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ABSTRACT

Research on the northern fur seal, Callorhinus ursinus, in 1982
was conducted on the Pribilof Islands, Alaska; on San Miguel Island,
California, and nearby Castle Rock; and in the Bering Sea.

An estimate was made of the number of pups born in 1982 on St.
Paul Island, Alaska, including the sizes of the 1940, 1977 and 1978
year classes.

Studies in 1982 showed that the majority of net fragments in
which fur seals become entangled have a stretched mesh size of about
20-25 cm. Plastic packing bands on the necks of entangled seals are of
a similar size. The ratios of closed plastic packing bands of this
size to the netting of similar size, when compared on entangled animals
and on beaches, indicate that mortality caused by entanglement is
significant.

A study of juvenile survival (birth-age 2 yr) on the Pribilof Islands
concluded that 1) survival on land is somewhat higher on St. George
than on St. Paul; 2) survival on land is density-dependent--i.e.,
survival decreases as the number of pups born increases; 3) survival at
sea is positively correlated with survival on land; and 4) since 1972,
average juvenile survival (x = 0.30) has been less than the mean survival
rate during 1950-70 (x = 0.35) while land survival since 1972 (x = 0.93)
has been higher than average survival on land during 1950-70 (x = 0.87).

Measurements using radioactive tracers suggest that 24-26 liters
of milk are required to sustain fur seal pups until weaning, maintenance
metabolism of lactating females depends largely on fat metabolism, the
resting metabolic rate of females is 3.3 times greater than comparably
sized terrestrial mammals, and that foraging increases the resting
metabolic rate by only 1.2 times.

Pup production at both Adams Cove (1,029) on San Miguel Island and
nearby Castle Rock (680) was greater in 1982 than in any previous year.

Dietary studies based on the principal prey species of fur seals
and the relative abundance of fish-squid resources suggest that fur
seals are opportunistic feeders, i.e., they forage on the most abundant
prey in a particular area.

Preliminary attempts to identify transition layers (age of first
reproduction) in the teeth of female northern fur seals with known
reproductive condition were inconclusive.

Pelagic studies in the southeastern Bering Sea during 1982 included
the collection of 23 northern fur seals and the sampling of 50 stations
with bottom trawls to study fur seal feeding preferences. Bogoslof
Island, Alaska, was surveyed during October when 67 fur seals were
counted.

Chlorinated hydrocarbons were found in the tissues of northern
fur seals from St. Paul Island.
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INTRODUCTION

The research summarized in this report was conducted or completed
during 1982 and was carried out by U. S. scientists, primarily those of
the National Marine Mammal Laboratory, Seattle, Washington. Such
research and reports fulfill, in part, the United States obligations
under the Interim Convention on the Conservation of North Pacific Fur
Seals. This particular report serves as the United States contribution
to the 26th Annual Meeting of the Standing Scientific Committee of the
North Pacific Fur Seal Commission (Washington, D.C. 1983).

The United States, Canada, Japan, and the U.S.S.R. cooperatively
carry out research on the northern fur seal, Callorhinus ursinus, on
land and at sea under an Interim Convention on the Conservation of North
Pacific Fur Seals. Japan and Canada, two parties to the Convention
without fur seal breeding grounds, share skins from fur seals taken by
the U.S.S.R. and United States in return for not hunting the animals at
sea.

The Pribilof Islands of St. Paul (Fig. 1), St. George (Fig. 2),
and Sea Lion Rock (Fig. 1 - Sivutch) are host to an estimated 980,000
northern fur seals. Two additional colonies containing a few thousand
northern fur seals breed on U.S. owned San Miguel Island and nearby
Castle Rock off southern California (Fig. 3).

Approximately 25,000 male fur seals are currently harvested
each year from the hauling grounds of 14 rookeries on St. Paul Island,
and 350 are taken annually on St. George Island for local use as food.
A moratorium on the commercial harvesting of male seals from the hauling
grounds of five rookeries on St. George Island was imposed beginning
in 1973 to permit research on a population as it reverts to its natural
state. Fur seals are not harvested on San Miguel Island, Castle Rock,
Ardiguen Rookery of St. Paul Island, South Rookery of St. George Island,
or on Sea Lion Rock. However, some of the young male seals from the
latter three places are known to haul out elsewhere and may be subjected
to harvesting. There are four extinct rookeries on St. Paul Island
(Fig. 1) and one on St. George Island (Fig. 2).

