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Northern Fur Seal Conservation Plan

PREFACE

On June 17, 1988, the National Marine Fisheries Service (NMFS) declared the northern fur seal
stock of the Pribilof Islands, Alaska (St. Paul and St. George Islands) (Callorhinus ursinus), to
be depleted under the Marine Mammal Protection Act (MMPA) of 1972. NMFS designated the
Pribilof Islands northern fur seal population depleted because it declined to less than 50 percent
of levels observed in the late 1950s. Amendments to the MMPA on November 23, 1988 (Public
Law 100-711), directed the Secretary of Commerce to develop a conservation plan on northern
fur seals for "conserving and restoring the species or stock to its optimum sustainable
population." The amendments further specified that the plan include information on the status of
fur seals on the Pribilof Islands, causes of declines, threats to the species, critical information
gaps, and research and management recommendations for meeting the objectives of the plan.

Accordingly, NMFS published a conservation plan for the northern fur seal in 1993. Having
acquired substantial new information and with the greater inclusion of tribal governments in
management of the stock, NMFS now publishes this revision of the 1993 conservation plan.

This revision has been prepared with valuable input from the Tribal Governments of St. Paul and
St. George Island and incorporates substantial new information, research results, and
management structures to serve as a guide for interested parties to assist in the implementation of
conservation actions.

In 1994, NMFS used the phylogeographic stock definition approach proposed by Dizon et al.
(1992) to reclassify the Pribilof Islands population into the Eastern Pacific Stock (Pribilof Islands
and Bogoslof Island) and the San Miguel Island Stock. The Eastern Pacific stock is presently
declining for unknown reasons after a period of stability in pup production from 1984 to 1998.
Harvest practices contributed significantly to the declines of fur seal abundance in the Pribilof
Islands prior to the 1970s; however, they do not appear to be currently limiting the population.

The goal of this revised conservation plan will be met when northern fur seals are at abundance
levels that justify their re-designation as a non-depleted stock. The shared resources and
cooperative involvement of federal, state, and local governments, fishing industry, Alaska
Natives, academia, non-governmental organizations, and other interested individuals will be
required throughout the recovery period. NMFS makes this conservation plan available to the
public for reference.
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Disclaimer
Conservation plans delineate reasonable actions that, according to the best available science, are
required to recover and/or protect listed species. Plans are published by the National Marine
Fisheries Service, sometimes prepared with the assistance of other stakeholders, State agencies,
and contractors. Objectives will be attained and any necessary funds made available subject to
budgetary and other constraints affecting the parties involved, as well as the need to address
other priorities. Nothing in the this plan should be construed as a commitment or requirement
that any federal agency obligate or pay funds in contravention of the Anti-Deficiency Act, 31
U.S.C. 1341, or any other law or regulation. Conservation plans do not necessarily represent the
views or the official positions or approval of any individuals or agencies involved in the plan
formulation, other than the National Marine Fisheries Service. They represent the official
position of the National Marine Fisheries Service only after they have been signed by the
Assistant Administrator. Approved conservation plans are subject to modification as dictated by
new findings, changes in species status, and the completion of conservation actions.

This plan should be cited as follows:

National Marine Fisheries Service. 2007. Conservation plan for the Eastern Pacific stock of
northern fur seal (Callorhinus ursinus). National Marine Fisheries Service, Juneau, Alaska.

Additional copies may be obtained from:

National Marine Fisheries Service
Office of Protected Resources
709 W. 9™ Street

P.O. Box 21668

Juneau, AK. 99802-1668

This Conservation Plan can also be downloaded from the NMFS Alaska Region website:
http://www.fakr.noaa.gov
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EXECUTIVE SUMMARY

On June 17, 1988, the National Marine Fisheries Service (NMFS) declared the stock of northern
fur seals (Callorhinus ursinus) on the Pribilof Islands, Alaska (St. Paul and St. George Islands) to
be depleted under the Marine Mammal Protection Act (MMPA) of 1972. The MMPA defines a
species, population, or stock as depleted if it falls below its optimum sustainable population
(OSP). The lower bound of OSP for northern fur seals is thought to be at least 60 percent of the
carrying capacity level. The Pribilof Islands population was designated depleted because it had
declined to less than 50 percent of levels observed in the late 1950s, and no compelling evidence
suggested that carrying capacity has changed substantially since the late 1950s.

Amendments to the MMPA on November 23, 1988 (Public Law 100-711), directed the Secretary
of Commerce to develop a conservation plan on northern fur seals for "conserving and restoring
the species or stock to its optimum sustainable population." The amendments further specified
that the plan include information on the status of fur seals on the Pribilof Islands, possible causes
of declines, threats to the species, critical information gaps, and research and management
recommendations for meeting the objectives of the plan.

Accordingly, NMFS published a conservation plan for the northern fur seal stock of the Pribilof
Islands in 1993. In 1994 NMFS redefined the Pribilof Islands population as the Eastern Pacific
stock to include the new population on Bogoslof Island identified as separate from those
populations on islands in the western Bering Sea, Sea of Okhotsk, and Pacific Ocean. In
addition, MMPA amendments included numerous changes in management structure including
the development of agreements with Alaska Native Organizations for co-management of
subsistence use of marine mammal species used by Alaska Natives for subsistence. NMFS has
studied and supported studies of numerous aspects of the ecology of northern fur seals and
obtained substantial new information about the stock. With the additional science and new
management structures to consider, NMFS has prepared this revised Northern Fur Seal
Conservation Plan with valuable input from the Tribal Governments of St. Paul and St. George
Island. This revision reflects the new management structure, interpretation of new information,
identification of important research, and continued management of human activities that are
thought to affect the Eastern Pacific stock of northern fur seals.

The Pribilof Islands population has continued to decline since the depleted listing. Between 1998
and 2004 estimated pup production declined at 6.2 percent per year on St. Paul Island, and at 4.5
percent per year on St. George Island (Towel et al., 2006). The 2006 estimate of pup production
on St. Paul Island is 10.5% lower than 2004, while on St. George it is 1.2% greater than 2004.
NMES estimates Pribilof pup production declined by 9.1% from 2004 to 2006. Recent satellite
telemetry studies indicate that lactating female and juvenile male northern fur seals behave as
central place foragers while in the Bering Sea. Satellite telemetry and diet studies also suggest
separation of Bering Sea foraging areas defined by the central breeding area of departure.

Harvest has played a significant role in the historic abundance of northern fur seals in the Pribilof
Islands. Pelagic and terrestrial harvests of fur seals contributed to major declines in historic
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abundance. From 1956 to 1968 the commercial harvest of adult females contributed to a
majority of the subsequent decline of fur seal abundance in the Pribilof Islands. Subsistence
harvest levels are currently below levels believed to influence the Pribilof Island fur seals.

