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ABSTRACT

The goa of our study was to assess the status of Steller sea lions in Alaska, review their
population biology, and develop a simulation model to explore the role that harvesting and
incidental kills by fisheries may have played in the sea lion decline. We also attempted to relate
the population declines to the amount of fish caught in the Gulf of Alaska and Aleutian Islands,
and to the number of vessels fishing from 1950 to 1990.

Using life tables to estimate population size, the numbers of Steller sea lions were estimated
for all rookeries for which information was available in each of six areas in the Gulf of Alaska
and Aleutian Islands. The total population appears to have risen from 150,000 to 210,000 from
the mid 1950s to 1967. The population was then stable for roughly ten years, then increased to
225,000 by 1979. Since then it has decreased to about 85,000. Most of the decline took place
in Area 3 (Kodiak region) but there were also significant declines in Areas 4 to 6 (westward of
Kodiak). Increases have occurred in the smaller populations of Areas 1 and 2 (southeast Alaska
and Prince William Sound).

A major growth in domestic fisheries occurred after the declaration of 200 mile zones. The
traditional fisheries for salmon, herring and halibut were augmented by major groundfish
fisheries. The decline in the numbers of Steller sea lions has been coincidental with the growth
in the numbers and size of vessels and the increase in catch.

The stabilization in the numbers of Steller sea lions in the Gulf of Alaska from 1956 to 1980
can be attributed to the direct effect of incidental capture in fishing gear, the shooting of sea lions
and the harvesting of adults and pups. However, these factors explain but a small portion of the
recent population decline, from 1980 to the present. Some sea lions are missing in the arithmetic
of population dynamics which cannot be accounted for by movements of animals from one area
to another. Whether these losses are caused by the removal of food resources is a circumstantial
possibility, but evidence of local abundance of food resources at particular times of the year for
particular segments of the population is needed to build a convincing case. Other causes, such
as diseases and parasites must also be kept in mind as possible contributing factors.

Research on Steller sea lions should focus on the decline in abundance since 1980, changes
in body size, the diet at various seasons of the year, bioenergetics and nutritional requirements,
and assessment of local abundance of various food items. Long term research on the ecosystem
dynamics of the region will be necessary for long term management of all living resources but
how best to focus that research is a matter of current scientific debate that will not be resolved
quickly.
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FOREWORD

This study was undertaken at the request of the Pacific States Marine Fisheries Commission.
Concern for the status of Steller sea lions in Alaska has raised questions about the possible
causes for the recent population decline and in particular the extent to which fisheries removals

and fisheries related activities may be contributing factors.

We embarked on this study with some diffidence. Many who are more familiar with the raw
data and who have spent more time in its interpretation have aready said much that we might
say. We have not attempted to recapitulate all that has been reviewed by others or deal with any
particular topic in detail. Rather we have tried to write what amounts to a brief analysis and
commentary on the central issues. In doing so, our advantage, if we have any, is detachment
from management responsibility or advocacy. To that extent we hope that what follows will be

a useful addition to the rapidly growing literature on the Steller sea lions of the North Pacific.
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|. INTRODUCTION

Historically, Steller sealions (Eumetopias jubatus) like al pinnipeds, were seen as nuisances
to the fishing industry and to government agencies that managed commercia fisheries because
they damaged catch and fishing gear and apparently competed with fishermen for fish (Mathisen
1959). Attempts to control harbour seals in Alaska began with a bounty program in 1927. The
practice of paying fishermen and hunters for jaw bones did not stop until the 1960s when it
became apparent that the bounty system was ineffective and expensive (Andersen 1951, Matkin
and Fay 1980). In place of the bounty, controlled hunts were conducted in areas where seals
caused heavy damage to commercial fisheries. Bounties were only paid for dead harbour seals,
not for Steller sea lions. Sea lions were nevertheless shot by fishermen who felt they were doing
their industry a service. An experimental commercial harvest of 630 sea lion bulls was attempted
in 1959 but proved uneconomical (Thorsteinson and Lensink 1962). There was aso a sea lion
pup harvest from 1963 to 1972 during which 45,000 animals were taken for their pelts (ITG
1978). Government sanctioned control measures and harvests stopped in 1972 with the

introduction of the Marine Mammal Protection Act.

The first sea lion survey was flown in 1956 by Mathisen and Lopp (1963). Data from this
and subsequent flights suggest that the total population size in the Gulf of Alaska and Aleutian
Islands was about 176,000 animals (Kenyon and Rice 1961). This was considerably higher than
the number believed to have been present during the early part of the century (ITG 1978).
Surveys of different Alaskan rookeries and haulouts made sporadically through the 1960s and
1970s suggest the population in Alaska exceeded 200,000 animals in the early 1970s and was
near the maximum level attainable within the ecological limits of the sea lion's habitat (TTG
1978). From 1974 to 1980 the size of the Alaskan population was estimated at over 196,000
(Loughlin et al. 1984). In 1989, the estimate was 81,000 (Loughlin et al. 1992).
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The first sign that something was amiss among Alaskan sea lions appeared in the mid 1970s
in the eastern Aleutians. Surveys between 1975 and 1977 counted 50% fewer animals in the
eastern Aleutians than surveys conducted between 1956 and 1968 (Braham et al. 1980).
Elsewhere in the Aleutians, sea lion numbers were stable (Fiscus et al. 1981) and did not appear
to decline until the early 1980s (Merrick et al. 1987). Similarly, declines in the central and
western Gulf of Alaska were noted in the early 1980s (Merrick et al. 1987). Linear regressions
suggest an overall population decline of 52% between 1956-60 and 1985 (Merrick et a. 1987).
More recent surveys in 1989 indicate the declines have continued unabated (Loughlin et a.
1992). Declines have also occurred in the Soviet Union (Perlov 1991), but not in southeastern
Alaska (Alaska Department of Fish and Game, unpublished data) or Canada (Bigg 1985).

In 1990, the Steller sea lion was listed as a threatened species under the U.S. Endangered
Species Act. Since that time a Recovery Plan has be-en developed by a Recovery Team
appointed by the National Marine Fisheries Service. The Recover Plan reviews factors that may
have affected the sea lion population and identifies actions needed to stop the decline and

encourage population growth (Recovery Plan 1992).

Why Steller sea lions have declined in Alaska remains unresolved. Factors suggested as
possible causes include: nutritional stress caused by commercia fishery removals of sea lion
prey; direct kills of sea lions by commercial and subsistence harvesting, and intentional and
incidental kills by fisheries, entanglement in marine debris, disease; and disturbance (Braham
et a. 1980, Merrick et al. 1987, Hoover 1988, Lowry and Loughlin 1990, Recovery Plan 1992).

Data to assess each of these possibilities is limited.

The goa of our study was to assess the status of Steller sea lions in Alaska, review their
population biology, and develop a simulation model to explore the role that harvesting and

incidental kills by fisheries may have played in the decline of Steller sea lions. \We aso
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attempted to relate the population declines to the amount of fish caught in the Gulf of Alaska and
Aleutian Islands, and to the number of vessels fishing from 1950 to 1990.

We begin by outlining the biology of Steller sea lions and by describing a procedure to
estimate total population size from counts of adults and pups. After discussing population trends,
we present an overview of the development of commercial fisheries in Alaska Data were
compiled for six areas comprising the Gulf of Alaska and waters surrounding the Aleutian Islands
(Fig. 1.1). Study areas were chosen by the proximity of rookeries to one another and by the
similarity of population trends at individual sites (Merrick et al. 1987). Numbers of sea lions
killed by harvesting and commercial fisheries are assessed and a simulation model is proposed
to reconstruct the estimated number of sea lions alive from 1956 to 1990. The results are shown
to provide a better understanding of that part of the decline that can be explained by direct
killings. We comment on the Steller Sea Lion Recovery Plan and conclude by outlining some

directions for future research that may offer further insight into the decline of Steller sea lions.

2. SEA LION BIOLOGY

Steller sea lions range from the Channel Islands off southern California around the Pacific
Rim to northern Japan, but most of the world population breeds between the central Gulf of
Alaska and the western Aleutians (Scheffer 1958, Schusterman 1981, King 1983, Loughlin et al.
1984). Sea lions mate, give birth and care for their pups at rookery sites, and rest and moult at
haulout sites. Most are used for hauling out during the non-breeding season. Sometimes both
breeding and resting animals congregate together, making a site difficult to classify. There are
about 38 major rookeries (Fig. 1.1) and over 250 haulout sites in Alaska (Loughlin et al. 1992).
Most of the haulout and rookery sites are on remote and exposed rocks and islands, and are

generally believed to be in close proximity to food resources.
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Maximum life expectancy of males and females is about 18 and 30 years, respectively
(Calkins and Pitcher 1982, Table 2.1, Fig. 2.1). Females produce their first pup between the ages
of 3 and 9 years (Fig. 2.2, Calkins and Pitcher 1982). Mature males begin to breed between the
ages of 8 and 10 years (Thorsteinson and Lensink 1962, Calkins and Pitcher 1982).

Weighing as much as 2,400 pounds (800 kgs), males begin to come ashore at rookeries in
mid May, and will remain on land until mid July without eating or drinking. Males hold
territories an average of two years (range |-7 years). The smaller females (700-800 pounds. 260
kgs) arrive shortly after the males and give birth to a single pup within three days of being on
land. The females usually mate about two weeks after pupping. Adults and dependent young
tend to concentrate on rookery sites until October, dispersing to haulouts for the remainder of the

year.

Pups weigh about 23 kg at birth (Calkins and Pitcher 1982) and are born from late May to
early July, with the peak of pupping occurring in June (Scheffer 1945, Pike and Maxwell 1958,
Mathisen et al. 1962, Gentry 1970, Pitcher and Calkins 1981, Bigg 1985). Females tend to stay
with their pups for the first 5 - 13 days after birth then go to sea to feed (Sandegren 1970).
Feeding trips generally last for less than 24 hours and occur every 1 to 3 days (Sandegren 1970).
Pups generaly nurse for a year and are weaned before the next breeding season, athough some
pups may maintain a bond with their mother for up to 3 years. Young sea lions (I-3 years old)
are often seen suckling adult females at rookery and haulout sites (Gentry 1970, Sandegren 1970,
Calkins and Pitcher 1982).

Sea lions often feed in groups and tend to feed at night between 9 pm and 6 am (Spalding
1964, Fiscus and Bains 1966, Gentry 1970, Merrick et al. 1988). Feeding in groups may help
to control the movement of large schools of fish and make them easier to exploit (Schusterman
1981). Sea lions may feed close to shore or may travel 100 or more miles (>150 km) out to sea.

Stomach samples indicate sea lions prey upon a wide selection of fishes, including capelin, sand
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lance, pollock, herring, cod, salmon, flatfishes, sculpins, squid, octopus and occasionally seal
pups (Fiscus and Baines 1966, Pitcher 1981, Calkins and Pitcher 1982, Lowry et al. 1982). Most
fish, including fish up to 2 kg, are swallowed whole (Mathisen et al. 1962, Jameson and Kenyon
1977). Large prey are torn apart and consumed at the surface (Spalding 1964). Food
requirements of sea lions are believed to be between 2 and 6% of their body weight per day
(Mate and Gentry 1979).

Sea lions appear to prefer the coastal shelf region within 45 km of shore, athough they can
be found over 100 km from shore in waters over 2,000 m deep (Kenyon and Rice 1961, Fiscus
and Baines 1966, Fiscus et al. 1976). Few sea lions are sighted at sea during June and July, the
breeding season (Fiscus et a. 1976).

Seasonal variation in numbers of sea lions at rookeries appears to be similar wherever sea
lions breed (Bigg 1985). Typically, the number present at rookeries is lowest in December and
highest after pupping in July before the adults disperse (Aumiller and Orth 1980, Smith 1988).
Sea lions continue to use haulout sites during the winter months and do not undertake extensive
migrations like some other pinnipeds. However, males may disperse further north than females
(D. Cdkins, pers. comm.), and tagged subadults have been sighted up to 1,500 km from where
they were marked (Calkins and Pitcher 1982).

Tagging and branding studies suggest that most sea lions return to their birth sites as they
become sexually mature (Calkins and Pitcher 1982).  Such a phenomenon, which is well
documented in northern fur seals (Kenyon and Wilke 1953), suggests the possibility that each sea
lion rookery may be a somewhat distinct breeding stock.
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3. EVALUATION OF SEA LION NUMBERS AND TRENDS

Extensive surveys of sea lions have been conducted from air, sea and land over many years
since the mid 1950s. Early counts in the 1950s and 1960s were made visually on site and from
scrutinizing photographs taken in conjunction with sea otter surveys done over many months
(Kenyon and Rice 1961, Mathisen and Lopp 1963). Sea lion surveys through the 1970s and
1980s tried to optimize the number of animals observed ashore by counting during midday at the
peak of the breeding season in June and July (Braham et al. 1980, Fiscus et al. 1981, Cakins
and Pitcher 1982, Withrow 1982, Bigg 1985, Merrick et al. 1987, 1988, 1990, 1991; Loughlin
et al. 1984, 1986, 1992).

Although sea lions haul out at predictable places and are relatively easy to count, there is
always some uncertainty about the number of animals that were at sea and not counted. The
numbers of animals counted on land can be affected by tides, weather, visibility, time of day and
time of month, among other factors (Withrow 1982). Thus sea lion counts are not estimates of
total population size but are considered to be minimum estimates of the number of animals using
a particular site. At face value they serve as relative indices of population size and trends in

abundance.

Pup counts provide an independent measure of productivity. It is generally accepted that
pups, which do not leave the rookery during their first two months of life, provide a better index
of population size and trend than do counts of adults. The best estimates of pup production are
usually made by people walking through the rookery (this causes adults to move towards the
water SO that the remaining pups can be counted). However logistics for such counts is costly
and they may disrupt the rookery. Pups can also be counted visually from shore or from
photographs, but pups can be missed if hidden behind rocks and other animals. In general,
counting pups on land provides a more reliable index of population trends than aerial surveys
(Berkson and DeMaster 1985).
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The following section examines trends in the numbers of animals counted on 38 rookeries
from southeast Alaska to the Aleutian Islands (Fig. 1.1) and attempts to estimate the total
population size from pup and adult counts by area in the Gulf of Alaska and Aleutian Islands.
The numbers of pups and adults counted at rookeries between 1956 and 1991 (Appendix 1)
were obtained from both published and unpublished sources (Kenyon and Rice 1961, Mathisen
and Lopp 1963, Braham et al. 1980, Fiscus et al. 1981, Cakins and Pitcher 1982, Withrow 1982,
Bigg 1985, Byrd 1989, Merrick et al. 1987, 1988, 1990, 1991; Loughlin et al. 1984, 1986, 1992).
Origina data sources were used whenever possible, because errors were noted in a few published

data summaries. In general the data are considered sparse (Appendix 1).
3.1 Life Table Estimation of Population Size

The total sea lion population (pups + adults’) was estimated for each of the six areas (Fig.
1.1) using rookery counts made during the months of June and July (Appendix 1). We explored
two approaches based on applying life table statistics to the numbers of pups and adults counted
at rookery sites (Bigg 1985, Loughlin et al. 1992).

A mathematical model (see Section 5) with survival and reproductive rates (Figs. 2.1 - 2.2,
Table 2.1) taken from York (1990a) and Cakins and Pitcher (1982), produced a simulated
population consisting of 21.54% pups, 25.04% adult males’ and 53.42% adult females'. The total
size of the simulated population was 4.64 (= 0.2154™") times the number of pups born. Similarly,
the number of pups born was 0.27 (= 21.54 x [25.O4+53.42]'1) times the number of adults alive.
Thus we extrapolated the size of the Gulf of Alaska sea lion population from the numbers of

pups and adults counted at rookeries during aerial and shore surveys.

!Adulis include both immature (juvenile) and mature animals.
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The number of pups actually observed in the wild is a minimum estimate of the actual
number born in a given year. For example, a census conducted in June will fail to account for
pups born in July. Similarly, a July or August census will miss pups that died and are no longer
on the rookery. Pups hidden behind rocks or other sea lions are another complication. We
therefore applied a 10% correction factor to al recorded pup counts to account for dead pups or

those nor yet born. Thus, in years, when pups were counted at all rookeries of a given area,

Total Population =1.10 x 4.64 x pups counted
= 5.10 X pups counted. (3.1

As with pups, the number of adults counted at a rookery is a minimum estimate of the total
number present (unless the site is also being used as a haulout). For example, some lactating
females are at sea during censuses, while other sea lions may not use rookeries at all during the
breeding season. Loughlin et al. (1992) estimate that populations consist of 33% more adults
than the number counted at rookeries based on life table analysis and adult counts made by
Merrick et al. (1991) between the islands of Chirikof and Kiska in 1990. Thus, we estimated

Total Population = (1.33 + 1.33 x 0.27) x adults counted
= 1.69 x adults counted, (3.2)

which accounts for the number of adults alive plus the estimated numbers of pups born.

If pups or adults were counted on al rookeries of a given area, the total population size was
estimated by applying Egs. 3.1 and 3.2. In some years, pup or adult counts were available for
ail rookeries, except a few. Under these circumstances, we interpolated the number present on
missed rookeries from counts made in adjoining years. In other years, no estimates were made

if too few rookeries were surveyed.
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3.2 Estimates of Population Size by Area

The number of pups and adults counted by rookery, year and area are contained in Appendix
1 and Figs. 3.1- 3.10. Estimates of the number of sea lions missed at unsurveyed rookeries, and
the results of applying Egs. 3. and 3.2 to the total counts, are contained in Appendix 2. Tota
population size and estimates of population trends are shown in Figs. 3.11 -3.17.

The following summarizes changes in sea lion numbers by rookery and area, and discusses
the estimates of total population size in Areas 1 to 6 from 1956 to 1990. We treated sea Zion
aggregations in each area as distinct populations, although they may in fact be best thought of
as sub-populations because the actual degree of mixing is not known. Population estimates were
based upon the combined trends of pup and adult counts from individual rookeries. In general
greater confidence was placed upon population estimates derived from pup counts because pups
do not leave the rookery during the fast few months after birth, and adult numbers can vary
considerably if mature animals are away from the rookery or immature animals are using the

rookery as a haulout.

Area 1. There are currently 3 major rookeries and 5 major haulout sites in southeastern
Alaska (Fig 1.1). The largest rookery in Alaska is currently For-rester Island. The two other
rookeries, White Sisters and Hazy Island, used to be classified as haulouts until the late 1970s
when some of the femaes using these sites began giving birth. Since then, there has been a

steady increase in pup production on these former haulouts (Fig. 3.1, Appendix 1).

The total number of sea lions (pups and adults) in Area 1 was estimated to be 5.1 times the
number of pups born (Eq. 3.1). From 1980 to 1991 we assumed the annual increase in pup
production at Hazy Island and White Sisters was approximately linear when field estimates were

unavailable (Fig. 3.1). Prior to this time, we assumed that pups were born only on For-rester
Island.
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The estimated number of sea Lions in southeast Alaska (assuming that Forrester Island has
always been the major rookery) increased from under a hundred in the 1920s (Rowley 1929) to
350 in 1945 (Imler and Sarber 1947), 2,500 in 1957 (Mathisen and Lopp 1963) and levelled off
at about 9,000 in the early 1970s (Fig. 3.11). The population appeared to remain relatively
stable through the 1970s and early 1980s, but has been increasing since about 1986 (Fig. 3.11).

Area 2. The Prince William Sound sea lion population is the smallest of al 6 Areas in the
Gulf of Alaska. The region contains 2 rookeries and 5 major haulouts (Loughlin et al. 1992).
In July of 1956, most of the 234 pups counted by Mathisen and Lopp (1963) were born on
Wooded Island (Fig. 3.2, Appendix 1). Twenty years later, the bulk of the breeding population
was on Seal Rocks Fig. 3.2, Appendix |), possibly because the 1964 earthquake changed the
topographies of the two islands (Sandegren 1970, Cakins and Pitcher 1982).

On Seal Rocks, the numbers of pups increased from 21 in 1956 to aimost 800 in 1984 (Fig.
3.2, Appendix 1). Since the mid 1980s the total number counted (adults and pups) has been
declining. At Wooded Island, over 200 pups were born in 1956, but less than 50 were counted
in subsequent survey years (1968, 1973 and 1976).

A best guess of the total number of sea lions present in Area 2 during the 1950s and 1960s
is 1,000 animals (based on total pup counts). Numbers increased from the early 1970s to the mid
1980s, peaking at about 3,500 animals (Fig. 3.12). The most recent surveys suggest the current
Prince William Sound population is roughly 3,000 (Appendix 2) and shows signs of a small

increase in size from 1989 to 1991.

Estimates of sea lion numbers in Area 2 were based on pup counts and are considerably
lower than estimates derived from adult counts (Fig. 3.12). For example, the adult based
estimates during the 1950s through 1970s suggest there were about 4,500 sea lions present, in
contrast to the 1,000 we estimate were actually there (Appendix 2). Although the adult based
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estimates always exceed the pup based estimates, the difference appears to have diminished
through the 1980s. This suggests that many of the adults counted in Area 2 are not part of this
breeding population and were not born in this area. Perhaps many of the young males and
females hauled out and counted in Area 2 originated from larger populations to the west (i.e.

Area 3).