Terms having special meanings in fur seal research are described
in the glossary, as are English translations of Russian names given to
some of the rookeries by the Russians when they discovered the Pribilof
Islands.

Charles W. Fowler
Patrick Kozloff



Index chart

D
¥
ST. PAUL ISLAND
7 6
P
A b9
s>l
G )
-
St. Paul Village | € 4

=7 Killing field

Rookery

Hauling ground

Extinct rookeries:
A. Suthetunga

B. Lagoon

C. Nah Speel

D. Maroonitch

Little Polovina

&

Polovina Cliffs

@

Polovina

&

4
&

Tolstoi

Lukanin

Kitovi

1

Vostochni

Ardiguen

6

Little Zapadni
<

Zapadni Reef

7 Q

Zapadni @
L )

Figure 1.--Locatjon of northern fur seal rookeries (present and extinct),
hauling grounds, and harvesting areas, St. Paul Island, Alaska.




+
N

m Killing field
Rookery 4
o Hauling ground

Extinct rookery:

I A. Little Eastern

1 2 3
<  ST.GEORGE
<1 ISLAND St. George
‘ ;- Village

Index chart

Pond

Staraya Artil

North

East Reef .

Pond

East Cliffs

Figure 2.--Location of northern fur seal rookeries (present and extinct)

Zapadni

South

3

hauling grounds, and harvesting areas, St. George Island, Alaska.



120" 26'W

Castie Rock
Index Chart

Nonstippled perimeter — Sand beach P : SAN MIGUEL ISLAND

Stippled perimeter — Rocks or cliffs

m Northern fur seal rookery

Northwest £

34°
02’

Point Bennett €&, %% Adams
53 Cove
L ©
Cormorant
Rock

°l Judith Rock

Figure 3.--Location of northern fur seal breeding colonies, San Miguel Island, California.



I. POPULATION ASSESSMENT, PRIBILOF ISLANDS

In accordance with the provisions of the Interim Convention on
Conservation of North Pacific Fur Seals, the National Marine Mammal
Laboratory monitors the status of the fur seal herd on the Pribilof
Islands through the collection of specific kinds of information on
population size, age and sex composition, estimates of natural mortality,
and seals given metal tags or other marks. _Information is also gathered
by personnel of the Pribilof Island Program1 on the number of seals
appearing in the commercial harvest on St. Paul Island entangled in
fishing net fragments and in other debris.

Population Parameters

Herd elements monitored on the Pribilof Isiands in 1982 incliuded
1) age and sex composition of seals harvested on St. Paul Island,
2) number and sex of seals taken for food on St. George Island,
3) number of live adult males and pups, and 4) number of dead pups and
older seals.

Age and Sex Composition of Seals Harvested

Males--A11 male seals with a body length of 49 inches (124.5 cm)
or less from tip of tail to tip of nose appearing in the drives from
the hauling grounds on St. Paul Island were harvested from 6 July to
6 August. The age composition of these animals was determined from a
20% sample of maxillary canine teeth collected on each harvesting area
(Appendix A, Tables A-1 and A-2). Seals were not harvested on Saturdays
or Sundays, and seals identified as females were rejected.

Figure 4 shows the number of 3- and 4-year-old males taken in 1982,
and the sizes of the year classes of male seals harvested since 1968
are shown in Figure 5 and Table 1. The age composition of males harvested
on St. Paul Island since 1973 is shown in Table 2.

On St. George Island, 349 male seals were taken for food from 7 July
to 20 August without restrictions on the size or sex of the animals.
The seals harvested were from the east hauling ground of North Rookery.
The ages of the seals were not determined but most were likely 2- to
4-year-olds, as were those taken in the past subsistence harvests.