Scientists observed an increase in the number of fur seals entangled in marine debris following
the mid-1960s when fishing effort in the North Pacific Ocean and Bering Sea increased.
Concurrently, the fishing industry began using fishing gear (nets and line) and associated fishing
materials (packaging bands, bait containers) made more from plastics than from other materials,
at a level at least two orders of magnitude greater than that observed in the 1940s. Between 1970
and 1982, the increased rates of entanglement in marine debris resulted in additional mortality of
2- to 5-year-old male fur seals. Fowler (2002) reported a significant correlation between the
juvenile male entanglement rate and rate of change in pup production. Fowler (2002) suggests
that entanglement in marine debris may have contributed significantly to declining trends of the
population on the Pribilof Islands during the late 1970s.

Changes in the quantity and quality of available prey also influence the health and fitness of
individual fur seals. Important fur seal prey includes pollock, small schooling fish, and gonatid
squid. Biases associated with sampling location and method influence quantitative estimates of
northern fur seal prey use. Walleye pollock and squid are important fur seal prey in the eastern
Bering Sea, and Pacific herring, Pacific sandlance, and capelin in the Gulf of Alaska and Pacific
Ocean. The abundance and relative proportion have changed for major fish species across the
entire range of fur seals. Whether and what extent fish abundance was affected by fishing or
environmental change is unknown. Nor do researchers know how alteration of fish abundance
influences fur seal population trends of the Eastern Pacific stock. Recent fur seal diet studies
suggest a more direct overlap between fur seal prey and commercial fisheries (Zeppelin and
Ream, 2006). The complexity of ecosystem interactions and limitations of data and models
make it difficult to determine specific effects on the fur seal population.

This Conservation Plan reviews and assesses the known and possible factors influencing
northern fur seals in Alaska; it also contains pertinent information on fur seals breeding in
California and Russia. Natural factors influencing the population include predation, parasitism,
disease, and environmental change. Human-related factors that may, or do, influence the
population include subsistence harvests, direct and indirect effects of commercial fishing, marine
debris, poaching, pollution, vessel and aircraft traffic, tourism, coastal development, noise, and
oil and gas activities.

Four objectives are proposed to restore and maintain the Eastern Pacific stock of fur seals to its
OSP level, consistent with the 1988 amendments to the MMPA.

Objective 1. Identify and eliminate or mitigate the cause or causes of human related mortality of
the Eastern Pacific stock of northern fur seals;

Objective 2. Assess and avoid or mitigate adverse effects of human related activities on or near

the Pribilof Islands and other habitat essential to the survival and recovery of the Eastern Pacific
stock of northern fur seals;
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Objective 3. Continue and, as necessary, expand research or management programs to monitor
trends and detect natural or human-related causes of change in the northern fur seal stock and
habitats essential to its survival and recovery;

Objective 4. Coordinate and assess the implementation of the conservation plan, based on
implementation of conservation actions and completion of high priority studies.

The goal of this Plan is to recover the Eastern Pacific stock of northern fur seals so the stock is
no longer designated as depleted. NMFS notes that as of the writing of this plan the stock is
declining and stopping this decline is of paramount importance. Meeting the goal of recovery to
OSP and reclassification as not depleted may take many decades.

ES-3
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. Background

Amendments to the MMPA on November 23, 1988 (Public Law 100-711) directed the Secretary
of Commerce to develop a Conservation Plan for the northern fur seal (Callorhinus ursinus).
Conservation Plans identify specific management actions that must be taken to ensure that the
species of concern recovers to the point that it is no longer depleted. Conservation plans also
serve as advisory documents to identify conservation threats and to recommend research and
management actions to promote recovery. The Senate report accompanying the 1998
amendments (Senate 100-592, October 7, 1998) further stated that conservation plans include the
following essential elements:

(1) an assessment of the status of the stock;

(2) a description of the causes of any population declines or loss of essential habitat, including
rookeries, beaches, and offshore foraging habitats;

(3) an assessment of existing and possible threats to the species or its habitat;
(4) a discussion of critical information gaps;

(5) a description of research and management to be undertaken to meet the objectives of the plan;
and

(6) an implementation schedule of the proposed actions to promote recovery activities.

The National Marine Fisheries Service (NMFS) published the first northern fur seal conservation
plan in 1993 after the depleted designation. NMFS has now prepared a revision of that
conservation plan to incorporate substantial new information and account for changes in the
management structure to include co-management agreements with the Tribal Governments.
NMEFS will continue to revise this plan at regular intervals as new information is accumulated,
management actions are evaluated, and population status changes.

Some of the decline in the northern fur seal population since the 1950s can be explained as a
direct result of harvesting practices that caused high adult female mortality on land or at sea
(York and Hartley, 1981). However, more recent declining trends in fur seal abundance cannot
be explained solely as a result of commercial harvesting or other known sources of adult female
or juvenile mortality. The decline in fur seal abundance is similar to the decline in Steller sea lion
(Eumetopias jubatus) abundance throughout the Gulf of Alaska and Bering Sea (Merrick et al.,
1987; Sease and Gudmundson 2002) in that causes cannot be easily identified due to the
ecological complexity of the problem and lack of a continuous time-series of relevant biological
data (e.g., population vital rates). Holmes and York (2003) developed a model suggesting
increased survival and decreased fecundity in the 1990s was the best predictor of Steller sea lion
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abundance and given the similarity in life history this may prove informative for northern fur
seals.

NMFS manages numerous human activities known or suspected to influence the northern fur
seal population. Appropriate management is predicated on understanding the contribution of
human and natural influences on the Eastern Pacific northern fur seal stock status, and on
managing those human influences using the best available science. NMFS recommends
continuation of ongoing research and development of new programs designed to improve our
understanding of fur seal ecology, to provide a basis for management actions, and to identify
conservation needs. It will take many years before we understand the role of most factors that
influence the population. NMFS recommends continued harvest and fisheries management
incorporating ecosystem approaches to management. NMFS also recommends continued
investigations into reducing poaching and marine debris.

To evaluate the trend and status of fur seals, NMFS has monitored the populations on St. Paul
and St. George Islands to create a near-continuous data record. The fur seal population breeding
on Bogoslof Island has been monitored and studied intermittently since 1980. Bogoslof Island
fur seals provide a unique opportunity to study and gain important insight into the ecology of a
growing population. NMFS has also studied or supported studies of various aspects of the life
history of Pribilof and San Miguel fur seals, and these studies have contributed to our
understanding of their ecology. It is important that relevant programs continue, data be analyzed
and interpreted, and that the information from all studies continue to be made available to
stakeholders in a timely manner.

