophics, and historical status of the Pacific
walrus. U.S. Department of Commerce, NOAA, Outer
Continental Shelf Environmental Impact Assessment
Program, Final Reports of Principal Investigators 37:
231-376.

Fay, F.H., B.P. Kelly, and J.L. Sease. 1989. Managing
the exploitation of Pacific walruses: a tragedy of delayed
response and poor communication. Mar. Mam. Sci. 5:
1-16.

Fay, F.H., J.J. Burns, S.W. Stoker, and J.S. Grundy.
1994. The struck-and-lost factor in Alaskan walrus har-
vests, 1952—1972. Arctic 47: 368—373.

Fay, F.H., L.L. Eberhardt, B.P. Kelly, J.J. Burns, and
L.T. Quakenbush. 1997. Status of the Pacific walrus
population, 1950-1989. Mar. Mam. Sci. 13: 537-565.

Federal Review Panel for the Eastmain-1-A Diversion
Project. 2006. Environmental assessment of the East-
main-1-a and Rupert Diversion Project, Panel Report,
November 30, 2006. Canadian Environmental Assess-
ment Agency, Ottawa. xiv + IV + 486 pp. [www.ceaa.
gc.ca/default.asp?lang=En&n=E5260A91-1]

Fedoseev, G.A. 1984. Present status of the population of
walruses (Odobenus rosmarus) in the eastern Arctic and
Bering Sea. Pages 73-85 in: V.E. Rodin, A.S. Perlov, A.A.
Berzin, G.M. Gavrilov, A.I. Shevchenko, N.S. Fadeev,
and E.B. Kucheriavenko (eds.), Marine Mammals of the
Far East. TINRO, Vladivostok, Russian Federation.

Ferguson, S.H, J.W. Higdon, and K.H. Westal.
2012. Prey items and predation behavior of killer
whales (Orcinus orca) in Nunavut, Canada based on
Inuit hunter interviews. Aquat. Biosys. 8(3): 16 pp.
d0i:10.1186/2046-9063-8-3.



Fischbach, A.S., D.H. Monson, and C.V. Jay. 2009.
Enumeration of Pacific walrus carcasses on beaches of
the Chukchi Sea in Alaska following a mortality event,
September 2009. U.S. Geological Survey Open-File
Report 2009-1291: iv + 10 pp.

Fischbach, A.S., A.A. Kochnev, J.L. Garlich-Miller, and
C.V. Jay. 2016, Pacific walrus coastal haulout data-
base,1852—2016—Background report: U.S. Geologi-
cal Survey Open-File Report 2016—1108, 27 pp. doi.
org/10.3133/0fr20161108.

Fisher, K.I., and R.E.A. Stewart. 1997. Summer foods
of Atlantic walrus, Odobenus rosmarus rosmarus, in
northern Foxe Basin, Northwest Territories. Can. J.
Zool. 75: 1166-1175.

Fisk, A.T., Hobbs, K., and D.C.G. Muir (eds.). 2003.
Contaminant levels, trends and effects in the biological
environment. Canadian Arctic Contaminants Assess-
ment Report II. Canada Department of Indian Affairs
and Northern Development, Ottawa, ON. xix + 175 pp.

Fleming, M., and S. Newton. 2003. Hudson Bay TEKMS
Report on select Hudson Bay features. Prepared for
consideration by Bruce Stewart for incorporation into
Hudson Bay Ecosystem Overview, 24 pp.

Frederiksen, M., D. Boertmann, F. Ugarte, and A. Mos-
bech (eds). 2012. South Greenland. A Strategic Envi-
ronmental Impact Assessment of hydrocarbon activities
in the Greenland sector of the Labrador Sea and the
southeast Davis Strait. Aarhus University, DCE — Danish
Centre for Environment and Energy, 220 pp. [Scientific
Report from DCE — Danish Centre for Environment and
Energy No. 23; http://www.dmu.dk/Pub/SR23.pdf].

Freeman, M.M.R. 1964. Observations on the Kayak-
Complex, Belcher Islands, N.W.T. Natl Mus. Can. Bull.
194: 56—901.

Freeman, M.M.R. 1969—1970. Studies in maritime
hunting I. Ecologic and technologic restraints on walrus
hunting, Southampton Island, N.W.T. Folk 11—12:

155—171.

Freeman, M.M.R. 1974-1975. Studies in maritime hunt-
ing II. An analysis of walrus hunting and utilization:
Southampton Island, N.W.T. 1970. Folk 16—17: 147—158.

Freitas, C., K.M. Kovacs, R.A. Ims, M.A. Fedak, C.
Lydersen. 2009. Deep into the ice: over-wintering and
habitat selection in male Atlantic walruses. Mar. Ecol.
Progr. Ser. 375: 247—261. doi: 10.3354/mepso07725

Freuchen, P. 1921. Om hvalrossens forekomst og van-
dringer ved Grenlands vestkyst (Occurrence and migra-
tions of the walrus near the west coast of Greenland)
Dansk naturhistorisk forening i Kebenhavn. Videnska-
belige meddelelser 72: 237-249. [In Danish. Translated
to English in 1973: Can. Transl. Fish. Aquat. Sci. 2383.
14 pp.].

Frey, E.K., G.W.K. Moore, L.W. Cooper, and J.M.
Grebmeier. 2015. Divergent patterns of recent sea ice
cover across the Bering, Chukchi, and Beaufort seas of
the Pacific Arctic Region. Progress in Oceanography 136:
32-49. doi.org/10.1016/j.pocean.2015.05.009

Galicia, M.P., G.W. Thiemann, M.G. Dyck, and S.H.
Ferguson. 2015. Characterization of polar bear (Ursus
maritimus) diets in the Canadian High Arctic. Polar
Biol. 38: 1983-1992.

Garlich-Miller, J. (ed.). 2012. Adapting to climate
change: A community workshop on the conservation
and management of walruses on the Chukchi Sea coast,
23-24 February, 2012, Barrow, AK. USFWS Administra-
tive Report R7/MMM 12-1. Marine Mammals Manage-
ment, U.S. Fish and Wildlife Service, Anchorage, AK.

Garlich-Miller, J.L., and D.M. Burn. 1999. Estimating
the harvest of Pacific walrus, Odobenus rosmarus diver-
gens, in Alaska. Fish. Bull. 97: 1043-1046.

Garlich-Miller, J., and C.V. Jay. 2000. Proceedings of a
workshop concerning walrus survey methods. USFWS
R7/ MMM Tech. Rep. 00-2, 92 pp.

Garlich-Miller, J., and C. Pungowiyi (eds.). 1999. Pro-
ceedings of a workshop concerning walrus harvest moni-
toring in Alaska and Chukotka. Fish & Wildlife Service
Tech. Rep. MMM 99-1. 59 pp.

Garlich-Miller, J.L., L.T. Quakenbush, and J.F. Bro-
maghin. 2006. Trends in age structure and productivity
of Pacific walruses harvested in the Bering Strait region
of Alaska, 1952-2002. Mar. Mamm. Sci. 22:880-896.

Garlich-Miller, J., J.G. MacCracken, J. Snyder, R. Mee-
han, M.Myers, J.M. Wilder, E. Lance, and A. Matz. 2011.
Status review of the Pacific walrus (Odobenus rosmarus
divergens). U.S. Fish and Wildlife Service, Anchorage,
AK. vi + 155 pp.

Gavrilchuk, K., and Lesage, V. 2014. Large-scale marine
development projects (mineral, oil and gas, infrastruc-
ture) proposed for Canada’s North. Can. Tech. Rep. Fish.
Aquat. Sci. 3069: viii + 84 pp.

State of Circumpolar Walrus Populations 87



Gavrilo M.V. 2010. On the modern distribution of
Atlantic walrus (Odobenus rosmarus rosmarus) in

the northern Kara-Barents Sea region, pp. 125-129 in
Marine mammals of the Holarctic. Collected scientific
works from the 6th international conference, 11-15 Octo-
ber 2010, Kaliningrad, Russia.

George, J. 2013. Hydro power plays into Hudson Bay
wildlife entrapments: researcher. Nunatsiaq News
April 8, 2013. [http://www.nunatsiaqonline.ca/stories/
article/65674hydro_power_production_plays_into_
hudson_bay_wildlife_entrapm/].

Gilbert, J.R. 1999. Review of previous Pacific walrus
surveys to develop improved survey designs. Pp. 75-

84 in: Garner, G.W., S.C. Amstrup, J.L. Laake, B.F.J.
Manly, L.L. McDonald, and D.G. Robertson (eds.),
Marine Mammal Survey and Assessment Methods. A. A.
Balkema, Rotterdam. 287 pp.

Gilbert, J.R., G.A. Fedoseev, D. Seagars, E. Razlivalov,
and A. LaChugin. 1992. Aerial census of Pacific walrus,
1990. USFWS R7/MMM Tech. Rep. 92-1, 33 pp.

Gilpin, J.B. 1869. The walrus. Proc. Trans. Nova Scotia
Inst. Nat. Sci. 2(3): 123-127.

GINR (Greenland Institute of Natural Resources).

2011. Standing non-detriment findings for exports from
Greenland of products derived from Atlantic walrus
(Odobenus rosmarus rosmarus). Greenland Institute of
Natural Resources, CITES Scientific Authority Green-
land, 10 March 2011. Report to the Ministry of Domestic
Affairs, Nature and Environment, Nuuk, Greenland. J.
nr. 40.00.01.01.45-1/11: 15 pp.