Females--A few young females through®4 years of age are inadvertently
taken during the commercial harvest of males on St. Paul Island and
during the harvest for food on St. George Island because of their
similarities in size and in whisker color (vibrissae) with 3-year-old
males. In 1982, a total of 98 females on St. Paul Island and 1 on

1 Northwest Regional Office
National Marine Fishieries Service
National Oceanic and Atmospheric Administration
7600 Sand Point Way N.E.
BIN C15700

Seattle, WA 98115,
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Table 1.--Harvest of male northern fur seals, by age group, St. Paul
Island, Alaska, 1968-80 year classes.@

Year Age group Total
class 2 3 4 5 harvested

1968 1,725 12,888 14,932 721 30,266
1969 323 15,024 10,800 1,631 27,778
1970 916 16,337 15,533 1,402 34,188
1971 577 14,652 10,768 722 26,719
1972 1,025 15,186 8,050 707 24,968
1973 1,642 13,397 9,421 598 25,058
1974 893 16,476 8,955 470 26,794
1975 1,783 13,752 7,918 725 24,178
1976 1,479 15,245 8,183 651 25,558
1977 2,051 13,157 6,714 511 22,433
1978b 2,180 14,224 7,016 - 23,420
1979b 2,284 15,123 - - 17,407
1980P 2,065 - - - 2,065
Total 18,943 175,461 108,290 8,138 310,832
Mean 1,457 14,622 9,845 814 26,794¢

@ Includes only 2- to 5-year-olds taken during the harvest of male seals.
b Incomplete returns.

€ 1978, 1979, and 1980 year classes not included.



Table 2.--Age classification of male northern fur seals harvested,
St. Paul Island, Alaska, 1973-82.

Year of Age group Total
harvest 2 3 4 5 6 harvested

1973 577 16,337 10,800 121 22 28,457
1974 1,025 14,652 15,533 1,631 135 32,976
1975 1,642 15,186 10,768 1,402 86 29,093

1976 893 13,397 8,050 j2¢ 19 23,081
1977 ‘],783 16,476 9,421 707 9 28,396
1978 1,479 13,752 8,955 598 45 24,829
1979 2,051 15,245 7,918 470 18 25,702
1980 2,180 135157 8,183 725 33 24,278
1981 2,284 14,224 6,714 651 19 23,892

1982 2,065 15,123 7,016 511 15 24,730
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St. George Island were harvested. The maxillary canine teeth and
reproductive organs of some of those taken on St. Paul Island were
collected for age and reproductive studies.

Living Adult Male Seals Counted

In 1982, 9,776 adult male fur seals (bulls) were counted on St.
Paul Island from 19 to 23 July of which 5,767 were counted as harem
bulls; 2,729 were counted on St. George Island from 10 to 11 July
(Appendix A, Tables A-3 and A-4). Appendix A, Table A-5 Tists the
number of adult males counted on the Pribilof Islands in mid-July since
1973. Figure 6 illustrates the relative location of the different classes
of adult males on a typical fur seal rookery-hauling ground complex.

Dead Seals Older Than Pups Counted

The rookeries and adjacent beaches of St. Paul Island were surveyed
for dead seals older than pups from 2 to 9 September and totaled 117
females and 47 males. Canine teeth of the animals were collected
wherever possible for studies of age at death. Table 3 lists the
number of these seals found dead on the Pribilof Islands since 1965.

Dead Pups Counted

In 1982, 7,301 dead fur seal pups were counted on all rookeries of
St. Paul Island from 19 August to 1 September; counts on St. George Island
from 20 to 29 August totaled 1,600 (Appendix A, Table A-6). The
number of dead pups counted on St. Paul and St. George Islands since
1973 is given in Appendix A, Table A-7.

Patrick Kozloff
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Table 3.--Number of dead northern fur seals counted that were older than pups,
Pribilof Islands, Alaska, 1965-82. A dash indicates no data.

St. Paul Island St. George Island Total ~
Year Males Females Males Females Males Females
1965 158 - - - 158 -
1966 181 172 4] 55 222 227
1967 108 157 41 28 149 185
1968 98 141 33 22 131 163
1969 94 141 22 29 116 170
1970 52 124 4 53 56 177
1971 39 9] 5 37 44 128
1972 46 111 22 30 68 141
1973 61 65 7 30 68 95
1974 33 30 4 15 37 45
1975 92 99 - - 92 99
1976 46 64 - - 46 64
1977 60 69 - - 60 69
1978 57 87 - - 57 87
1979 56 66 -a -a 56 66
1980 102 117 14 65 116 182
1981 44 83 12 61 56 144
1982 47 117 - - 47 117

a A total of 70 dead fur seals of both sexes that were older than pups
were counted on the rookeries of St. George Island.
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Number of Pups Born in 1982

