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RINGED SEAL (Phoca hispida hispida): Alaska Stock
STOCK DEFINITION AND GEOGRAPHIC RANGE
Ringed seals have a circumpolar
distribution and are found in all seasonally icecovered seas of the Northern Hemisphere as well
as in certain freshwater lakes (King 1983). Most
taxonomists currently recognize five subspecies
of ringed seals: Phoca hispida hispida in the
Arctic Ocean and Bering Sea; Phoca hispida
ochotensis in the Sea of Okhotsk and northern
Sea of Japan; Phoca hispida botnica in the
northern Baltic Sea; Phoca hispida lagodensis in
Lake Ladoga, Russia; and Phoca hispida
saimensis in Lake Saimaa, Finland. The lakeinhabiting subspecies are genetically isolated and
those in the Baltic Sea and the Sea of Okhotsk
apparently exchange genes with the Arctic
subspecies minimally or not at all (Palo et al.
2001, Palo 2003, Kelly et al. 2009). The genetic
structuring of Phoca hispida hispida, however,
remains unresolved, and it may prove to be
composed of multiple distinct populations (Kelly
et al. 2010a). For the purposes of this stock
Figure 13. Approximate distribution of ringed seals
assessment, the Alaska stock of ringed seals is
(shaded area).
The combined summer and winter
considered the portion of Phoca hispida hispida
distribution are depicted.
that occurs within the U.S. Exclusive Economic
Zone of the Beaufort, Chukchi, and Bering Seas (Fig. 13).
Throughout their range, ringed seals have an affinity for ice-covered waters and are well adapted to
occupying both shorefast and pack ice (Kelly 1988a). They remain in contact with ice most of the year and use it as
a platform for pupping and nursing in late winter to early spring, for molting in late spring to early summer, and for
resting at other times of the year. In Alaskan waters, during winter and early spring when sea ice is at its maximal
extent, ringed seals are abundant in the northern Bering Sea, Norton and Kotzebue Sounds, and throughout the
Chukchi and Beaufort Seas. They occur as far south as Bristol Bay in years of extensive ice coverage but generally
are not abundant south of Norton Sound except in nearshore areas (Frost 1985). Although details of their seasonal
movements have not been adequately documented, it is generally considered that most ringed seals that winter in the
Bering and Chukchi Seas migrate north in spring as the seasonal ice melts and retreats (Burns 1970) and spend
summer in the pack ice of the northern Chukchi and Beaufort Seas, as well as in nearshore ice remnants in the
Beaufort Sea (Frost 1985). During summer, ringed seals range hundreds to thousands of kilometers to forage along
ice edges or in highly productive open-water areas (Freitas et al. 2008, Kelly et al. 2010b). With the onset of freezeup in the fall, ringed seal movements become increasingly restricted and seals that have summered in the Beaufort
Sea are thought to move west and south with the advancing ice pack, with many seals dispersing throughout the
Chukchi and Bering Seas while some remain in the Beaufort Sea (Frost and Lowry 1984). Many adult ringed seals
return to the same small home ranges they occupied during the previous winter (Kelly et al. 2010b).