Gjertz, 1., and @ Wiig. 1994. Past and present distribu-
tion of walruses in Svalbard. Arctic 47: 34-42.

Gjertz, 1., R. Hansson, and @. Wiig. 1992. The historical
distribution and catch of walrus on Franz Josef Land,
pp. 66-81. In 1. Gjertz and B. Mgrkved (eds.) Environ-
mental studies from Franz Josef Land, with emphasis on
Tikhaia Bay, Hooker Island. Norsk Polarinst. Medd. 120.

Gjertz L., @. Wiig, and N.A. Qritsland. 1998. Backcalcula-
tion of original population size for walruses Odobenus
rosmarus in Franz Josef Land. Wildl. Biol. 4: 223—230.

Glazov, D.M., O.V. Shpak, D.M. Kuznetsova, B.A. So-
lovyev, D.A. Udovik, N.G. Platonov, I.N. Mordvintsev,
D.I. Ivanov, and V.V. Rozhnov. 2013. Observations of
the walrus (Odobenus rosmarus) in the Barents, Kara,
and Laptev Seas in 2010-2012. Biol. Bull. 40(9): 783-
789.

88 State of Circumpolar Walrus Populations

Goryaev, Yu., A. Ezhov, and A. Vorontsov. 2006. Ves-
sel based observations of Atlantic walruses (Odobenus
rosmarus rosmarus) in the southeastern part of the
Barents Sea, pp. 145—146 in Marine mammals of the
Holarctic. Collection of scientific papers after the 4th
International Conference, 10-14 September 2006, Saint-
Petersburg, Russia.

Government of Canada. 2015. Fisheries Act (R.S.C.,
1985, c. F-14). [http:// http://laws-lois.justice.gc.ca/
eng/acts/F-14/page-10.html#docCont].

Government of Greenland. n.d. Fangstradet er radgiv-
ende organ for Naalakkersuisut i spergsmaél knyttet til
fangst og jagt. [http://naalakkersuisut.gl/da/Naalak-
kersuisut/Departementer/Fiskeri-Fangst/Fangst-og-
jagtafdelingen/Fangstraadet].

Government of Greenland. 1989. Inatsisiliorneq Lov-
givning - Hjemmestyrets bekendtggrelse nr. 21 af 17. maj
1989 om naturreservatet i Melville Bugt (Inatsisiliorneq
Legislation - Home Rule Executive Order no. 21 of 17
May 1989 on the nature reserve in Melville Bay). [http://
lovgivning.gl/lov?rid={40C78374-0645-48B8-A846-
1A50E9333611}]. (In Danish and Kalaallisut)

Government of Greenland. 1992. Inatsisiliorneq Lov-
givning - Hjemmestyrets bekendtgerelse nr. 7 af 17. juni
1992 om Nationalparken i Nord- og @stgrenland (Inat-
sisiliorneq Legislation - Home Rule Executive Order no.
7 dated 17 June 1992 on the National Park in Northeast
Greenland). [http://lovgivning.gl/lov?rid={1FC9C9gF-
1BE0-494A-A663-4CA19ABEAF62}#]. (In Danish and
Kalaallisut)

Government of Greenland. 2003. Landsting Act No.

29 of 18 December 2003 on the Protection of Nature.
English translation. 16 pp. [www.aeco.no/wp-content/
uploads/2013/06/naturbeskyttelsesloven_ english.doc]

Government of Greenland. 2009. Inatsisartutlov nr. 7 af
7. december 2009 om mineralske rastoffer og aktiviteter
af betydning herfor. [Greenland Parliament Act of 7 De-
cember 2009 on mineral resources and mineral resource
activities (the Mineral Resources Act). Unofficial English
translation. 27 pp.] [http://www.projekter.aau.dk/pro-
jekter/files/80438738/Appendix_11.pdf]

Government of Greenland. 2016. Environmental Regula-
tion. [http://www.govmin.gl/petroleum/environment/
environmental-regulation]

Grebmeier, J.M., J.E. Overland, S.E. Moore, E.V. Farley,
E.C. Carmack, L.W. Cooper, K.E. Frey, J.H. Helle, F.A.
McLaughlin, and S.L. McNutt. 2006. A major ecosystem
shift in the northern Bering Sea. Science 311(10 March
2006): 1461-1464.



Grebmeier, J.M., B.A. Bluhm, L.W. Cooper, S.L. Dan-
ielson, K.R. Arrigo, A.L. Blanchard, J.T. Clarke, R.H.
Day, K.E. Frey, R.R. Gradinger, M. Kedra, B. Konar, K.
J.Kuletz, S.H. Leek, J.R. Lovvorn, B.L. Norcross, and
S.R. Okkonen. 2015. Ecosystem characteristics and
processes facilitating persistent macrobenthic biomass
hotspots and associated benthivory in the Pacific Arctic.
Progress in Oceanography 136: 92-114.

Gustavson, K., P. Pearce, J. Knopp, and D. de Kerck-
hove. 2008. Socioeconomic analysis for Atlantic walrus.
Final report. Prepared by Jacques Whitford Limited
Dartmouth NS and Westworth Associates Environmen-
tal Ltd., Edmonton AB for Fisheries and Oceans Canada,
Sarnia, ON. ii + 45 pp. [Project No. 1021493]

Hall, P. 2003. CITES and the conservation of the At-
lantic walrus (Odobenus rosmarus rosmarus). CITES
World 11: 5-6.

Hamilton, S.G., L.C. de la Guardia, A.E. Derocher, V. Sa-
hanatien, B. Tremblay, et al. 2014. Projected polar bear
sea ice habitat in the Canadian Arctic Archipelago. PLoS
ONE 9(11): e113746.

Hamilton, C.D., K.M. Kovacs, and C. Lydersen. 2015.
Year-round haul-out behaviour of male walruses Odobe-
nus rosmarus in the Northern Barents Sea. Mar. Ecol.
Prog. Ser. 519: 251-263.

Hammill, M.O., P. Blanchfield, J.W. Higdon, D.B. Stew-
art, and S.H. Ferguson. 2016a. Estimating abundance
and total allowable removals for walrus in Foxe Basin.
DFO Can. Sci. Advis. Sec. Res. Doc. 2016/014: iv + 20

pp.

Hammill, M.O., A. Mosnier, J.-F. Gosselin, J.W. Hig-
don, D.B. Stewart, T. Doniol-Valcroze, S.H. Ferguson,
and J.B. Dunn. 2016b. Estimating abundance and total
allowable removals for walrus in the Hudson Bay-Davis
Strait and south and east Hudson Bay stocks during
September 2014. DFO Can. Sci. Advis. Sec. Res. Doc.
2016/036: v + 37 pp.

Harrington, C.R. 1966. Extralimital occurrences of wal-
ruses in the Canadian arctic. J. Mammal. 47: 506—513.

Heide-Jorgensen, M.P., M.L. Burt, R.G. Hansen, N.H.
Nielsen, M. Rasmussen, S. Fossette, and H. Stern. 2013.
The significance of the North Water polynya to Arctic
top predators. Ambio 42: 596-610.

Heide-Jogrgensen, M.P., K.L. Laidre, S. Fossette, M. Ras-
mussen, N.H. Nielsen, and R.G. Hansen. 2014. Abun-
dance of walruses in eastern Baffin Bay and Davis Strait.
NAMMCO Sci. Publ. 9: 159-171.

Heide-Jorgensen, M.P, J. Flora, A.O. Andersen, R.E.A.
Stewart, N.H. Nielsen, and R.G. Hansen, R.G. 2017.
Walrus movements in Smith Sound: a Canada—Green-
land shared stock. Arctic 70(3): 308-318.

Higdon, J.W. 2016. Walrus haulouts in the eastern Ca-
nadian Arctic: a database to assist in land use planning
initiatives. Report and GIS database by Higdon Wildlife
Consulting, Winnipeg, MB, on behalf of WWF-Canada,
Iqaluit, NU, for submission to the Nunavut Planning
Commission, Cambridge Bay, NU. [http://www.nuna-
vut.ca/files/2016-08-15%20WWF-Canada%20-%20
Walrus%20haulout%2o0expert%2oreport.pdf]

Hills, S., and J.R. Gilbert. 1994. Detecting Pacific walrus
population trends with aerial survey - a review. Trans.
North Am. Wildl. Nat. Res. Conf. 59: 201-210.

Horn, G. 1930. Franz Josef Land: natural history, dis-
covery, exploration, and hunting. Skrifter om Svalbard
og Ishavet 29: 1 -54 + Addendum map.

Hovelsrud, G.K., M. McKenna, and H.P. Huntington.
2008. Marine mammal harvests and other interactions
with humans. Ecol. Appl. 18: S135-S147.

Immaroitok, E. 1996. Interview IE-377. Archives of the
Inullariit Society, Igloolik Research Centre, Igloolik,
Nunavut.

IPCC. 2014. Climate Change 2014: Synthesis Report.
Contribution of Working Groups I, IT and III to the Fifth
Assessment Report of the Intergovernmental Panel on
Climate Change [Core Writing Team, R.K. Pachauri and
L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp.