Area 3. More sea lions breed among the 5 rookeries and 13 maor haulouts in the Kodiak
Island region than anywhere else in Alaska. A sixth location, Chiswell, appears to be no longer
used as a breeding site.  Pup production on Marmot and Sugarloaf Islands (formerly the two
largest rookeries in Alaska) suggest the population increased over two periods of time: 1956-67
and 1975-80 (Figs. 3.3,3.4 and 3.13). Overal, the total number of sea lions in Area 3 apparently
increased from 55,000 to 75,000 during the first period, and from 70,000 to 90,000 during the
second (Appendix 2). However, after 1980, the population declined precipitously and is currently
estimated at approximately 30,000 animals (1990 level).

Area 4. There are 5 rookeries and 7 magjor haulouts in Area 4. Pup and adult counts
suggest there were about 20,000 sea lions in Area 4 during the late 1950s. By the late 1970s
the population had doubled to between 35- and 45-thousand. We assumed the increase over this
20-year period was linear, although it could be well argued that the population did not begin to
increase until the early 1970s. There are no data for this time period. However, pup counts over
the past decade indicate the total population declined from 45,000 in 1979, to 8,000 in 1990
(Figs. 3.5, 3.6 and 3.14).

Area 5. There are 7 rookeries and 5 mgor haulouts in Area 5. Adult and pup counts were
regularly made between 1957 and 1990 (Figs. 3.7 and 3.8, Appendix 1). They suggest a
relatively stable population through the 1960s of about 45,000 sea lions. The decline did not
begin until the early 1970s and appears to have been continuous. In 1990 approximately 10,000
animals remained (Fig. 3.15, Appendix 2).
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Area 6. The western Aleutians contain 12 rookeries and 7 major haulouts. Pup counts,
made sporadically at only 5 sites since 1977, indicate a declining population (Fig. 3.10). Adults,
also sporadically counted at as many as 14 sites since 1959, indicate the western Aleutian
population has been declining since at least 1977, if not earlier (Fig. 3.9). However, between
1959 and the early 1970s the data suggest the adult population increased.

Because there are so many rookery sites in Area 6, and because different sites were counted
in different years, it is difficult to reconstruct the total number of sea lions present with any
accuracy. Based on the adult counts, the population apparently consisted of approximately
35,000 sea lions during the early 1960s and 50,000 animals in 1979 (Fig. 3.16). Pup counts in
1989 and 1990 suggest there are currently about 25,000 animals in the population.

3.3 Changes in Sea Lion Numbers in the Gulf of Alaska and Aleutians

Considered as a whole, the number of sea lions in the Gulf of Alaska and Aleutian Islands
appears to have risen from 150,000 animals in the mid 1950s to 210,000 in 1967 (Fig. 3.17a).
The population remained relatively stable for the next 10 years, then increased and peaked at
225,000 in 1979. However, since 1979, the population has declined by over 60% (roughly 5%
per year) and currently consists of about 85,000 animals (1991 level).

A dlightly different picture emerges when changes in population size are considered on a
region by region basis (Fig. 3.17b). For example, more than 63% of the decline in the Gulf
population since 1979 can be attributed to the decline in Area 3, the largest breeding population
in Alaska. While the 4 largest populations (Areas 3 - 6) have declined, increases have been
recorded in abundance in Area 1 since the mid 1950s. In Area 2, the smallest of the Gulf
populations, increases have been recorded in pup production for the past 3 years. Of the 4
regions where sea lions declined the declines began at different times. For example, Area 5 was

the first to decline, beginning in the mid 1960s. Declines in the other 3 areas appear to have
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begun around 1978 (Area 6), 1980 (Area 4) and 1981 (Area 3), and have continued to present.

4. COMMERCIAL FISHERIES OF THE GULF OF ALASKA

The decline in the numbers of sea lions in Alaskan and Aleutian waters could have come
about for a variety of reasons, but the coincidental developments in the commercia fisheries of
the region are an obvious possible contributing factor. Aside from the possible effects of direct
removals of food for sea lions, there are the indirect effects on food sources arising from
restructuring of the complex interrelationships among species in an ecosystem when some species
are removed. There are also the direct effects of fisheries and fishermen on sea lions, for
example, shootings and incidental capture by gear. For these several reasons, we attempted to

summarize the commercial fisheries developments of the region over the past forty years.

The traditional and early commercia fisheries of Alaska were mostly near shore and
concentrated on species most readily captured on small scale gear. Salmon, herring and halibut
dominated the catch. But early in the 1950s a new era began to unfold. A mgor Japanese
driftnet fishery for salmon spread across most of the North Pacific. At the same time Japanese
and Soviet crab fleets began to set tangle net fisheries for king crabs in the Eastern Bering Sea,
Japanese drift netted for herring, and high seas trawling expanded into the Bering Sea, the Gulf
of Alaska and the Pacific coast of Canada. These developments commanded the attention of the
International North Pacific Fisheries Commission until the declaration of 200 mile exclusive

zones, after which many of the issues became more domestic than international.

The vigorous growth of Alaska-based fisheries was under way before the declaration of 200
mile zones, and from those roots rapidly replaced unlimited foreign catches with licensed catches
by foreign vessels, joint venture operations and expanded shore based domestic operations-
Throughout this transition total catches remained high. By the late 1980s the erstwhile Alaskan
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fisheries for salmon, herring and halibut had been almost overshadowed by a groundfish

production well in excess of a million metric tons per year.

The Alaska Peninsula and the Aleutian Islands provide a natura boundary between the
ecosystems of the Bering Sea and the Gulf of Alaska. In general, stocks of many species of fish
and invertebrates are separate in the two areas, but there are many overlappings. For example,
juvenile salmon from Bristol Bay stocks in the Eastern Bering Sea venture south of the Aleutians
and in their homeward migration pass northward through the islands. Sea lions, which are the
focus of interest for this study, appear much more closely associated wish Gulf of Alaska and
Aleutian resources than with those of the Bering Sea. During the summer season, male sea lions
may venture far to the north into the Bering Sea, but females and pups are more or less confined

to the immediate vicinity of the islands of the Aleutian chain.

For the purposes of this study we have chosen to exclude the fisheries of the Bering Sea
except for the areas surrounding the Aleutians. Including all of the eastern Bering Sea fisheries
would introduce a great deal of information which we felt was extraneous to the issue at hand.
Excluding most of the Bering Sea fisheries data seemed the better alternative, especially because
the fisheries of the past two decades in the Gulf of Alaska have been the most significant for

female and juvenile sea lions of the Gulf area.

The fisheries data which follow were grouped to coincide with the six areas we used to
compile the seat lion data (Fig. 1.1). For each of six groups of species, shrimps, crabs, halibut,
groundfish, herring and salmon, Figures 4.1 to 4.30 and Appendix 3 and 4 give catches and
numbers of vessels for each area as well as the total catch and total number of vessels

participating in the catch.

The data have been assembled from the records of a number of different management
agencies that define different geographical regions for their statistical purposes. The catch data
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are based on reported catches and do not include bycatches. They are thus minimal estimates
of actual catch. (Details of the sources and the methodology of assembling the statistics are

given in Appendix 5.)

4.1 Catch by Maor Groups of Species

Salmon. In recent years, sockeye and pink salmon, the most abundant species on the North
American coast have reached record levels of abundance and have been caught in record numbers
(Figs. 4.1 and 4.2). Magjor fisheries are located in Prince William Sound and off Kodiak, Cook
Inlet, the Alaska Peninsula and the Copper River.

The annua numbers of vessels fishing salmon in Areas 1 to 6 were not available for this
period and were assumed to be equal to the average number for the period 1969-73 for Area 1,
1969-75 for Areas 3 and 5, and 1969-78 for Areas 2 and 4, in each case, years in which the catch
was relatively stable. It was assumed that ten vessels fished Area 6 between 1951-1967 (Fig.
4.3).

Herring. The United States has conducted a herring fishery in the Gulf of Alaska since the
early 1880s. Annual catches of approximately 100,000 metric tons were reported between 1925
and 1940, but dropped in the early 1960s to under 10,000 metric tons (Lyles 1965). The annual
amount of herring landed has since risen to about 30,000 metric tons (Fig. 4.4). Major fishing
areas are southeastern Alaska (Area 1), Prince William Sound (Area 2) and around Kodiak Island
(Area 3). In recent years the fishery has been aimed at the market for roe and is closely timed
accordingly. The number of vessels involved has increased in recent years (Fig. 4.5).

Halibut. Commercial fishing for Pacific halibut began in southeastern Alaska in 1895.
Since 1910 halibut have been caught both inshore and offshore by American and Canadian
vessels using set lines.
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An average of 45 million pounds of halibut was caught each year in the Gulf of Alaska
between 1950 and 1970 (Fig. 4.6). Catches dropped and remained low through the 1970s and
did not return to earlier levels until the early 1980s when large numbers of halibut were caught
in Area 3 (Fig. 4.6). A dramatic rise occurred in the numbers of small vessels fishing halibut
through the late 1970s and 1980s (Fig. 4.7).

Groundfish (excluding halibut). Until the late 1970s most groundfish exploitation in the
Gulf of Alaska was conducted by large vessels from Japan and the Soviet Union (Fig. 4.83).
Pacific ocean perch was the first species targeted by the Soviet Union in 1962, but catches were
not officially reported by area until 3966 when a total of 83,000 metric tons was caught (Fig.
4.83). Annual catches of Pacific ocean perch before 1966 may have been between 100,000 and
350,000 metric tons, but no records are available to confirm this. Japan began fishing flatfish,
blackcod, pacific cod, pollock and Ocean perch in 1963. As with the Soviet fleet, the principal
fishing areas were the Aleutians (Area 6) and Kodiak/Chirikof region (Area 3). Both Soviet and
Japanese catches declined during the late 1970s and 1980s as the U.S. assumed greater control
over fishing in its 200 mile zone (Fig. 4.83).

Small quantities of Pacific cod were caught and reported by the domestic U.S. fleet in the
southeastern Gulf (Area 1) beginning in the mid 1950s. It was not until 1973 that the U.S.
fishery moved westward to other regions of the Gulf of Alaska. Since then the total groundfish
catch of the U.S. has risen considerably, reaching 155,000 metric tons in 1988 (Fig. 4.8d).

Joint-venture fisheries, in which domestic vessels may deliver catches to foreign vessels
(primarily Soviet, Korean, Japanese and Polish), began in 1978 and expanded annually. In 1985,
the total groundfish catch in the Gulf of Alaska peaked at just under 550,000 metric tons of
which pollock accounted for over 95% (Figs. 4.8b and 4.9). Joint venture groundfish catches
have been under 150,000 metric tons since 1986 and falling. Except in the Aleutians (Area 6),

joint venture fisheries were not conducted in 1989 and 1990.
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The total catch and numbers of vessels catching groundfish in the Gulf of Alaska since 1962
are given in Appendix 3 and 4 and Figs. 4.9 to 4.11. Our counts of foreign vessels should be
considered reasonable guesses, not firm estimates. Comparing numbers of boats operating in
each of the groundfish fisheries can be misleading because of the great difference in vessel size.
In particular it should be noted that the largest U.S. vessels were smaller than the smallest Soviet
and Japanese vessels.

Shellfish. Commercia fisheries for shrimp, king crab, Tanner crab, Dungeness crab and
other miscellaneous species are described by Larson (1990), Donaldson (1991), Kimker (1991),
Koeneman et al. (1991), and Nippes (1991).

Commercia harvesting of shrimp began in 1915 in southeast Alaska. However, since 1959
the principal Alaskan shrimp fishery has been located around Kodiak Island in Area 3. Shrimp
are caught in beam trawls, otter trawls and pot traps. Total landings in the Gulf of Alaska rose
rapidly from 1964 to 1973 and then fell (Fig. 4.12).

The U.S. king crab fishery (Fig. 4.13) was centred in the central Gulf (Area 3. Kodiak
Island, South Peninsula and Cook Inlet). It began as a trawl fishery in the 1940s and was
replaced by a pot fishery beginning in 1959. The central Gulf has supported more king crab
boats than all the other Gulf regions combined. The number of king crabs caught declined from
1965 to 1983 after which the fishery was closed (Fig. 4.13). The Tanner crab fishery (Fig. 4.14)
began in the late 1960s and grew rapidly as the king crab fishery declined. As with king crabs,
the fishery has been concentrated in the central Gulf (Area 3) and has declined considerably over
the past decade. Dungeness crabs (Fig. 4.15) have been fished commercially since the turn of
the century with the largest fisheries centred in southeast Alaska (Area 1) and Kodiak Island
(Area 3).
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Overall, there has been a steady increase in the number of vessels catching crabs (Fig. 4.16).
Total catches of crabs were higher between the early 1960s and late 1970s, but have dropped off
considerably since 1980 (Fig. 4.16). The largest catch of crabs and shrimp and the greatest
number of vessels participating in this fishing occur in Area 3 (Fig. 4.17) although the
importance of Area 1 has increased dramatically since 1980 (Fig. 4.17)

4.2 Summary of Catch by Area

As is indicated in the foregoing, the various fisheries are unequally distributed across the six
sea lion areas. In terms of quantities of fish landed, Gulf of Alaska and Aleutian fisheries are
dominated by catches of groundfish and salmon (Fig. 4.18). Areas 1 and 2 have been heavily
fished for salmon, halibut and herring (Fig. 4.19 and 4.20). Area 3 has had a major groundfish
fishery in recent years (Fig.4.21). Areas 4 and 5 have supported mixed fisheries with greatest
catches of salmon and groundfish (Figs. 4.22 and 4.23). Area 6 was dominated by groundfish
fisheries in recent years (Fig. 4.24).

Combining catches for each area for the years from 1950 to 1990 indicates the historical
dominance of Area 1 that was replaced by the growth in catches in Area 3 (Fig. 4.25). The
numbers of vessels was highest in Area 1 throughout the whole period with Area 3 a consistent

second In the past decade the numbers of vessels in Areas 2 and 5 have increased substantially.

From the 1950s to the late 1960s the sum of the numbers of vessels participating in the
various fisheries was in the order of 6,000 to 7,000, increasing to between 12,000 and 14,000 in
the early 1980s and thereafter returning to slightly more than 12,000 (Fig. 4.26). How many
vessels were participating in several fisheries is not known, but the total fleet involved is

considerably less than these sums would indicate.
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Averaging over the whole period Areas 1 and 3 have been fished by 76% of the vessels
which have taken 58% of the catch, Areas 4, 5, and 6 by 8% of the vessels for 29% of the catch,
and Area 2 by 16% of the vessels for 13% of the catch (Figs. 4.27 to 4.30). It is important to
keep in mind that over the whole period the fishing capabilities of much of the fleet were greatly
increased. Larger vessels with better gear and improved finding and navigation devices have
meant that though the present fleet may be not much larger than that of 20 years ago its

capacities for catching fish are much greater.

Precise data on the numbers of vessels are in general difficult to obtain. In some cases, the
numbers of vessels may be inferred from the numbers of licences or permits for a fishery or from
the landings records. Many vessels fish in more than one area and fish seasonaly for different
species and therefore are counted more than once. For example, tanner crab vessels may also
fish salmon, herring, halibut, groundfish and shellfish. For most vessels, there is no record of
where and when they fished so that it is not possible to specify how many vessels fished in a
particular area at a particular time. There are also substantial differences in vessel size both
within and between the various fisheries, the largest vessels being those associated with the

groundfish trawl fishery.

For these reasons, the catch and number of vessels participating in a fishery, taken together,
are useful as broad indicators of human activity that might have possible impact on sea lions, but

their limitations as more precise indicators must be kept in mind.
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5. SEA LION SIMULATION STUDY

5.1 Model Description

A simple age-class model was used to explore the effect of pup harvests and incidental kills
on sea lion populations breeding from 1956 to 1990. The simulation reconstructed the estimated
number of pups and adults alive in the Gulf of Alaska and Aleutian Islands. It considered the
sea lion population to be spatially homogeneous within each of the 6 broad geographic regions
of the North Pacific (Fig. 1.1) but stratified the population by sex and 30 age-classes (x), with
pups being the 0 age class Two sets of population data were retained, one for the number of

males (N, ) and one for the females (N, ;).

No density dependent regulatory mechanisms were assumed to be operational. Density
dependent changes have never been convincingly demonstrated in any pinniped population (Trites
1990). This is not to say that they do not exist; rather it reflects an incomplete understanding
of the changes that occur in pinniped populations as densities rise and fall, and carrying
capacities shift. Hence the model did not include explicit mechanisms of density dependence,

except as they may be reflected in surviva rates.

Age specific survival rates, s, ,, and s, ,, were taken from York (1990a,b) for females and from
Calkins and Pitcher (1982) for males, modified slightly (Table 2.1 and Fig. 2.1) so that
population growth rate could be set by multiplying them by a constant, r. For example, there
was zero population growth when r = 1.00, and 4% growth per year when survival rates were
multiplied by r = 1.04. Extraneous mortality rates (deaths due to causes other than those
described by the survival rates) were alowed to vary annually, and were fixed by comparing the
field estimates to the simulated numbers of pups born and adults counted. The best estimates
of extraneous mortality rates (d) produced the best fit of model output to population data.
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The numbers of males and females dying by extraneous factors (D.,, and D, ) were
-expressed in terms of the total number that died times the proportion (p, ., and p, ) of animals that
were vulnerable to being caught and killed at age X, i.e.

Dx, m-px, md g Nx, m
x=0

and

Dx, f-px, fd)ng, £ *

Vulnerabilities to all extraneous factors other than pup kills, were estimated from the number (by
age and sex) of incidentally taken sea lions which died during trawl fishing operations of foreign
and joint venture vessels in Alaska during 1978-87 (Fig. 5.1). Neither sex appears to be taken
selectively. The proportion of males to females in the trawl samples (39.7%:60.3%) was not
significantly different from the proportion of males to females in the simulated population

(35.8%:64.2%, Yates corrected ¥%, = 0.879, p = 0.349).

The annual cycle of the model began in January of each year and followed the history of the
population, including the harvesting of pups and incidental kills of adults. The simulation

determined the numbers that survived from one year to the next as

Nx+1,m- Sy m (Nx,m-O . S'Dx,m)
and
Nx+1, £=Sx, f (Nx, 0. SDX. f)
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Extraneous deaths were assumed to occur in both the spring and the fall, and were split equally
among the two seasons (ie. 0.5 D_,). All births were assumed to occur on July 1, at the end of
the first 6 month period. Pups born to females killed between July and December were assumed
to perish because they would nor have been weaned and able to survive on their own. Hence,

for the last 6 months of the year

~-0.5D

X, m

N,

X, o

=N,

X, m

and

Ny, g=N, ~0.5D, . .

The number of pups produced by mothers that survived this second stage of extraneous mortality

was determined from

Ny =0.5(XbN, ) -P,
Xx=1

and

Ny =0.5( gb,gvxlf) -p, .
x~1

where b, are age specific natality rates (Table 2.1) from Calkins and Pitcher (1982) and P,, and
P, are the numbers of male and female pups harvested (Table 5.1). The ratio at birth of male to

female pups was assumed equal.
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The model simulated the Gulf of Alaska and Aleutian Islands population from 1956 with an
initial herd having a stable age distribution and a size equal to the estimated number of animals
alive in 1956. We also explored the dynamics of sub-populations breeding in Areas 1, 3 and 5.
The last year of simulation was 1991.

5.2 Simulation Results and Model Discussion

Estimates of sea lion abundance in the Gulf of Alaska and Aleutian Islands suggest the
population increased approximately 4% per year from 1956 to 1967 (Fig. 5.2a). Holding the
intrinsic growth rate constant at r = 1.04 suggests the rate of disappearance’ before 1968 was
less than 1% or, equivalently, 1,200 animals per year, rising to 5% or 4,000 adults between 1968
and 1972 (Fig. 5.2b). The model attributes the rapid decline of sea lions between 1980 and 1990
to a rapid increase in the proportion of animals annually disappearing from the Gulf and
Aleutians (from 4% of the population in 1978 to 14% in 1990). The numbers of sea lions
dying each year from various sources of extraneous mortality would have increased from 4,000
per year in 1978 to 16,000 in 1985, to be consistent with the estimated population decline shown
in Fig. 52a. The model suggests the number of animals disappearing per year from the

population has since dropped to about 12,000 in 1990.

The dynamics of the simulated population are consistent with changes in population size that
occurred from 1956 to 1991. The intrinsic growth rate of 4% per year was consistent with
population growth during the late 1950s when new commercial fisheries in the area were only
beginning. With chosen growth rates of 5 or 6%, annual disappearance rates would have to be
increased by 0.075 and 0.150 respectively to produce the same fit of simulation output to field

data. Similarly, disappearance rates would be lowered if intrinsic growth rates were also

2 Disappearances atiribuied to emigration or shooting, entanglement, entrapment, starvation and other soarces of extrancous mortality.
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lowered. Thus the dynamics of our simulated population were essentially a tradeoff between

intrinsic growth capabilities and rate of disappearance.

The apparent stability in the size of the population (at around 200,000 animals) between 1964
and 1977 was likely a consequence of harvesting 45,000 pups (Table 5.1, Fig. 5.2a). Had pups
not been harvested the population might have been at least 5% larger than the 1980 estimate.
Since 1979 the population has declined rapidly. In the span of 12 years, the population has
dropped from 225,000 to 81,000 sea lions. It would take about 25 years to return from the
present level to 225,000 sea lions if the population were to maintain a 4% intrinsic growth rate

and no sea lions were to die from extraneous factors.