St. Paul Island--The total number of pups alive at the time of
shearing and its standard error were estimated as in 1980 and 1981.
From the mean estimate of two sampling periods (Table 4) and the
mid-July count of harem males (Appendix A, Table A-4), we computed the
ratio of live pups to bulls on the five sample rookeries. Following the
procedure in the 1980 Report of Fur Seal Investigations (Kozloff 1981),
we estimated total numbers of pups born by multiplying the estimated
ratio by total numbers of breeding males on all rookeries and adding
the count of dead pups as follows:

Number of Number of Ratio -

Rookery pups breeding males pups/bulls T r*
Tolstoi 25,912 749 33.98 33.42 34.15
Zapadni 26,066 767 34.64 33.83 35.92
Ardiguen 2,144 57 ° 37.61 33.78 34.37
Kitovi 7,968 255 3. 33.98 33.54
Kitovi

Amphitheater 685 25 27.40 33.98 33.54

Total 62,775 1,853 33.90

where r is the ratio of pups to bulls on all but the particular sample
rookery, and

r*= bpr - 4]: where r = total pups - 62,775 - 33.90
breeding males 1,852

The estimate of the ratio of pups to bulls is

R =1/5 r*(j) = 34.035,

n ~Mon

1

<.

and Var (R) =% r*(j)2 - 5R2 = 0.3645 and SE(R)=0.6037.
20

Thus, an estimate of a 95% confidence interval for the ratio of
live pups to harem males is

34,035 + (2.571) V0.6037 or
33.035 + 1.552.

The total number of harem males counted on all rookeries of St. Paul
Island is 5,767 (Appendix A, Table A-4).
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Table 4.--Estimated number of northern fur seal pups in 1982 at times of
shearing and birth on four rookeries of St. Paul Island, Alaska.
Pups were sheared 9-13 August; sampling periods 1 and 2 were
16-17 and 19-20 August, respectively. Values in parentheses
refer to pups born in Kitovi Amphitheater and are in addition to
the first Kitovi figure.

Rookery

Item Zapadni Tolstoi  Ardiguen Kitovi Total
No. pups sheared 3,018 2,828 217 959(98) 7,120
No. 25-pup samples

Period 1 150 154 24 73(17) -

Period 2 194 - 152 18 78(9) -
No. sheared pups counted

Period 1 532 490 79 252(26) -

Period 2 475 363 37 208(31) -
Total no. pups countedd

Period 1 3,750 3,850 600 1,825(175) -

Period 2 4,850 3,800 450 1,950(225) -
Estimated no. pups aliveb

Period 1 sampling 21,273 22,220 1,648 6,945(660) 52,746

Period 2 sampling 30,815 29,604 2,639 8,990(711) 72,759

Mean, both periods 26,044 25,912 2,144 7,968(686) 62,754
No. dead pups counted 1,503 1,332 49 245(24) 3,153

Estimated no. pups born¢ 27,547 27,244 2,193 8 213(710) 65,907

@ Number of samples X 25 = total number of sheared and unsheared pups.

b Estimated from N = MC/R (M = no. pups sheared, C = total no. pups counted,
and R = no. sheared pups counted).

€ Sum of dead pups counted and mean estimate of pups alive at times of
sampling.
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Thus, the total numbers of pups at shearing = 196,280 + 8,950

(with 95% confidence interval);
counted number of dead pups

total number of pups born
(with an approximate 95% confidence interval).