Ironbark Zinc Limited and Orbicon A/S. 2015. Citronen
Base Metal Project, Environmental Impact Assess-
ment (Volume 1). xii + 224 pp. [Accessed May 10, 2016]
[http://naalakkersuisut.gl/en/Hearings/Hearing-Ar-
chive/2015/Ironbark_SIA_EIA_NSI]

Isaksen, K., V. Bakken, and @. Wiig. 1998. Potential
effects on seabirds and marine mammals of petroleum
activity in the northern Barents Sea. Norsk Polarinst.
Medd. 154: 66 pp.

Isaksen, K., H. Strom, M. Gavrilo, and Yu. Krasnov.
2000. Distribution of seabirds and waterfowl in the
Pechora Sea, with emphasis on post-breeding marine
ducks, pp. 7-44 in H. Strgm, K. Isaksen, A.N. Golovkin
(eds.) Seabirds and wildfowl surveys in the Pechora Sea
during August 1998. Norwegian Ornithological Society.
Report No 2-2000.

Jay, C.V., and A.S. Fischbach. 2008. Pacific walrus
response to Arctic sea ice losses. USGS Fact Sheet 2008-

3041.

State of Circumpolar Walrus Populations 89



Jay, C.V., and G.W. Garner. 2002. Performance of a
satellite-linked GPS on Pacific walruses (Odobenus ros-
marus divergens). Pol. Biol. 25: 235—-237.

Jay, C.V., and S. Hills. 2005. Movements of walruses
radio-tagged in Bristol Bay, Alaska. Arctic 58: 192-202.

Jay, C.V., M.P. Heide-Jorgensen, A.S. Fischbach, M.V.
Jensen, D.F. Tessler, and A.V. Jensen. 2006. Compari-
son of remotely deployed satellite radio transmitters on
walruses. Mar. Mam. Sci. 22: 226—236.

Jay, C.V., P.M. Outridge, and J.L. Garlich-Miller. 2008.
Indication of two Pacific walrus stocks from whole tooth
elemental analysis. Polar Biol. 31: 933—943.

Jay, C.V., M.S. Udevitz, R. Kwok, A.S. Fischbach, and
D.C. Douglas. 2010. Divergent movements of walrus and
sea ice in the northern Bering Sea. Mar. Ecol. Progr. Ser.

407: 293-302.

Jay, C.V., B.G. Marcot, and D.C. Douglas. 2011. Pro-
jected status of the Pacific walrus (Odobenus rosmarus
divergens) in the twenty-first century. Polar Biol. 34:
1065-1084.

Jay, C.V., A.S. Fischbach, and A.A. Kochnev. 2012. Wal-
rus areas of use in the Chukchi Sea during sparse sea ice
cover. Mar. Ecol. Prog. Ser. 468: 1-13.

Jay, C.V., J.M. Grebmeier, A.S. Fischbach, T.L. McDon-
ald, L.W. Cooper, and F. Hornsby. 2014. Pacific walrus
(Odobenus rosmarus divergens) resource selection in
the northern Bering Sea. PLoS ONE 9(4):€93035.

Kapsch, M.L., H. Eicken, and M. Robards. 2010. Sea ice
distribution and ice use by indigenous walrus hunt-

ers on St. Lawrence Island. Pp. 115-144 in: 1. Krupnik,
C. Aporta, S. Gearheard, G.J. Laidler, and L.K. Holm,
(eds.), SIKU: knowing our ice. Documenting Inuit sea-
ice knowledge and use. Springer, Dordrecht.

Kasser, J.J., and J.E. Weidmer. 2012. The circumpolar
walrus population in a changing world. Prepared by
University of Applied Sciences Van Hall Larenstein,
Leeuwarden, The Netherlands for WWF-Netherlands.

68 pp.

Kavry, V.I., A.A. Kochnev, V.V. Nikiforov, and A.N. Bol-
tunov. 2006, Cape Vankarem — nature-ethnic complex
at the Arctic coast of Chukotka (northeastern Russia),
pp. 227-230 in Marine Mammals of the Holarctic. Col-
lection scientific papers after the 4th international con-
ference, 10-14 September 2006, St. Petersburg, Russia.

90 State of Circumpolar Walrus Populations

Kavry, V.I., A.N. Boltunov, and V.V. Nikiforov. 2008.
New coastal haulouts of walruses (Odobenus rosma-
rus) — response to the climate changes, pp. 248-251 in
Marine Mammals of the Holarctic. Collection of scien-
tific papers after the 5th international conference, 14-18
October 2008, Odessa, Ukraine.

Kawerak, Inc. 2013. Seal and walrus harvest and habitat
areas for nine Bering Strait Region communities. Kaw-
erak, Inc. Social Science Program: Nome, AK. v + 58 pp.

Killian, H.P.L., and I. Stirling. 1978. Observations on
overwintering walruses in the eastern Canadian High
Arctic. J. Mammal. 59: 197-200.

Kochnev, A.A. 2004. Warming of eastern Arctic and
present status of the Pacific walrus (Odobenus rosmarus
divergens) population, pp. 284-288 in Marine Mam-
mals of the Holarctic. Collection of scientific papers
after the 3rd international conference, 11-17 October
2004, Koktebel, Crimea, Ukraine. KMK Scientific Press,
Moscow.

Kopaq, M. 1987. Interview IE-017. Archives of the Inul-
lariit Society, Igloolik Research Centre, Igloolik, Nuna-
vut.

Kovacs, K.M. 2016. Odobenus rosmarus ssp. rosma-
rus. The IUCN Red List of Threatened Species 2016:
e.T15108A66992323. [http://dx.doi.org/10.2305/IUCN.
UK.2016-1.RLTS.T15108A66992323.en].

Kovacs, K.M., and C. Lydersen. 2008. Climate change
impacts on seals and whales in the North Atlantic Arctic
and adjacent shelf seas. Sci. Prog. 91(Pt 2): 117-150.

Kovacs, K.M., C. Lydersen, J.E. Overland, and S.E.
Moore. 2011. Impacts of changing sea-ice conditions on
Arctic marine mammals. Mar. Biodiv. 41: 181-194.

Kovacs, K.M., J. Aars, and C. Lydersen. 2014. Walruses
recovering after 60+ years of protection in Svalbard,
Norway. Polar Res. 33: 26034. doi.org/10.3402/polar.
v33.26034

Kroeker, K.J., R.L. Kordas, R. Crim, I.E. Hendriks, L.
Ramajo, G.S. Singh, C.M. Duarte, and J.-P. Gattuso.
2013. Impacts of ocean acidification on marine organ-
isms: quantifying sensitivities and interaction with
warming. Glob. Change Biol. 19(6): 1884-1896.

Kryukovaa, N.V., E.P. Kruchenkovab, and D.I. Ivanovc.
2012. Killer Whales (Orcinus orca) hunting for walruses
(Odobenus rosmarus divergens) near Retkyn Spit, Chu-
kotka. Biol. Bull. 39 (9): 768—778.

Kupaaq, M. 1996. Interview IE-360. Archives of the
Inullariit Society, Igloolik Research Centre, Igloolik,
Nunavut.



Kyhn, L.A., D. Boertmann, J. Tougaard, K. Johansen,
and A. Mosbech. 2011. Guidelines to environmental
impact assessment of seismic activities in Greenland
waters. 3rd revised edition, Dec. 2011. Danish Center for
Environment and Energy: 61 pp.

Laidler, G.J. 2007. Ice, through Inuit eyes: characteriz-
ing the importance of sea ice processes, use, and change
around three Nunavut communities. Ph.D. Thesis,
Graduate Department of Geography, University of To-
ronto, ON. xx + 487 pp.

Laidler, G.J., J.D. Ford, W.A. Gough, T. Ikummag, A.S.
Gagnon, S. Kowal, K. Qrunnut, and C. Irngaut. 2009.
Travelling and hunting in a changing Arctic: assessing
Inuit vulnerability to sea ice change in Igloolik, Nuna-
vut. Clim. Change 94: 363—397.

Laidre, K.L., Stirling, 1., Lowry, L.F., Wiig, 0., Heide-
Jorgensen, M.P., and Ferguson, S.H. 2008. Quantifying
the sensitivity of arctic marine mammals to climate-
induced habitat change. Ecol. Appl. 18(2 Suppl): S97—
S125.

LGL Limited and North/South Consultants Inc. 2011.
Appendix 8A-2. Marine mammal baseline. In Baffin-
land Iron Mines Corporation. Mary River Project Final
Environmental Impact Statement, February 2012, Vol.
8. Marine environment.

Lindgvist, C., L. Bachmann, L.W. Andersen, E.-W., Born,
U. Arnason, K.M. Kovacs, C. Lydersen, A.V. Abramov,
and @. Wiig. 2009. The Laptev Sea walrus Odobenus
rosmarus laptevi: an enigma revisited. Zool. Scripta
38(2): 113-224.

Lindgvist, C., T. Roy, C. Lydersen, K.M. Kovacs, J. Aars,
©. Wiig, and L. Bachmann. 2016. Genetic diversity

of historical Atlantic walruses (Odobenus rosmarus
rosmarus) from Bjerngya and Hagya (Tusengyane),
Svalbard, Norway. BMC Res. Notes 9: 112. DOI 10.1186/
$13104-016-1907-8

Long, O. 1972. The catch of walrus (Odobenus rosma-
rus) in the areas of Svalbard, Novaja Zemlja, and Franz
Josef Land. Norsk Polarinst. Arbok 1970: 199-212.