POPULATION SIZE
Ringed seal population surveys in Alaska have used various methods and assumptions, had incomplete
coverage of their habitats and range, and were conducted more than a decade ago; therefore, current, comprehensive,
and reliable abundance estimates or trends for the Alaska stock are not available. Burns and Harbo (1972) conducted
aerial surveys along the North Slope of Alaska (between Point Lay and Kaktovik) during June 1970, and reported a
minimal estimate of 11,612 ringed seals in areas of shorefast ice. Frost and Lowry (1984) produced a rough estimate
of 40,000 ringed seals in the Alaskan Beaufort Sea during winter and spring by applying an assumed correction
factor for availability bias (i.e., for seals not hauled out at the time of the surveys) to the average density observed
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from 7 years of aerial surveys in the Alaskan and Yukon Beaufort Sea and extrapolating over the entire area of the
continental shelf. Their estimate during summer of 80,000 ringed seals was based on the assumption that this
population doubles as seals from the Bering and Chukchi Seas move in with the receding ice edge. Based on an
analysis of surveys conducted during the 1970s, Frost (1985) estimated 1 to 1.5 million ringed seals in Alaskan
waters, of which 250,000 were estimated in shorefast ice. These estimates were considered conservative when
compared with polar bear predation rates (Frost 1985); however, details of the analysis were not published. Frost et
al. (1988) reported detailed methods and results of surveys conducted in the Alaskan Chukchi and Beaufort Seas
during May-June 1985-1987. Survey effort was directed towards shorefast ice within 20 nmi of shore, though some
areas of adjacent pack ice were also surveyed, and estimates were based on observed densities extrapolated over
estimates of available habitat without correcting for availability bias. In the Chukchi Sea, total numbers of hauled
out ringed seals in shorefast ice ranged from 18,400 ± 1,700 in 1985 to 35,000 ± 3,000 in 1986. The 1987 estimate
of 20,200 ± 2,300 was similar to 1985. In the Beaufort Sea, the estimated number of ringed seals hauled out within
the 20-m depth contour ranged from 9,800 ± 1,800 in 1985 to 13,000 ± 1,600 in 1986. The 1987 estimate (19,400 ±
3,700) was considerably higher but may have included seals that had moved in from other areas as the ice began to
break up (Frost et al. 1988). Frost et al. (2002) conducted surveys within 40 km of shore in the Alaskan Beaufort Sea
during May-June 1996-1999, and observed ringed seal densities ranging from 0.81 seals/km2 in 1996 to 1.17
seals/km2 in 1999. Moulton et al. (2002) conducted similar, concurrent surveys in the Alaskan Beaufort Sea during
1997-1999 but reported substantially lower ringed seal densities than Frost et al. (2002). The reason for this disparity
was unclear (Frost et al. 2004). Bengtson et al. (2005) conducted surveys in the Alaskan Chukchi Sea during MayJune 1999 and 2000. While the surveys were focused on the coastal zone within 37 km of shore, additional survey
lines were flown up to 185 km offshore. Population estimates were derived from observed densities corrected for
availability bias using a haul-out model from 6 tagged seals. Ringed seal abundance estimates for the entire survey
area were 252,488 (SE = 47,204) in 1999 and 208,857 (SE = 25,502) in 2000. The estimates from 1999 and 2000 in
the Chukchi Sea only covered a portion of this stocks range and were conducted over a decade ago.
Minimum Population Estimate
A reliable minimum population estimate NMIN for this stock can not presently be determined because
current reliable estimates of abundance are not available.
Current Population Trend
Frost et al. (2002) reported that trend analysis based on an ANOVA comparison of observed seal densities
in the central Beaufort Sea suggested marginally significant but substantial declines of 50% on shorefast ice and
31% on all ice types combined from 1985-1987 to 1996-1999. A Poisson regression model indicated highly
significant density declines of 72% on shorefast ice and 43% on pack ice over the 15-year period. However, the
apparent decline between the mid-1980s and the late 1990s may have been due to a difference in the timing of
surveys rather than an actual decline in abundance (Frost et al. 2002, Kelly et al. 2006). As these surveys represent
only a fraction of the stock’s range and occurred more than a decade ago, current and reliable data on trends in
population abundance for the Alaska stock of ringed seals are considered unavailable.
CURRENT AND MAXIMUM NET PRODUCTIVITY RATES
A reliable estimate of the maximum net productivity rate is currently unavailable for the Alaska stock of
ringed seals. Hence, until additional data become available, it is recommended that the pinniped maximum
theoretical net productivity rate (RMAX) of 12% be employed for this stock (Wade and Angliss 1997).