7,301; and
203,581 + 8,950

non

Anne E. York
Patrick Kozloff
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Estimation of numbers of pups born on St. Paul
Island during 1977 and 1978

Shearing-sampling estimates were not made on St. Paul Island
during 1977 and 1978; however, it is possible to make estimates of the
sizes of those year classes by using the kill-at-age information for
the 1977 and 1978 year classes and by assuming that utilization rates
for the 1977 and 1978 cohorts were equal to those of the estimated
rates of the other year classes (1972-76 and 1979). An analysis of
the age-specific utilization rates (ratio of the number of males from
a given cohort killed of given age to the number of males from the
same cohort alive after on-land mortality) of male fur seals on St.
Paul Island during 1972-79 indicates that the 3-year-old utilization
rate (Table 5) has been the least variable and would probably provide
a reliable estimate of numbers of male pups alive after on-land mortality
for the respective year. Therefore, if one assumes that the exploitation
rate of 3-year-old male fur seals of the 1977 and 1978 year classes
was approximately equal to the exploitation rate of 3-year-old male
fur seals of the 1972-76 and 1979 year classes, then estimates of the
number of male fur seals pups alive after on-land mortality for 1977
and 1978 are the number of 3-year-old males taken in the 1980 and
1981 harvests divided by that average exploitation rate.

The details of the computation of the jackknife estimate of the
exploitation rate for the 1972-76 and 1979 year classes appear in
Table 5. The estimated average exploitation rate for these year classes
is 0.119 with an approximate 95% confidence interval from 0.10 to 0.13.
Since the size of the 3-year-old harvest in 1980 was 13,157, the estimate
of the number of male pups alive in Tate August 1977 is 110,563; similarly,
the number of male pups alive in late August 1978 is estimated at
119,529. The total number of pups born is estimated hy multiplying
the above figures by two and adding the number of dead pups counted
during the respective year.

In theory, this method could be used to calculate estimates of the
number of pups born during 1971. However, I believe such estimates of
the 1971 year class strength would be upwardly biased because of the
apparent high mortality of pups on land that year. Since survival on
land (birth to age 4 mo) is correlated with ocean survival (age 4 mo to
2 yr), it is probable that the 1971 year class suffered greater mortality
during its first 20 mo at sea than it would have had on-land mortality
been lower. Thus, the utilization rate of males from the 1981 year
class was probably Tower than the approximate 12% rate observed for
the 1972-76 year classes.

Table 6 summarizes available estimates of the number of pups born
and the number of dead pups for the 1950-82 year classes on St. Paul
Island. Figure 7 presents the number of pups born over time (on St. Paul
Island) and a 3-year running average of pups born.

Anne E. York
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Table 5.--Number of male fur seals alive in late August (N), number of
males killed at age 3 (K3), utilizagion rate of 3-yr-olds (U3),
and auxiliary statistics (U3 and U3~ for 1972-76 and 1979 year
classes, St. Paul Island, Alaska, and computation of average
exploitation rate of 3-yr-old males for the given year classes.

= T.a *b

class

1972 123,176 15,186 0.123 0.119 0.123
1973 107,500 13,397 0.125 0.119 0.124
1974 127,900 16,476 0.129 0.118 0.129
1975 128,818 13,752 0.107 0.123 0.106
1976 137,162 15,245 0.111 0.122 0.110
1979 119,744 15,098 0.126 0.119 0.126
Total 744,300 89,154

*
Jackknife estimate of average utilization rate is the mean of U3, 0.119
with an approximate 95% confidence interval 0.119 + 0.1.

a Ué is the utilization over all years except the given year:
89,154 - K
o _ 3
3 744,300 (-) N
*
b

U3 is the pseudovalue associated with the particular year:

*

U3 = 6 (0.1198 ) - 5 (U3)
where 0.1198 is the combined utilization rate for the above year

classes.
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Table 6.--Estimated number of pups born and number
of dead pups, St. Paul Island, Alaska 1950-82.

Pupsa DeadP
Year class born pups
(1000s) (1,000s)
1950 451.0 53.4
1951 447.0 70.7
1952 438.0 40.8
1953 445.0 78.2
1954 450.0 96.2
1955 461.0 15,5
1956 453.0 98.7
1957 420.0 617
1958 387.0 31.2
1959 335.0 40.0
1960 320.0 62.8
1961 342.8 57.9
1962 277.1 45.3
1963 262.5 32.6
. 1964 283.9 21.6
1965 253.8 39.1
1966 298.9 21.4
1967 291.0 14.1
1968 235.0 25,3
1969 232.9 18«3
1970 23055 20.6
1971 not available 46.4
1972 269.0 22.6
1973 236.5 21.5
1974 266.0 13.2
1975 278.3 20.6
1976 297.7 23.7
1977 235.2 14.1
1978 247.1 8.1
1979 245.9 6.4
1980 200.0 7.9
1981 179.4 6.8
1982 204.0 7.8

a  Number of pups born for 1950-79, except 1968, 1973, and 1974,
from Lander (1980); for 1968, from Lander (1979); for 1973
and 1974, see Table 15 in this report; for 1980-82, from
annual report of fur seal investigations for given year.