Loring, E. 1996. The cost-benefit relations of modern
Inuit hunting: the Kapuivimiut of Foxe Basin, N.W.T.
Canada. M.Sc. Thesis, McGill University, Montreal,
Québec. vii + 98 pp.

Loughrey, A.G. 1959. Preliminary investigation of the
Atlantic walrus Odobenus rosmarus rosmarus (Linnae-
us). Can. Wildl. Serv. Bull. (Ott.) (Series 1) 14: 123 pp.

Low, A.P. 1906. Report of the Dominion Government
expedition to Hudson Bay and the Arctic Islands on
board the D.G.S. Neptune, 1903—1904. Government
Printing Bureau, Ottawa, ON. xvii + 355 pp. + map.

Lowry, L. 2015. Odobenus rosmarus ssp. divergens.
The IUCN Red List of Threatened Species 2015:
€.T61963499A45228901. [http://dx.doi.org/10.2305/
IUCN.UK.2015-4.RLTS.T61963499A45228901.en]

Lowry, L. 2016. Odobenus rosmarus. The IUCN Red
List of Threatened Species 2016: €.T15106A45228501.
[http://dx.doi.org/10.2305/ITUCN.UK.2016-1.RLTS.
T15106A45228501.en].

Lowry, L., K. Kovacs, and V. Burkanov (IUCN SSC
Pinniped Specialist Group). 2008. Odobenus rosma-
rus. The TUCN Red List of Threatened Species 2008:
e.T15106A4494577. [http://dx.doi.org/10.2305/IUCN.
UK.2008.RLTS.T15106A4494577.en]

Lydersen, C., and K. Kovacs. 2014. Walrus Odobenus
rosmarus research in Svalbard, Norway, 2000-2010.
NAMMCO Sci. Publ. 9: 175-190.

Lydersen, C., J. Aars, and K.M. Kovacs. 2008. Estimat-
ing the number of walruses in Svalbard from aerial
surveys and behavioural data from satellite telemetry.
Arctic 61: 119-128.

Lydersen, C., V.I. Chernook, D.M. Glazov, 1.S. Trukha-
nova, and K.M. Kovacs. 2012. Aerial survey of Atlan-
tic walruses (Odobenus rosmarus rosmarus) in the
Pechora Sea, August 2011. Polar Biol. 35: 1555-1562.

MacCracken, J.G. 2012. Pacific walrus and climate
change: observations and predictions. Ecol. Evol. 2:
2072-2090.

MacCracken, J.G., P.R. Lemons, J.L. Garlich-Miller,
and J.A. Snyder. 2014. An index of optimum sustainable
population for the Pacific Walrus. Ecol. Ind. 43: 36-43.

MacCracken, J.G., W.S. Beatty, J.L. Garlich-Miller, M.L.
Kissling, and J.A. Snyder. 2017. Final species status
assessment for the Pacific Walrus (Odobenus rosmarus
divergens), May 2017 (Version 1.0). U.S. Fish and Wild-
life Service, Marine Mammals Management, Anchorage,

AK. 297 pp.

Mansfield, A.W. 1959. The walrus in the Canadian arctic.
Fish. Res. Board Can. Arctic Unit Circ. 2: 1-13.

State of Circumpolar Walrus Populations 91



Mansfield, A.W. 1973. The Atlantic walrus Odobenus
rosmarus rosmarus in Canada and Greenland. In
Proceedings of a working meeting of seal specialists on
threatened and depleted seals of the World, University
of Guelph, Ontario, Canada. International Union for
Conservation of Nature and Natural Resources, 1110
Morges, Switzerland. (i.e., IUCN Publ. New Ser. Suppl.
Paper 39: 69-79.)

McLeod, B.A., T.R. Frasier, and Z. Lucas. 2014. Assess-
ment of the extirpated Maritimes walrus using mor-
phological and ancient DNA analysis. PLoS ONE 9(6):
€99569. doi:10.1371/journal.pone.0099569.

Meek, C.L., A.L Lovecraft, M.D. Robards, and G.P.
Kofinas. 2008. Building resilience through interlocal
relations: Case studies of polar bear and walrus manage-
ment in the Bering Strait. Mar. Pol. 32: 1080-1089.

Meier, W.N., J. Stroeve, and F. Fetterer. 2007. Whither
Arctic sea-ice? A clear signal of decline regionally, sea-

sonally and extending beyond the satellite record. Ann.
Glaciol. 46: 428-434.

Meinshausen, M., S.J. Smith, K. Calvin, J.S. Daniel,
M.L.T. Kainuma, J-F. Lamarque, K. Matsumoto, S.A.
Montzka et al. 2011. The RCP greenhouse gas concen-
trations and their extensions from 1765 to 2300. Clim.
Change 109: 213-241.

Merkel, F., D. Boertmann, A. Mosbech, and F. Ugarte
(eds). 2012. The Davis Strait. A preliminary strategic
environmental impact assessment of hydrocarbon
activities in the eastern Davis Strait. Aarhus University,
DCE — Danish Centre for Environment and Energy, 280
pp. [Scientific Report from DCE — Danish Centre for
Environment and Energy No. 15. http://www.dmu.dk/
Pub/SR15.pdf].

Miller, R.F. 1997. New records and AMS radiocarbon
dates on Quaternary walrus (Odobenus rosmarus) from
New Brunswick. Géogr. phys. Quat. 51: 1-5.

Miller, E.H., and D.J. Boness. 1983. Summer behavior of
Atlantic walruses Odobenus rosmarus rosmarus (L.) at
Coats Island, N.W.T. Z. Saeugetierkd. 48: 298—313.

MMC (Marine Mammal Commission). 2003. Annual
report to Congress 2002. Marine Mammal Commission,
Bethesda, Maryland. 274 pp.

Moore, S.E. 2005. Long-term environmental change
and marine mammals. Pages 137-147 in: J.E. Reynolds
III, W.F. Perrin, R.R. Reeves, S. Montgomery, and T.J.
Ragen. Marine mammal research: conservation beyond
crisis. Johns Hopkins University Press, Baltimore, Mary-
land, USA.

92 State of Circumpolar Walrus Populations

Moore, S.E., R.R. Reeves, B.L. Southall, T.J. Ragen, R.S.
Suydam and C.W. Clark. 2012. A new framework for
assessing the effects of anthropogenic sound on marine
mammals in a rapidly changing Arctic. BioSci. 62(3):
289-205.

Mosbech, A., D. Boertmann, and M. Jespersen. 2007:
Strategic Environmental Impact Assessment of hydro-
carbon activities in the Disko West area. National Envi-
ronmental Research Institute, University of Aarhus. 188
pp- [NERI technical report no. 618; http://www.dmu.
dk/Pub/FR618.pdf].

Moss, R., M. Babiker, S. Brinkman, E. Calvo, T. Carter,
et al. 2008. Towards new scenarios for analysis of emis-
sions, climate change, impacts, and response strategies.
Intergovernmental Panel on Climate Change, Geneva.
132 pp.

Moss, R.H., J.A. Edmonds, K.A. Hibbard, M.R. Man-

ning, S.K. Rose, D.P. van Vuuren, T.R. Carter, S. Emori
et al. 2010. The next generation of scenarios for climate
change research and assessment. Nature 463: 747-756.

Muir, D.C.G., M.D. Segstro, K.A. Hobson, C.A. Ford,
R.E.A. Stewart, and S. Olpinski. 1995. Can seal eat-
ing explain elevated levels of PCBs and organochlorine
pesticides in walrus blubber from eastern Hudson Bay
(Canada). Environ. Pollut. 90: 355—-348.

Muir, D., E.W. Born, K. Koczansky, and G.A. Stern.
2000. Temporal and spatial trends of persistent organo-
chlorines in Greenland walrus (Odobenus rosmarus
rosmarus). Sci. Total Environ. 2000: 73—-86.

Mymrin, N.I., G.P. Smirnov, A.S. Gaevskiy, and V.E.
Kovalenko. 1990. Seasonal distribution and abundance
of walruses in the Gulf of Anadyr of the Bering Sea. Zool.
J. 3:105-113.

NAMMCO. 1992. Agreement on cooperation in re-
search, conservation, and management of marine mam-
mals in the North Atlantic. Signed at Nuuk [Greenland]
on 9 April 1992. North Atlantic Marine Mammal Com-
mission, Tromsg, Norway. 5 pp. [http://www.nammco.

no/]

NAMMCO. 2006. NAMMCO (North Atlantic Marine
Mammal Commission) Scientific Committee Work-
ing Group on the stock status of walruses in the North
Atlantic and adjacent seas, Final Report. Copenhagen,
11-14 January 2005. 27 pp.

NAMMCO . 2011. Annual report for 2010. North Atlantic
Marine Mammal Commission (NAMMCO), Tromsg,
Norway. 501 pp.



NAMMCO. 2015. Report of the 22nd Scientific Com-
mittee meeting held 9-12 November 2015 in Térshavn,
Faroe Islands. Final Report. North Atlantic Marine
Mammal Commission (NAMMCO), Tromsg, Norway.
196 pp. [http://www.nammco.no/assets/Publications/
Scientific-Committee-Reports/SC-22-Final-Report.pdf]

Nielsen, O., R.E.A. Stewart, L. Measures, P. Duignan,
and C. House. 2000. A morbillivirus antibody survey of
Atlantic walrus, narwhal and beluga in Canada. J. Wildl.
Dis. 36: 508—517.