POTENTIAL BIOLOGICAL REMOVAL
Under the 1994 reauthorized Marine Mammal Protection Act (MMPA), the potential biological removal
(PBR) is defined as the product of the minimum population estimate, one-half the maximum theoretical net
productivity rate, and a recovery factor: PBR = NMIN × 0.5RMAX × FR. The recovery factor (FR) for this stock is 0.5,
the value for pinniped stocks with unknown population status (Wade and Angliss 1997). However, because a
reliable estimate of minimum abundance (NMIN) is currently not available, the PBR for this stock is unknown.
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ANNUAL HUMAN-CAUSED MORTALITY AND SERIOUS INJURY
Fisheries Information
Until 2003, there were three different federally-regulated commercial fisheries in Alaska that could have
interacted with ringed seals and were monitored for incidental mortality by fishery observers. As of 2003, changes
in fishery definitions in the List of Fisheries have resulted in separating these three fisheries into 12 fisheries (69 FR
70094, 2 December 2004). This change does not represent a change in fishing effort, but provides managers with
better information on the component of each fishery that is responsible for the incidental serious injury or mortality
of marine mammal stocks in Alaska. Between 2007 and 2009, there were incidental serious injuries and mortalities
of ringed seals in the Bering Sea/Aleutian Islands flatfish trawl fishery and the Bering Sea/ Aleutian Islands pollock
trawl (Table 17). Based on data from 2007 to 2009, there have been an average of 1.75 (CV = 0.01) mortalities of
ringed seals incidental to commercial fishing operations.
Table 17. Summary of incidental mortality of ringed seals (Alaska stock) due to commercial fisheries from 2007 to
2009 and calculation of the mean annual mortality rate. Details of how percent observer coverage is measured is
included in Appendix 6.
Fishery name
Years
Data
Observer
Observed
Estimated
Mean
type
coverage mortality (in mortality (in
annual
given yrs.)
given yrs.)
mortality
1.00
Bering Sea/Aleutian Is.
2007
obs
72
0
0
(CV = 0.01)
flatfish trawl
data
2008
100
2
2.0
2009
100
1
1.0
Bering Sea/ Aleutian Is.
2007
obs
85
0
0
0.75
pollock trawl
data
2008
85
1
1.13
(CV = 0.23)
2009
86
1
1.11
Total estimated annual mortality
1.75
(CV = 0.01)
Subsistence/Native Harvest Information
Ringed seals are an important species for Alaska Native subsistence hunters. The estimated annual
subsistence harvest in Alaska dropped from 7,000 to 15,000 in the period from 1962 to 1972 to an estimated 2,0003,000 in 1979 (Frost 1985). Based on data from two villages on St. Lawrence Island, the annual take in Alaska
during the mid-1980s likely exceeded 3,000 seals (Kelly 1988a).
The Division of Subsistence, Alaska Department of Fish and Game, maintained a database that provided
additional information on the subsistence harvest of ice seals in different regions of Alaska (ADFG 2000a, b).
Information on subsistence harvest of ringed seals was compiled for 129 villages from reports from the Division of
Subsistence (Coffing et al. 1998, Georgette et al. 1998, Wolfe and Hutchinson-Scarbrough 1999) and a report from
the Eskimo Walrus Commission (Sherrod 1982). Data were lacking for 22 villages; their harvests were estimated
using the annual per capita rates of subsistence harvest from a nearby village. Harvest levels were estimated from
data gathered in the 1980s for 16 villages; otherwise, data gathered from 1990 to 1998 were used. As of August
2000; the subsistence harvest database indicated that the estimated number of ringed seals harvested for subsistence
use per year is 9,567. Data on community subsistence harvests are no longer being collected and no new annual
harvest estimates exist.
At this time, there are no efforts to quantify the total statewide level of harvest of ringed seals by all Alaska
communities.
A report on ice seal subsistence harvest in three Alaskan communities indicated that the number and
species of ice seals harvested in a particular village may vary considerably between years (Coffing et al. 1999).