A. Brief Overview

Northern fur seals are colonial breeding pinnipeds that exhibit strong site fidelity and currently
breed on a few islands in the North Pacific Ocean and Bering Sea. Over 50 percent of the
worldwide population of fur seals is found on the Pribilof Islands. Adult male fur seals, about 3-5
times larger than females, arrive at rookeries prior to the breeding season and defend territories
within the rookery. Beginning in mid-June the rookeries are occupied by breeding females, who
within a few days give birth and begin nursing their single pup. Lactating females cycle between
on shore attendance and at-sea foraging trips for the ~4-month nursing period (July-October).

Northern fur seals have been harvested across their range, with a majority of the harvest
occurring on the Pribilof Islands. Prior to contact by Russia, the Aleut people and other coastal
indigenous peoples harvested fur seals for food, clothing and raw materials. Aleuts and other
indigenous peoples were captured by Russians and enslaved on the Pribilof Islands to harvest fur
seals for their pelts. The United States government continued the commercial harvest of fur seals,
developed the North Pacific Fur Seal Convention, and subsequently passed the Fur Seal Act to
provide for the management of the fur seal population, administration of the islands and
Pribilovians, and enforcement of the regulations to implement the Act. Management of the fur
seal population included the development of the Fur Seal Commission and later the Standing
Scientific Committee to help prioritize research and exchange results among the signatories. The
harvest was primarily focused on juvenile males due to their high quality fur and because dense
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aggregations on land facilitated harvesting and processing. Harvests also occurred intermittently
at sea and, relative to harvests on land, often resulted in high numbers of animals killed but not
retrieved, including a high mortality of females. About 40,000 to 126,000 fur seals were
harvested annually on land during the peak harvest from about 1943 to 1968. Adult females
comprised from 50 to less than 1 percent of the on-land harvest during this same period.
Commercial harvest of fur seals for their pelts was discontinued on St. George in 1972 and on St.
Paul in 1984. Since the cessation of the commercial harvests on the Pribilof Islands, local
residents have harvested fur seals to meet their subsistence needs. Pribilovians have harvested
fewer than 1000 juvenile male fur seals annually since 2000.

Commercial fishery interactions and subsistence harvests are the primary manageable sources of
mortality to the northern fur seal population. Fishery interactions can include direct bycatch,
entanglement in derelict fishing gear, and indirect effects more difficult to detect. Other
manageable threats include oil spills, chronic pollution, collisions, habitat degradation, illegal
harvests, and harassment. Research, vehicles, vessels, and noise in general can cause harassment
of fur seals. Natural factors also strongly influence fur seal behavior and ultimately survival and
reproductive rates.

Studies of northern fur seal behavior, growth, mortality, migration, and foraging ecology have
been an important component of fur seal management. Regular abundance estimation is critical
to identifying population trends. The integration of comprehensive population abundance
estimates with concurrent behavioral and ecological studies gives researchers and managers the
potential for insight into the mechanisms that may be changing the population. Current fur seal
population vital rates are unknown and historic estimates of age class survival and reproduction
are not appropriate to use on a declining population with a small harvest. Estimating survival
and reproduction of females will be an important aspect to evaluate possible mechanisms
underlying the current population decline on the Pribilof Islands.

NMES designated the Pribilof Islands northern fur seal population depleted on 17 June 1988
because it declined to less than 50 percent of levels observed in the late 1950s and no compelling
evidence suggested that the northern fur seal carrying capacity (K) of the Bering Sea had
changed substantially since the late 1950s. The MMPA defines the term "depletion" or
"depleted" (16 U.S.C.1362 (1)) as meaning any case in which:

A. the Secretary of Commerce, after consultation with the Marine Mammal Commission
and the Committee of Scientific Advisors on Marine Mammals, determines that a
species or population stock is below its optimum sustainable population;

B. a State, to which authority for the conservation and management of a species or
population stock is transferred under section 1379 of this title, determines that such
species or stock is below its optimum sustainable population; or

C. aspecies or population stock is listed as an endangered species or a threatened species
under the Endangered Species Act of 1973 (16 U.S.C. §1531).
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B. Description and Taxonomy

Northern fur seals belong to the Order Carnivora, Suborder Pinnipedia, Family Otariidae, and
Subfamily Otariinae. The family contains the extant genera Arctocephalus, Callorhinus,
Eumetopias, Neophoca, Otaria, Phocarctos, and Zalophus. The genus Callorhinus contains one
species, the northern fur seal, C. ursinus (Rice, 1998). Little evidence of genetic differentiation
among breeding sites has been found (Ream, 2002; Rice, 1998), but for management purposes
five stocks (populations) of northern fur seals are recognized that breed on at least six island
groups in the North Pacific (Figure 1); the Eastern Pacific stock includes the Pribilof Islands and
Bogoslof Island, San Miguel Island stock located off the coast of southern California, the
Commander Islands stock (Russia), the Kuril Islands stock (Russia), and the Robben (Tuleniy)
Island stock in the Okhotsk Sea (Russia). Stock designation is based principally on geographic
separation during the breeding season (Dizon et al., 1992) but considerable interchange of
individuals takes place between rookeries; therefore, northern fur seals are considered one
biological species. This conservation plan pertains to the Eastern Pacific stock, with relevant
information from other stocks included. Unless noted otherwise, all references to fur seals in this
document are to northern fur seals.
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FIGURE 1. NORTHERN FUR SEAL BREEDING COLONIES AND EXTENT OF THEIR WINTER RANGE.



C. Abundance and Trends

Northern Fur Seal Conservation Plan

Kenyon et al. (1954) presented the history of fur seal population estimation and the reliability of
methods for the first half of the 20" century. York and Kozloff (1987) described the mark-
recapture (shear-sampling) method for estimating pup production and York (1989) presented
biases of the method. Pup production, the most accurate indicator of population size, is
estimated every two years. Adult male fur seals are counted every year, and this count serves as a
very rudimentary index of population size. Adult males have been counted since 1911 (Lander,
1980) on St. Paul and St. George (Figure 2a, b). NMML computes a total population estimate
from the pup production estimate using a multiplier adjusted for the cessation of the commercial

harvest.
A.
12000 -
—a—— SNP Harem [n ]I
---O--- SNPIdle o
10000 1 e BOG Harem 0
) BOG Idle
€ 8000 -
7]
2
S 6000 -
S
& 4000 - I\
2000 - ) &
: |:| a
0 \mﬂp T T T T 9
1910 1930 1950 1970 1990 2010
Year
B.
3500
——— SNG Harem
---A--- SNG ldle
3000 + ®  BOG Harem
o BOG ldle
2500 +
®
$ 2000 -
©
=
= 1500
=]
e
<
1000 4 ,
a B
500 - A& e
\ M 24
N
0 o Dl ‘ ‘ ‘
1910 1930 1950 1970 1990 2010
Year



Northern Fur Seal Conservation Plan

FIGURE 2. ADULT MALE COUNTS ON (A.) ST. PAUL (SNP) AND (B.) ST. GEORGE (SNG) FROM
1911-2006. BOGOSLOF ISLAND (BOG) COUNTS IN 2005 & 2006 ARE INCLUDED FOR REFERENCE.