The decline of sea lions in the North Pacific began first in Area 5. Simulation results (based
on r = 1.04) suggest that extraneous mortality was insignificant in Area 5 until the early 1960s
(Fig. 5.3b). From 1960 to 1975 the rate of disappearance rose from 0 to 10% of the population
(about 3,000 sedls in 1975). Since 1976, 10 -12% of the population has disappeared each year.
Pup harvests (1963-72) were particularly significant in reducing the large Cape Morgan and
Ugamak breeding populations and likely contributed to the overall population decline in Area 5
(Fig. 5.38). Removing the pups undoubtedly magnified the population decline in Area 5 and
made the downward trend more conspicuous and easier to detect than if the pups had not been
harvested. However, something more than pup harvests had to occur to bring the population

down to its present level.

In Area 3, which contains the largest breeding population in Alaska, sea lions increased over
two periods of time: 1950-67 and 1974-80 (Fig. 5.4a). The period of relative constancy in
population size through the late 1960s and early 1970s could be related to the large pup harvests
of Area 3 (Table 2, Fig. 5.4a). Assuming an intrinsic growth rate of 4%, the model points to two
periods of extraneous mortality: 1968-75 and 1981 to present (Fig. 5.4b). At other times (1956-
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67 and 1976-80) the population could not have sustained extraneous mortality and still
maintained a 4% growth rate.

The possibility that extraneous mortality was absent in Area 3 between 1976 and 1980 and
did not exist prior to 1968 is unlikely given that aboriginals traditionally hunted sea lions here
and commercial fisheries interacted with sea lions throughout the 1970s. Thus, either the
intrinsic growth rate in Area 3 was higher than 4%, or seals emigrated to Area 3 from other
regions of Alaska A growth rate of 4.5% would have been sufficient to sustain an annual
aboriginal harvest of 500 adults during the early 1960s, but during the late 1970s the rapid rise
in population size was more likely due to the arrival of sea lions from adjoining areas, such as

from the declining population in Area 5. However there are no data to verify such speculations.

In Area |, unlike other areas of Alaska, sea lions have been increasing since early this
century. Population density increased from 4,500 animals in 1956 to 17,500 in 1991 at an
average rate of about 4% per year (Fig. 5.5). Assuming that sea lions in Area 1 form a closed
population, the model suggests the intrinsic growth rate must be higher than 4% if extraneous
mortality occurred. However, since 1985 the population appears to be growing faster than can
be accounted for by intrinsic growth alone (roughly 8% per year), suggesting the possibility that
a substantial emigration of sea lions has occurred from either British Columbia or from other
regions of Alaska. It is difficult to reconcile the recent rate of population buildup with survival
rates if animals are not coming from elsewhere. It is possible that increased pup survival rates
coupled with immigration could provide the observed rate of increase. In any case it is important
to note that immigration into Area 1 can account for only a small fraction of the unaccounted

losses from other areas. Again there are no data to verify such speculation.

In summary, the model suggests the harvesting of 45,000 sea lion pups between 1963 and
1972 reduced some local populations. Overal, the harvesting of pups may even have held
constant the total number of sea lions breeding in the Gulf of Alaska and Aleutian Islands
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through the 1960s and 70s. But pup harvests cannot account for population declines observed
through the 1980s. Nor can the overall population decline be explained by animals leaving the
Gulf athough the model does suggest that some local changes in abundance could be attributed
to animals moving from one area to another within the Gulf and Aleutians. The model further
suggests that the low rate at which sea lions disappeared from the region gradually increased
through the 1960s and 1970s. Since 1979 the numbers of sea lions unaccounted for rose

dramatically from 3% to 14% of the population each year.

6. SHOOTING DEATHS AND INCIDENTAL CATCHES

The disappearance of sea lions depicted by the simulation model might be explained by
shooting and catching sea lions during commercia fishing. Many have suggested this source of
mortality contributed to the overal decline of Steller sea lions in Alaska (Braham et al. 1980,
Loughlin et al. 1984, Merrick et al. 1987, Calkins 1989, Perez and Loughlin 1991).

Sea lions are sometimes incidentally caught in net fisheries and in hook and line fisheries.
They may also be shot by fishermen when near fishing gear or while hauled out on land.
Unfortunately the numbers of sea lion deaths that might be attributable to commercial fishing can
only be loosely approximated because the extent of incidental mortalities has never been well

documented.

Cakins (1989) developed a risk factor analysis to assess which of the commercial domestic
fisheries might cause the highest mortality of sea lions. He considered the type of fishery, the
temporal proximity of the fishery to sea lions, and the amount of fishing effort (number of
fishing permits issued). He concluded, for finfisheries (herring, salmon and groundfish) managed
by the state of Alaska, that sea lions were more likely to be entangled or shot in the Prince
William Sound drift gillnet fishery than in any other fishery. The next highest risk fisheries were
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the groundfish and set net fisheries around Kodiak Island followed by the troll fishery in
southeast Alaska. Calkins (1989) felt that beach and purse seine fishing caused little mortality,
largely because the gear tended to be set and retrieved in a short time. Interactions with longline
and jig fisheries appears also to be low, although there are occasional reports of sea lions taking

fish from longlines.

Drift gillnets and set gillnets tend to target fish with high economic value. Gillnetters set
long stretches of nets for extended periods, during which time they may watch their net and
protect their catch from harbour seal and sea lion predation. In 1978, Matkins and Fay (1980)
estimated that 450 gillnetters fishing the Copper River delta (south east of Prince William Sound)
shot or caught about 300 sea lions. Conflicts with sea lions occurred primarily in May and early
June. Ten years later, Wynne (1990) reported that sea lion conflicts continued to occur
predominately in the spring, but that the numbers dying had dropped significantly. Unfortunately
the data were insufficient to estimate the actual number of sea lions killed in 1988, either
intentionally or incidentally. It appears though that the average rate of kill could have been as
high as 1 sea lion per gillnetter in the 1970s and may have dropped to under 1 sea lion per 4
vessels in the late 1980s.

In the foreign and joint venture trawl fisheries that targeted groundfish, sea lions accounted
for about 90% of the marine mammals incidentally caught in the Gulf of Alaska and Bering Sea
between 1973 and 1988 (Loughlin et al. 1983, Loughlin and Nelson 1986, Perez and Loughlin
1991). Most sea lion mortalities were recorded around Kodiak Island and the Aleutian Islands
at a rate of over 25 sea lions per 10,000 mt of groundfish landed (Perez and Loughlin 1991).
In the 1970s and early 1980s, this amounted to between 500 and 2,000 sea lions per year (Table
6.1); but after 1986, the numbers caught dropped to under 100 per year (Perez and Loughlin
1991). Joint venture trawlers caught more sea lions (66% of the total) than did the foreign
trawlers; yet the joint venture boats only caught 24% of the total amount of groundfish landed
between 1973 and 1988 (Perez and Loughlin 1991).
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The estimated numbers of sea lions caught by foreign trawlers prior to 1978 (Table 6.1) may
be low. For example, Perez and Loughlin (1991) cite NMFS correspondence suggesting that as
many as 4,400 northern sea lions may have died in the Japanese trawl fishery in 1971. Similarly,
the mortality estimates fail to account for the large numbers of sea lions that were intentionally
shot. For example, joint-venture trawlers often towed their catch alongside their boats until it
could be delivered to a processor ship. Sea lions climbing onto the full nets to grab at the fish
were easy targets. Anecdotal accounts suggest some boats were able to shoot as many as 200
sea lions in a single morning. Most of these shootings probably occurred aboard joint-venture
boats between 1981 and 1986. Foreign boats tended not to carry guns or else enforced strict gun
control. Thus the numbers of sea lions killed in the trawl fishery (Table 6.1) should be

considered minimum estimates.

Information about incidental catches in the domestic groundfish fishery is scant because only
a small proportion of the trawl fleet (3%) was observed through voluntary participation. The
results, while limited, suggest that very few sea lions were caught by domestic trawlers (Craig
and Owen 1988). In fact only 3 sea lions were reported caught between 1978 and 1989, all of
which were caught in a single set in 1980 (Craig and Owen 1988, Owen 1990). The low catch
rates of the domestic fleet are surprising given that most of the domestic vessels participated in
the joint venture fishery, or else employed the same gear in the same areas as the joint venture
boats. Owen (1990) suggests few sea lions were caught in the early 1980s, because the domestic
fleet largely targeted Pacific cod during daylight hours when fewer sea lions were feeding. The
apparent lack of kills through the late 1980s, when the domestic fishery grew rapidly, may also

reflect a change in attitude towards the killing of sea lions, or a change in fishing methods and

locations, or both.

Interactions between troll fishermen and sea lions have not been documented, athough
anecdotal information from discussions with fishermen suggest moderate to high interactions

(Calkins 1989). This is further supported by observations of sea lions on rookeries and haulouts
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entangled in troll gear (Calkins 1989).  Given the high value of troll caught fish, it is
conceivable that trollers shoot at sea lions near their gear. However data is not available to

estimate the extent of such mortality.

Shellfish fisheries aso had an impact on sea lions. During the 1960s, some hunters shot
and butchered sea lions to sell the meat as bait to shrimp trap and crab pot fishermen. Some crab
fishermen also shot sea lions because they chewed and sank the buoys that marked their pots.
Today however, buoy designs have changed and the meat, while never a major source of bait,

is no longer used.

Sea lions have been harvested for centuries by natives in many Alaskan communities for
their meat, hide and other body parts (Haynes and Mishler 1991), but there are few records of
the numbers of sea lions killed. Subsistence harvests during the 1980s probably took between
200 and 400) sea lions among 25 communities in which kills were documented; but there are
between 25 and 30 additional communities where at least some harvest likely occurred (Haynes
and Mishler 1991). Considering a substantial number of animals probably sank after dying, the
total number of sea lions shot by natives in the Aleutians and Gulf of Alaska before 1980 may
have exceeded 500 animals. However data from villages in the Kodiak area suggest the
subsistence harvest declined substantially through the 1980s (Haynes and Mishler 1991). This
drop in numbers harvested might reflect the decline in relative abundance of the sea lions in

Alaska, or perhaps a dietary shift away from sea mammals, or both (Haynes and Mishler 1991).

Another type of killing is “drive-by” shootings, that is shooting from boats as they passed
close to sea lion haulouts and rookeries. While it is common knowledge that these events
occurred, there is no information on how many or how few people took part, nor how much
damage they inflicted. Some fishermen felt they were doing a service by killing sea lions. For
others it was simply a sport. In all likelihood shooting sea lions on land disrupted the rookery

and may have caused pups to be trampled as startled sea lions rushed to the sea. However it is
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unlikely that large numbers of adults were killed because of the difficulty of shooting accurately

from small boats.

Amendments to the Marine Mammal Protection Act in 1988 made it illegal for fishermen
to shoot at or near any Steller sea lion for any reason in U.S. waters (Lowry and Loughlin 1990).
Vessels were prohibited from coming within 3 miles of Steller sea lion rookeries west of 150°,
and the Secretary of Commerce was empowered to place observers on any fishing vessel to
monitor accidental capture of sea lions in fishing gear. Violations of laws protecting sea lions

are subject to severe penalties including boat seizure, fines up to $25,000, and imprisonment.

Numbers of sea lions killed by various fishery and subsistence activities are estimated in
Table 6.2. For the most part the estimates are little better than best guesses. Nevertheless they
do give some sense of the magnitude of killings that might have occurred over the past three
decades. The numbers killed probably rose from a level of 1,500 animals per year in the late
1950s to a peak of around 4,000 animals in the early 1980s (Fig. 6.1). Mortality likely decreased
through the late 1980s as the sea lion population declined and public attitudes towards sea lions
changed. Discussions with fishermen suggest that many of them became aware of the seriousness
of the sea lion population decline in the late 1980s, and modified their behaviour because of the
political and economic ramifications of shooting sea lions. The current number of sea lions taken

by fisheries and subsistence harvests is probably less than 500 animals per year.

7. DISCUSSION

7.1 Effects of the Fisheries on Sea Lions

Some people have inferred from counts of sea lions made in the 1950s and 1980s that sea

lion numbers have been declining since 1956. In actual fact the counts only reflect how much
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smaller the current population is compared to previous levels, and do not by themselves show
when the declines began. Our assessment of rookery trends and attempt to estimate total
population sizes confirm the findings of Braham et al. (1980) that sea lions first began declining
in the eastern Aleutians (Area 5). Declines in Areas 3, 4 and 6 did not being until 1979-81.
Overall the total sea lion population in the Gulf of Alaska and Aleutian Islands appears to have
been large and relatively stable throughout the 1950s, 60s and 70s. Since 1980, sea lions have
rapidly declined except in southeastern Alaska.

Simulation modelling is a useful tool for understanding the kinds of processes that might
have occurred in the sea lion population over the past 30 years. In our case it helps to
understand the consequences of harvesting pups and the level of kills the commercia fishing
industry would have had to inflict upon sea lions to explain the population decline. It should be
kept in mind, however, that different models, incorporating many different assumptions than the
ones we explored, could effectively replicate the observed population decline. Our model is by
no means unique. Nevertheless, the essence of any model that might be put forward to explain
the decline of Steller sea lions must involve a tradeoff between birth and immigration, and
mortality and emigration- As such, our simple model, while unable ‘to reveal the exact
mechanisms of population change, gives useful insight into the sorts of processes and the range
of changes that would have had to occur between 1956 and 1991 to produce the changes

observed in population size.

Our model indicates the harvesting of 45,000 sea lion pups between 1963 and 1972 was
substantial and contributed to stabilizing the numbers of sea lions breeding in the Gulf of Alaska
and Aleutian islands through the 1960s and 70s. Incidental and intentional kills also appear to
be a significant part of the story. Estimated levels of fishery kills (Fig. 6.1) are consistent with
the numbers of sea lions unaccounted for through the 1960s and 1970s (Fig. 5.2b). Thus the
data suggest that population growth of sea lions in the Gulf of Alaska and Aleutians was

increasingly impeded from 1956 to 1980 by direct kills of sea lions by commercial and
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subsistence harvesting, and by intentional and incidental kills by fisheries. But fishery kills at
the level we have considered can only explain a small part of the sea lion decline since 1980.
Should incidental and intentional kills have been higher, there would be less unexplained

mortality to account for.

Since 1980, the model suggests over 10,000 sea lions have disappeared from the population
each year. Such a level is far higher than even the most exaggerated estimates of fishery kills

might account for. In our opinion, something other than fishery kills occurred through the 1980s.

York (1990b) used a mathematical model to gain insight into changes that occurred on
Marmot Island (Area 3) from 1975 to 1986. Her goal was to alter model input parameters
(juvenile survival, adult survival, and fecundity) by fixed amounts to see what changes would be
consistent with observed decreases in population abundance and changes in age structure at
Marmot Island. Samples of sea lions collected during 1975-78 (Calkins and Pitcher 1982) and
during 1985-86 (Calkins and Goodwin 1988) suggest that pregnancy rates among mature females
did not change over time (Calkins and Goodwin 1988), but that the average age of females older
than 3 years increased by 1.55 years (York 1990b). During this same period, the population
declined 5% per year (Merrick et al. 1987). York (1990b) found the simplest explanation that
accounted for the observed changes was a 20% decrease in juvenile survival (ages 0-3 years)

between 1975 and 1985, with no change in adult survival or fecundity.

There is a good deal of evidence that juvenile survival may be the critical factor that affects
the overall growth and decrease of pinniped and other large mammal populations (Caughley
1970; Hanks and Mclntosh 1973; Richens 1967; Eberhardt 1977, 1981; Eberhardt and Siniff
1977; Trites and Larkin 1989; Trites 1990). Unfortunately there are no data to calculate the
survival rate of juvenile sea lions. But theory and modelling (York 1990b) tend to implicate

poor survival of young in the post 1980 decline.
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Stability of sex ratios on rookeries and haulouts since 1976 suggest both sexes are equally
affected by the decline (Merrick et al. 1988). The most likely sources of mortality in the 1980s
could be disease or shortages of prey. Sea lions are known to carry certain diseases that might
influence mortality, but pathological conditions have not been well documented (Hoover 1988).
Information about diet and the availability of prey is aso incomplete. However, measurements
taken in 1985-86 suggest sea lions were smaller and had lower blood haemoglobin values than
seals measured in 1975-78 (Calkins and Goodwin 1988) implying that sea lions may have been
nutritionally stressed.

The gross dtatistics of catch in the Gulf of Alaska (Fig. 4.18) would seem to present a
circumstantial case for effects on food resources for sea lions: increases in the total catch have
coincided with a decline in sea lion abundance. But as several authors have pointed out, life is
never so simple. Over the same period of time there is evidence for major changes in the relative
and total abundance of some species of fish in the Gulf of Alaska and the Bering Sea (Alverson
1991). For example, biomass of salmon and pollock increased significantly in the Gulf of Alaska
during the 1970s and early 1980s (Low 1991). Such prey species appear to have been more
abundant in the early 1980s than they were during the 1960s when Steller sea lions were more
numerous (Alverson 1991). Pollock biomass has since decreased in the Gulf of Alaska (Low
1991) and appears to be approaching the low 1960s levels. However, without knowing the
abundance of Steller sea lion prey in areas where the sea lions forage, it is difficult to know what

kind of significance to attach to the reported changes in biomass.

Some of the changes in prey abundance may reflect long term periodic oceanographic
changes and perhaps long term climatic change. For example, Brodeur and Ware (1992) report
that zooplankton biomass in the Gulf of Alaska increased by a factor of 1.7 during the period
1957 to 1980. With the possible exception of salmon, stock and recruitment relationships are
weak, non-existent or unknown for most species. Interactions among species are complex and

the ecosystem dynamics are fast paced (Springer 1992).
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This present lack of understanding has not come about from lack of effort The long term
studies of the National Marine Fisheries Service Laboratory in Seattle have abundantly
demonstrated the very large amount of knowledge that is necessary to build a descriptive model
of the Bering Sea ecosystem. A predictive model requires even greater understanding. Similar
enterprises related to European and North Atlantic waters have explored a variety of approaches,
none of which has proven particularly relevant to management needs. Current proposals to
explore the meaning of the catch phrase “ecosystem management” are indicative of the state of
the art. With these sorts of considerations it is not yet profitable to speculate with a multispecies,
multiple gear ssimulation of the region by time and by subregion, or with a multispecies model

incorporating ecosystem dynamics.

Some modelling exercises might be appropriate given certain kinds of data that are currently
available. For example, sea lion numbers are more likely to be related to seasonal patterns of
abundance of fish that arise from migratory movements and the seasona pattern of fishing
activities than to the gross statistics of catch. If the actual numbers of vessels in each area at
each season is not known, some guesses might be made about which fisheries on which species
in which areas would be most or least likely to have an impact on sea lion food resources.
Fisheries on pollock in Area 3 would seem a likely place to suspect resource depletion. Fisheries
on salmon seem unlikely to have had an impact on availability of salmon as food: total salmon
production has been at record high levels. Herring stocks are at relatively low levels athough

it is doubtful whether the fishery is responsible for current stock sizes.

To gain substantive appreciation of the impact of fishing on food resources for sea lions it
will be necessary to obtain information at a much more local level on much shorter time scales
than is currently available. The sort of information needed includes, for particular rookeries,
seasonal patterns in diet and foraging behaviour of sea lions, seasonal depletion of food resources
of various types within the foraging range of male, female and juvenile sea lions, and

implications of depletions for meeting energetic requirements for maintenance and growth. The

34
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lack of information of this kind, which is required to build other than a broad circumstantial case,
has been recognized in the Steller Sea Lion Recovery Plan and the studies recommended should

be given high priority.

All of the foregoing having been said, it seems likely that the removals of large quantities
of groundfish, particularly pollock, have had some impact on local availability of food for sea
lions, especially in winter months. The effect of these removals would presumably be more
severe on juveniles than adults and on females rather than males. Whether effects of this kind
are significant factors in sea lion abundance has yet to be demonstrated but is well worth further

investigation.

The decline in sea lion numbers is not an isolated case. Declines have also been noted in
Alaskan populations of harbour seals and northern fur seals. On Tugidak Island (near Kodiak
Island) harbour seals declined by 85% between 1976 and 1988 (Pitcher 1990). Limited data
from other regions of Alaska also indicate population declines have occurred since the mid 1970s
in the southeastern Bering Sea and Prince William Sound (Pitcher 1990). Northern fur sedls,
numbering over 1 million in the early 1950s, have declined over two periods of time since the
mid 1950s and are currently less than 50% of their former abundance (Lander and Kgimura
1982). The first decline, 1955-70 can be explained by the commercial harvesting of females and
a series of years of poor juvenile survival rates (Eberhardt 1981, York and -Hartley 1981, Trites
and Larkin 1989). The most recent decline from 1975 to 1984 appears to be due to a high
mortality of juveniles and adult females (Trites and Larkin 1989). Failure of the Pribilof
population to recover may be related to shortages of prey for juveniles as they migrate south in
the fall and winter (Trites 1992). The extent to which the declines of Alaskan sea lions, fur seals
and harbour seals are coincidental or related to a common factor is certainly worth further

consideration.
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To summarize, the stabilization in the numbers of sea lions in the Gulf of Alaska from 1956
to 1980 can be attributed to the direct effect of incidental capture in fishing gear, the shooting
of sea lions and the harvesting of adults and pups. However, these factors explain but a small
portion of the recent population decline, from 1980 to the present, Some sea Lions are missing
in the arithmetic of population dynamics. Whether these losses are caused by the removal of
food resources is a circumstantial possibility, but evidence of local abundance of food resources
at particular times of the year for particular segments of the population is needed to build a
convincing case. Other causes, such as diseases and parasites must aso be kept in mind as

possible contributing factors.