These interannual differences are likely due to differences in ice and wind conditions that change the hunters’ access
to different ice habitats frequented by different types of seals. Regardless of the extent to which the harvest may
vary interannually, it is clear that the harvest level of 9,567 ringed seals estimated by the Division of Subsistence is
considerably higher than the previous minimum estimate. Although some of the more recent entries in the ADFG
database have associated measures of uncertainty (Coffing et al. 1999, Georgette et al. 1998), the overall total does
not. The estimate of 9,567 ringed seals is the best estimate currently available.
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STATUS OF STOCK
Ringed seals in Alaska are not currently listed as “depleted” or “strategic” under the MMPA or listed as
“threatened” or “endangered” under the Endangered Species Act (ESA). On 28 March 2008, NMFS initiated a
conservation status review of the ringed seal (73 FR 16617). On 28 May 2008, NMFS received a petition to list
ringed seals under the ESA, primarily due to concern about threats to the species’ habitat from climate warming and
diminishing ice and snow cover. NMFS found that the petition presented sufficient information to consider listing
and proceeded with the status review (73 FR 51615, 4 September 2008). After the status review of the ringed seal
was complete (Kelly et al. 2010a), NMFS proposed listing four subspecies of ringed seals—including Phoca hispida
hispida, and; therefore, the Alaska stock of ringed seals—as “threatened” under the ESA (75 FR 77496, 10
December 2010). The fifth subspecies of ringed seals (Phoca hispida saimensis) was previously listed as
“endangered” under the ESA in 1993, and no change in its listing status was proposed at this time. NMFS will
consider comments and information from peer reviewers and the public regarding the proposed listings, and final
listing determinations will be made in December 2011.
Habitat Concerns
The main concern about the conservation status of ringed seals stems from the likelihood that their sea-ice
and snow habitats have been modified by the warming climate and, more so, that the scientific consensus projections
are for continued and perhaps accelerated warming in the foreseeable future (Kelly et al. 2010a). Climate models
consistently project overall diminishing ice and snow cover through the 21st century with regional variation in the
timing and severity of those loses. Increasing atmospheric concentrations of greenhouse gases are driving climate
warming and increasing acidification of the ringed seal’s habitat. Changes in ocean temperature, acidification, and
ice cover threaten prey communities on which ringed seals depend. Laidre et al. (2008) concluded that on a
worldwide basis ringed seals were likely to be highly sensitive to climate change based on an analysis of various life
history features that could be affected by climate.
The greatest impacts to ringed seals from diminished ice cover will be mediated through diminished snow
accumulation. While winter precipitation is forecasted to increase in a warming Arctic (Walsh et al. 2005), the
duration of ice cover will be substantially reduced, and the net affect will be lower snow accumulation on the ice.
Ringed seals excavate subnivean lairs (snow caves) in drifts over their breathing holes in the ice, in which they rest,
give birth, and nurse their pups for 5-9 weeks during late winter and spring (Chapskii 1940, McLaren 1958, Smith
and Stirling 1975). Snow depths of at least 50-65 cm are required for functional birth lairs (Smith and Stirling 1975,
Lydersen and Gjertz 1986, Kelly 1988b, Lydersen 1998, Lukin et al. 2006), and such depths typically are found only
where 20-30 cm or more of snow has accumulated on flat ice and then drifted along pressure ridges or ice
hummocks (Lydersen et al. 1990, Hammill and Smith 1991, Lydersen and Ryg 1991, Smith and Lydersen 1991).
According to climate model projections, snow cover is forecasted to be inadequate for the formation and occupation
of birth lairs within this century over the Alaska stock’s entire range (Kelly et al. 2010a). Without the protection of
the lairs, ringed seals—especially newborns—are vulnerable to freezing and predation (Kumlien 1879, McLaren
1958, Lukin and Potelov 1978, Smith and Hammill 1980, Lydersen and Smith 1989, Stirling and Smith 2004).