C.1. Current Trends

The Eastern Pacific stock of fur seals has declined to an estimated 721,935 in 2006 (draft Stock
Assessment Report) from a historical high of about 2.1 million during the late 1940s and early
1950s (Briggs and Fowler, 1984). Towell et al. (2006) report that the 2004 pup production
estimate for St. Paul Island was 15.7 percent less than the estimate in 2002 and 22.6 percent less
than the estimate in 2000 (Table 1; Figure 3a). The 2004 pup production estimate for St. George
Island was 4.1 percent less than the estimate in 2002 and 16.4 percent less than the estimate in
2000 (Figure 3b). Estimated pup production has declined at 6.2 percent per year (SE = 0.78
percent, P = 0.01) on St. Paul Island, and at 4.5 percent per year (SE = 0.45 percent, P =0.01) on
St. George Island, from the estimated pup production in 1998 (Table 1). The 2006 estimate of
pup production on St. Paul Island is 10.5% lower than 2004, while on St. George it is 1.2%
greater than 2004. NMFS estimates that Pribilof pup production declined by 9.1% from 2004 to
2006. Estimated pup production is now below the 1917 level on St. Paul Island and below the
1916 level on St. George. During those years the northern fur seal population was increasing at
about 8 percent per year as it was recovering from a pelagic harvest that took place in the 19th
and early 20th centuries (Figure 3a, b).

TABLE 1. ESTIMATE OF THE NUMBER OF PUPS BORN ON THE PRIBILOF ISLANDS 1998-2006,
INCLUDING THE COUNT STANDARD ERROR AND THE 95% CONFIDENCE INTERVAL. TOTAL INCLUDES
LIVE AND DEAD PUPS COUNTED. (FROM TOWELL ET AL., 2006 AND NMFS UNPUBLISHED)

Location and year Estimated number of pups Standard error 95% Confidence interval
born

St. Paul Island

1998 179,149 6,193 164,503-193,795
2000 158,766 17,248 116,445-201,027
2002 145,701 1,629 142,182-149,220
2004 122,825 1,289 120,039-125,611
2006 109,937 1,522 106,743-113,229
St. George Island
1998 22,090 222 21,547-22,633
2000 20,176 271 19,513-20,839
2002 17,593 527 15,890-18,238
2004 16,876 238 16,291-17,461
2006 17,070 144 16,742-17,404

Adult males are counted annually and categorized as territorial with females (harem), territorial
without females and non-territorial (idle; Figure 2a, b). Numbers of harem males are highly
correlated with the number of pups born (York et al., 2005). Fowler and Robson (1994) reported
an increase in the total number of adult males from 1985 through 1993 related to the cessation of
the commercial harvest on St. Paul Island. Recent adult male counts on St. Paul and St. George
are lower than any period in the last 50 to 100 years (Figure 2a, b).

Fur seal pup production on Bogoslof Island (Figure 3c¢) is increasing rapidly in contrast to the
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Pribilof Island population trend (Figure 3a, b). From 1976 to 1981, small numbers of fur seals
were observed on Bogoslof Island (Loughlin and Miller, 1989). Since the first evidence of pup
production in 1980 (Lloyd et al., 1981), the population has continued to grow rapidly (Ream et
al., 1999; Figure 3c). Ream et al. (1999) speculated that such a rapid growth rate is largely

influenced by immigration from the Pribilof Island populations.
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FIGURE 3. ESTIMATES OF NORTHERN FUR SEAL PUP PRODUCTION ON (A.) ST. PAUL, (B.) ST.
GEORGE, AND (C.) {NEXT PAGE} BOGOSLOF ISLAND FROM 1912-2006.
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FIGURE 3{CONT'D}. = ESTIMATES OF NORTHERN FUR SEAL PUP PRODUCTION ON (A.) ST. PAUL, (B.)
ST. GEORGE, AND (C.) BOGOSLOF ISLAND FROM 1912-20086.

While this Conservation Plan concerns the Eastern Pacific stock, it is important from an
ecological perspective to consider the population status of other stocks. The San Miguel Island
population was colonized by individuals from the Pribilof Islands population during the 1950s or
early 1960s (Peterson et al., 1968; DeLong, 1982). Since the discovery of the San Miguel Island
rookery, the fur seal population there has grown steadily but has had major short-term declines
associated with strong El Nifio events. The San Miguel Island stock reached a high in 1997 when
pup production was estimated at just over 3,000 (DeLong and Melin, 1999; Melin and DeLong,
2000), with a total population estimated between 12,272 and 12,408 (Carretta et al., 2002). In
1999, the San Miguel population again began to recover with a total pup count of 1,084, and a
stock estimate of 4,336 seals (Carretta et al., 2002), although the number of territorial bulls (106)
was lower than the 1997 count (Melin and DeLong, 2001). This recovery continued through
2001 but remained below the 1997 level by 24 percent. Other signs of population recovery in
2000 and 2001 included good condition of 4-month-old pups and reduced late-season pup
mortality, but the reduced number of adult females in the population after 1998 and the loss of
most of the 1997 cohort suggest that fur seal pup production at San Miguel Island may remain
depressed for several more years.
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Fur seal numbers in the Commander and Kuril Islands and on Robben Island were greatly
reduced in the early 1900s as a result of commercial sealing (Lander and Kajimura, 1982). Fur
seal populations have generally decreased or remained stable from the 1960s to the late 1980s on
the Commander and Kuril Islands (Gentry, 1998). The Commander Island population was
estimated at 225,000 to 230,000 in 1988-1990, which is slightly less than the maximum of
255,000 in the late 1970s. The Kuril Island population was estimated to be 45,000 to 50,000 in
1988, a reduction from the peak of 60,000 in 1977-1978 (Vladimirov and Nikulin, 1991). The
Robben Island stock declined from about 60,000 pups born in the 1960s to annual pup
production of about 20,000 in 1990 (Yoshida and Baba 1982 in NRC, 1996; Gentry, 1998), but
appears to be recovering; in 2002 the rookery was estimated to number 88,000 individuals and
26,400 pups (Kuzin 2002, pers. comm. to members at U.S./Russia meetings, Santa Cruz, CA). In
recent years a small population that apparently originated from the San Miguel Island stock has
also been reported on South Farallon Island off the central California coast (Pyle et al., 2001).
Twenty-four pups were born on the Farallon Islands in 2005 (NMML unpublished).