7.2 Research Needs

In further research, emphasis should be placed on the changes that have occurred since the
early 1980s when the major decline in abundance occurred. Changes in body size should be
confirmed: detailed body measurements of animals caught in trawls are a potentia source of
data. Information on the diet of sea lions should be given high priority. The collection of scats
from rookery and haulout sites should be undertaken at all seasons of the year. Studies of the
bioenergetics of sea lions and their nutritional requirements are also necessary as a basis for

interpreting data on changes in body measurements and data on diets.

Research on the fisheries impacts should centre on assessment of local abundance of various
food items for sea lions at various times of the year. Data on the population dynamics of pollock
in the Gulf of Alaska or the Eastern Bering Sea are probably only broadly correlated with the
local availability to sea lions of pollock of a particular size at a particular time of year. The

same might be said of other species on which sea lions prey.

Long term research on the ecosystem dynamics of the region will be necessary for proper

management of al of the living marine resources, including those that are harvested and those
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that are not. How best to focus that research is a current topic of debate in many fisheries

management circles and will not be resolved quickly.

Meanwhile, it is prudent to maintain the fisheries but to constrain them so as to minimize
their possible impact on sea lions. This is the essential thrust of the Steller Sea Lion Recovery
Plan and management actions being taken by the National Marine Fisheries Service. Whether
the protection measures are appropriate is not easy to judge at this time. They should certainly
be subject to research. While it is improbable that the protection measures will be the eventual
solution to the issues concerned with the interactions of fisheries and sea lions, there can be little
argument with the research agenda of the recovery plan. The important thing is to get on with

the research, revising the agenda as the findings unfold.
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Table 2.1. Steller sea lion Life table. Mle and fenale survival rates from York (1990a,b) and Calkins and Pitcher
(1982) were nodified to ensure zero population growh. Pregnancy rates were taken from Calkins and

Pitcher (1982).

Age __Aqge Specific Survival Birth Cumulative Survival

Female Male Rate Female Mae

0 0.660 0520 0. 000 0.660 0.520

1 0.810 0. 650 0. 000 0.535 0.338
2 0.900 0.780 0. 000 0.481 0. 264
3 0.930 0. 860 0.202 0. 447 0.227
4 0.909 0.870 0. 359 0. 407 0.197
5 0.895 0. 850 0.523 0. 364 0.168
6 0.884 0.831 0.630 0.322 0.139
7 0.875 0.814 0.630 0.282 0.113
8 0. 867 0.798 0.630 0.244 0.090
9 0.859 0.782 0.630 0.210 0.071
10 0.853 0.768 0.630 0.179 0. 054
1 0.847 0. 754 0.630 0.152 0.041
12 0.841 0.740 0.630 0.127 0.030
13 0.836 0.727 0.630 0.107 0.022
14 0.831 0.715 0.630 0.089 0.016
15 0.827 0.703 0.630 0.073 0.011
16 0.822 0.690 0.630 0. 060 0.008
17 0.818 0.679 0.630 0.049 0.005
18 0.814 0. 667 0.630 0.010 0.003
19 0.810 0. 656 0.630 0.032 0. 002
20 0. 807 0. 646 0.630 0.026 0.001
21 0.803 0.634 0.630 0.021 0.001
22 0.800 0. 624 0.630 0.017 0.001
23 0.797 0.614 0.630 0.013 0.000
24 0.79%4 0. 603 0.630 0.011 0.000
25 0.791 0.593 0.630 0.008 0. 000
26 0.788 0.583 0.630 0. 007 0.000
27 0.785 0.573 0.630 0. 005 0.000
28 0.782 0.563 0.630 0.004 0. 000
29 0.780 0. 554 0.630 0.003 0.000
30 0.777 0. 544 0.630 0. 002 0. 000
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Table 5.1. Steller sea lion pup harvests by area, 1963-72. Note that Round Island is next to Ugamak in Area 5.

(source: ITG 1978).

Year Area 3 Area 4 Area 5 Area Totals
Marmot Sugarloaf  Atkins Jude Round Ugamak Akutan 3 4 5
1963 4,000 4,000 0 0
1964 1,500 1,500 0 0
1965 1,024 2,005 259 72 574 1,659 3,029 331 2233
1966 1,650 1,400 857 3,050 0 857
1567 2,657 2,180 4,855 0 0
1968 2,150 1,568 80 4,118 0 80
1969 2,516 2,692 5,208 0 0
1970 2,365 1.008 525 2,159 3,373 0 2,684
1971 1,064 2,250 0 0 3314
1972 1,800 379 556 2,184 1,627 1,800 935 3,811
Total 14,180 16,753 638 628 574 3,773 8,632 30,933 1,266 12979
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Table 6.1. Estimted nunber of Steller sea lions killed incidentally in the foreign and joint-venture groundfish
traw fisheries in Aaska during 1966-88 (from Perez and Loughlin 1991).

Year Al eutians QI f of Alaska Total
Forei gn JV Foreign JV
1966 260 0 320 0 580
1967 470 0 290 0 760
1968 540 0 240 0 780
1969 670 0 140 0 810
1970 990 0 90 0 1,080
1971 1,450 0 150 0 1,600
1972 560 0 290 0 850
1973 1,470 0 270 0 1,740
1974 1,410 0 330 0 1,740
1975 1,190 0 390 0 1,580
1976 1,150 0 410 0 1,560
1977 490 0 260 0 750
1978 335 0 247 0 582
1979 465 0 197 2 664
1980 472 4 240 3 719
1981 422 9 159 50 640
1982 210 16 68 1,462 1,756
1983 198 118 69 306 691
1984 147 157 115 304 ' 723
1985 112 187 8 102 409
1986 31 154 0 80 265
1987 0 46 0 4 50
1988 0 43 0 1 44
TOTAL 13,042 734 4283 2,314 20,373
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Table 6.2.  Estimated number of sea lions killed by various fishery and subsistence activities. Subsistence harvests

were based on a report by Haynes and Mshler (1989). Incidental catches in traw fisheries are from
Perez and Loughlin (1991) for 1966-88. For years prior to 1966, the sea lion take was estinated from
the total amount of groundfish landed (200 mt per sea lion caught the average rate of kill betuween
1966 and 1980). Intentional shootings of sea lions fromtraw vessels were attributed only to the joint
venture fishery at a rate of 20 sea lions per boat per year. The nunber of sea lions killed in salmon
fiseiesand other fisheries (shrinp, crabs, herring, & halibut) include both incidental and intentional
kills, and were based on vessels counts. Salmon vessels were assumed to kill an average of one sea
lion every 5 years from 1956 to 1985, while vessels participating in the other fisheries were assuned
to kill an average of one sea lion every 10 years. The rate of kill was presuned to drop exponentially
after 1985, Kill rates are hypothetical and were hased on personal interviews and studies by Matkins
and Fay (1980). Calkins (1981), and Wnne (1990). Incidence of sea Iion entanglenent in fishing
debris are believed to be low (Loughlin et al. 1986, Merrick et a.1988)and were assuned to increase
from30 animals to 100 through the 1960s.

Year Subsistence Trawl Fisheries Sailmon Other Marine Total
Harvest Incidental Intentional Fisheries Fisheries Debris :

1956 500 1 0 1,025 64 30 1,620

1957 500 0 0 1,025 74 35 1,634

1958 500 0 0 1,025 77 40 1,642

1959 500 0 O 1,025 86 45 1,657

1960 500 0 0 1,025 89 50 1,664

1961 500 1 0 1,025 93 55 1,673

1962 500 2 0 1,025 114 60 1,701

1963 500 111 0 1,025 126 65 1,827

1964 500 644 0 1,025 108 70 2347

1965 500 887 Q0 1,025 112 75 2,599

1966 500 580 0 1,025 130 80 2315

1967 500 760 0 1,025 132 85 2,502

1968 500 780 ¢ 1,031 134 90 2,535

1969 500 810 0 1,007 137 95 2,549

1970 500 1,080 0 1,309 144 100 3,134

1971 500 1,600 0 959 167 100 3326

1972 500 850 0 1.047 210 100 2,707

1973 500 1,740 0 922 : 217 100 3,479

1974 500 1,740 Q 1382 200 100 3922

1975 500 1,580 0 1234 289 100 3,704

1976 500 1,560 4] 1334 338 100 3,833

1977 475 750 0 1,584 332 100 3241

1978 450 582 20 1,819 436 100 3,407

1979 425 664 80 1,653 450 100 3373

1980 400 719 130 1,698 441 100 3,488

1981 375 640 160 1.480 553 100 3,308

1982 350 1,756 345 1321 561 100 4,433

1983 325 691 370 1,440 637 100 3,563

1984 300 723 1120 1,524 586 100 4353

1985 275 409 1180 1.458 497 100 3918

1986 250 265 378 868 824 100 2,685

1987 225 50 190 - 581 493 100 1,639

1988 200 44 51 353 323 100 1,071

1989 175 25 18 145 154 100 617

1990 150 25 [0] 111 103 100 489

Total 14,875 22,069 4,041 38,560 9,432 2975 91,953
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Fig. 1.1.

Map of the Gulf of Alaska and Aleutians showing Steller sea lion rookeries in the

six study areas. Rookery sites are numbered and designated on the basis of
assigments given by Merrick et a. (1988) and Loughlin et al. (1992). Number.
suffixes identify the areas in which the rookeries are found.
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Fig. 21.  Age specific and cumulative survival rates of male and female Steller sea lions (from
Table 2.1).
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Numbers of Steller sea lion adults and pups counted in Area 2 on two rookeries:

Seal Rocks and Wooded Island.
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Numbers of Steller sea lions counted in Area 3 on five rookeries. Chowiet, Marmot,
Sugarloaf, Chirikof, and Pye.
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Fig. 3.4. Numbers of Steller sea lion pups counted in Area 3 on five rookeries. Chowiet,
Marmot, Sugarloaf, Chirikof, and Pye.
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Fig. 3.6.

Area 4
Pup Counts
5000
X
4000 -
2 o]
§ X8
L J
o
2000 4 ®
g
® [ ]
1000 4 . x
2 x
[}
O 1 K 1 L t R 1 T
1855 1960 1965 1870 1675 1980 1885 1890 1885
[®7 ciubbing (] Pinnacle Atkins

Area 4

Pup Counts
1400 — -~
1200 j}
1000 {4»

800

Pups Counted

200 * <

T T T T = T T 3
1955 1860 1965 1970 1875 1880 1985 1890 1895

Jude [#1 Chemabura

Numbers of Steller sea lion pups counted in Area 4 on five rookeries. Clubbing
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Fig. 3.8. Numbers of Steller sea lion pups counted in Area 5 on four rookeries. Cape Morgan,
Ugamak, Ogchul, and Bogoslof.
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Numbers of Steller sea lion pups counted in Area 6 on five rookeries. Seguam, Ulak,
Lief Cove, Buldir, and Agattu.
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Fig. 3.11. Tota number of Steller sea lions in Area 1 estimated from pup counts and adult
counts. The population trend is indicated by the dashed line.
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Fig. 3.12. Total number of Steller sea lions in Area 2 estimated from pup counts and adult
counts. The population trend is indicated by the dashed line.
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Fig. 3.13. Total number of Steller sea lions in Area 3 estimated from pup counts and adult
counts. The population trend is indicated by the dashed line.
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Fig. 3.14. Tota number of Steller sea lions in Area 4 estimated from pup counts and adult
counts. The population trend is indicated by the dashed line.
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Fig. 3.15. Total number of Steller sea lions in Area 5 estimated from pup counts and adult
counts. The population trend is indicated by the dashed line.
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Fig. 3.16. Tota number of Steller sea lions in Area 6 estimated from pup counts and adult
counts, The population trend is indicated by the dashed line.
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Annual commercia catch of salmon in pounds by area in Alaska from 1950 to 1990.
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Fig. 43.  Annua number of vessels engaged in commercial salmon fisheries in Alaska by area
from 1969 to 1990.
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Fig. 45.  Annual number of vessels engaged in the commercial herring fishery in Alaska by
area from 1950 to 1990.
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Annua commercial catch of halibut in Alaska in thousands of pounds by area from
1950 to 1990.
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Fig. 47.  Annua number of vessels engaged in the commercia halibut fishery in Alaska by
area from 1950 to 1990.
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Fig. 48.  Annual recorded catch of A. pollock and B. groundfish (including pollock) in metric
tons by domestic, joint venture and foreign vessels in the Gulf of Alaska from 1962
to 1990.
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Fig. 49.  Annua commercial catch of groundfish in metric tons in Alaska by area from 1962
to 1990.
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Fig. 4.10. Annual number of foreign vessels engaged in commercial groundfish fisheries in
Alaska by area from 1962 to 1986. A. Trawlers and processors. B. Longliners.
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Fig. 411. Annua number of domestic and joint venture vessels engaged in commercial
groundfish fisheries in Alaska. A. Trawlers and processors by area from 1978 to
1990. B. Other gear types from 1981 to 1990.
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Fig. 4.14. Annua effort by area in the commercial Tanner crab fishery in Alaska from 1950
to 1990. A. Number of vessels. B. Catch in pounds.
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Fig. 415. Annua effort by area in the commercia Dungeness crab fishery in Alaska from
1950 to 1990. A. Number of vessels. B. Catch in pounds.
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Fig. 417. Annua number of vessels engaged in the commercial shellfish fishery (crabs and
shrimp) in Alaska by area from 1950 to 1990.
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Fig 4.19. Annua commercial fishing effort in Area. 1 for al species from 1950 to 1990. A.
Catch in thousands of metric tons. B. Number of vessels.
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Fig. 4.20. Annua commercia fishing effort in Area 2 for al species from 1950 to 1990. A.
Catch in thousands of metric tons. B. Number of vessels.
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Annual commercia fishing effort in Area 3 for all species from 1950 to 1990. A.
Catch in thousands of metric tons. B. Number of vessels.
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Fig. 4.23. Annua commercial fishing effort in Area 5 for al species from 1950 to 1990. A.
Catch in thousands of metric tons. B. Number of vessels.
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Fig. 4.24. Annua commercial fishing effort in Area 6 for all species from 1950 to 1990. A-
Catch in thousands of metric tons. B. Number of vessels.
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Fig. 426. Annual number of vessels engaged by species in the commercial fishing in the Gulf
of Alaska and Aleutians from 1950 to 1990.
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Fig. 4.27.
Alaska and Aleutians from 1950 to 1990. A. Annua catch. B. Number of vessels.
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Proportion of vessels operating in each area of the Gulf of Alaska and Aleutians
from 1950 to 1990.

Proportion of total catch from each area of the Gulf of Alaska and Aleutians from
1950 to 1990.
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Fig. 5.1.  Number by age and sex of incidentally caught Steller sea lions that died during traw
fishing by foreign and joint venture vessels from 1978-87 (data from Perez and
Loughlin1991). The smoothed curve (a univariate non-parametric kernel density
estimator) shows the probability of being caught.
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Fig.5.2. Simulated numbers of Steller sea lions in the Gulf of Alaska and Aleutian Islands
from 1956 to 1991. A, Population trend in the presence or absence of a pup harvest.
B. Annual rate of disappearance and numbers of sea lions missing from the
population.
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Fig. 5.3.  Simulated numbers of Steller sea lions in Area 5 from 1956 to 191. A. Population

trend in the presence or absence of a pup harvest. B. Annua rate of disappearance
and numbers of sea lions missing from the population.
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Fig. 54.  Simulated numbers of Steller sea lions in Area 3 from 1956 to 1991. A. Population
trend in the presence or absence of a pup harvest. B. Annual rate of disappearance
and numbers of sea lions missing from the population.
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Fig. 55.  Simulated numbers of Steller sea lions in Area 1 from 1956 to g91.
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Estimated Kills
Sea Lions Taken by Various Fishery and Subsistence Activities

Bl S

1056 1960 1984 1988 1972 1976 1980 1984 1988
Yaar

Fig. 6.1.  Estimated kill of Steller sea lions taken by various fishery and subsistence activities
from 1950 to 1990. (from Table 6.2)
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APPENDIX 1. Counts by area of Steller sea lion adults and pups at rookeries in the Gulf of
Alaska and Aleutians.
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ey | month - adutts pups Total
3107 NA
933 NA
NA
RA
1 3 186 NA
1 3 150 NA
NA
NA
NA
2 13 136 NA
NA
NA
NA
NA
[
NA
NA
KA
Chowiet 14 s 737 820] 1557
Chickol 15 [ 544 706] 1253
Mermot 2] 61l 2331{] 2196 4530
1980 f 13 el 61|l 2100] 3970
P 13 sl 1z §57] 1684
{8ignal 16 [ 0 NA
Chiswel 17 -] 456 MA
~{Chowlet 14 ¢ &07 3441 1241
Chirko! 23 3 42 807 1049
. Marmot 13 6]l 1788 NA
960 - [Superioal 12 6/l 1819 NA
) 12 3 560 A
{Signal 16 e 35 NA
Chiswel P73

Ares 3
month B _sdulw Tokal
) 8[| oea2|| 4900] w4762
0 6]l so2s|] 3500] a7es
0 el ss«7 600 4347
0 [ &8 NA
0 el 1108 NA
A
NA
KA
NA
KA
28 8 2 KA
NA
© 6l 4<10|| 4s70] wooe9
0 6]l || 1673 772
0 e]] esosll w140] 1esis
[ 8] 48101 s®21] we3t
0 6]l 3 «31] 573
NA
RA
0 6]  4«d1]| o485] waze
[ o] s19]| 1ea9] esar
F>) el e381]] 6741 13122
[ 6] 4374]| 5123] eae7
0 el 3% 838] 4043
[
KA
NA
NA
[T
NA
NA
NA
KA
RA
NA
A
1987 {Bugarioat 7y
Joue o 2
Chiowsl A
Chowiet NA
Chicko! WA
-tarmot NA
1982 {Sugerioaf m
{Pys NA
O {8ignal NA
Chiswel 7y
Chowiet NA
Chirikot r o
‘{Marmot A
1963 P
Outer {Pre KA
’ {Bignal WA
_{Chiswst NA
Chowie! ©07 NA
Chirico! 1913 NA
Mermot 5751 KA
to64 M(l 14| KA
] Pys 1034 NA
ol [Bignat 10 T 146 RA
_{Chiswsl NA
Chowiat 0 6]| 2050 KA
" {Chériko! 10 & 457 NA
" {Manmot [] [ 4983 NA
985 “Bup-ﬁod[ [ 6l 2001 NA
’ Pye NA
O fogm 0 e ) KA
{Chiswsl i
Chowlet 1731 NA
1066 Chirkot [) 7 a6 | 47| 10w
| Marmot 21 7] esvell 4381 1m0
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Ares 4
dey {month b aduks B pups | Toml |
28 7 E=] 21| e613]
28 7 798 185 963 |
2 HIEESD I
28 7l &5 53] 1878
75 7] 2ee1 216] 3076
] 8/ el 2054 &7
2¢ 2 a2 1| 3783
€ DI 570 2482
] OIS 23| s7e0
[ s/ s7e0 482] 4251
[
AN
3 71 2018 455
3 7] 1980 264
3 RIS 5
[ 3 200
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Ares 4
dwy [morth B acdubs F poos | Tow!
10] & 487 NA
10 6] 1682 NA
[ 7l 1023 NA
9 7 e N4
Nk
) 7 456 78| &%
© 7 w129l 1072] 2201
NA
NA |
L1
1 5 180 NA|
1 3 [ A
NA
NA
NA
NA
rm
15 ¢ 856 KA
(13 e[ 1386 KA
7y
15 © [Zn _NA|
16 3 785 NA
= 8] 101 KA
22 &1 1308 NA
16 ] 200 NA
23 6 442 163] 635 |
23 [ 728 435 1183 ]
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Aros §
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5 X 1
i Gey {monthE ekits  puos | Totw . > s Fotat
{Alam { Bilingehead 1] NA o0s  15ee Lon TAmek. 20 500 hok
opo 1Ugemek i NA - {Amak/Ses $oa rock 20 ry 527 NA
" [Sea Lion Amak RA " Adoga, 3 3 =y v
Rock 1Amek/Sen fon rock A i oV 3 P PYT) e
KA
Tadugex ) [
“0gpchul nA Cape Morpen 2 3 0 NA
" {Bogosiol sl | “{Nomh End 2 3 o N,
: " JOupe Morgan LTI {Reet - Lawa 2 [ 64 NA
: * {North End [ IE. Shore 2 ry 2 v
3 I v RA ) Ak Head 2 3 o NA
™ iB. Bhore L7 } TBHiogehesd 2 3 100 [
e - {Akn Heed A . 2] 5l 74 [
[ Bogehead L7} T5ws Lion [k ) [
{Opamai N4 Rock [Amak/Ses bon rock P 5 733 NA
Rock _{Amei/Ses on rock Mj Ocobad oy
S o
{Adugak ) >
-{Ogehut XA Cape Worgan KA
{Bogosict [ I North Eng KA
: | At - £
i ‘{Cupe Morpan MU e Reet - Lavs 7
Aaten  JNothEnd NA £ Shore
] ‘ ) ‘ L7
e A I R P T 7
P Ty o ‘ A
‘-m NA Ses Lioo !:,...» 'v_‘
L Rock ¥ Ses-on-rock A
Ses Uon  {Amak A Fop— i r— i
HRock __ AmeiiSed fon tock [} DT A
Acugak A Bogoeil sl e 1063
Okl NA Caps Morpan ¢ 578 NA
| Bogontl A Aatan North End 3 0 RA
Morpan L7 P Twel - Lava 6 o NA
A Noxth End RA S. Shors [ [ NA
1083 Reel - Lova oA Tasan Hewd € 0 NA
{8, Shors L) ) Bilinpehaad 6] 1% 7y
Ak A Head { L7 € 450 [
1Binpehasd R Sea Lion | [Armek 5 % NA
KA Rock {Amek/See o0 rock 3 344 NA
Sealion |Amek A Ackgak [ 350
Rock {Amek/See fon rock NA [ 6 249
Adugak 7} z P — Fra
Opehid 1 T T2 RA iorgas e rs 765
Bogosiol 1379 NA A Neeth End. 16 s y
Morpan 10 71| 208 L7 3V pazar o —Lave s r oy
{Akgen  {North End A 565 7Y E— 5
1964 Foel - Lave ki 7 440 NA A Akun Head 16 3 0
8. Shore Na Bilinpshead 16 ¢ 118
Adaun Al Heed L2 [T —— T B 3§ P
10 7 760 NA ex Uon [ Aremai .,; : gz
10 IR NA ock __[Amak/Sas bon rock 1
Sealion |Amek D 7 53 A
Rock {Amak/See bon rock [ 7l 1296 NA
Akipak 1 3 955 844] 1700
1 3 647 172|116
Bogosiol 11 el 1287} 11o0]  z3pe
* {Cepe Morpan 10 ell 1260l] 1130] 23
A INorth End NA
1085 {Reel - L 10 [ 441 7]
5. Shors 7
s Ao Head A
Bilingehead 10 6 435 6] 495
7 ¢/ =21es]] 1s28] s7id
Seoa Lion lknlk 10 13 302 KA
Rock {Amea/S oa fon rock 10 [] 538 NA
Adugak 10] 7 915 NA
10 7 486 WA
. NA
TCaps Worgen 10 Tl 15% A
INocath End NA
1906 {Akumn
{Reel - Lava. NA
8. Bhors NA
akan Alin Read 7y
Biltngeteed -
Uparnek 1 T irs1]] 13es]  sis7
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Arwa €