Nielsen, O., A. Clavijo, and J.A. Boughen. 2001a. Sero-
logic evidence of influenza A infection in marine mam-
mals of Arctic Canada. J. Wildl. Dis. 37: 820-825.

Nielsen, O., R.E.A. Stewart, K. Nielsen, L. Measures,
and P. Duignan. 2001b. Serologic survey of Brucella spp.
antibodies in some marine mammals of North America.
J. Wildl. Dis. 37: 89—100.

Nielsen, O., D. Cobb, R.E.A. Stewart, A. Ryan, B. Dunn,
S. Raverty, K. Nielsen, and L. Harwood. 2004. Results
of a community based disease monitoring program of
marine mammals in Arctic Canada. Proceedings of the
Oceans 2004 Conference, Kobe, Japan: 1-7.

NIRB (Nunavut Impact Review Board). 2012. NIRB
Project Certificate [No.: 005]. NIRB File No. 08MNo053,
December 28, 2012.

NIRB (Nunavut Impact Review Board). 2014. Final
Hearing Report. Meliadine Gold Project. Agnico Eagle
Mines Limited. NIRB File No. 11MNo034, October xxvii +
295 pp. + Appendices.

NIRB (Nunavut Impact Review Board). 2015. Comment
Request on the Applicability of the previously issued
Guidelines for the Mary River Project to Baffinland’s
Phase 2 Development project proposal. Nunavut Impact
Review Board File No. 08MNo053.

NOAA NMFS (National Oceanic and Atmospheric Ad-
ministration’s National Marine Fisheries Service). 2011.
NOAA scientists seeking answers in skin lesion disease
outbreak in ringed seals. Alaskan Regional Office, 13 Oc-
tober 2011. Accessed 5 July 2017. [https://alaskafisher-
ies.noaa.gov/node/10602].

NOAA NMFS (National Oceanic and Atmospheric
Administration’s National Marine Fisheries Service).
2016a. Effects of oil and gas activities in the Arctic
Ocean - Final Environmental Impact Statement. U.S.
Department of Commerce, National Oceanic and Atmo-
spheric Administration, National Marine Fisheries Ser-
vice, Office of Protected Resources. Variously paginated

2095 pp-

NOAA NMFS (National Oceanic and Atmospheric
Administration’s National Marine Fisheries Service).
2016b. 2011 Arctic pinniped unusual mortality event
(UME). UME Fact Sheet 062016 (June 2016). Accessed
5 July 2017. [https://alaskafisheries.noaa.gov/pr/ice-
seals]

Noren S.R., M.S. Udevitz, and C.V. Jay. 2012. Bioener-
getics model for estimating food requirements of female
Pacific walruses (Odobenus rosmarus divergens). Mar.
Ecol. Prog. Ser. 460:261-275.

Noren S.R., M.S. Udevitz, and C.V. Jay. 2014. Quantify-
ing energy demands for maintenance growth, pregnan-
¢y, and lactation for female Pacific walruses (Odobenus
rosmarus divergens). Physiol. Biochem. Zool. 87:837-
854.

Noren S.R., C.V. Jay, and J.M. Burns. 2015. Muscle
biochemistry of Pacific walruses (Odobenus rosmarus
divergens): modeling age-specific behavioral plasticity
to alter foraging patterns in response to the changing
Arctic ecosystem. J. Exp. Biol. 218:3319-3329.

Noren S.R., M.S. Udevitz, and C.V. Jay. 2016. Sex-spe-
cific energetics of Pacific walruses (Odobenus rosmarus
divergens) during the nursing interval. Physiol. Bio-
chem. Zool. 89(2): 93—109.

Norstrom, R.J., and D.C.G. Muir. 2000. Organochlorine
contamination in the Arctic marine ecosystem: implica-
tions for marine mammals. Pp. 38—43, in The Atlantic
Coast Contaminants Workshop 2000 “Endocrine dis-
ruptors in the marine environment: impacts on marine
wildlife and human health”. The Marine Environmental
Research Institute (MERI), University of Connecticut
Department of Pathobiology, and Jackson Laboratory,
Bar Harbor, Maine.

NSIDC (National Snow and Ice Data Center). 2012.
Arctic sea ice news and analysis. University of Colorado,
Boulder, CO.

Nunavut Department of Economic Development and
Transportation. 2008. Nunavut coastal resource inven-
tory — Iglulik Pilot Project. Government of Nunavut,
Department of Economic Development and Transporta-
tion (now Department of Environment), Fisheries and
Sealing Division, Iqaluit, NU. 197 pp.

Nunavut Planning Commission. 2000a. Keewatin Re-
gional Land Use Plan. Nunavut Planning Commission,
Cambridge Bay, NU. 104 pp.

Nunavut Planning Commission. 2000b. North Baffin
Regional Land Use Plan. Nunavut Planning Commis-
sion, Cambridge Bay, NU. 124 pp.

State of Circumpolar Walrus Populations 93



Nunavut Planning Commission. 2016. Nunavut Land
Use Plan. 2016 Draft (June). Nunavut Planning Com-
mission, Cambridge Bay, NU. [http://www.nunavut.ca/
en/downloads]

Okonek, D.C., and M. Snively. 2005. Walrus Islands
State Game Sanctuary annual report 2005. Alaska De-
partment of Fish and Game, Division of Wildlife Conser-
vation, Anchorage, Alaska. iii + 46 pp.

Okonek, D.C., Okonek, B., and M. Snively. 2009. Walrus
Islands State Game Sanctuary annual report 2008.
Alaska Department of Fish and Game, Division of Wild-
life Conservation, Anchorage, Alaska. 60 pp.

Okonek, D.C., S.K. Sell, and E.K. Weiss. 2010. Walrus
Islands State Game Sanctuary annual management
report 2009. Alaska Department of Fish and Game, Di-
vision of Wildlife Conservation, Special Areas Manage-
ment Report. iii + 70 pp.

Oozeva, C., C. Noongwook, G. Noongwook, C. Alowa,
and I. Krupnik. 2004. Watching ice and weather our
way. Smithsonian Institution Press, Washington, DC.

207 pp.

@ritsland T. 1973. Walrus in the Svalbard area. In
Proceedings of a working meeting of seal specialists on
threatened and depleted seals of the World, University
of Guelph, Ontario, Canada. International Union for
Conservation of Nature and Natural Resources, 1110
Morges, Switzerland. (i.e., IUCN Publ. New Ser. Suppl.
Paper 39: 59-68.)

Orr, J.R., and T. Rebizant. 1987. A summary of infor-
mation on the seasonal distribution and abundance of
walrus (Odobenus rosmarus) in the area of northern
Hudson Bay and western Hudson Strait, NWT, as col-
lected from local hunters. Can. Data Rep. Fish. Aquat.
Sci. 624: iv + 16.

Orr, J.R., B. Renooy, and L. Dahlke. 1986. Information
from hunts and surveys of walrus (Odobenus rosmarus)
in northern Foxe Basin, Northwest Territories, 1982-
1984. Can. Manuscr. Rep. Fish. Aquat. Sci. 1899: iv + 29

pp-

Outridge, P.M., and R.E.A. Stewart. 1999. Stock discrim-
ination of Atlantic walrus (Odobenus rosmarus rosma-
rus) in the eastern Canadian Arctic using lead isotope
and element signatures in teeth. Can. J. Fish. Aquat. Sci.
56: 105—112.

Outridge, P.M., R.D. Evans, R. Wagemann, and R.E.A.
Stewart. 1997. Historical trends of heavy metals and
stable lead isotopes in beluga (Delphinapterus leucas)
and walrus (Odobenus rosmarus) in the Canadian Arc-
tic. Sci. Total Environ. 203: 209—219.

94 State of Circumpolar Walrus Populations

Outridge, P.M., K.A. Hobson, R. McNeely, and A. Dyke.
2002. A comparison of modern and preindustrial levels
of mercury in the teeth of beluga in the Mackenzie Delta,
Northwest Territories, and walrus at Igloolik, Nunavut,
Canada. Arctic 85: 123—132.

Outridge, P.M., W.J. Davis, R.E.A. Stewart, and E.W.
Born. 2003. Investigation of the stock structure of At-
lantic walrus (Odobenus rosmarus rosmarus) in Canada
and Greenland using dental Pb isotopes derived from
local geochemical environments. Arctic 56: 82—90.

Overland, J.E., and M. Wang. 2007. Future regional
Arctic sea ice declines. Geophys. Res. Lett. 34:L17705.

Ovsyanikov, N.G., and I.E. Menyushina. 2008. Specifics
of polar bears surviving an ice free season on Wrangel
Island in 2007, pp. 407-412 in Marine Mammals of the
Holarctic. Collection of scientific papers after the 5th
international conference, 14-18 October 2008, Odessa,
Ukraine.

Ovsyanikov, N.G., L.L. Bove, and A.A. Kochnev.

1994. Causes of mass mortality of walruses on coastal
haulouts. Zool. Zhurnal 73(5): 80-87. [Zoological jour-
nal, translated by Marina Bell, Anchorage, AK]

Ovsyanikov, N.G., I.E. Menyushina, and A.V. Bezrukov.
2008. Unusual Pacific walrus mortality at Wrangel
Island in 2007, pp. 413-416 in Marine Mammals of the
Holarctic. Collection of scientific papers after the 5th
international conference, 14-18 October 2008, Odessa,
Ukraine.