Changes in the ringed seal’s habitat will be rapid relative to their generation time and, thereby, will limit adaptive
responses. As ringed seal populations decline, the significance of currently lower-level threats—such as ocean
acidification, increases in human activities, and changes in populations of predators, prey, competitors, and
parasites—may increase.
Additional habitat concerns include the potential effects from oil and gas exploration activities, particularly
in the outer continental shelf leasing areas, such as disturbance from vessel traffic, seismic exploration noise, or the
potential for oil spills.
CITATIONS
Alaska Department of Fish and Game. 2000a. Community Profile Database 3.04 for Access 97. Division of
Subsistence, Anchorage.
Alaska Department of Fish and Game. 2000b. Seals+ Database for Access 97. Division of Subsistence,
Anchorage.
Bengtson, J. L., L. M. Hiruki-Raring, M. A. Simpkins, and P. L. Boveng. 2005. Ringed and bearded seal densities
in the eastern Chukchi Sea, 1999-2000. Polar Biol. 28: 833-845.
Burns, J. J. 1970. Remarks on the distribution and natural history of pagophilic pinnipeds in the Bering and
Chukchi Seas. J. Mammal. 51:445-454.
58
Alaska Marine Mammal Stock Assessments, 2011

NOAA-TM-AFSC-234
Allen, B. M., and R. P. Angliss

Burns, J. J., and S. J. Harbo. 1972. An aerial census of ringed seals, northern coast of Alaska. Arctic 25:279-290.
Chapskii, K. K. 1940. The ringed seal of western seas of the Soviet Arctic (The morphological characteristic,
biology and hunting production). Page 147 in N. A. Smirnov, editor. Proceedings of the Arctic Scientific
Research Institute, Chief Administration of the Northern Sea Route. Izd. Glavsevmorputi, Leningrad,
Moscow. (Translated from Russian by the Fisheries Research Board of Canada, Ottawa, Canada,
Translation Series No. 1665, 147 p.).
Coffing, M., C. Scott, and C.J. Utermohle. 1998. The subsistence harvest of seals and sea lions by Alaska Natives
in three communities of the Yukon-Kuskokwim Delta, Alaska, 1997-1998. Technical Paper No. 255,
Alaska Dep. Fish and Game, Division of Subsistence, Juneau.
Coffing, M., C. Scott, and C.J. Utermohle. 1999. The subsistence harvest of seals and sea lions by Alaska Natives
in three communities of the Yukon-Kuskokwim Delta, Alaska, 1998-1999. Technical Paper No. 257,
Alaska Dep. Fish and Game, Division of Subsistence, Juneau.
Freitas, C., K. M. Kovacs, R. A. Ims, M. A. Fedak, and C. Lydersen. 2008. Ringed seal post-moulting movement
tactics and habitat selection. Oecologia 155:193-204.
Frost, K. J. 1985. The ringed seal (Phoca hispida). Pages 79-87 in J. J. Burns, K. J. Frost, and L. F. Lowry, editors.
Marine Mammals Species Accounts. Alaska Department Fish and Game, Juneau, AK.
Frost, K. J., and L. F. Lowry. 1984. Trophic relationships of vertebrate consumers in the Alaskan Beaufort Sea.
Pages 381-401 in P. W. Barnes, D. M. Schell, and E. Reimnitz, editors. The Alaskan Beaufort Sea -Ecosystems and Environments. Academic Press, Inc., New York, NY.
Frost, K. J., L. F. Lowry, J. R. Gilbert, and J. J. Burns. 1988. Ringed seal monitoring: relationships of distribution
and abundance to habitat attributes and industrial activities. Final Rep. contract no. 84-ABC-00210
submitted to U.S. Dep. Interior, Minerals Management Service, Anchorage, AK. 101 pp.