- mﬁ gy | month X acks paps Total
NA 1058 {Yunasks A

A4 Aty 0 8]l 5010 KA

A ApRtiu 0 I NA

ST Swr KA | Buidir [ 6|l 2600 NA

- {Lef Cove KA | 6T o] 10 sl 1000 [

“FOther Stes NA Coos o 5 o

{Birks Point NA HGaka. JOttvar BRes A
{Sabeks & Veyl NA :| Sirug Poird MNA |

NA {Scbeka £ 1 5 400 A

1Column Rock KA Ayugedek 1% 5 600 A&

{East Cape F7y {Column Rock] 19 5 600 NA
1Other 7Y {pmchia T Exet Cope 18 3 200 MA

J ' Other 18] 8|l 450 HA
NA 1955 . Bernmcpachnol 26 s[| 2500 r7el
KA Uak 2€ 5[l 1500 NA

Rock KA T 26 3 400 N
{Cape Yatak 7 {Graere ok 28 3 700 WA
- $Luks Point “NA| - {Cupe ek [ 3 0 NA|
- {Othec Ste NA Adek Tl ek Pox 24| 81l 250 “NA|

NA : b 1Other Sie NA

RA { Kessiochl ey

{Finch Point WA T Ao =
{Baddecicp L7 JFnch Pore 27 5l 1% P

{Sauth KX {8eguam  ISasierdos i A
NA -iSouth 27 3 00 NA

[ Yunasia NA

KA A A

NA NA

ET S| KA {Buidc NA

“iLint Cove KA Cape 67 By, Y7y

[Oher Skee A sl Cove NA

Sirius Poirt N& 1 iGeke Other Bkee NA

15cbake & Vs NA {Skhm Pors Y

RA |Sobekx & KA

{Column Rock NA NA
Amchkia {Eae Cece 7 Cokorre: Rk N&)
| Other ML Amehiia  {Ene: Caoe A

1957 | Semisopachndl sl Ceher Yoy
Jak MA L 980 | Bamiscpachnol NA
T NA ke A
Yatak KA Grermp Rock NA

JAdak -{Lake Poict ™ Ver NA
Othec Se KA Adak Laka Poim A

Kasstochi NA Cxher Site NA
ok NA Kasatochi 27 3 200 NA
Finch Pokt NA Aphiomcak 26 3 250 NA

Seguam | Baddiackios { WA Fsrer-o o
Bouth M4 Seguarm 1Sadderidge NA

Yunaska NA South v
At M4 Yunasia 27 5 800 NA
Apatiy NA A NA
Buick 7y o
ST Swx NA Buskchc NA

Uef Cove NA ST Swg NA

HGeka {Other Skes A Liet Cove NA
1 Sidue Poirt KA Kiela Other Ges KA

Scbeka § Ve NA Swios Boit e

NA Sobais & Ve KA
Cokemn Rock NA Ay ek M;‘LT
Archiia  {Ese Cas A Cotrre: Fock 7y
Oxher | | 1] 1 ] Eaat Cope Nw
1% [oomiaapoctoret I ] ] i { 1pe1 Sher Ty
Ukak MNA & oo ¥ NA
Tag MNA Uk KA
Geamp Rock NA Tag KA
Cope Yatak KA {Gearmp Rock NA

Adek {iake Pod ] Yarak NA
L _1Cchec Ste 7Y {Acek Lake Point NA
Kaestoch! A . [Other Ske RA
NA | {Kamxsochi NA

{[Finch Porx o | ek NA

Boguam Na | . Finch Pok A
i | | ] 1 I wal Beguam jlim NA
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Arve 6
| ey | month Total oy [morth il aduts B pupe | Toul |
oot 7 s “JSacderdge 7]
NA (1964 177 1South KA |
A Mi Y et KA |
(AT 7 AT 5]] 4000 A
TORE NE gL 6!l 1300 NA|
. x ST S 25 3 [ NA S B 51| 3600 NA
: Uil Cove = 3 o KA 2 5l 800 NA
- Kanica LOttver Shes 20 8 [) NA fLisf Cove 2 [ 150 KA
Point 29 3 0 NA | ek “[Other Shes 2 5 250 NA
| Bobeks & Ver 2 8 200 NA "{Birius Point 2 3 250 NA
29 8| 1005 WA ] [Scbeka & v 2 3 235 NA|
{Coumn Rock] 29 8] 1515 NA [’Fogacex 2 3 400 NA
Arctiia  {Esat Cape =3 3 25 NA 2 3 200 NA
{Other 2 si] 2560 NA {Amchisa 2 3 200 WA
1962 | Sermiscpochool [ ol| sm0 NA : 2 5 310 NA
Ulak . NA 3 511 100 WA
{iag 5 4 200 NA 2 3 300 NA
{@earmp Rock ° [ =) KA 2 3 [ NA
{Cape Yetak & 100 MA 2 5 s NA
JAcak {lake Polen A 2 4 100 NA
] - {ORnec Bk [] < 200 KA NA]
{Knoatchi 7 4] 2000 NA % < 510 K,
. [ 7 4 3000 NA& NA
; Finch Poirt 7 4 200 MA 1 4 900 NA
6o Saciherico 7 4 12778 NA 3 § 500 NA
South ] 7 4 700 NA 3 s]| s NA
Yunasia . 7 4 110 NA 3 3 &70 NA
A NA 3l 4 350 NA
| A MA NA
[t Ni NA
. ; NA] NA
Lie(Tove NA NA
Kl FOthac Skae Ni NA
B Poir MNA . NA
(5chaka I V MA A Sicius Polrk NA
MA Scbeka & Vey NA
Column Rock NA NA
Amchiia  [EserTooe NA TCokuma Rock NA
Othe: : NA Armchida  (Exa NA
1063 Bemimcpochngl NA W_—c’; NA
Uik NA 1968 Isermmsapochngl NA
{Ti NA =g NA|
Gmp Rock A Tag NA
Cope Vatak NA] [Grerp Rock A
Adek {Lake Point K Yamak NA
OtheT S8 A Adek Lk Poin NA
Kasatochi NA D Othet Sie NA
g dak NA | Kamatocht NA
Fnch Point NA oak NA
Segarn  {Gadderidge A Finch Point A
South RA j{Seguem  {Saddiecidos NA
Yunasks NA South NA
o] NA Yunaeka NA
[T N4 Ay NA
Bk A - v NA
NA - | Buldw NA
Tt Cove KA ST S| NA
st Other Skes HA 1 Lie( Cove NA
Sirius Point NA Kinica Other Skes NA
. & & Ve, NA | Girks Poil NA
| Ayugacek NA {Bobeka & Vef NA
.| Codurnn Rack NA NA
R S NA Colunn Rock NA
KA 1067 |Amchins Esst Cape NA
LUSaic NA 4 Serisopochnol NA
T [7) - f ik NA
Garp Rock NA 7 NA
1C%0e Yatak NA {Gearmp Rock NA
[Adek Lake Polnt NA Yatek NA
__{Other Ste A - jAdak ke Potra RA
(R KA Othec Slte NA
. MA Kasatoch] NA
%ﬁ)ﬂ MNA Aghion dak NA|
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)

otal

NA NA

NA NA

NA NA

NA KA

KA NA

NA NA

NA RA

NA RA

NA NA

NA )

NA KA

KA NA

A | KA

MA NA

Ald | KA

F 73 NA

r7] NA

M4 NA

P 7 KA

KA NA

NA NA

NA RA

NA NA

NA NA

KA KA

NA NA

[ NA

NA NA

NA KAl

M4 WA

NA At NA

NA  Apartty NA

NA Buidie KA

NA 1 BT Seeci KA

MNA itim Cone ) Il 1 i i a4

WA Koz {Other Bles | R I R

NA Gickus Point NA

NA Scbeix & V NA

NA Ayvpedek KA

NA " [Column Rack NA

NA Archiia  |Esat Cape NA

NA Ot KA

7Y 1572 {Semiscpochnol NA

RA - (U NA

NA |Teg HA

NA Grarmp Rock NA

NA ’ Cape Yaak KA

Othec Ske NA R “{Lake Poirt NA

Kasxtochi NA ___jOrhec Ske KA
| Agipdak NA KA
Finch Point NA KA

Sequem  |Sadderido x4 KA
Bouth NA NA

unaeice Ty NA
) [ NA NA

0 ol guas NA NA

1&* 0 o]] 430 NA Na
Cape ST Ster NA NA

Hobel Cove NA NA

Kinkn. Othat Skee NA NA
Sirus Point NA NA

Scbeke & Vey NA NA
Ayugaciek NA RA
1970 {Coiuemn Fack NA NA
. Amchiia  {East Cape A KA
Oxher NA NA
{Bemisopochnal NA NA
E ryoon o i
g NA NA
_ {Gmmp Rack NA NA
Cape Yatnk NA KA

Adak Lk Pokt NA NA
Oxhax Ske NA KA
Kesarochl NA KA
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. month B ecduie B pupe | Toa! oy | month & aduits pups | Tow!
. {Kesmrochi NA JCther 52s KA
.. AgRondek NA [
p— Finch Pont A A
. {Beguem  iSaadedde MA] Finch Point A
IBash NA | 1 NA
AYuneska KA South NA
Aty x4 NA
tApmtiy KA =
Buidc KA 7}
» © [Cuee 5T Seer NA
" {iief Cove - {Cupe ST Sueg NA
| Ko Ot Shée KA Lief Cove RA
 Sirtus Pore NA | JOther Sies NA
(556aia § Ve<] KA i Point KA
o N4 {6cbexx & Vi NA
P Rock KA | . NA
{Cthex r ‘ Na |
LB‘N e N4 N
B (T NAL [ 7 1223 NA
B i WA 0 RIS 827 3805
{Grarmo Rock NA 31 71613 NA
. : Ytk NA 31 7l 2238 NA
SoiAdek 3T Port NA NA |
~'{Oxhec Ske NA N4 |
Kaexioch] NA NA |
- 1 Ao dak KA NA
} Finch Poin NA NA
Sepx {Saddeccoe NA KA
South NA KA
Yunaska NA NA
T A KA KA
KA ; NA
Buide NA v 0 7 [ N4
Caoe 5T S| WA Buia N4
Liot Cove NA B 8l] 1350 NA
Kk Othe: Skes NA Lief Cove s 8] s7s0 NA
Sirks Pok NA Kok Other Skes ] s 2 NA
Sobekz 3 Ve NA Strius Polnt 8 ] 2 NA
WA Sobekx 2 Ve 0 s 3 NA
Cotuemn Rock KA | Avugadek NA
Architca | Eagt Cace NA Cohurnn Rock NA
Oxher NA ‘JAmchita  {Esaet Copn NA
075 | Semiscpochingl NA _{Other NA
Utak NA 1678 | Semiscpochnal NA
T NA Ukak NA
Bramp Rack KA Tag NA
Yatak NA [Grere Rock NA
Adak Lake Point NA [Cpe Yatax

Oxha Ske NA Adak Take Poirs KA
Kasochi NA Cxther She NA
iga cak KA Kasatochi NA
Fnch Point KA {Agiion Gek NA
Seg | Saddbericos KA . Finch Polnt NA
Bouth NA “|Seguam  {Badderidoe NA
Yunaeis NA T South ANA
Y KA __{Yunasin NA
iy NA ARy 3 7 2141 842 2783
Butde NA £ 7l Tiso 707] 7657
) ST S| NA Buide 3137 965! 4122
. {Uie Cove NA 5T Steg| 0 7l 2511 137] _p64s]
Kinia 1Other Sitee NA Tie! Cove s 7 5186 476] 5642
Sirut Poiy NA | Kieka Ocher Skes t 7 2 0 NA
Scbeka & Ve KA | Sicks Port s 7 2 [ NA
76 NA : {8cbeke & V. 0 7 50 0 NA
; { Cokumn Rock KA Here 7 71 1483 2] 1485
Amobicx | Eaet Caoe A ’ . ‘{Colurnn Rock 3 RIS 13S| 2078
*|Other NA Archila  [Es Cope 3 7 6% [) NA

18emi ol NA : Other 3 7 440 )
bk NA | Bemiscp 3 7 656 25! 8%
4T KA <tk 0 7 2170 204{ 2374
- $Gcamp Rock KA ki1 1 T 1740 RA
Adak JCuoe Yatak KA ‘Tommp Rock 2 7{l 17o0s NA
{Loke Point NA Adak [Cope Yamax 28 [ 2% KA
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Ares €

- ] moeh P ede E pas | Toul f dey {month b adols F pupe | Tow
Adek $imks Point 28 € 1075 20 1005 Yatak NA
{Other Ste 28 ) 2 NA “ILaks Point NA
- {Kesstochi 26 ] 1963 213] 2188 HOxher Site KA
MY | 2 3 [ NA : NA
- JFinck Point 21 6 42 [ NA NA
‘{Beguam 21 6]l  m1<l] 24070 sR21 1Finch Point NA
: FBouth 21 ¢ 1167 7] 1284 3 ¥ NA
Yunewia [0 € 1457 752] 2248 Bouth NA
A NA NA
P NA NA
. {Baide NA KA
1 ol {Cepe ST Sw NA NA |
Lt Cove NA Cape 5T Siac] KA

Kk HOther Bkee NA "4 Liei Cowa NA|
- Sirius Poil NA JOther Sias NA
“18cbaka & Vi NA Sirka Point NA
N : NA {5cbeks & Vi RA
NA RA
NA Colurnn Rock NA
NA Emst Cape NA
NA o 7y
NA i NA
NA KA
NA NA
NA KA
NA Yatak NA
KA " {Lmke Point NA
NA JOther Site NA
NA NA
XA NA
NA Pokt NA
NA | Sadderiios NA
NA South NA
KA NA |
NA XA |
KA NA |
NA NA |
NA Cape ST S| A |
KA Lisf Cove NA |
NA [Ocher Sies NA
N Sichus Point A
NA {Scbeia & Ve NA
KA NA
KA Column Rock NA
COxher NA Archiia  {Esat Caps NA
1961 | Bernisapachnal NA Other NA
ek NA L] rgo-_ﬂi-cpoehmi NA
Tag NA Utak NA
Gramp Rock NA [ Tog NA
Cape Yatak NA Gearmp Rock NA
JLake Polen KA Cupe Yutak NA
{Other Ske A Adak  jiake Point KA
Kaswiochi NA {Ocher Ske NA
1AQk L KA Kasesochi KA
“{Finch Point NA | KA
{Seguam  {Saddeddos NA .| Finch Point NA
. South NA Seguem  {Badderidoe NA
Yunssis . NA& Bouth NA
CIAt NA Yunaska NA
NA A ) ofl 4000 NA
{Bulde NA 23 6/ 313 HA
E ST B NA 18uise NA
Liel Cove NA Cape ST Stet! 13 [] 1351 NA
i Ovhver Stae NA List Cove 13 ell nis 822} 2507
: Sirus Poid NA - { Wik “[Othes Skes 13 [ [ NA
How [T KA | Eickos Point 13 6 o NA
MA L] Bcheka & Vei] 12 3 7 NA
. {Column Rack NA T Apapedek 13 ¢ 02 20 1031
T JAench {Enst Cape KA JCokomn Rock| 18 € 728 RA
{Ocher NA JATCchi  {Enet Cape 13 6 1005 NA
Bemiscpach NA . {Oxhec 13 ) o NA
Uk NA Semimapochnal KA
Toag NA Usek 13 eli zrooll 1236] 3065 |
Gramo Rock NA Tag 13 [ [YY) 703] 1647
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Aros &
day {month b sckeée B pus | Too Gy | month ;| sk ég
13 6] 1290 09| 2190 7]
18! [ =05 NA NA
13 ] 964 88| 152 NA
13 . o KA L
12 € 1170 3 2082 NA
12 ] 3 0] e NA
12 6 4 A Na
12 el zo421] 283s] 577 A
: 12 ¢ 807 NA NA
Yunaska 11 el 1071]] " 1a26] 207 kA
L] NA NA
4 NA NA
Buskic oA 2% e[| 1880]] 1153] 2833
: [Cape 5T KA ) 8|l 10% 463 1502 |
{ief Cove NA 20 [] 464 MNA
Pska - {Crther Skes NA 20 [ 510|650 1069
" -{Sirtus Poie KA 20 [ ) NA
{Scbeka & Ve, NA 20 ] 0 NA
: r 7 20 0 62 NA
| Colurmn Rock A 2 6 389 NA
Amchiia j;“_!‘_cs‘ : KA NA
] Other "A 20 [] 20 NA
[196¢ | Bemiscpoactnol A 20 ¢ [ NA
B = - NA NA |
T NA 20 61 1123 A
Gremp fRock NA 20 3 50 NA
. {Caps Yatak NA 20 3 50 747 1337
Adak Lake Poim NA ] 20 6 424 NA
Other Site NA - 1Admk 2 3 [ NA
- Kasatochi XA . P s 3 NA
Y Ak : NA {Kasatochi 17 ¢ €50 NA
JFinch Poing NA Agigedak 17 € 132 NA
Seguam  |Saddleridos A Fnch Point 17 € [) A
: {South NA {Seguam | Baddaddoe 17 [ 802 £56] 1158
Yunaska A South 17 [ 107 NA
Aty 8 3 ) WA Yunasia 17 6 466 KA
y 8 3 740 KA Aty NA
Buide 8 5 £55 NA u 0 T veell we7l zaee
| &7 [ 5 500 NA { Buidie [ 7! 0666 381 NA
et Cove 8 5 1210 KA Cape ST B¢ 15 7 564 212 778
ek {Other Skes [ 5 100 NA Lel Cove 15 7 628 221 748
Bidus Point ] 3 100 NA o Kinic HOther Skes 15 7 NA
}Scobeka & V. 3 5 113 ) Sickn Poiny NA
Ayvoadak [} 5 149 NA Bobaka & Ve NA
) Column Rock NA 14 7 401 163 564
JAmchiie  [Eagt Cape 3 3 ey ' Colurnn Rock] 13 7 197 148] 345
Other ] 7 290 NA Amchida  |Eaat Cape 20 6 106 NA
P87 {Semiscpochnot s 3 ) NA Cxher 20 3 0 NA
Jutek 3 3 251 NA 190 {Semiscpoctadi A
Tep [ 3 & NA BC. 20 6l 1324 70| 2114
|Grarp Rock 6 3 178 NA Tag 20 6 478 357] &35
. Yatak 4 3 4 NA Gremp Rock 20 O 712 48] 1160
Ak Lake Point 4 3 224 NA Ceos Yatak KA
Other Ste 4 5 2 A - JAdek Lake Point 20 3 2 137] 729
{Kasxtoch! s [ 788 NA Othec Sie 20 ] 0 NA
Agiion dak 3 5 25 NA Kasatoch! 20 € 1 178] 819
: Finch Poirt 3 5 347 NA | Agiigndek ] [ 274 0 NA
Seguam |Saddieridos s 3 3] WA Foch Poiet NA
South 3 £ 206 A Seo Baddeccoe 20 € £33 684] 1517
Yunseks ) £l 1gg] A Soush 20 6 181 NA
Ay 0 I3 1203 CTTYMITYT Yuneaks 17 3 31 230 621
Agatiu [ 8 1783 1218 | 9003
- | Butde h] [ 1508 180} | 1655
ST St MA
List Cove 2r0 a0t T2
Kiskx _{Othec Shes A
be -{ Biriuse Poirt A
- s Vi A
TArupadek NA
Cokornn Rock KA
{Archiks Esst Cape NA
Other 7y
Semisopochnol NA
ek A
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APPENDIX 2. Tota Steller sea lion population size estimated from pup and adult counts, The
number counted is the sum of counts from Appendix 1. The numbers of pups and
adults were estimated for rookeries not censused. Total count is the sum of counts and
estimates. The total estimated population size is derived from equations 3.1 and 3.2.