Paniaq, H. 2005. Interview IE-523. Archives of the Inul-
lariit Society, Igloolik Research Centre, Igloolik, Nuna-
vut.

Parkinson, C. L. 2014. Spatially mapped reductions in
the length of the Arctic sea ice season. Geophys. Res.
Lett. 41: 4316-4322.

Parkinson, C.L., and D.J. Cavalieri. 2008. Arctic sea
ice variability and trends, 1979—2006. J. Geophys. Res.
113(C7).

Parks Canada. 2017. Tallurutiup Imanga/Lancaster
Sound in High Arctic to be Canada’s largest protected
area. News Release August 14, 2017. https://www.
canada.ca/en/parks-canada/news/2017/08/talluruti-
up_imangalancastersoundinhigharctictobecanadaslarg-
estpr.html

Perey, D.Y.E. 1961. Walrus hunting, Foxe Basin (Ti-
kera) 1961. Unpublished typescript report, Arctic Unit,
Fisheries Research Board of Canada, Montreal, Québec.
Available at Fisheries and Oceans Canada, Mont-Joli,

Québec. 9 pp.



Perley, M.H. 1850. Reports on the sea and river fisheries
of New Brunswick. J. Simpson, Fredericton, NB. ix + 137

pp.

Phillipa, J.D.W., F.A. Leighton, P.Y. Daoust, O. Nielsen,
M. Pagliarulo, H. Schwantje, T. Shury, R. van Herwi-
jnen, B.E.E. Martina, T. Kuiken, M.W.G. Van de Bildt,
and A.D.M.E. Osterhaus. 2004. Antibodies to selected
pathogens in free-ranging terrestrial carnivores and
marine mammals in Canada. Vet. Rec. 155: 135-140.

Piepenburg, D. 2005. Recent research on Arctic ben-
thos: common notions need to be revised. Polar Biol. 28:

733-755-

Qi, D., L. Chen, B. Chen, Z. Gao, W. Zhong, R.A. Feely,
L.G. Anderson, H. Sun, J. Chen, M. Chen, L. Zhan, Y.
Zhang, and Wei-Jun Cai. 2017. Increase in acidifying
water in the western Arctic Ocean. Nature Clim. Change
7:195-199. doi:10.1038/nclimate3228.

Ray, C,. and F.H. Fay. 1968. Influence of climate on the
distribution of walruses, Odobenus rosmarus (Lin-
naeus). II. evidence from physiological characteristics.
Zoologica 53: 19—32.

Ray, G.C., J. McCormick-Ray, P. Berg and H.E. Epstein.
2006. Pacific walrus: benthic bioturbator of Beringia. J.
Exp. Mar. Biol. Ecol. 330: 403-419.

Red Data Book. 2001. Red data book of the Russian
Federation. Moscow: Astrel Publishers.

Reeves, R.R. 1978. Atlantic walrus (Odobenus rosmarus
rosmarus): a literature survey and status report. U.S.
Department of the Interior, Fish and Wildlife Service,
Wildlife Research Report (Washington, D.C.) 10: ii + 41

pp.

Reeves, R.R., and E. Mitchell. 1986. Early abundance
and distribution of walruses in eastern Hudson Bay,
Hudson Strait, and Ungava Bay, based on historical
records: preliminary report. Report to Fisheries and
Oceans Canada in fulfillment of contract 12SD.FP 715-5-

2664. 64 pp.-

Riahi, K., S. Rao, V. Krey, C. Cho, V. Chirkov, G. Fischer,
G. Kindermann, N. Nakicenovic, and P. Rafaj. 2011. RCP
8.5 - A scenario of comparatively high greenhouse gas
emissions. Clim. Change 109: 33-57.

Richard, P.R. 1994. Summer distribution and abundance
of walrus in northern Hudson Bay, Western Hudson
Strait, and Foxe Basin: 1988-1990. AFSAC meeting 17-
18 February, 1994 background report. Draft 3/25/94.

Richard, P.R., and R.R. Campbell. 1988. Status of the
Atlantic walrus, Odobenus rosmarus rosmarus, in
Canada. Can. Field Nat. 102: 337-350.

Riewe, R.R. 1976. Inuit land use in the High Arctic. Pp.
173—184, in M.M.R. Freeman (ed.) Inuit land use and
occupancy study, Vol. 1. Canada Department of Indian
and Northern Affairs, Ottawa.

Robbins, C.T., C. Lopez-Alfaro, K.D. Rode, O. Toien, and
O.L. Nelson. 2012. Hibernation and seasonal fasting in
bears: the energetic costs and consequences for polar
bears. J. Mamm. 93: 1493—1503.

Rode, K.D., S.C. Amstrup, and E.V. Regehr. 2010.
Reduced body size and cub recruitment in polar bears
associated with sea ice decline. Ecol. Appl. 20: 768—782.

Rode, K.D., E.V. Regehr, D.C. Douglas, G. Durner, A.E.
Derocher et al. 2013. Variation in the response of an
Arctic top predator experiencing habitat loss: feeding
and reproductive ecology of two polar bear populations.
Glob. Change Biol. 20: 76—88.

Sahanatien, V., and A.E. Derocher. 2012. Monitoring sea
ice habitat fragmentation for polar bear conservation.
Anim. Conserv. 15(4): 397-407.

Salter, R.E. 1979a. Site utilization, activity budgets, and
disturbance responses of Atlantic walruses during ter-
restrial haul-out. Can. J. Zool. 57: 1169—1180.

Salter, R.E. 1979b. Observations on social behaviour of
Atlantic walruses (Odobenus rosmarus (L.)) during ter-
restrial haul-out. Can. J. Zool. 58: 461—463.

Scribner, K.T., S. Hills, S.R. Fain, and M.A. Cronin.
1997. Population genetics studies of the walrus (Odobe-
nus rosmarus): a summary and interpretation of results
and research needs. Pages 173-184 in: A.E. Dizon, S.J.
Chivers, and W.F. Perrin (eds.), Molecular Genetics of
Marine Mammals. Marine Mammal Science, Special
publication 3.

Sease, J.L. 1986. Historical status and population
dynamics of the Pacific walrus. Thesis, Univ. Alaska,
Fairbanks, AK. 213 pp.

Sease, J.L., and D.G. Chapman. 1988. Pacific walrus
Odobenus rosmarus divergens. pp. 17-38, in J.W. Lent-
fer (ed.) Selected marine mammals of Alaska. Marine
Mammal Commission, Washington, D.C.

Semyonova, V.S., and A.N. Boltunov. 2015 The walrus,
pp- 73-82. In: Marine mammals and polar bear of the
Kara Sea: current status overview. Moscow. [In Russian]

State of Circumpolar Walrus Populations 95



Semyonova, V.S., A.N. Boltunov, V.V. Nikiforov, and N.
Svetochev. 2012. Studies of the Atlantic walrus (Odo-
benus rosmarus rosmarus) in the southeastern part of
the Barents Sea in 2011—2012. Marine mammals of the
Holarctic. Collected scientific works from the 7th inter-
national conference, 24—28 September 2012, Suzdal,
Russia. Volume 2: 228-232.

Semyonova, V.S., A.N. Boltunov, and V.V. Nikiforov.
2015. Studying and preserving the Atlantic walrus in
the south-east Barents Sea and adjacent areas of the
Kara Sea, 2011-2014 study results. World Wildlife Fund
(WWF), Murmansk, Russia. 82 pp.

Seymour, J., L. Horstmann-Dehn, and M.J. Wooller.
2014a. Inter-annual variability in the proportional
contribution of higher trophic levels to the diet of Pacific
walruses. Polar Biol. DOI 10.1007/s00300-014-1460-7.

Seymour, J., L. Horstmann-Dehn, and M.J. Wooller.
2014b. Proportion of higher trophic-level prey in the
diet of Pacific walruses (Odobenus rosmarus divergens).
Polar Biol. 37: 941-952.

Schuessler, R. 2016. Indigenous cooperation a model for
walrus conservation. Hakai Magazine, March 29, 2016.
[https://www.hakaimagazine.com/article-short/indige-
nous-cooperation-model-walrus-conservation]

Shadbolt, T., T. Arnbom, and E.W.T. Cooper. 2014.
Hauling Out: International Trade and Management of
Walrus. TRAFFIC and WWF-Canada. Vancouver, B.C.
viii + 166 pp.

Shafer, A.B.A., C.S. Davis, D.W. Coltman, and R.E.A.
Stewart. 2014. Microsatellite assessment of walrus (Odo-
benus rosmarus rosmarus) stocks in Canada. NAMMCO
Sci. Publ. 9: 15-31.

Shafer, A.B.A., L.M. Gattepaille, R.E.A. Stewart, and
J.B.W. Wolf. 2015. Demographic inferences using short-
read genomic data in an approximate Bayesian compu-
tation framework: in silico evaluation of power, biases
and proof of concept in Atlantic walrus. Mol. Ecol. 24:
328-345.

Sheffield, G., and J.M. Grebmeier. 2009. Pacific wal-
rus (Odobenus rosmarus divergens): Differential prey
digestion and diet. Mar. Mam. Sci. 25: 761-777.