Frost, K. J., L. F. Lowry, G. Pendleton, and H. R. Nute. 2002. Monitoring distribution and abundance of ringed
seals in northern Alaska. OCS Study MMS 2002-04. Final report from the Alaska Dep. Fish and Game,
Juneau, AK, for U.S. Minerals Management Service, Anchorage, AK. 66 pp. + Appendices.
Frost, K. J., L. F. Lowry, G. Pendleton, and H. R. Nute. 2004. Factors affecting the observed densities of ringed
seals, Phoca hispida, in the Alaskan Beaufort Sea, 1996-99. Arctic 57:115-128.
Georgette, S., M. Coffing, C. Scott, and C. Utermohle. 1998. The subsistence harvest of seals and sea lions by
Alaska Natives in the Norton Sound-Bering Strait Region, Alaska, 1996-97. Technical Paper No. 242,
Alaska Dep. Fish and Game, Division of Subsistence, Juneau.
Hammill, M. O., and T. G. Smith. 1991. The role of predation in the ecology of the ringed seal in Barrow Strait,
Northwest Territories, Canada. Marine Mammal Science 7:123-135.
Kelly, B. P. 1988a. Ringed seal, Phoca hispida. Pp. 57-75 In J. W. Lentfer (ed.), Selected marine mammals of
Alaska. Species accounts with research and management recommendations. Marine Mammal Commission,
Washington, D.C.
Kelly, B. P. 1988b. Locating and characterizing ringed seal lairs and breathing holes in coordination with surveys
using forward looking infra-red sensors Fisheries and Oceans Freshwater Institute Final Report. 17 p.
Kelly, B. P., O. H. Badajos, M. Kunnasranta, and J. Moran. 2006. Timing and re-interpretation of ringed seal
surveys. Coastal Marine Institute University of Alaska Fairbanks, Final Report. 60 p.
Kelly, B. P., M. Ponce, D. A. Tallmon, B. J. Swanson, and S. K. Sell. 2009. Genetic diversity of ringed seals
sampled at breeding sites; implications for population structure and sensitivity to sea ice loss. University of
Alaska Southeast, North Pacific Research Board 631 Final Report. 28 p.
Kelly, B. P., J. L. Bengtson, P. L. Boveng, M. F. Cameron, S. P. Dahle, J. K. Jansen, E. A. Logerwell, J. E.
Overland, C. L. Sabine, G. T. Waring, and J. M. Wilder. 2010a. Status review of the ringed seal (Phoca
hispida). U.S. Dep. Commer., NOAA Tech. Memo. NMFS-AFSC-212, 250 p.
Kelly, B. P., O. H. Badajos, M. Kunnasranta, J. R. Moran, M. Martinez-Bakker, D. Wartzok, and P. Boveng. 2010b.
Seasonal home ranges and fidelity to breeding sites among ringed seals. Polar Biol. 33:1095-1109.
King, J. E. 1983. Seals of the world. 2nd ed. Br. Muss. (Nat. Hits.), London. 240 pp.
Kumlien, L. 1879. Mammals. Pages 55-61 in Contributions to the Natural History of Arctic America made in
connection with the Howgate Polar Expedition 1877-78. Government Printing Office, Washington, D.C.
Laidre, K. L., I. Stirling, L. Lowry, Ø. Wiig, M. P. Heide-Jørgensen, and S. Ferguson. 2008. Quantifying the
sensitivity of arctic marine mammals to climate-induced habitat change. Ecol. Appl. 18(2):S97-S125.
Lukin, L. P., G. N. Ognetov, and N. S. Boiko. 2006. Ecology of the ringed seal in the White Sea. UrO RAN,
Ekaterinburg, Russia. 165 p. (Translated from Russian by the Baltic Fund for Nature (BFN), State
University of St. Petersburg, Russia).
59
Alaska Marine Mammal Stock Assessments, 2011

NOAA-TM-AFSC-234
Allen, B. M., and R. P. Angliss

Lukin, L. R., and V. A. Potelov. 1978. Living conditions and distribution of ringed seal in the White Sea in the
winter. Soviet J. Mar. Biol. 4:684-690.