st pucs Total ] _poe Total
o o NA [ 0 NA
NA MNA
[ [} NA [ [ NA
4] 0 0 0 0 [+]
2500 0 NA 0 NA
NA NA
2500 4 NA o [ NA
4125 0 4125 ] 0 0
[ 4] MA ] 0 NA
NA& NA
0 [ NA ¢ o NA
[} [ 3] ¢ 0 [+
] [+ NA& [ 0 NA
NA NA
0 [¢] NA o 0 NA
Q 0 0 0 2] 0
0 3] NA 0 0 NA
NA NA
] ] NA 0 0 NA
¢ o 0 4] <] 0
R 1300 1096 2306 . urmber Courred 4775 2220 6995
1961 §Number Estimated 0 NA 197 Nurnber Esticrated [+] NA
Tow! Cound 1300 1008 2906 : Totm! Count 4775 2220 6005
EsSrwbed Popul 2145 5564 E d Popuiation 787 11331 11331
Nurmber Counted : [4 [ NA N Courved [ 0 RA
qogz.  (humber Estimated NA yono  [DoTDer Est J NA
- iTowl Count [+ o NA . Total Count 0 0 NA
Populats o [ o Estmated Poouiation [ ] 0
iNumber Counled [ [ NA Humber Couritad © [ NA
063 . 'Nurrbec Estimeied NA 1081 Nomber Estimsied NA
Tots! Count [ ] NA T obad 4] o NA
Estmated Popuiation 0 0 0 & s Poputation 0 0 0
- Numbec Counted 0 [ KA Nurmber Couried 5679 2207 8206
1964 Number Estimeted NA 1082 Nuxrbec Estirmmied 210 NA
Tota! Count [+] 4] NA Tom! Count 5070 2437 8416
Estmaded Populetion 0 [ [) Estimeted Popesstion $885 12438 12438
) Number Counled [1] 0 KA Number Courried 0 ] KA
1985 Nurnbec Estimeted NA 1063 Number Estirmeiad NA
|7 ot! Courrt [4] [ NA [ Toml Cournt [} [ NA
Estmated Populmtion [] 0 [ Ex¥matad Population 0 ) ]
_{Number Counted 0 ] NA Number Counted 4] 2568 NA
1968 - [Nomber Estimated NA 10a¢ [Numbet Extimated xR0 NA
-1, .}Towm! Count 0 ° MNA Tota! Courd [ 2888 NA
Estmatad Popuiation 0 ) 0 Estimated Popuistion [ 14740 14740
Number Courtted 0 [ NA Nurmbex Counted 0 ] MNA
1067 JNumbec Estimeted NA 085 Numbes Extimetad NA
{Tom! Count ° o NA Tom! Count S o NA
{Extmated Popuietion © 0 0 Estenated Pop ) [} 0 3
- [Number Counted [ 0 NA Number Counvied [ 1854 NA
1068 1Numbec Estinaied NA 1906 Number Estirated 485 NA
. Total Count o 0 KA Toml Count 0 2439 NA
Estmated Popcsation 0 0 0 Egsenated Poputation 0 12449 12449
{Nurmber Courtied 0 [+] NA Nuenber Cocrtied 0 0 NA
1985 “{Murber Estirated KA 1067 Nurmber Esxtimated NA
L Y Tott Courtt [] [} NA fTom! Cousrtt [ [ MNA
Estienated Popuk ] [ [ Es ¢ Popuat [] i [
Number Courted ] 0 NA Number Couied ] 202 NA
w'm [Number Estimated NA 1088 Number Estirnaindg 800 KA
s [ Toke! Cournt 0 0 NA Total Count [ 2802 NA
“{Estrnated Popuiation 0 0 0 Estimaied Poputation ) 14301 14301
Nembe: Courried- o] 0 NA Nurrter Courtas B344 2844 2688

,;" Nurmber Extimeted NA 1980 Number Estimated 865
- { Vot Courrt . [ 0 NA Total Count 8344 3506 10353
Estkruied Popisation 3] 0 [ Esmeted Popusetion 11283 17810 17810
T {Number Counted [ 0 NA [Nurmber Coursied 5491 3570 9061
1572 Numbec Estimated NA 1900 {tkarber Estirated 80 NA
Toa! Court [} ] NA Tom! Count 5491 3650 0141
Est d Popuk o [ [ Es% d Popuk POCO 18630 18630
Nurmbe: Counted 3787 2400 187 Numbe: Couried 5786 £164 9U50
tors  JNumbec Estimaied o NA oot |Number Estimated NA
Tom! Count 787 2400 &187 Total Count 5786 4164 0950
Estimeted Populetion 6249 12250 12250 Estimaiad Popuaton 0547 21253 21253
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Total Ares 2 —

adts pups Yotal scmm | pups Total

ot 234 862 . E d 0

) 74 Yota! Count 0 [ 0

828 234 a2 . Eatimatec Popuiation Y 0 0

1036 1104 1194 = Number Counled [ [ [

2000 o 3000 hm Nurmber Estimesed )

200 200 Vot Court [ [ []

200 [ 2200 < Populath [} [-) 3

£280 [} £280 Neuxrbee Courec 2567 81 2938

[] 0 ° legre | Murribec Estirrated 0

0 : . [Total Count 2587 *1 2938 |

[] [ 0 Fop «260 TR 4269

0 [ o Nurnbec Counted [ ) [

[ [y Y ‘1977 Mumber Estimated )

) . Total Count [ [ 1]

[ 0 0 = d Popy, [ [ 0

[ 0 o ; INumber Courced 2463 544 3007

[] [ [ lare INurnber £ 1000 1000

) e - Total Coure 463 544 4007

[+ [ Q = 3 Pop 5714 o 5714

[ [ 0 | Numbe Courted 2061 491 52

ATEEEY ° 0 o T Nurmber Estinaied 1000 1000

4061 INumber Estimated 0 Total Count 3061 401 4452

E : ) 0 [ & d Pop 1 =3 2508 8536

[] 0 [ 5 Narrber Counted 0 [ [

(] 4] 0 Yoao Namber Estirsted 0

[) . Total Court 0 0 [

) [] 0 E Pop [} o )

T L4} [ i Numbet Countad 0 o [+

[ o [} rba1 Number Estimated )

) - {Total Court [ [ °

] 0 0 Estimated Poputation ] [ 0

[y 2 2 Nurmber Counted [] ] [

[}] [ o 18e2 Humber Estimeied 0

0 Totat Count 0 [} [3)

[ [ 0 Estimated Poputation 0 3] 0

(] [ [) Normber Courted [ 0 0

[y 0 ol 1083 Numbec Egtimeiad 0

3k Total Court [ [ °

[ 0 [ Estimeted Popukstion [ [} [

0 0 0 Numbae Courted 3000 799 3796

1] Q 845 1064 Numbex Estiraried 1000 1000

[ Total Court 4000 99 790

0 [ [ = d Pop 6500 4078 6500

[} 0 0 Nurmber Courted 3] [ 0

Q [ [ 1085 Nuroer Estimated Q

0 Tota! Court 0 0 0

2] 0 0 Estimmted Popsstion [ [ 0

° 1Y) 0 Number Courted [1] [} 0

1500 49 1540 1605 Number Estimated )

1300 150 1450 Total Count [) 0 o

2800 100 2900 Estimated Poputation 0 0 0

4820 1016 4820 Narnhe Counted [} Y [

[+ 0 0 1957 Nurmber Extineted )

0 Tots! Court [ 0 0

0 ) © Estirnated Poputation [} [] ]

(] ] [1] . Number Counted [ ) )

0 0 o -  {Nombed E: m o

) ‘{ Taeat Counrt [ [ [

o 0 D Esticmated Poputstion 0 [ [

o Q 0 Number Counted 3482 653 4045

(] [ q 1969 Number Extiraied )

to7y | {Numder Eadmeted o0, Totsi Coury FYe) ) provYy

-{ Total Court. [ [ [+ Esth 3] 26823 5762

Esti Pop [ © [ Nurmber Counted 1471 671 2042

N L. Counted [ ° ° L1000 {kxrier Eatimated 1000 1000

1y Jhmber Estimeied ) {Tomal Gourt 2471 32} 3042

. Totad Courd [\] 0 Q Estimeted Poputation 4077 2914 4077

Ety [ 0 [ [ 2 Nerrber Courted 1220 057 1877

{Nxnber Counted 2rre 726 3002 1001 Nurmber Estimated 1000 1000

572 {Nurmber Estimeted Q ) 17 otnt Count 2220 &7 2677

Total Count zrre e [rs Estimated Popxation 9663 3353 3663
i Estimsled Pop ) 4580 1164 4580
1974 [Ncrmtec Courted [} 0 °
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k] e Toesi =322 Total |

11375 8564 10068 NA |

3150 €000 9150 0 NA

14534 11604 26128 [ 0

23081 54176 50176 8000 NA

26536 3333 28860 6000 NA

1830 7000 90 14000 NA

27466 10333 Fo) 71458 T1455

5319 £2740 52740 9054 32226

0 ) NA 4400 - RA

NA | 14254 96626

[ [ [ 72782 2752

0 [ 0 [ NA

0 0 NA KA

KA 0 NA

0 0 NA [} ©

[ [ o 17835 42411

0 [ NA NA

NA 17835 42411

° [ NA 91030 91050

[ [ 0 19886 43436

0 © R4 [

KA 19886 43436

[ 0 NA 101498 101468

0 0 0 0 NA

0 [ 7 NA

NA [ NA

0 o KA ) °

0 0 0 0 KA

o o A E

X4 0 i

° ) A o )

[ 0 0 0 NA|

[ 0 NA | NA

NA [ NA

) ) NA | o 0

[ [ 0 0 NA

3391 KA NA

10800 NA 0 [

0 14101 KA 0 [

0 T2431 72431 15019 NA

[ 0 NA NA

[ 15018 NA

0 0 NA 76657 76657

[ 0 © 0 NA

[ 11100 KA NA

&850 NA 0 NA

] 16750 NA [ 19668

0 85432 85432 11688 KA

) 8000 NA NA

5700 NA 11688 NA

[ 13700 NA oess £0650

[ 80025 [ [ NA

0 0 NA HA

NA ) NA

[} 0 A 0 0

[ 0 o ) NA

] [ NA NA

NA 2] NA

0 0 NA [} °

0 0 o BI04 12004

- o 3650 A NA

1971 - {hurber Estimeted 10150 MA &304 12004

Total Cout © 13800 NA X 2635 22635

Estimated Population [ 70435 T0435 o iNanber Counted 6013 051 5064

- jHumber Countad [ of WA 1900 |Nurmber Escmated 2000 NA

sgrs Thumbe Extim NA Total Court 5013 4851 9664

T otal Court [ [ NA {Extimesed Popuetion &7 24760 24760
Eatimated Popuietion © 0 0
NuTDer Countad 31500 ) I
1gys  |NuOer Estireied KA
Tote Count 31600 [ NA
{Estimeted Popxaation 61975 [ £1675
1974 {Murmber Coursed [ o KA
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10846

10848

17805

1717

Hess

1630

§

1956

Hoeo

A

{ Total Count

wee

1983

1964

1965

1985

87

P (B 1E (B o[ RIR[Eo | BIEIR]o [ [X]X|o (E|R[E|o|2|RIE|o k2 ]R]o 2|2l

3
~

3

1968

1963

el 2

'S
N

E

b

'3
S

o|Eix[x/b]e ]k

1071

o

o

o

wn

1974

Nurnber Courtsd

=3

2Rz lelelo lxlx el elz e

ks Toial)

| Number Estimeted WA
1974 [Total Count ) ° NA
S . e 4
[ 0 NA

NA

] 0 NA

4 [ 0

7427 1] NA

KA

T427 ] NA

D 12255 a 12255 |

77 Purber Eetnaied 7
. {Total Count 0 o —NA

| Estimated P ° ) 5

¢ .| Nurmber Counted 13056 4835 17801
to7e  INumber Estimeed 2500 A
R Tota! Count 33058 7135 20181
21542 ;417 36417

10967 &x51 19748

50 NA

10367 S401 16796

Estinated Popuetion 17185 47963 <705

P ol urmber Coursed ) ) Mﬁj
1980 {Nurnber Extirnated "Tf
‘ Total Count ) o Nﬂ
Eatirated P 5 5 o

. {Number Counted ° ° Al
1981 . [Number Estimwied E
3 Total Count o ° A
Estirmted Popustion [ 2 Yy

Yo [number Coured 0 o A
1982 INumber Estimeted NA
Total Count ) o 7Y
Estimated Péoulation 0 r3 o
Number Courted 0 ° NA

1063 |Numbe Estimeted Yo
T ote! Count ) ° NA
Estimeted Population o ) 2
|Nurmber Courted ) 700 il

10eq  [NuTOe Extimated NA
[Total Count %) 5700 WA

Eatimeted Poputstion 3 28003 20003
{Nurrber Counted 4838 o NA
1065 ‘{Number Estimated NA
. Total Coury, 4838 ) NA
L2 Popustion 8065 o 8065

C e {Number Counted 4540 1461 5001
1908 Number Estimated 2200 NA |
. | Toeal Court 4540 385 ( 2101
_|Estimated Popaetion 7491 18635 18635
1Number Courted 0 WA

1057 |Number Estivated A
Total Count ) 5 NA

Estirated P ) : 3
Number Counted o ) TAT

100g [Nurmber Estimated WA
" |Totl Count ry 3 roy
Estroaied Pop ° o >
Nurmber Countad [ o NA

1000 [NumOe Estimaied WA |
ITotel Count %21 o NA|
Estimated Poouk 5810 r 5810

.- INumber Courted 3606 (4] 4324
lYogo  [Mumber Estimated 200 NA
. 7ot Count 3606 1528 TN
Estimatad Poputetion ©0s 7™ 77 |
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Total Aree §
whiks pus Yoen!

Nearoer Coued NA

goss  [Number Estimated WA
Toted Cournt 4] [ MNA

2 Popuistion [) 0 [

: Number Courted 34101 4544 38645
fogy MmO Estimated 2 50 NA
Total Court 34101 5164 25
{Estimated Pop ) 58267 26510 56267

0 NA

NA

[+ o] KA

0 0 0

0 4] NA

NA

0 0 NA

] [} 4

30850 0 NA

4 NA

30850 [] NA

50003 [ 50003

D Y

NA |

[ 0 NA

[ [} [

19166 2865 22051

5100 7250 12350

- 24266 10135 34401

Population 40039 §1729 61728

. ={Mamber Coursed [ 0 NA
1067 |Numbec Estimated NA
Totsd Court [ 0 NA
Extimatad Poputation 0 0 o

.. | Nusnber Counted ] o] NA
1pay  |Number Estimated NA
Totel Coutt o [ NA |
Estimated Popuation o [ [

- {Number Courted 19675 0 NA
o5 (Nurber Estimated 3600 NA
Totel Court 23675 [ NA
Estimsted Popuistion ;064 0 30064

- |Number Courted [ 0 NA
ypes  {Humber Extirated NA
[Tots! Cour [ 0 NA
Estimeted Populetion 0 [ 0
_{Numbec Counted 0 0 NA
1087 |Number Estimeted ey
 Tota! Courtt [ [ XA
Estimated Px Y 0 0 0
Mumber Courked 20079 0 NA

1088 |NumDer Estimated 8000 NA
Total Court 95079 0 KA
Estimated Population 67850 3 57880
Number Counted 0 [ MA
tosg  |Number Extimeted NA
.. {Tom! Court 0 0 NA
Estimated Population 0 [ o
Number Counted 9416 0 NA
1e70 Nurmbec Estimated 18200 NA
- qTotad Courx 28616 0 #A ]
[ Extimeted Poptetion 47216 o] 47216
{Numbec Counted 0 0 NA
171 . {Number Estinsted NA
Total Count 3] 0 NA

E Pop ) [ [

‘| Number Courted 0 [) NA

" {Numbec Estimated NA
12 Totad Court 0 ) NA
€ Pooulation [ 0 0

. Nurmber Counted 38 NA
1973 Number Estimmtect £200 MNA
[Total Count [+ 528 NA
{Estimated Popution [ 26423 26423
1974__{Number Courted o [ NA|

akske pEs Yol

NA

0 [] NA

[ ) [

18227 [ NA

o NA

18227 0 NA

NTE [ 31726
18402 NA |

0 NA

18402 0 NA

63 0 30363

18081 0 NA

o NA

YTotal Count 18081 o NA

[ 29634

"] NA

NA

[] NA

0 25601

223 12686

1350 €700

[ 18305

hbral) 26421

° NA

NA

[+ KA |

[ L]

o NA |

KA |

0 NA

[ [¢]

%) NA

NA

[} NA

[ [

0 NA

NA

0 NA

[ o

0 NA

NA

[ NA

Eatimated Population 14913 [ 14913

- Nurmber Counted 7518 4841 1235¢
Hoas  |Nurmber Estimated o 0 [
Totsl Court 7518 4841 12350
{Estimmted Pooulation 12405 24708 24708
{Nurbec Courked 5616 NA&

Hiogs |Number Estimated 2000 NA|
Tota!l 7818 0 NA

Estirmuted Poputstion 12566 0 12565
{Number Counted 2505 [ NA

1ogy (N Estimated 1000 NA
Total Count 3505 0 NA
Estimated Foputation 5783 0 6783
Number Courtied [ 0 NA

1pss  [Number Extimeted NA
) Tetal Count ) [ NA
Estimated Pop [ [} [
{Nurmber Courted 2011 (33 3726

1oag  (HUTOer Estimated 900 NA
Total Court 2011 1718 4626
Estimated Poputstion 4803 5753 6753

] | Number Courted 316 2070 [
oop  [hmber Extimated 150 NA
Totsl Count 3815 2220 5844
Estimated Populetion [ 11377 11377
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Total Ares 8

acuks pups Youal | e pups Toka)

) 0 NA N4

NA 1974 | Total Count 0 0 [

[ 0 NA . o 0

ol 0 0 0 KA

0] [ MA A

0 NA

0 0 NA 0 0

) 0 0 0 NA

[) [ NA NA|

NA 0 WA

[ [ NA [} 0

0 [) 3 KA

21635 0 NA KA

NA 0 NA

21535 [ NA 2 0

36533 [ B/E 12 MA

0 A4 | NA

NA [4] NA

o 0 N& 0 0

0 ) 0 6705 43351

. K 0 0 KA 550 NA

Moet [Number Estimated 7 7255 43007

o . Totel Count . [ [ NA 37030 60466

Entirn Pop Y [ [] [] o NA

. [Number Couned 10487 0 KA KA

osz | Number Estinated 12500 NA 0 NA

: Total Count 22067 [} KA [ ]

Estimaied Popuetion 37896 [ 37806 | 0 NA

Number Counted 0 [ NA KA

1oz (Number Estimated NA 0 NA

Tosl Count ) 0 KA 0 )

Exti Poputation 0 [ [ [ KA

1NuTber Counted 0 ] NA KA

1964 Nurmber Estimeied NA 0 NA |

Total Count 0 0 NA [ 0

Estinated Popoution 0 ) 0 0 NA

Rumber Counted 15406 o A NA|

1965 [NUTDer Extimeted 2000 NA [4] NA

Total Courtt 17405 0 NA o 0

Estimeted Popuiation 26718 ) 28718 o NA

: Number Cournted 0 2 RA| NA

1006 |Number Estimated NA 0 NA

Total Count [1] 3 KA 0 0

Extimated Peouation 0 0 0 8612 30384

Number Counted 0 0 NA 1675 3775

fosy  [Number Estimmted NA 10587 34159

{Total Count 0 0 HA 64336 54036

Estimaied Popsation [} o 0 [ NA

Number Counied o NA NA

1pen  |[NUTher Egtimeted NA S NA

Total Count 0 0 NA 0 0

£ d Popuietion [ [] [ 0 NA

Courted 0 NA NA

1060 jNumber Estimeted NA . 0 NA

Tote! Count [ [ NA Estimeted Popusation 10738 [ 10738

Extimeted Popuition 3 [ 0 Number Courted NA

| NTMber Counted 0 NA, 1088 Nurmber Extimated NA

legrp  [HOTOW Eximated A Y otal Coornt 3 ° NA

{Tol Court 0 0 NA Estimated Popusetion 0 [ [

Estimated Population 0 0 0 Number Countad 8112 3478 11580

Nurbec Counted ) NA 1omp  |Number Estimated 1200 2578 3775

g7y [Number Extimated NA Toted Count 8312 €053 15365

: Tetal Count 0 0 NA Estimated Posuation 15365 30895 30895

Estimated Popuation [} [ ) Number Coonted 7268666 4939 12208

Rl Countad [ KA lyoog | Number Extimecsd 2200 126 2325

oz [PUber Estimeded KA - {Tosl Coux 0452665 5064 14533

Total Court 0 0 NA Estimated Popuiation 16623 25847 25847
Estimmed Poouietion ] [ )
T {Numbec Couxsed [} NA
1o Jhumber Extimeted NA
Total Count [) 5] NA
. Estimated Popusation o [ ol
(1674 {Number Counted 0 NA




Vessels
Areat Aroa2
Shrinp Crabs Halut | Groundfish | Hetring Salmon Tota! Shrimp Crabs Halbut | Groundfish | Herring Salmon Tota!