Shitova M., M. Babushkin, A. Boltunov, V. Nikiforov
and V. Semenova. 2014a. DNA variability of Atlantic
walruses (Odobenus rosmarus rosmarus) on Vaigach
Island, p. 119 in Marine mammals of the Holarctic. Col-
lected summaries of the 8th international conference,
22-27 September 2014, Saint Petersburg, Russia.

96 State of Circumpolar Walrus Populations

Shitova M.V., M.V. Gavrilo, I.A. Mizin, Yu.V. Krasnov,
and L.I. Chupin. 2014b. Microsatellite variability of the
Atlantic walrus (Odobenus rosmarus rosmarus) from
rookeries Franz Josef Land archipelago and the north-
ern tip of Novaya Zemlya, pp. 119-120 in Marine mam-
mals of the Holarctic. Collected summaries of the 8th
international conference, 22—27 September 2014, Saint
Petersburg, Russia.

Shuldham, M. 1775. Account of the sea-cow and the use
made of it. Philos. Trans. Roy. Soc. Lon. 65: 249-251.

Sjare, B., and I. Stirling. 1996. The breeding behavior of
Atlantic walruses, Odobenus rosmarus rosmarus, in the
Canadian High Arctic. Can. J. Zool. 74: 897—911.

Smith, L.C., and S.R. Stephenson. 2013. New Trans-
Arctic shipping routes navigable by midcentury. PNAS
110: E1191-E1195.

Smith, M. A. 2010. Arctic Marine Synthesis: Atlas of
the Chukchi and Beaufort Seas, Audubon Alaska and
Oceana, Anchorage, AK.

Sonsthagen, S.A., C.V. Jay, A.S. Fischbach, G.K. Sage,
and S.L. Talbot. 2012. Spatial genetic structure and
asymmetrical gene flow within the Pacific walrus. J.
Mam. 93: 1512—1524.

Southwell, T. 1898. Notes on the seal and whale fishery
of 1897. The Zool. [4th series] 2: 69-71.

Southwell, T. 1899. Notes on the seal and whale fishery
of 1898. The Zool. [4th Series] 3: 103-112.

Speckman, S.G., V.I. Chernook, D.M. Burn, M.S. Ude-
vitz, A.A. Kochnev, C.V. Jay, A. Lisovsky, A.S. Fisch-
bach, and R.B. Benter. 2011. Results and evaluation of a
survey to estimated Pacific walrus population size, 2006.
Mar. Mam. Sci. 27: 551-553.

Stewart, B.E., and P.M. Burt. 1994. Extralimital occur-
rences of beluga, Delphinapterus leucas, and walrus,
Odobenus rosmarus, in Bathurst Inlet, Northwest Ter-
ritories. Can. Field-Nat. 108: 488-490.

Stewart, D.B., and Hamilton, A.L. 2007. Outcomes of
the Community Environmental Monitoring Systems
(CEMS) Workshop at Sanikiluaq, Nunavut, 22-26 Janu-
ary 2007. Prepared by Arctic Biological Consultants,
Winnipeg for the Municipality of Sanikiluaq, Nunavut.
iv + 26 p.

Stewart, D.B. and K.L. Howland. 2009. An ecological
and oceanographical assessment of the alternate ballast
water exchange zone in the Hudson Strait Region. DFO
Can. Sci. Advis. Sec. Res. Doc. 2009/008. vi + 96 p.



Stewart, D.B., J.W. Higdon, R.R. Reeves, and R.E.A.
Stewart. 2014a. Catch history for Atlantic walrus (Odo-
benus rosmarus rosmarus) in the eastern Canadian
Arctic. NAMMCO Sci. Publ. 9: 219-313.

Stewart, D.B., J.W. Higdon, and R.E.A. Stewart. 2014b.
Development threats and effects pathways of shipping
related to non-renewable resource developments on At-
lantic walruses (Odobenus rosmarus rosmarus) in Hud-
son Strait and Foxe Basin. Prepared by Arctic Biological
Consultants Winnipeg and Higdon Wildlife Consulting,
Winnipeg for Fisheries and Oceans Central and Arctic
Region. ix + 56 pp.

Stewart, D.B., S.H. Nudds, K.L. Howland, C.G. Hannabh,
and J.W. Higdon. 2015. An ecological and oceano-
graphical assessment of alternate ballast water exchange
zones in the Canadian eastern Arctic. DFO Can. Sci.
Advis. Sec. Res. Doc 2015/037: vi +75 pp.

Stewart, E.J., and J. Dawson. 2011. A matter of good
fortune? The grounding of the Clipper Adventurer in the
Northwest Pasage, Arctic Canada. Arctic 64(2): 263-
267.

Stewart, J. 1806. An account of Prince Edward Island, in
the Gulph of St. Lawrence, North America. W. Win-
chester and Son, Strand, London. 304 pp.

Stewart, R.E.A. 2002. Review of Atlantic walrus (Odo-
benus rosmarus rosmarus) in Canada. DFO Can. Sci.
Advis. Sec. Res. Doc 2002/091: 20 pp.

Stewart, R.E.A. 2008. Refining walrus stocks in Canada.
Arctic 61(3): 292-308.

Stewart, R.E.A., and J.W. Hamilton. 2013. Estimating
total allowable removals for walrus (Odobenus rosma-
rus rosmarus) in Nunavut using the potential biological
removal approach. DFO Can. Sci. Advis. Sec. Res. Doc.
2013/031. ii + 15 p.

Stewart, R.E.A., P.R. Richard, and B.E. Stewart (ed).
1993. Report of the 2nd Walrus International Technical
and Scientific (WITS) Workshop, 11—15 January 1993,
Winnipeg, Manitoba, Canada. Can. Tech. Rep. Fish.
Aquat. Sci. 1940: viii + 91 pp.

Stewart, R.E.A., V. Lesage, J.W. Lawson, H. Cleator and
K.A. Martin. 2012. Science Technical Review of the draft
Environmental Impact Statement (EIS) for Baffinland’s
Mary River Project. DFO Can. Sci. Advis. Sec. Res. Doc.
2011/086. Vi + 62 p.

Stewart, R.E.A., J.W. Hamilton, and J.B. Dunn. 2013.
Results of Foxe Basin walrus (Odobenus rosmarus ros-
marus) surveys: 2010-2011. DFO Can. Sci. Advis. Sec.
Res. Doc. 2013/017. iv + 12 p.

Stewart, R.E.A., E.W. Born, R. Dietz, M.P. Heide-Jor-
gensen, F.F. Rigét, K. Laidre, M. Villum Jensen, L.@.
Fossette, and J.B. Dunn. 2014a. Abundance of Atlantic
walrus in in western Nares Strait, Baffin Bay stock, dur-
ing summer. NAMMCO Sci. Publ. 9: 123-140.

Stewart, R.E.A., E.ZW. Born, J.B. Dunn, W.R. Koski, and
AK. Ryan. 2014b. Use of multiple methods to estimate
walrus (Odobenus rosmarus rosmarus) abundance in
the Penny Strait-Lancaster Sound and west Jones Sound
stocks, Canada. NAMMCO Sci. Publ. 9: 95-122.

Stewart, R.E.A., E.W. Born, R. Dietz, and A.K. Ryan.
2014c. Estimates of minimum population size for walrus
near southeast Baffin Island, Nunavut. NAMMCO Sci.
Publ. 9: 141-157.

Stewart, R.E.A., D.B. Stewart, and J.W. Higdon. 2017.
Report of the 2016 workshop to inform the DFO five-
year research plan for Atlantic walruses in Canada. Can.
Tech. Rep. Fish. Aquat. Sci. 3200: vi + 90 p.

Stirling, 1., W. Calvert, and H. Cleator. 1983. Underwater
vocalizations as a tool for studying the distribution and
relative abundance of wintering pinnipeds in the High
Arctic. Arctic 36: 262—274.

Stirling, 1., N.J. Lunn, and J. Iacozza. 1999. Long-term
trends in the population ecology of polar bears in west-
ern Hudson Bay in relation to climatic change. Arctic 52:
204—-306.

Stroeve, J., M. Serreze, S. Drobot, S. Gearheard, M.M.
Holland, J. Maslanik, W. Meier, and T. Scambos. 2008.
Arctic sea ice extent plummets in 2007. EOS Transac-
tions, AGU 89: 13-20.

Swenson, J.E., A. Bjgrge, K. Kovacs, P.O. Syvertsen, A.
Wiig, and A. Zedrosser. 2010. Mammalia, pp. 431-439.
In J.A. Kél3s, A. Viken, S. Henriksen, and S. Skjelseth
(eds.). The 2010 Norwegian Red List for Species. Nor-
wegian Biodiversity Information Centre, Trondheim,
Norway.

Taylor, R.L., and M.S. Udevitz. 2015. Demography of the
Pacific walrus (Odobenus rosmarus divergens): 1974—
2006. Mar. Mam. Sci. 31: 231-254.

Taylor, V., K. Kecse-Nagy, A. Vaisman, and R. Melisch.
2012. The customs union of Belarus, Kazakhstan and
Russia: Implications for wildlife trade. TRAFFIC Bull.
24(2): 51-52.

Thiemann, G.W., S.M. Budge, S.J. Iverson, and I.
Stirling. 2007. Unusual fatty acid biomarkers reveal age-
and sex-specific foraging in polar bears (Ursus mariti-
mus). Can. J. Zool. 85: 505-517.