C.2. Abundance

Loughlin et al. (1994) estimated approximately 1.3 million northern fur seals worldwide, and the
Pribilof Islands represented about 982,000 (74 percent) in 1992. The population estimate for the
Eastern Pacific stock of northern fur seals is calculated as the estimated number of pups at
rookeries multiplied by a series of different expansion factors determined from a life table
analysis to estimate the number of yearlings, two-year olds, three-year olds, and animals at least
four years old (Lander 1981). The resulting population estimate is equal to the pup count
multiplied by 4.5. The expansion factor is based on a sex and age distribution estimated after the
harvest of juvenile males was terminated. Currently, coefficients of variation are unavailable for
the expansion factor. As the great majority of pups are born on the Pribilof Islands, pup
estimates are concentrated on these islands, though additional counts have been made on
Bogoslof Island. Since 1990, pup counts have occurred biennially on St. Paul and St. George
Islands, although less frequently on Sea Lion Rock and Bogoslof Island. The most recent
estimate for the number of fur seals in the Eastern Pacific stock, based on pup counts from 2002
on Sea Lion Rock, from 2004 on the Pribilof Islands, and from 2005 on Bogoslof Island, is
721,935 (4.5 x 160,430). NMML calculated preliminary estimates of the 2004-5 worldwide
population at 1.1 million, and the Pribilof Islands accounted for about 55 percent of the annual
production, down from 74 percent in 1992.

C.3. Carrying Capacity

Both carrying capacity (K) and optimum sustainable population (OSP) are difficult to measure;
K is especially hard if the ecosystem has changed significantly since historic high population
levels. Pribilof Islands northern fur seal carrying capacity was estimated at 1.8 million (Kenyon
et al., 1954) during the depleted listing (51 FR 47156). Subsequent analyses of the population
data suggested that the population might have been closer to 2.1 million during the late 1940 to
early 1950 period (Briggs and Fowler, 1984). Gerrodette and DeMaster (1990) suggest natural
changes in carrying capacity are a more accurate reflection of environmental complexity than
assuming a constant environment. Fowler and Siniff (1992) further discuss the importance of
differentiating and defining “natural K,” from “current K” and “altered K.” One of the major
challenges to assessing the current carrying capacity of a population is determining what
influence human activities may have on the “natural K” (i.e., historical carrying capacity) and
whether an “altered K exists and can be restored to the “natural K through management and
restoration actions.
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The MMPA defines optimum sustainable population as "...the number of animals which will
result in the maximum productivity of the population or the species, keeping in mind the
optimum carrying capacity of the habitat and the health of the ecosystem of which they form a
constituent element (16 U.S.C. §1362(9))." NMFS regulations at 50 Code of Federal Regulations
(CFR) 216.3 define OSP as

...a population size which falls within a range from the population level of a given species
or stock which is the largest supportable within the ecosystem, to the population level
that results in maximum net productivity. Maximum net productivity is the greatest net
annual increment in population numbers or biomass resulting from additions to the
population due to reproduction and/or growth less losses due to natural mortality.

Section 1361(2) of the MMPA states that marine mammal species, populations, and stocks
should not be permitted to fall below their OSP level. The maximum net productivity level
(MNPL) is the lower end of OSP. Historically, MNPL has been expressed as a range of values
(generally 50-70 percent of K) determined theoretically by estimating what stock size in relation
to the original stock size will produce the maximum net increase in population (42 Federal
Register (FR) 12010, March 1, 1977). MNPL for marine mammals is at least 50 percent of
carrying capacity (Eberhardt and Sinift, 1977), and may be as high as 80 percent (Fowler 1981,
1988). In 1977, the mid-range value of 60 percent was used to determine if a stock of dolphins
was depleted (42 FR 64548, Dec. 27, 1977). The 60 percent value was supported by NMFS in
the final rule governing the taking of marine mammals incidental to commercial fishing
operations (45 FR 72178, Oct. 31, 1980). The lower bound of OSP for northern fur seals is also
considered to be at 60 percent of K (Fowler, 1981). The lower bound of OSP would be
1,080,000 if K was 1.8 million northern fur seals and 1,260,000 if K was 2.1 million.

Fowler (1986) stated that

given the available data and analyses, it is not possible to clearly determine whether the
Pribilof fur seal population is currently at, above, or below carrying capacity levels;
whether carrying capacity has changed significantly in the last two or three decades; or
whether the observed population decline is due to declining carrying capacity, increased
mortality, or some combination of both.

Gerrodette and DeMaster (1990) used Goodman’s (1988) dynamic response analysis and a
condition index to evaluate northern fur seal population status. They determined that the
population was below OSP, and evidence suggested that carrying capacity was unchanged.
Fowler and Siniff (1992) used a variant of the approach used by Gerrodette and DeMaster
(1990); they suggested that carrying capacity might be reduced on the order of 13 percent based
on a proportional reduction of mortality estimates from 1911 to 1990 (Fowler and Siniff, 1992).

Carrying capacity estimates for other seasonal occupants of the Bering Sea may provide insight
towards the uncertainty in estimating carrying capacity of the Eastern North Pacific northern fur
seal stock. Schell (2000) suggested that the overall carrying capacity in the Bering Sea declined
during the past two decades based on primary and secondary production estimates. Swartzman
and Haar (1983; 1985) reviewed pollock fisheries data for the Bering Sea and concluded that an
increase of juvenile walleye pollock may have resulted in an increase of total pollock (i.e.,
increased K), potentially benefiting foraging northern fur seals. Some researchers have
suggested that gray whales are approaching or have reached their carrying capacity for the
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Bering Sea (e.g. Moore et al., 2001). Hobson et al. (2004) disagreed with Schell’s hypothesis of
a reduction of Bering Sea productivity.