1950 15 40 120 0 30 2700 2905 0 25 112 0 0 850 707
1951 15 40 120 0 30 2700 2905 0 25 1268 0 0 650 801
1952 15 40 120 0 H 2700 2909 0 25 141 0 0 650 816
1953 15 40 120 0 11 2700 2886 0 25 149 [) 0 850 824
1954 15 40 120 0 8 2700 2884 0 25 134 Y 0 850 809
1955 15 40 120 0 18 2700 2891 0 25 130 0 0 850 805
1958 15 40 132 0 14 2700 2901 0 25 123 0 0 650 798
1957 10 40 183 0 18 2700 2949 0 25 131 0 0 850 806
1958 14 40 167 0 9 2700 2930 0 25 153 0 0 850 828
1959 22 41 170 0 22 2700 2955 0 30 184 0 0 650 864
1960 21 43 168 0 29 2700 2081 1 30 132 0 0 650 813
1961 20 49 190 0 18 2700 2977 0 30 129 0 0 850 809
1962 25 53 219 0 17 2700 3020 1 0 154 0 ] 850 835
1963 23 69 229 0 18 2700 3039 1 30 182 0 0 850 883
1964 18 68 89 0 18 2700 2901 1 30 145 0 0 850 826
1965 13 68 179 0 13 2700 2973 1 27 164 0 0 850 842
1968 16 57 249 1 11 2700 3004 0 27 224 15 0 6850 918
1967 18 70 201 25 11 2700 3025 1 30 191 25 0 850 897
1968 17 82 169 30 11 2700 3009 5 a5 126 30 0 850 845
1969 15 68 212 35 7 2487 2822 5 35 171 35 9 644 899
1970 13 65 254 40 10 3649 4031 10 36 198 40 35 788 1105]
1971 i2 68 242 40 9 2367 2738 10 80 192 40 163 688 1173
1972 16 75 278 40 15 2778 3202 1" 20 235 40 405 586 1367
1973 10 127 262 35 35 2287 2758 Al 85 210 35 208 872 1219
1974 14 133 188 35 58 4850 5078 11 85 147 35 210 531 939
1975 19 125 826 35 67 arze 4848 7 60 249 35 390 563 1304
1978 22 110 1099 35 194 4039 5499 9 32 34 35 340 830 1380
1977 17 128 1068 0 178 5054 6474 g 75 357 30 162 675 1308
1978 18 134 1093 0 258 6089 7622 17 126 690 30 155 716 1734
1979 29 174 950 27 198 5708 7176 21 134 809 29 183 720 1896
1980 88 181 792 18 194 5381 8632 29 59 1239 28 319 612 2284
1981 51 278 1408 4 304 4821 6866 55 63 1195 i 243 709 2296
1962 69 385 999 0 210 3783 5448 66 89 1027 1 213 064 2260
1983 11 500 1448 0 192 4250 8501 84 29 918 2 228 888 2147
1984 145 488 1277 0 310 4526 8748 1) 16 764 0 147 901 1921
1985 124 414 1158 0 201 4632 8529 84 23 567 0 210 1002 1886
1986 113 397 1341 0 273 3424 5548 83 34 704 0 181 800 1902
1987 127 417 481 0 291 3543 4859 88 42 844 0 198 1068 2238
1968 151 449 1680 0 305 3866 8451 80 k2] 896 0 242 1026 2278
1989 143 436 1589 0 273 3238 5679 35 9 803 0 3 1099 1949
1990 139 330 1488 0 221 3313 5491 27 17 1059 0 233 1471 2807
Average 43 157 568 " 101 3391 1269 21 43 401 13 109 734 1320
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Vossels
r Aread Aread 7
Shimp - | Crabs Habut | Groundfish [ Herrng | Salmon Total Sheimp Crabs Halbut | Groundfish | Herring | Sakmon Total |
1950 0 8 121 0 15 1500 1644 0 15 16 0 0 80 111
1951 0 15 110 0 15 1500 1840 0 15 12 0 0 80 107
1952 0 17 0 0 18 1500 1628 0 10 8 0 0 80 )
1953 0 40 80 0 8 1500, 1638 0 10 7 0 0 ) 97
1954 0 65 106 0 7 1500 1678 0 10 ) 0 0 80 %
1955 0 50 99 0 25 1500 1673 0 15 22 0 0 80 117
1958 0 115 129 0 8 1500 1752 0 20 18 0 0 80 118
1957 0 120 148 0 15 1500 1783 0 25 26 0 0 80 131
1950 3 125 138 0 2 1500 1788 0 30 43 0 0 80 153
1959 5 155 117 0 7 1500 1784 0 30 69 0 0] 80 179
1960 11 188 139 0 8 1500 1854 0 7 59 0 0 80 178
1981 12 233 154 0 2 1500 1901 0 25 49 0 0 80 154
1962 11 327 185 0 1 1500 2024 0 19 57 0 o] 80 158
1963 10 358 204 4 2 1500 2078 0 27 85 4 0 [ 196
1964 8 238 188 7 4 1500 2041 0 40 83 7 0 80 210
1965 11 305 176 10 3 1500 2005 0 36 80 10 0 80 208
1968 17 235 198 15 8 1500 2073 0 37 70 15 0 80 202
1967 25 353 240 25 9 1500 2152 1 43 62 25 0 80 211
1968 20 435 199 20 ) 1500 2193 3 64 4] 30 0 80 " 260]
1969 31 284 174 35 29 1628 2279 3 85 78 35 o 78 255
1970 26 9 210 40 38 1758 2411 4 47 77 40 0 81 249
1971 83 55 225 40 3 1468 2180 3 43 93 40 0 77 261
1972 94 351 274 40 7 1573 2339 10 58 77 40 0 80 265
1973 133 498 273 5 54 1391 2382 12 75 54 35 0 79 255
1974 150 517 150 35 83 1508 2443 22 80 20 35 0 94 251
1975 175 474 199 35 44 1558 2483 24 81 40 35 0 86 266
1976 132 524 296 a5 70 1697 2754 19 62 37 35 0 78 231
1977 171 489 229 20 80 1872 2971 48 43 75 30 0 89 284
1978 151 609 857 20 134 1936 3517 23 69 100 22 0 ) 326}
1979 139 754 474 31 314 1312 3024 10 119 26 27 124 06}
1980 125 594 188 56 268 1963 3104 0 112 17 58 15 122 324]
1981 122 700 114 64 248 1339 2887 0 102 9 57 31 121 220
1982 108 886 783 62 179 1362 3378 0 151 47 44 8 127 ar7
1963 75 658 1272 96 183 1495 3779 0 100 89 as 8 116 348
1984 52 814 1200 129 188 1818 3801 0 74 67 77 12 126 356
1985 48 569 1000 121 174 1198 3o 0 59 77 83 0 119 28
1968 48 498 1317 4 248 1221 3373 0 80 114 38 2 113 347
1987 4 481 1503 7 275 1239 3548 0 60 118 51 4 115 348
1968 20 313 1152 ) 292 1247 3003 0 76 57 2 2 116 253
1969 8 271 1035 0 273 211 1799 0 68 54 0 8 109 237
1990 5 387 1601 0 246 1232 3471 0 4 77 0 113 194]
Average 50 362 428 26 89 1471 2428 4 52 55 22 2 92 22|
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Vessels
Area5 Aroad
Shrimp Crabs Hafbut | Groundfish [ Herring Salmon Total Shdmp Crabs Halbut | Groundfish | Herring Salmon Total

1850 0 0 2 0 0 185 187 0 0 0 0 0 0 0
1951 0 0 1 0 0 185 186 0 0 1 0 0 10 1
1952 0 0 8 0 0 185 193 0 0 0 0 0 10 10
1953 0 0 5 0 0 185 190 0 0 0 0 0 10 10
1954 0 0 4 0 0 185 189 0 0 0 0 0 10 10
1955 0 0 1 0 0 185 186 0 0 0 0 0 10 10
1958 0 0 0 0 0 185 185 0 0 0 0 0 10 10
1957 0 0 1 0 0 185 188 0 0 0 0 0 10 10
1958 0 0 0 0 0 185 185 0 0 0 0 0 10, 10
1959 0 0 14 0 0 185 199 0 0 0 0 0 10 10
1960 0 0 12 0 0 185 197 0 4 1 0 0 10 15
1961 0 4 4 0 0 185 193 0 8 0 0 0 10 18
1962 0 8 20 0 0 185 211 0 9 1 1 0 10 21
1963 0 4 13 4 0 185 208 0 1 1 4 0 10 28
1964 0 12 10 7 0 185 214 0 18 1 7 0 10 3
1965 0 2 10 10 0 185 226 0 10 0 10 0 10 30
19668 0 27 14 15 0 185 241 0 10 1 15 0 10 38
1967 0 o 6 25 0 185 250 0 22 1 25 0 10 58
1968 0 44 7 30 0 185 268 0 30 1 30 0 40 104
1969 0 41 12 35 0 179 267 0 3 1 35 0 25 94
1970 0 32 13 40 0 225 310 [ a5 2 40 0 48 123
1971 0 2 5 40 0 187 264 0 AQ 1 40 0 11 82
1972 2 51 12 40 0 210 315 0 43 1 40 0 8 92
1973 2 56 " 35 0 178 280 0 56 2 35 0 3 96
1974 7 96 7 35 0 128 271 0 43 1 35 0 0 79
1975 3 83 4 35 0 190 315 0 23 1 35 0 0 59
1976 8 80 10 35 0 228 361 0 3 3 35 0 0 41
1977 7 45 20 0 0 229 331 0 12 ;] 30 0 0 50
1978 7 7 8 73 0 259 381 0 19 12 30 0 0 81
1979 7 126 2 27 1 312 475 0 24 10 25 0 0 59
1980 4 132 4 58 ] A1 815 0 27 39 75 0 0 141
1981 8 127 13 57 49 408 660 0 59 52 87 0 0 198
1982 2 183 105 44 8 470 792 0 103 0 95 8 0 208
1983 0 72 78 35 19 449 653 0 266 38 80 8 0 392
1984 0 k] 53 77 15 448 626 0 252 48 99 9 Q 408
1985 0 22 55 83 19 337 518 0 104 52 104 8 0 266
1986 0 28 134 38 56 418 672 0 07 21 85 0 0 203
1987 0 34 178 51 30 429 728 0 141 61 81 0 0 283
1968 0 18 131 2 17 458 854 0 134 60 88 9 0 291
1989 0 29 87 0 19 422 557 0 166 84 88 9 0 347
1990 0 29 153 0 18 525 723 0 83 62 0 0 0 145
Average 1 39 kY] 2 8 259 357 [ 46 14 1 1 7 101
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Vessels
All Areas
Shrmp Crabs Hafbut | Groundfish | Herring Salmon Totat

1950 15 88 370 0 5 5115 5633
1951 15 95 371 0 45 5125 5651
1952 15 92 370 0 52 5125 5654
1953 15 115 370 0 17 5125 5642
1954 15 140 370 0 16 5125 5666
1955 15 130 aro 0 41 5125 5681 |
1956 15 200 402 0 22 5125 5764
1957 10 210 488 0 31 5125 5064
1958 17 220 501 0 3 5125 5894 |
1959 27 256 553 0 29 5125 5990
1960 £ 312 510 0 35 5125 8015
1961 22 349 525 0 20 5125 8051
1962 a7 450 636 1 18 5125 6267
1963 u 497 714 16 20 5125 8406
1964 25 500 524] 28 20 5125 8226 |
1965 25 487 609 40 16 5125 6282
1968 33 493 758 76 19 5125 8502
1967 45 552 701 150 20 5125 6593
1968 45 690 584 100 20 5155 8674
1969 54 824 847 210 45 5037 8617
1970 53 554 753 240 83 6547 8230
1971 88 621 757 240 208 4796 6705
1972 133 668 877 240 427 5235 7580
1973 168 895 812 210 295 4608 6988
1974 204 934 513 210 251 6909 9121
1975 228 848 1319 210 501 8171 9275 |
1978 180 811 1779 210 604 8672 10268
1977 252 792 1856 180 421 7918 11419
1978 218 1034 2564 184 547 9098 12641
1979 208 1331 2271 166 696 8266 12936
1980 224 1105 2279 201 802 8489 13190
1981 234 1329 3001 300 875 7398 13227
1962 243 177 2961 248 626 6608 12459
1983 270 1625 3843 248 638 7168 13820
1984 290 1477 3409 382 831 7619 13858 |
1985 258 1199 2909 391 610 7208 12645
1908 244 1124 3631 204 758 6074 12045
1987 258 1175 3185 190 802 6394 12004
1988 251 1052 3976 101 887 6713 12960
1989 188 979 3652 88 583 5079 10567
1990 171 850 4440 0 718 6654 12831
Avorage 119 699 7494 128 308 5955 8703

unie] % saL
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Carxch
- Areal Area2
Shrkmp Crabs Ha¥xt | Groundfish | Herring Salmon Total Shrimp Crabs Halbut | Groundfish Herring Salmon Total

1950 0.98 0,14 4.01 0.00 36.29 31.48 72.88 0.00 1.31 8,77 0.00 0.00 8.49 15.67
1951 0.77 0.34 4.52 0.00 22.68 49.74 78.08 0.00 1.24 5.95 0.00 0.00 8.72 13.88
19852 0.88 037 4.34 0.00 16.46 37.73 69.77 0.00 0.46 7.01 0.00 0.00 10.55 18,82
1953 0.78 020 3.81 0.00 15.07 40.42 60.28 0.00 0.57 6.92 0.00 0.00 6.83 1433
1954 (.85 015 8.01 0.00 7.43 44.96 58.20 0.00 0.68 758 0.00 0.00 4.81 12.85
1956 0.81 0.30 3.88 0.00 13.16 18.42 36.56 0.00 0.89 6.51 0.00 0.00 .34 10.74
1958 1.50 0.14 6.58 0.14 22.69 29.85 60.71 0.00 0.37 571 0.00 0.00 12.38 18.44
1957 1.07 0.08 5.58 0.08 22.45 39.28 68.47 0.00 0.10 5.74 0.00 0.00 8.25 12.08
1958 3.45 0.07 5.08 0.02 35.20 32.58 78.40 0.00 0.54 8.20 0.00 0.00 14.47 21.27
1950 2.50 0.85 5.81 0.04 4533 18.71 73.15 0.00 1.15 1.75 0.00 0.00 1.93 10.82
1960 1.52 0.91 5.77 0.08 35.30 30.57 7413 0.00 0.00 5.84 0.00 0.00 8.83 13.47
1961 1.91 0.97 5.57 0.18 21.88 35.89 88.37 0.00 0.58 8.17 0.00 0.00 7.41 14,14
1962 1.76 237 8.01 0.09 15.37 48.50 72.09 0.00 0.63 6.13 0.00 0.00 17.90 24.68
1963 1.41 2.63 4.04 0.15 14,18 43.68 66.67 0.00 0.57 8.89 0.24 0.00 15.07 21.77
1664 0.82 2.48 3.37 0.41 2.13 35.89 45.09 0.00 0.59 5.61 0.02 0.00 12.78 19.00
1965 1.33 1.78 5.47 0.21 1.3 48.92 68.74 0.00 0.57 8.73 0.06 0.00 11.29 18.85
1900 1.72 1.18 5.48 1.11 8.21 28.07 43.74 0.00 0.48 7.55 48.59 0.00 10.27 66.87
1067 1.02 2.12 4.27 12.49 2.54 55.17 77.60 0.00 025 5.11 41.18 0.00 8.14 54.68
1968 0.93 2.98 277 21.97 0.18 21.08 49.77 0.00 0.91 3.77 73.60 0.00 8.85 87.13
1969 0.10 1.98 423 25.97 3.18 17.83 63.27 0.00 1.00 6.08 30.34 0.33 13.58 51.33
1970 0.35 1.52 425 27.53 1.10 34.68 69.80 0.01 0.38 5.58 20.80 0.10 10.69 37.56
1871 0.48 1.18 3.00 23.63 271 30.01 81.02 0.00 3.83 4.73 31.73 1.20 17.58 59.08
1872 0.7 1.81 282 33.03 4.51 38.54 80.90 0.00 8.78 404 29.81 0.27 3.91 48.11
1973 0.31 2.60 2.71 29.93 721 26.79 69.56 0.00 5.07 3.35 38.96 8.48 9.68 63.56
1974 0.55 2.49 2.69 22.53 8.57 24,99 81.64 0.01 1.59 221 28.28 6.04 4.31 42.44
1975 0.47 2.01 2.97 19.05 6.91 13.88 45.28 0.01 3.83 3.22 26.71 5.93 10.08 48.56
1978 0.42 2.43 2.58 22.47 5.70 21.85 5526 0.08 1.18 3.1 27.96 2.56 11.68 46.54
1977 0.44 1.85 1.53 16.06 8.29 43.28 7024 0.08 2.55 2.22 23.18 2.29 16.07 46.38
1978 0.48 2.81 2.05 8.21 3.33 44.78 61.65 021 4.18 2.61 11.67 2.27 9.99 30,82
1979 0.47 287 224 11.25 68.43 33.07 56833 0.31 3.04 3.78 11.06 473 30.07 563.77
1980 1.31 3.15 1.58 9.76 8.07 42.20 84.08 0.29 1.59 435 18.98 7.45 25.78 57.82
1981 0.47 4.54 2.01 8.40 7.79 50.24 74.45 0.10 2.00 4.43 15.90 13.91 51.19 87.53
1882 0.78 6.23 1.50 252 5.44 55.63 72.18 0.24 1.10 381 4,35 7.72 48.95 88.17
1983 1.12 3.39 2.90 3.53 923 70.58 90.75 0.27 021 3.29 4,09 2.97 20.66 40.48
1984 0.79 2.44 2.85 4.66 8.49 70.21 8924 0.67 0.39 367 1.94 6.43 48.13 61.24
1985 0.38 2.05 418 452 10.18 104.79 126.08 0.31 0.48 3.85 3.38 7.02 54.19 89.23
1908 1.34 2.3 4.81 7.38 8.88 101.07 125.85 0.22 0.77 8.99 8.45 11.31 2826 56.00
1887 0.85 3.72 4.85 10.49 1.73 39.63 87.26 0.15 0.70 4.63 10.23 8.26 59.75 81.72
1988 0.93 4.13 5.18 9.78 13.85 41.08 74.92 0.12 0.51 451 11.60 8.51 30.51 55.98
1089 (.09 2.50 432 7.09 14.60 116.86 146.35 0.0 029 5.09 14.30 0.59 43.55 63.85
1990 1.09 0.00 4.42 9.05 7.32 74.37 98.25 0.07 0.18 8.11 13.59 10.07 68.64 98.68
Average 0.99 1.90 3.94 8.68 - 1222 43.53 71.25 0.08 132 5.14 13.45 2.79 19.52 4229
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Calch
Aroal Aroad
Shrimp Crabs Halut | Groundfish | Herring Sahmon Total Shekmp Crabs Halbwt | Groundfish | Herring Sakmon Total