State of Circumpolar Walrus Populations 97



Thiemann, G.W., S.J. Iverson, and I. Stirling. 2008.
Polar bear diets and Arctic marine food webs: insights
from fatty acid analysis. Ecol. Monogr. 78(4): 591-613.

Thomson, A.M., K.V. Calvin, S.J. Smith, G.P. Kyle, A.
Volke, P. Patel, S. Delgado-Arias, B. Bond-Lamberty,
M.A. Wise et al. 2011. RCP4.5: a pathway for stabiliza-
tion of radiative forcing by 2100. Clim. Change 109:
77-94.

Timoshenko, Y.K. 1984. About the conservation and
restoration of the West-Atlantic population of walrus.
Marine mammals. Moscow. Nauka. pp. 100-103.

Tsyban, A.V., G.D. Titova, S.A. Shchuka, V.V. Ranenko,
and Y.A. Izrael. 2005. Russian Arctic, Global interna-
tional water assessment (GIWA), Regional assessment
1a. Published by the University of Kalmar, Kalmar,
Sweden on behalf of United Nations Environment Pro-
gramme (UNEP). 90 pp. + xv.

Tynan, C., and D. DeMaster. 1997. Observations and
predictions of Arctic climate change: Potential effects on
marine mammals. Arctic 50: 308-322.

Udevitz, M..S., J.R. Gilbert, and G.A. Fedoseev. 2001.
Comparison of method used to estimate numbers of wal-
ruses on sea ice. Mar. Mam. Sci. 17: 601-616.

Udevitz, M.S., D.M. Burn, and M.A. Webber. 2008. Es-
timation of walrus populations on sea ice with infrared
imagery and aerial photography. Mar. Mam. Sci. 24(1):
57-70.

Udevitz, M.S., C.V. Jay, A.S. Fischbach, and J.L. Garlich-
Miller. 2009. Modeling haul-out behavior of walruses in
Bering Sea-ice. Can. J. Zool. 87: 1111-1128.

Udevitz, M.S., R.L. Taylor, J.L. Garlich-Miller, L.T.
Quakenbush, and J.A. Snyder. 2013. Potential popula-
tion-level effects of increased haulout-related mortality
of Pacific walrus calves. Polar Biol. 36: 291-298.

Ugarte, F. 2015. Third standing non-detriment findings
for exports from Greenland of products derived from
Atlantic walrus (Odobenus rosmarus rosmarus). Green-
land Institute of Natural Resources, CITES Scientific
Authority Greenland, 1 July 2015. Letter to the Ministry
of Domestic Affairs, Nature and Environment, Nuuk,
Greenland. J. nr. 40.00.01.01.45-1/14: 7 pp.

98 State of Circumpolar Walrus Populations

UN. 1958. Agreement between the Government of Nor-
way and the Government of the Union of Soviet Social-
ist Republics on measures for regulating the catch and
conserving stocks of seals in the northeastern part of the
Atlantic Ocean, signed at Oslo, on 22 November 1957
[came into force 277 June 1958]. United Nations Treaty
Series Vol. 309 (N0.4476): p. 269-289. (English Transla-
tion p. 280ff).

USFWS (U.S. Fish and Wildlife Service). 1994. Conser-
vation Plan for the Pacific Walrus in Alaska. U.S. Fish
and Wildlife Service, Marine Mammals Management,
Anchorage, AK. 79 pp.

USFWS (U.S. Fish and Wildlife Service). 2011. Threat-
ened and endangered plants and animals. 12-month
finding for listing the Pacific Walrus (Odobenus rosma-
rus divergens). Federal Register 76: 7634-7679.

USFWS (U.S. Fish and Wildlife Service). 2014. Stock As-
sessment Report - Pacific walrus (Odobenus rosmarus
divergens): Alaska Stock. Revised: April 2014. U.S. Fish
and Wildlife Service, Anchorage, AK. 30 pp. [FWS-R7-
ES-2012-0019-0003]

USFWS (U.S. Fish and Wildlife Service). 2017. Endan-
gered and threatened wildlife and plants; 12-month
findings on petitions to list 25 species as endangered
or threatened species. Federal Register / Vol. 82, No.
192 / Thursday, October 5, 2017 / Proposed Rules,
Pp- 46618 to 46645. https://www.regulations.gov/
document?D=FWS-R7-ES-2017-0069-0001.

Vaisman, A., S. Minkov, and A. Boltunov. 2009. Impact
of Trade on Arctic Species: Polar Bear, Walrus and Nar-
whal — Russia Component. Internal TRAFFIC Report
(cited by Shadbolt et al. 2014).

Vaisman, A., V. Mundy-Taylor, and K. Kecse-Nagy.
2013. Wildlife trade in the Eurasian Customs Union and
in selected Central Asian countries. Secretariat of the
Convention on International Trade in Endangered Spe-
cies of Wild Fauna and Flora (CITES), Geneva, Switzer-
land. 90 pp.

van Vuuren, D.F., J. Edmonds, M. Kainuma, K. Riahi, A.
Thomson, K. Hibbard, G.C. Hurtt, T. Kram, V. Krey et
al. 2011. The representative concentration pathways: an
overview. Clim. Change 109: 5-31.

Vibe, C. 1950. The marine mammals and the marine
fauna in the Thule District (northwest Greenland) with
observations on ice conditions in 1939—41. Medd. Grenl.
150: 154 pp.

Vibe, C. 1967. Arctic animals in relation to climatic fluc-
tuations. Medd. Grenl. 170: 227 pp.



Vishnevskaya, T.Iu., and V.A. Bychkov. 1990. The
Laptev walrus, pp. 155-176 in F.H. Fay, B.P. Kelly, and
B.A. Fay (eds.) The ecology and management of walrus
populations. Report of an International Workshop, 26-
30 March 1990, Washington, D.C.

Wagemann, R., and R.E.A. Stewart. 1994. Concentra-
tions of heavy metals and selenium in tissues and some
foods of walrus (Odobenus rosmarus rosmarus) from
the eastern Canadian Arctic and sub-Arctic, and asso-
ciations between metals, age, and gender. Can. J. Fish.
Aquat. Sci. 51: 426—436.

Weslawski, J.M., L. Hacquebord, and L. Stempniewicz.
2000. Greenland whales and walruses in the Svalbard
food web before and after exploitation. Oceanologia

42(1): 37-56.

Weyant, J., C. Azar, M. Kainuma, J. Kejun, N. Naki-
cenovic, P.R. Shukla, E. La Rovere, and G. Yohe. 2009.
Report of 2.6 Versus 2.9 Watts/m2 RCPP Evaluation
Panel (PDF). IPCC Secretariat, Geneva, Switzerland.

Wiig, @., 1. Gjertz, and D. Griffiths. 1996. Migration of
walruses (Odobenus rosmarus) in the Svalbard and
Franz Josef Land area. J. Zool., Lond. 238: 769-784.

Wiig, @., E.W. Born, and R.E.A. Stewart. 2014. Manage-
ment of Atlantic walrus (Odobenus rosmarus rosmarus)
in the arctic Atlantic. NAMMCO Sci. Publ. 9: 315-342.

Witting, L., and E. Born. 2005. An assessment of Green-
land walrus populations. ICES J. Mar. Sci. 62: 266—285.

Witting, L., and E. Born. 2014. Population dynamics of
walrus in Greenland. NAMMCO Sci. Publ. 9: 191-218.

Wolkers H., B. Van Bavel, 1. Ericson, E. Skoglund, K.M.
Kovacs and C. Lydersen. 2006. Congener-specific ac-
cumulation and patterns of chlorinated and brominated
contaminants in adult male walruses from Svalbard,
Norway: implications for individual-specific prey selec-
tion. Sci. Total Envir. 370: 70-79.

WWF (World Wildlife Fund). 2006. An Arctic paradise.
Arctic Bulletin 2(6): 13-16.

WWF (World Wildlife Fund). 2010. U.S.-Russia Polar
Bear Exchange. Report to the US Fish and Wildlife
Service. 17 pp.

Yamamoto-Kawai, M., T. Mifune, T. Kikuchi, and S.
Nishino. 2016. Seasonal variation of CaCO3 satura-
tion state in bottom water of a biological hotspot in the
Chukchi Sea, Arctic Ocean. Biogeosci. 13: 6155-6169.
doi:10.5194/bg-13-6155-2016.

State of Circumpolar Walrus Populations

99



+100 M

WWTF is in over
100 countries, on WWF has over 5 million
5 continents supporters globally
ﬁ N
Y

=S —

T —— ——s -

] =t} Sy,

1961

WWF was founded
in 1961 +5 0 U U
- I .
o WWEF has over 5,000
staff worldwide

For more information, please contact:
Why we are here

To stop the degradation of the planet’s natural environment and
to build a future in which humans live in harmony with nature.

©
WWF@ panda.org/arctic

Melanie Lancaster
Senior Specialist, Species
WWEF Arctic Programme

© 1986 Panda symbol WWF-World Wide Fund For Nature (formerly known as World Wildiife Fund) mlancaster@wwfcanada, org
®“WWF” is a WWF Registered Trademark

=]
Q)
—]
Q.
.QJ
Q
b

(=]

\
{=3)
(o)
—
()