In today’s world, humans have impacts on all ecosystems (Millennium Ecosystem Assessment,
2005), and it is difficult to conceive of the Eastern Bering Sea and North Pacific as ecosystems
immune to these changes. Alterations and impacts stemming from global warming (Houghton et
al., 2001), pollution, and fishing are factors that influence carrying capacity and force us to think
in terms of ecosystem-based management. The carrying capacity for any species is an ecosystem
feature determined, in part, by the combined effects of such factors. Commercial fishing
harvests result in competition for fish also consumed by northern fur seals. Competition among
the predators in ecosystems is a natural dynamic, which Fowler (2003) uses as basis for
establishing what is normal and what is abnormal or pathological in the consumption of
individual resource species, species groups, and ecosystems. Commercial fishing in the Bering
Sea results in harvests of fish that average on the order of 10 to 50 times greater than the
consumption of fish by the other predators in that system (Fowler and Hobbs, 2002; Fowler,
2003). The production of carbon dioxide, manufacture of toxic substances, and consumption of
resources would have to be counted among the many factors to be regulated in order to
“Maintain ecosystem health and sustainability....” (NPFMC, 2006) in dealing with the complex
set of factors that influence ecosystems and their carrying capacities for species such as the
northern fur seal.

D. Life History

D.1. Reproduction

Some males and most females probably return to their natal sites to breed (Baker et al., 1995;
Gentry, 1998). Male fur seals become sexually mature at 5-7 years of age and begin competing
for a territory after about 7-9 years of age (Johnson, 1968). Adult males arrive on rookeries in
mid-May, and territorial males fast while defending territories until early August. Territories are
small, averaging a maximum area of approximately 110 m* (Gentry, 1998). Male displays and
calls appear to be directed at other males and are probably not used to attract females. Immature
male fur seals also fast while resting on the haulout sites and may lose an estimated 20-30
percent of their body weight during the breeding season, which is somewhat less than that lost by
territorial males during the same period (Baker et al., 1994).

Most females become sexually mature between four and seven years of age (average about 5)
(York, 1983) and are known to give birth up to at least 23 years of age (Lander, 1981). Pregnant
females begin to arrive in mid-June; non-pregnant adult females arrive later (Bartholomew and
Hoel, 1953; Gentry and Holt, 1986; Gentry, 1998). Arrival of pregnant females peaks in early
July, followed by a progressive decline in numbers of new arrivals through August (Gentry and
Holt, 1986; Gentry, 1998). Females give birth to a single pup within two days of arriving on
shore, and mate 3-8 days after parturition (Petersen, 1968; Gentry and Holt, 1986; Gentry, 1998).
Female fur seals exhibit a delayed implantation of the blastocyst with implantation occurring
between mid November to early December (York and Scheffer, 1997). Lactating females make
three- to ten-day foraging trips from the island, punctuated by one- to two-day visits to the
rookery to feed pups. Upon the female’s return from foraging, pups and females recognize each
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other initially by vocalization. Mother-offspring pairs recognize each other’s vocalization during
the course of the breeding season and are able to retain these memories for at least 4 years
(Insley, 2000). Pups are weaned at approximately four months of age. After pupping, mating,
and weaning of pups, adult females from the Pribilof Islands migrate south through passes in the
Aleutian Islands into the North Pacific Ocean (Ream et al., 2005).

D.1.1. Pup Mortality

Neonatal mortality is an important indicator of influences on the reproductive capacity of a
population. York (1985) reported neonatal mortality on St. George Island is lower than on St.
Paul Island, where the population is higher. Between 1990 and 1999, pup mortality ranged from
4.69 percent to 2.82 percent on St. Paul, and 3.97 percent to 2.05 percent on St. George
(Antonelis et al., 1994; York et al., 2000). Several factors, including emaciation, trauma, various
infections, and increased incidence of disease and parasites, contribute to neonatal mortality rates
(York, 1985, Fowler, 1985). Figure 4 shows pup mortality for St. Paul and St. George from 1964
through 2004. Gentry (1998) suggested that neonatal mortality due to female induced trauma
(~17 percent of the total mortality) is not density dependent because of female spacing
tendencies. Females form dense groups at all population levels (Gentry, 1998). In the 1940s and
1950s on-land pup mortality ranged from 10 to 22 percent. Trends in pup mortality are
influenced by density dependent factors and the on-land harvest of adult females in the late
1960s (York and Hartley 1981) is strongly related to higher neonatal mortality through 1968.
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FIGURE 4. NORTHERN FUR SEAL PUP MORTALITY ON (A.) ST. PAUL AND (B.) ST. GEORGE FROM

1964-2004. BOGOSLOF ISLAND MORTALITY DURING 2005 IS INCLUDED IN EACH FOR REFERENCE.

Historically, hookworm disease was responsible for 45 percent of the fur seal pup mortality in a
study conducted between 1974 and 1977 (Gentry, 1981a). Lyons et al. (2001) indicated a
dramatic decline in the incidence of hookworm disease in fur seal pups on St. Paul Island in
recent years. Infectious diseases were found in 4 percent of the pups on St. Paul. Spraker et al.
(in review) found no evidence over the past 27 years to implicate diseases or neonatal pup
mortality as an important factor in the current population decline on St. Paul.

Trites and Antonelis (1994) indicate the “pivotal event” to influence the survival of pups is the
timing of birth. Trites (1990) describes the importance of high birth weight pups being able to
tolerate cold Pribilof Islands weather from 1956 to 1981, whereas those with low birth weight

had a higher probability of succumbing to storms shortly after birth. Changes in the timing of
birth would have critical implications for assessing trends in mortality and mass (next section).

D.1.2.Pup Health

The NMML measures the mass and length of pups on St. Paul and St. George Islands concurrent
with estimates of pup production. Baker et al. (1994) reported that larger than average male pups
were more likely to survive to age five from 1987-1990, suggesting that pup mass and length are
useful indicators of health. Figure 5 shows mass for St. Paul and St. George pups from 1957-
2004. St. George pups are typically heavier and longer than those born on St. Paul. Male pups
are heavier than female pups (Figure 5a, b).

A. B.
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FIGURE 5. NORTHERN FUR SEAL MALE AND FEMALE PUP MASS ON (A.) ST. PAUL AND (B.) ST.
GEORGE FROM 1957-2004, INCLUDING STANDARD ERROR BARS. MASS MEASUREMENTS ARE
CORRECTED FOR GROWTH RATES (BOLTNEV ET AL., 1998) TO A STANDARD DATE WITHIN THE RANGE
OF SAMPLING DATES.

Trites (1991) suggests that early measurements (1957-66) of pup mass may have been collected

from a biased sample of lighter than average pups. Revised pup sampling protocols (Antonelis,

1992) have reduced the potential sampling bias described by Trites (1991). Robson et al., (1994)
reported measurement error associated with mass and length methods in 1992 were insignificant
relative to natural variation in mass and length. Trites (1991) reports no reduction in growth for
pups tagged and handled from 1957-1966.