1850 0.00 0.03 8.85 0.00 13.61 14,09 34,59 0.00 0.98 1.03 0.00 0.00 2.58 4.58
1951 0.00 0.09 5.00 0.00 9.07 8.75 20,92 0.00 0.27 0.56 0.00 0.00 1.00 1.83
1952 0.00 0.18 582 0.00 4.31 14.01 2412 0.00 Q.11 0.43 .00 0.00 1.10 1.85
1953 0.00 1.03 4.57 0.00 0.73 11.68 18.00 0.00 0.17 0.37 0.00 0.00 1.98 2.52
1954 0.00 2.39 7.14 0.00 8.58 19.76 37.88 0.00 0.14 0.35 0.00 0.00 1.31 1.80
1955 0.00 1.78 5.55 0.00 15.97 20,40 43.69 0.00 0.74 135 0.00 0.00 3.53 5.63
1958 0.00 3.14 7.48 0.00 28.05 9.00 45,70 0.00 1.91 0.98 0.00 0.00 3.41 8.30
1957 0.00 2.55 8.8% 0.00 H21 13.02 53.59 0.00 3.03 1.14 0.00 0.00 2.28 8.43
1958 0.01 2.70 8.27 0.00 5.08 10.99 25.07 0.00 3.29 203 0.00 0.00 1.91 7.23
1959 1.30 5.62 5.29 0.00 3.49 8.92 22.82 0.00 2.80 2.90 0.00 0.00 2147 7.87
1960 1.45 11.28 7.07 0.00 0.05 12.95 32.80 0.00 3.04 215 0.00 0.00 3.20 8.39
1961 5.03 16.78 8.01 0.00 0.02 .68 38.5% 0.00 1.77 218 0.00 0.00 2.44 8.40
1962 5.74 22.08 8.24 0.00 0.00 28,80 84.94 0.00 1.03 2.40 0.00 0.00 4.99 8.43
1963 4.59 22.14 7.62 8.10 0.00 11.61 52.05 0.00 207 2.86 220 0.00 4.50 12.58
1964 1.97 22,85 8.08 15.52 0.55 25.77 74.51 0.00 6.51 3.18 0.94 0.00 5.81 1 Ei?
1965 8.27 46.02 7.08 40.67 0.80 7.45 108.068 0.00 8.67 2,85 8.268 0.00 4.40 20.18
1968 10.83 3534 8.82 95.70 2.52 2.75 174.05 0.00 10.24 2.24 11.42 0.00 2.74 260.64
1967 17.38 2425 LAl B5.44 2.35 2.04 139.15 0.00 7.83 2.02 8.03 0.00 2.00 17.88
1968 16.18 14.54 8.96 48,18 1.82 8N 105.28 0.00 5.60 3.14 1.30 0.00 5.82 16.88
1969 18.85 13.37 8.22 48.20 2.24 3111 118.10 Q.00 2.85 2.90 7.37 0.00 478 17.71
1870 28.681 13.92 8,72 38.01 4.67 .18 128.10 2.00 2.48 2.69 A4.18 0.00 7.75 19.09
1971 37.80 1321 5.52 53.07 1.02 19.18 129.90 0.00 2.85 2.80 493 0.00 5.61 16.19
1872 28.78 18.69 5.93 102.58 024 15.35 171.55 6.69 352 1.37 7.89 0.00 1.77 2123
1873 55.79 27.58 412 84.42 223 9.22 183.33 9.07 4.57 0.79 12.09 0.00 3.35 29.&
1974 38.18 28.69 1.908{ ~ 107.18 324 12,00 18825 11.86 638 0.28 16.21 0.00 2.45 37.47
1975 37.87 25.07 228 111.88 3.77 14.60 195.25 9.09 354 0.48 14.40 0.00 1.87 29.18
1978 35.02 25.99 2.72 99.25 4.40 356.63 203.01 16.85 5.52 0.37 10.40 0.00 5.13 3827
1977 33.50 21.39 2.44 48.64 3.23 34.54 143.73 2041 3.40 0.65 6.46 0.00 9.43 40.37
1978 36,37 268.98 237 37.56 1.20 48,18 152.71 427 478 0.28 5.48 0.00 7.75 22.58|
1979 2017 25,48 1.52 50.84 2.18 34.41 134.41 1.42 8.01 0.04 4.08 0.00 7.77 19.31
1980 11.82 23.54 1.14 75.04 244 42.87 156.64 0.00 4.10 0.08 3.79 0.53 5.44 13.83
1981 12,40 2342 247 83.25 1.97 43,00 165.92 0.00 2.94 0.08 11.08 0.40 10.49 25.74
1962 8.85 15.82 3.65 140.86 1.68 44 .08 218.63 0.00 317 0.04 15.30 0.17 8.05 28.54
1083 6.08 14.08 5.64 208.97 2.76 38.78 27530 0.00 1.04 0.95 15.77 0,08 8.77 25.41
1084 2.19 11.18 1.37 262.91 233 4024 326.20 0.00 1.11 0.92 22.41 0.08 9.85 34.35
1965 1.56 937 8.68 253.94 3.53 37.18 31424 0.00 137 1.69 25.40 0.00 3.63 32.08
1996 0.69 8.02 9.89 99.87 4.1 56.82 177.40 0.00 1.79 1.63 12.97 0.01 7.20 23.59
1967 0.03 4,02 11.38 06.18 8.59 5020 160.41 0.00 1.17 1.58 18.51 0.07 7.76 29.09
1968 0.01 3.14 14.20 108.39 729 68.45 201.49 0.00 1.59 1.29 6.80 0.05 9.82 21.55
1989 0.01 423 11.94 123.81 6.84 31.67 178.49 0.00 0.52 1.54 17.70 0.08 3.85 23.77
1990 0.00 313 8.87 187.69 4.83 30.38 223.68 0.00 0.03 1.89 20.45 0.00 8.31 39.87
Averaqe 11.76 14,43 821 65.44 4.90 25.59 128.33 1.99 3.03 1.44 7.40 0.04 4.80 18.‘7‘71
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Cdh
Aron5 Arant
Shrirp Crabs Hatout | Groundfish | Horring | Satmon Total Shrimp Crabs Halbwt | Grondfish | Hemng | Sakmon Total
1950 0.00 0.00 0.07 0.00 0.00 9.23 9.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1951 0.00 0.00 0.03 0.00 0.00 7.61 7.84 0.00 0.00 0.01 0.00 0.00 0.38 0.39
1952 0.00 0.00 0.30 0.00 0.00 7.3 7.81 0.00 0.00 0.00 0.00 0.00 0.28 0.26
1953 0.00 0.00 0.34 0.00 0.00 11.99 1233 0.00 0.00 0.00 0.00 0.00 0.12 0.12
1954 0.00 0.00 028 0.00 0.00 9.61 9.68 0.00 0.00 0.00 0.00 0.00 0.03 093
1955 .00 0.00 0.04 0.00 0.00 1.87 791 0.00 0.00 0.00 0.00 0.00 0.00 0.09
1956 0.00 0.00 0.00 0.00 0.00 11.45 11.45 0.00 0.00 0.00 0.00 0.00 0.01 0.01
1957 0.00 0.00 0.05 0.00 0.00 6.63 .08 0.00 0.00 0.00 0.00 0.00 0.13 0.13
1958 0.00 0.00 0.01 0.00 0.00 5.62 5.62 0.00 0.00 0.00 0.00 0.00 0.99 0.99
1850 0.00 0.00 0.62 0.00 0.00 3.85 447 0.00 0.00 0.00 0.00 0.00 0.04 0.04
1960 0.00 0,00 0.45 0.00 0.00 8.4 7.20 0.00 0.95 0.01 0.00} 0.00 0.73 1.69
1961 0.00 0.02 017 0.00 0.00 8.30 8.57 0.00 217 0.00 0.00 0.00 0.18 2.32
1962 0.00 0.70 0.83 0.00 0.00 6.90 8.43 0.00 383 0.01 0.25 0.00 323 7.2
1963 0.00 1.7 0.36 220 0.00 5.76 10.09 0.00 8.12 0.09 123 0.00 0.18 10.54
1964 0.00 6.24 038 0.94 0.00 1.7 1532 0.00 9.61 0.00 111,00 0.00 0.32 120.93
1965 0.00 8.71 0.41 6.26 0.00 8.73 24.10 0.00 3.65 0.00 123.05 0.00 0.00 127.61
1968 0.00 14.90 0.40 11.42 000 365 3030 0.00 2.67 0.03 64,82 0.00 0.10 67.62
1967 0.00 1030 0.18 6.03 0.00 1.68 18.17 0.00 7.69 0.00 66.48 0.00 0.01 74.20
1968 0.00 513 0.23 130 0.00 5.04 11,70 0.00 9.02 0.00 59.48 0.00 1.45 69.94
1969 0.00 4.08 0.49 7.37 0.00 .45 10.36 0.00 8.04 0.04 43.98 0.00 0.45 53.12
1970 0.00 438 0.34 4.18 0.00 11.45 2035 0.00 728 0.05 71.02 0.00 1.18 79.53
1971 0.00 420 0.11 43 0.00 8.27 17.57 0.00 7.02 0.00 35.75 0.00 0.08 42.83
1972 0.00 474 0.22 7.89 0.00 401 16.88 0.00 .49 0.01 79.09 0.00 0.00 87.90
1973 0.00 5.00 0.13 12.09 0.00 224 2025 0.00 450 002 “urn 0.00 0.00 49.29
1974 2.61 6.60 0.10 18.21 0.00 113 26.84 0.00 129 0.05 72.30 0.00 0.00 73.84
1975 0.41 7.25 0.08 14.40 0.00 1.84 23.95 0.00 020 0.00 57.14 0.00 0.00 57.34
1970 1.68 487 0.09 70.40 0.00 9.62 26.64 0.00 0.03 0.05 5727 0.00 0.00 57.35
1977 3.08 2728 0.12 848 0.00 8.49 18.42 0.00 043 0.18 40.05 0.00 0.00 4087
1978 2.24 429 0.01 5.48 0.00 15.87 27.69 0.00 0.47 0.31 39.90 0.00 0.00 40.69
1979 1,49 730 0.00 4.08 0.01 23.50 3837 0.00 0.31 0.19 80.08 0.00 0.00 680.56
1900 .1 9.04 0.01 379 041 34.08 49.35 0.00 0.62 0.13 81.41 0.00 0.00 68236
1981 0.99 264 0.00 11.06 136 28.97 45.82 0.00 139 0.1 85.56 0.00 0.00 67.07
1982 0.00 1.19 0.47 15.30 1.10 3258 50.63 0.00 4.88 0.00 76.30 328 0.00 84.48
19683 0.00 1.2 0.97 15.77 057 24.14 42.67 0.00 5.47 041 73.74 3.2 0.00 82.64
1984 0.00 0.99 0.49 22.41 0.58 43.48 67.92 0.00 328 0.23 112.26 3.25 0.00 119.02
1985 0.00 0.7 0.01 25.40 0.91 27.00 55.72 0.00 5.73 0.35 9753 3.2 0.00 106.84
1906 0.00 . 1.45 12.97 324 24.40 43.18 0.00 721 0.05 8304 0.00 0.00 90.66
1987 0.00 0.85 1.21 18.51 301 18.66 4024 0.00 2.79 037 82.59 0.00 0.00 85.75
1988 0,00 1.00 0.86 8.50 0.61 20.54 41.00 0.00 5.28 0.34 77.29 1.82 0.00 84.73
1969 0.00 1.19 0.58 17.70 0.94 29.94 50.32 0.00 5.20 0.48 4927 2.79 0.00 57.74
1990 0.00 104 0.78 29.45 127 23.00 5614 0.00 552 027 134.50 0.00 0.00 140.30
Average 0.33 304 035 7.40 0.34 1321 24.68 0.00 328 0.00 XLl 0.43 0.28 52.18
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Caxh
] - Al Aroas
Shrirmp Crabs Ha®ut | Groundfish | Herring Salmon Total
1950 0.96 2.43 17.72 0.00 49.90 85.84 136.87
1951 0.77 1.91 18.07 0.00 31.75 72.20 122.72
1952 0.88 1.13 18.49 0.00 20.78 70.96 112,23
1853 0.78 1.97 16.02 0.00 15.80 73.02 107.59
1954 0.65 3.37 20.32 0.00 16.02 81.17 121.54
1855 0.81 3.72 17.33 0.00 29.13 53.65 104,83
1858 1.50 558 20,75 0.14 48.74 65.92 142,82
1857 1.07 5.74 19.29 0.08 53.68 87.55 147.39
1958 3.48 8.60 19.85 0.02 40.28 08.56 136.57
1959 3.80 10.21 22.47 0.04 49.82 33.60 118.95
1960 2.87 16.88 2128 0.08 35.34 01.13 137.78
1681 8.94 21.28 22,10 0.18 21.90 61.95 134£
1962 7.50 30.44 23.81 0.34 15.37 108.41 185.87
1963 6.00 38.19 21.40 2214 14,18 80.04 182.70
1964 2.78 48.08 20.58 128.83 2.687 88.33 29127
- 11965 7.81 67.38 22.52 177.41 11.83 80.79 8735

1968 12.65 84.79 22.50 233.04 8.72 87.59 409.29
1967 18.38 52.43 19.28 217.67 4,89 09.04 381.68
1063 17.09 38.05 168.78 203.83 2.00 81.93 339.68
1969 19.05 31.69 19.95 161.23 575 7422 311,88
1970 20.97 28.95 19.83 168.12 5.88 99.69 352.43
1971 38.28 3235 18.16 154.04 4.94 80.71 328.47
1972 35.84 44.03 14.49 260.57 5.03 63.58 423.64
1973 85.17 50.09 11.11 222.27 15.93 51.28 ' 415.85
1974 51.21 47.05 7.29 262.69 17.85 44,87 430.97
1975 A7.85 41.70 8.8 243.57 16.62 42.04 400.57
1976 54,02 40,03 8.91 227.75 12.67 83.70 427.07
1977 57,52 31.89 7.14 141.66 11.80 100.82 359.81
1878 4357 43,49 7.63 108.29 8.0 128.35 33823
1979 23.87 45.02 1.74 141.94 13.35 128.82 260.74
1980 14,52 4225 7.26 192.15 18.90 151.08 424,18
1981 13.97 36.63 8.78 197.82 25,44 163.89 468,52
1982 9.06 3239 10.38 257.83 18.38 191.18 520.81
1983 6.47 26.21 14.18 321.85 18.82 169.93 557.45
1984 3.65 19.37 15.33 428.59 21,15 211.89 697.97
1985 2.22 19.71 19.64 410,17 24,068 227.58 704.19
1566 2.25 10.34 24.81 22497 27.55 217.75 516.87
1987 1.13 13.25 24.03 228,51 25.87 173.89 404.47
1988 1.07 15.68 26.38 224,85 32,14 180.39 480.40
T?SQ 1.03 13.93 23.93 229.86 25.82 225.99 520.53
1990 1.17 9.91 2233 383.72 23.29 214,27 854.70
Average 15.15 28.98 17.18 150.49 20.71 106.92 337.42
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APPENDIX 5. Sources And Methodology of Assembling the Gulf of Alaska and Aleutian
Fishing Statistics

Data for shellfish, halibut, groundfish, herring and salmon fisheries were grouped to coincide
with the six sea lion areas of our study. Total catches and numbers of vessels fishing in each
of the six areas were assembled from the records of a number of different management agencies
that define different geographical regions for their statistical purposes. The following details the

sources and methodology of assembling the fishery statistics.

Salmon. The amount of salmon caught and the number of vessels (including set nets)
engaged in the U.S. salmon fishery was determined from catch statistics kept by the Alaska
Department of Fish and Game for the years 1969 to 1990 (Carol Smith, pers. comm.,
Commercial Fish Division, ADFG, Juneau) and from Eggers (1989) summary of commercial

salmon catches for the years 1950 to 1968.

Since 1969, the total catch and number of commercial vessels landing salmon have been
recorded in 21 management areas in the Gulf of Alaska and Bering Sea. We pooled the data to
reflect the six sea lion areas of our study as follows. Area 1 (Statistical Regions A, B, C and D),
Area 2 (E), Area 3 (H and K), Area 4 (L), Area 5 (M) and Area 6 (O and R).

The numbers of salmon caught between 1950 and 1968 are summarized by Management
Regions contained in Eggers (1989) and were assumed to correspond to the following sea lion
areas. Area 1 (Southeastern Alaska), Area 2 (Cordova Area), Area 3 (Kodiak), Area 4 (Chignik),
Area 5 (South Peninsula) and Area 6 (Aleutian Ilands). The mass of salmon caught in each area
from 1950 to 1968 equalled the numbers of each species landed multiplied by their respective
average weights. Average weights were calculated by species and area from catches landed
between 1969 and 1990.
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Between 1950 and 1968, the amount of salmon caught from one year to the next was
relatively constant (Figs. 4.1 and 4.2). However the annual number of vessels fishing for salmon
in Areas 1 to 6 during this time was not available and was assumed to equal the average number
of vessels fishing between 1969-73 (for Area ), 1969-75 (Areas 3,5) and 1969-78 (Areas 2,4).
These years reflect periods of time when catch was relatively stable. Ten salmon vessels were
assumed to be in Area 6 between 1951 and 1967.

Herring. The amount of herring caught and the number of vessels engaged in the U.S.
herring fishery (Figs. 4.4 and 4.5) were determined from catch statistics recorded by the Alaska
Department of Fish and Game (1969 to 1990) and from annual reports published by the
International North Pacific Fisheries Commission (1952 to 1968) (e.g. INPFC 1960). Since 1969,
the total catch and number of vessels landing herring have been recorded in 21 management areas
in the Gulf of Alaska and Bering Sea. The data, obtained from the Commercial Fish Division
(ADFG, Juneau), were pooled to reflect the six sea lion areas of our study: Area 1 (Herring
Statistical Regions A, B, C and D), Area 2 (E), Area 3 (H and K) Area 4 (L), Area 5 (M) and
Area 6 (0 and R). From 1952 to 1968 herring catches detailed in the INPFC reports are grouped
by region, either southeast Alaska or central Alaska, and were assumed to correspond to sea lion
Areas 1 and 3 respectively. Note however that central Alaska data also includes Prince William
Sound (Area 2), but a breakdown of herring catches between Kodiak and Prince William Sound

could not be obtained.

Halibut. The International Pacific Halibut Commission maintains fishing records (catch and
effort) from 30 regulatory areas in the Gulf of Alaska (see Myhre et al. 1977, and annual reports
e.g. IPHC 1989). Catch and effort data from the regulatory regions were pooled for the six sea
lion areas as follows. Area 1 (14-18s), Area 2 (18n-25), Area 3 (26-30), Area 4 (31-33), Area
5 (34-38), Area 6 (39-43).
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G.J. Peltonen (pers. comm., International Pacific Halibut Commission, University of
Washington, Seattle, WA) estimated the annual number of vessels fishing for halibut in the Gulf
of Alaska between 1956 and 1990. Unfortunately the vessel data were compiled for broad
statistical regions and can only be apportioned to the 6 sea lion areas by making simplifying
assumptions. Vessel counts between 1956 and 1974 did not include boats that landed less than
10,000 pounds per year. We therefore assumed that the number of small vessels fishing halibut
increased linearly by multiplying the 1956 large vessel count by 1.0 and increasing the correction
factor for subsequent years in a stepwise fashion such that by 1974 the total number of vessels
equalled the number of large vessels times 4.0. From 1950 to 1955, we assumed there were 120
vessels in southeast Alaska (Area 1) and a total of 250 in the other 5 areas, based on the average
numbers of large vessels fishing between 1956 and 1960.

From 1950 to 1980, we apportioned the total vessel count among Areas 2 - 6 according to
the amount of fishing effort expended in each of the areas. CPUE was consistent between areas
from 1950 to 1980, but varied greatly from 1981 to 1990. We therefore allotted vessel counts
from 7 halibut management regions (1981 to 1990) according to region and/or fishing effort,
weighted by catch. Prior to 1981, vessels fishing in southeastern Alaska (Area 1) were grouped
in a statistical area that extended as far south as Oregon. We therefore assumed that 1) 30% of
the southern fleet was in southeastern Alaska from 1950 to 1974, and 2) this proportion increased
from 30 to 50% between 1975 and 1980.

Groundfish (excluding halibut). The amount of pollock and groundfish (including pollock)
landed in the Gulf of Alaska by the foreign fleet (Japan and Russia), the U.S. Domestic Fleet,
and the Joint Venture Fisheries were obtained from Forrester et al. (1978, 1983) as well as from
the annual statistical yearbook publications (1977-88) of the International North Pacific Fisheries
Commission (INPFC). Total catches in 1989 and 1990 were obtained from Galen Tromble
(pers. comm. NMFS, Juneau Alaska) and Heather Weikart (pers. comm. NMFS, Seattle WA).
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No information could be obtained on the amount of groundfish caught by foreign fleets registered
in Korea, Poland, China, Taiwan and West Germany.

The INPFC groundfish statistical regions corresponding to the sea lion areas were:
Southeastern (Area 1). Yakutat (Area 2), Kodiak and Chirikof (Area 3), Shumagin (Areas 4 and
5) and Aleutian (Area 6). Groundfish catches are detailed in Appendix 3 and 4 and Figures 4.8
to 4.11.

Records detailing the number of vessels (longliners, processors and catcher boats) landing
groundfish by region and year are incomplete. INPFC annual reports contain the number of
Japanese and American vessels by type that fished for groundfish in the Northeast Pacific Region
from 1963 to 1979 (an area extending from California to the Gulf of Alaska). These reports do
not detail the number of vessels by groundfish statistical region, nor the number of vessels
operated by other nations. Since 1980, the number of vessels and days spent fishing by foreign
and joint venture fisheries have been tabulated for the Gulf of Alaska and Bering Sea. Records
have also been maintained since 1980 on observer effort in each of the INPFC statistical regions

(Ren Narita, pers. comm., NMFS, Seattle, WA).

Our counts of foreign vessels should be considered reasonable guesses, not firm estimates.
We apportioned the numbers of foreign vessels participating in the fishery (1980-90) by the
number of observer days in each INPFC region, and assumed vessels fished more than one region
in any given year. For years prior to 1980, we assumed that foreign vessels in the Gulf of
Alaska were distributed equally among the INPFC regions and crudely indexed the total vessel
count in each year to the known number of Japanese vessels. Vessel counts. for the joint venture
fisheries (1980-90) were made by Heather Weikart (pers. comm.), while numbers of domestic US

boats were determined from the numbers of licences issued (G. Tromble, pers. comm.).
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Shellfish. Commercia fisheries for shrimp, king crab, Tanner crab, Dungeness crab and
other miscellaneous species are described by Larson (1990), Donaldson (1991), Kimker (1991),
Koeneman et al. (1991), and Nippes (1991). Their reports contain catch statistics for eight
shellfish management regions corresponding to our six sea lion areas as follows: Area 1
(southeast Alaska), Area 2 (Prince William Sound), Area 3 (Cook Inlet, Kodiak, and Chignik),
Area 4 (South Peninsula), Area 5 (Eastern Aleutians: Dutch Harbour / Adak) and Area 6
(Western Aleutians). In genera the number of vessels fishing shellfish was recorded throughout
the 1970s and 1980s (Fig. 4.12). In earlier years (notably the 1960s), only the weight or numbers
caught were noted, while little or no information could be obtained for the 1950s fisheries. In
such cases we estimated the numbers of vessels based on the amount of shellfish landed, and
made conservative guesses when all that was obtainable was an historical confirmation that a

fishery took place.