Lydersen, C. 1998. Status and biology of ringed seals (Phoca hispida) in Svalbard. Pages 46-62 in M. P. HeideJørgensen and C. Lydersen, editors. Ringed Seals in the North Atlantic. NAMMCO Scientific Publications,
Volume 1, Tromsø, Norway.
Lydersen, C., and I. Gjertz. 1986. Studies of the ringed seal (Phoca hispida Schreber 1775) in its breeding habitat in
Kongsfjorden, Svalbard. Polar Res. 4:57-63.
Lydersen, C., P. M. Jensen, and E. Lydersen. 1990. A survey of the Van Mijen Fiord, Svalbard, as habitat for ringed
seals, Phoca hispida. Holarctic Ecol. 13:130-133.
Lydersen, C., and M. Ryg. 1991. Evaluating breeding habitat and populations of ringed seals Phoca hispida in
Svalbard fjords. Polar Rec. 27:223-228.
Lydersen, C., and T. G. Smith. 1989. Avian predation on ringed seal Phoca hispida pups. Polar Biol. 9:489-490.
McLaren, I. A. 1958. The biology of the ringed seal (Phoca hispida Schreber) in the eastern Canadian Arctic. Bull.
Fish. Res. Bo. Can. 118:97.
Moulton, F. D., W. J. Richardson, T. L. McDonald, R. E. Elliott, and M. T. Williams. 2002. Factors influencing
local abundance and haulout behavior of ringed seals (Phoca hispida) on landfast ice of the Alaskan
Beaufort Sea. Can. J. Zool. 80:1900-1917.
Palo, J. 2003. Genetic diversity and phylogeography of landlocked seals. Dissertation. Universiy of Helsinki,
Helsinki, Finland. 29 p.
Palo, J. U., H. S. Mäkinen, E. Helle, O. Stenman, and R. Väinölä. 2001. Microsatellite variation in ringed seals
(Phoca hispida): genetic structure and history of the Baltic Sea population. Heredity 86:609-617.
Sherrod, G.K. 1982. Eskimo Walrus Commission’s 1981 Research Report: The Harvest and Use of Marine
Mammals in Fifteen Eskimo Communities. Kawerak, Inc., Nome.
Smith, T. G., and M. O. Hammill. 1980. A survey of the breeding habitat of ringed seals and a study of their
behavior during the spring haul-out period in southeastern Baffin Island. Addendum to the Final Report to
the Eastern Arctic Marine Environmental Studies (EAMES) project. Department of Fisheries and Oceans,
Arctic Biological Station, Canadian Manuscript Report of Fisheries and Aquatic Sciences, No. 1561. 47 p.
Smith, T. G., and C. Lydersen. 1991. Availability of suitable land-fast ice and predation as factors limiting ringed
seal populations, Phoca hispida, in Svalbard. Polar Res. 10:585-594.
Smith, T. G., and I. Stirling. 1975. The breeding habitat of the ringed seal (Phoca hispida). The birth lair and
associated structures. Can. J. Zool. 53:1297-1305.
Walsh, J. E., O. Anisimov, J. O. M. Hagen, T. Jakobsson, J. Oerlemans, T. D. Prowse, V. Romanovsky, N.
Savelieva, M. Serreze, A. Shiklomanov, I. Shiklomanov, and S. Solomon. 2005. Section 6.2. Precipitation
and evapotranspiration. Pages 184-189 in Arctic Climate Impact Assessment. Cambridge University Press,
Cambridge, UK.
Wolfe, R., and L.B. Hutchinson-Scarbrough. 1999. The subsistence harvest of harbor seal and sea lion by Alaska
Natives in 1998. Technical Paper No. 250, Alaska Dep. Fish and Game, Division of Subsistence, Juneau.

60
Alaska Marine Mammal Stock Assessments, 2011