D.2 Migration

The typical migratory pattern of northern fur seals has been described by numerous authors (e.g.,
Bigg 1990; Fiscus, 1978; Fowler, 1998). Northern fur seals begin to return to the breeding
islands from their pelagic winter foraging in the spring of each year. Adult males arrive first and
establish territories on the breeding rookeries. On the Pribilof Islands they arrive in descending
order by age, beginning in early May. The youngest males may not return to the breeding areas
until mid-August or later. Some yearlings arrive as late as September or October; however, most
remain at sea. The older pregnant females arrive about mid-June; the peak of pupping occurs in
early July. Pups leave the islands in early November after the older animals.

Fur seals migrate during early winter through the Eastern Aleutian Islands into the North Pacific
Ocean then into the waters off the coasts of British Columbia, Washington, Oregon, and
California (Figure 6). Older males appear to remain in the northern part of the range, while
young males and females of all ages spend the winter feeding in the southern part. While seals
feed at sea, the daily feeding rate for pregnant females is 1.6 times that of nonpregnant females
(Perez and Mooney, 1986). The northward migration begins in March. This migration brings
the animals back to the breeding colonies where the cycle is repeated.

Adult males are believed to migrate only as far south as the Gulf of Alaska (Kajimura, 1984).

Loughlin et al., (1999) used satellite telemetry to monitor the movements of 8 adult male fur
seals from the Pribilof Islands and reported that seven of eight males eventually left the Bering
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Sea and fed either in the Eastern Pacific Ocean and Gulf of Alaska or to the west off the Kuril
Islands and Japan.
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FIGURE 6. WINTER MIGRATION ROUTES OF 13 ADULT FEMALE NORTHERN FUR SEALS TO FEEDING

AREAS IN THE NORTH PACIFIC OCEAN (FROM REAM ET AL., 2005).

Pups begin swimming at about 26 days of age, spend a substantial amount of time in the water
by 40-50 days of age, and by 100 days old are making shallow dives for short durations (Baker
and Donohue, 2000). They begin leaving the Pribilof Islands in October and are widely
dispersed by the time they reach the Aleutian Islands (Ragen et al., 1995). It is thought that pups
from the Pribilof Islands travel through Aleutian Island passes after leaving their birth islands
and remain at sea in the North Pacific Ocean for about 22 months before returning to their
islands of origin as 2-year-olds. Baker et al. (1994) and Baker and Fowler (1992) showed that
larger-than-average male pups were more likely to survive to at least two years of age.

Ream et al. (2005) monitored 13 adult female fur seals from St. Paul Island during their
migration in 2003 and found that seals departed from the Pribilof Islands in November and
moved in a southeasterly direction over the continental shelf as they left the Bering Sea (Fig. 4).
Their travel routes did not follow coastal or bathymetric features as they crossed the North
Pacific Ocean, and instead corresponded to complementary water movement of the Alaska Gyre
and the North Pacific Current. Feeding locations during winter are generally unknown, but
Ream et al. (2005) demonstrate that the fur seals cue on significant oceanographic features to
navigate in the open ocean and to locate prey. It is believed that fur seals from all Eastern Bering
Sea rookeries intermix with fur seals from other rookeries in the Bering Sea and North Pacific.
San Miguel Island fur seals are present in the Eastern Pacific Ocean predominantly offshore
California during the winter.
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E. Diet and Foraging Behavior

Northern fur seals consume schooling fish and gonatid squid, although the species eaten vary
with location and season (Kajimura, 1984; Sinclair et al., 1994; Ream et al., 2005) (Table 3;
Figs. 5 & 6). The subsequent sections describe details of diet information based on fur seals
sampled from the main geographic regions occupied by fur seals, trophic levels of fur seals, and
foraging behavior. The greatest volume of information describing the feeding ecology of
northern fur seals is based on stomach contents taken in pelagic collections of adult female and
juvenile seals from the 1950s to the 1970s (Kajimura, 1984). The stomach content data is at
least 30 years old and it’s applicability to present day fur seal diet estimates is unknown. More
recent diet information has been obtained from fecal analyses, stable isotope analysis, and fatty
acid signature analysis (Antonelis et al., 1997; Sinclair et al., 1996; Kurle and Worthy, 2001;
Goebel, 2002; Gudmundson et al., 2006; Zeppelin and Ream, 2006). All methods of analysis to
estimate species and size composition of pinniped diets are limited by some form of bias (Pierce
et al., 1991; Sinclair et al., 2000; Tollit et al., 2004; Yonezaki et al., 2003; Yonezaki et al., 2005).

E.1. Diet: Bering Sea

Walleye pollock, squid, and bathylagid fish (northern smoothtongue, Leuroglossus schmidti,
a.k.a. seal-fish) were the predominant prey of fur seals in the Bering Sea during the first half of
the 20th century (Scheffer, 1950). The stomach contents of female northern fur seals in the
Eastern Bering Sea between 1958 and 1974 consisted of juvenile walleye pollock (35 percent),
capelin (Mallotus villosus;16 percent), Pacific herring (11 percent), and squid (30 percent) (Perez
and Bigg, 1986). Considerable variation in the importance of each of these species and groups
existed among areas, and by season and year sampled. Kajimura (1984) found that deep-sea
smelts of the family Bathylagidae ranked fourth in importance by volume in the Bering Sea
during the years 1963, 1964, 1968, 1973 and 1974. Deep-sea smelts may be under represented in
volumetric summaries that combine all years because oceanic habitat was sampled less
frequently during the pelagic collection period. However the relative use of oceanic habitat by
fur seals is also poorly understood and may be greater than previously thought (see Ream et al.,
2005). Pollock was particularly important around the Pribilof Islands and other inshore areas
from July to September. Capelin was the main prey consumed near Unimak Pass during June to
October. A large number of other prey species occurred in small quantities. Sinclair et al.
(1994) reported that fur seal stomachs and GI tracts collected during pelagic studies conducted
during the 1980's in the Eastern Bering Sea contained mostly juvenile walleye pollock from the
age-0 group (65 percent) or from the age-1 group (31 percent), while only four percent were
from the age-2 group and older. The percentage of the various age groups of walleye pollock
consumed by fur seals varied among years and was apparently a reflection of differences in the
strengths of year classes before and during the course of the study. Adult walleye pollock were
most frequently found in the stomachs of fur seals collected over the outer domain of the
continental shelf, while juvenile pollock were found in fur seals collected both over the midshelf
and outer domain. Atka mackerel (Pleurogrannus monopterygius) was found only in fur seals
collected over the outer shelf domain north of Unimak Island. Northern smoothtongue and
gonatid squid were the dominant species found in stomach samples collected

TABLE 2. FREQUENCY OF OCCURRENCE (FO) OF PRIMARY PREY (>5% ON ANY ROOKERY) BY

ROOKERY FOR 1988-2000. FO VALUES >10% ARE BOLD. GB/BM SQUID ARE GONATOPSIS borealis
OR BERRYTEUTHIS magister AND GM/GM SQUID ARE GONATUS madokai OR GONATUS middendorffi.
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Rookery (n) Walleye Pacific Gm/Gm Gb/Bm Gonatus Pacific Northern  Pacific  Atka
pollock sandlance squid squid tinro salmon smoothtongue herring mackerel

Morjovi (219) 66.21 11.42 8.68 <1 0.00 3.20 0.00 7.76 1.37
Vostochni (539) 69.39 11.69 6.49 1.30 <1 5.38 <1 6.12 1.86
Pol & PolCfs (262) 70.23 12.98 5.73 1.91 0.00 10.31 <1 6.49 3.05
Kitovi (228) 68.42 10.96 6.58 7.02 1.75 7.89 3.07 2.63 0.00
Lukanin (84) 65.48 15.48 8.33 8.33 0.00 8.33 3.57 5.95 0.00
Little Zapadni (236) 83.90 4.24 20.76  4.66 <1 7.63 <1 3.81 2.54
St. Paul, Zapadni (334) 75.15 6.29 2156 599 <1 4.79 2.99 2.99 3.59
Tolstoi (395) 68.86 3.04 17.22 759 <1 7.59 1.52 2.78 5.32
Zapadni Reef (92) 76.09 8.70 16.22 1.09 0.00 11.96 1.09 5.43 5.43
ArdGorbatch (260) 70.38 8.46 16.15 13.08 3.46 5.00 3.85 3.08 5.38
Reef (319) 64.26 7.52 1097 1191 219 6.27 2.82 4.70 5.64
North (309) 66.02 3.56 6.15 17.80 1.94 14.56 1.29 1.29 1.29
East Cliffs (196) 65.31 2.55 765 19.39 561 18.88 5.61 3.06 3.06
East Reef (139) 70.50 2.16 4.32 8.63 1.44 10.07 <1 2.16 2.16
Staraya Artil (169) 61.54 1.18 533 16.57 1.18 10.06 5.33 4.73 1.18
South (226) 47.79 3.10 10.18 3496 4.42 15.93 14.16 2.21 3.98
St. George, Zapadni (164)  42.68 3.66 1280 3841 7.93 14.63 15.85 1.22 <1

over continental slope and oceanic waters (Sinclair et al., 1994). Herring, eulachon, and capelin
were largely absent from fur seal diet in the Bering Sea during the 1980's (Sinclair et al., 1994).
Gudmundson et al., (2006) reported significant differences in prey consumption estimates when
comparing frequency of occurrence from northern fur seal scats and regurgitations. Difference
in prey consumption estimates from stomach contents and other methods have not been
examined. Sinclair et al. (1996) reported that juvenile pollock was the predominant prey found in
scat of Pribilof Island fur seals from 1987 to 1990. In a recent survey of mesopelagic nekton in
the slope and oceanic waters of the Southeastern Bering Sea, Sinclair and Stabeno (2002)
reported that as a family, the bathylagids were the dominant group throughout the water column
and that nearly half of the total catch weight values were comprised of northern smoothtongue.

Antonelis et al. (1997) examined scats collected at rookeries during the breeding season to
compare prey species taken by female northern fur seals on St. Paul and St. George islands with
those taken at Medny Island (Russia). Juvenile walleye pollock was the most common prey of
fur seals on St. Paul Island; a combination of walleye pollock and squid was consumed by seals
on St. George Island; and gonatid squid, was the primary prey consumed on Medny Island. The
reasons for these differences were apparently related to the physical and biological environment
surrounding each island. St. Paul Island is surrounded by a broad neritic environment and is
farther from the continental slope than either St. George or Medny Island. Medny Island is
surrounded by a compressed neritic environment and is adjacent to the continental shelf edge.
The environment surrounding St. George Island is intermediate to that of the other two islands.
Zeppelin and Ream (2006) have examined scats from St. Paul and St. George breeding areas
from 1988-2000 (Table 3). As with earlier Pribilof fur seal diet estimates, pollock was the most
frequent item found in scat from either island. Squid were found second most frequently for
many rookeries, and when combined comprise a majority of the diet for St. George fur seals
from southern rookeries. Zeppelin and Ream (2006) used cluster analysis on the frequency of
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occurrence of primary prey by rookery. Their results support the hypothesis of foraging habitat
partitioning by central breeding area (Robson et al., 2004; Sterling and Ream, 2004), but also
provide evidence for further partitioning of foraging resources by groups of rookeries.

Robson (2001) compared fecal samples of seals from St. Paul and St. George islands and
reported results similar to those of Antonelis et al. (1997): pollock occurred more frequently
than any other prey species in fecal samples for seals from both islands, however, squid occurred
more frequently in the diet of fur seals from St. George than from St. Paul. Walleye pollock was
the principal prey identified by Goebel (2002) using fatty acid signature analysis on milk from
lactating females to examine dietary shifts related to changes in physical oceanography, dive
pattern, and foraging location in female northern fur seals during 1995-1996.

E.2. Diet: Gulf of Alaska

Although the species of prey consumed by northern fur seals varies throughout their range, the
characteristic habit of selecting small schooling forage fishes and squids with similar habits does
not change (Kajimura, 1984; Sinclair et al., 1994). The dominant prey for fur seals in the Gulf of
Alaska from February to April was Pacific herring and from April to July it was Pacific
sandlance (Ammodytes hexapterus) and capelin (Perez and Bigg, 1986). Kajimura (1984)
reported that the principal prey in the Gulf of Alaska from 1958 to 1968 included Pacific herring,
capelin, salmon (Oncorhynchus spp.), walleye pollock, Pacific sandlance, rockfish (Sebastes

spp. ), Atka mackerel, and squid. Scheffer (1950) identified squid and rockﬁshes as fur seal prey
in the Gulf of Alaska during the first half of the 20" century although sample sizes were small.

Ream et al. (2005) summarized data from stomach contents of fur seals collected in the North
Pacific Ocean and found that in the Gulf of Alaska (February - May) Pacific herring, capelin and
Pacific sand lance were the most frequently observed items from 1958 to 1974 (Figure 7, top left
panel). Differences in diet between juvenile males and females in the Gulf of Alaska (Figure 8)
may have been present and possibly related to differences in diving capacity (Ream et al., 2005).
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