b Number of dead pups for 1950-79, except 1973 and 1974, from
Lander (1980); for 1952, from Lander (1979); for 1973 and 1974,
estimated from counts of sample rookeries in 1982 annual
report of fur seal investigations; for 1978-82, from annual
report of fur seal investigations for given year.
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Estimation of the size of the 1940 year class

Scheffer et al. (1984) reported a count of the number of dead and
live fur seal pups on Zapadni Reef Rookery on 13 August 1940. A count
of the number of harem and idle bulls was also made during the same
year in July. Although the 1live pup count was done on a small rookery,
it still permits us to obtain an estimate of the size of the year
class on St. Paul Island, if we assume that the ratio of live pups to
harem males on the counted rookery was approximately equal to the
ratio of Tive pups to harem bulls on the istand as a whole, and if we
assume that the mortality estimates obtained from the count of dead
pups on the rookery was representative of the island as a whole.

Thus, since 3,250 live pups and 68 harem males were counted on the
rookery, the estimated ratio of pups to harem males is 47.794. Lander
(1980) reported a total count of harem males on St. Paul Island in

1940 of 9,261. Therefore, an estimate of the total number of live

pups on St. Paul Island is 9,261 x 47.49 or 442,620. Scheffer et al.
(1984) also reported a dead pup count of 196 on Zapadni Reef and thus

a total live and dead pup count of 3,446, and a mortality rate of

5.69%. Therefore, applying this rate to the entire island, the estimates
of the total number of pups born and the total number of dead pups are
469,315 and 26,704, respectively.

We have no way of estimating the variance or bias of these estimates
and advise caution when using them. However, we note that although the
estimate of year class strength was obtained independently of the
estimates of the sizes of the 1950-56 year classes, it is very near
the estimates of the sizes of those year classes, and as such, gives us
some confidence in its reliability. Furthermore, the estimate of the
number of dead pups in 1940 (26,704) does not greatly exceed the count
of dead pups during 1941 (19,000), and although the dead pup counts
vary greatly from year to year, the data collectors did not report
excessive mortality during either year.

Anne E. York
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Mark Recoveries

During the commercial harvest of male northern fur seals on St. Paul
[sland, 17 males marked as pups on Bering and Medny Islands by the Soviet
Union were recovered. Appendix A, Table A-8 1ists the number of Soviet
tags recovered by the United States in 1982.

Patrick Kozloff
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Entanglement of Fur Seals from the Pribilof Islands

Small numbers of fur seals on the Pribilof Islands have been
observed entangled in net fragments, plastic packing bands, and other
man-made debris for over 20 yr. In recent years, the fraction of
harvested animals observed to be entangled in such debris has been
less than 0.5%. The entangled animals observed on the islands have
always been recognized as only those which survived to return; some
other, possibly larger, fraction dies at sea. Work conducted during
1982 resulted in additional data presented below, which relate to this
problem. Further work with these data will help to understand the degree
to which unobserved entanglement contributes to fur seal mortality and
how it may explain recent declines in fur seal numbers (Fowler 1982a, b).

The basis for suspecting that entanglement is a significant source
of mortality is presented in detail elsewhere (Fowler, 1982a, b).
Briefly, data on the kinds and sizes of debris found on the entangled
animals in comparison with debris on surveyed beaches indicate that if
seals become entangled in large debris (especially trawl net fragments)
a significant fraction of the entangled animals may not survive. The
large fraction of trawl net fragments washed ashore compared to those
on entangled animals suggests that mortality from entanglement is much
higher than the entanglement rates observed. In combination with the
process of new animals being entangled and the mortality of previously
entangled animals (essentially a "turnover" in the entangled population),
these arguments led to the estimate of at least 5% of the population
dying each year due to entanglement (Fowler 1982a).

The potential role of entanglement as suggested by these studies
provided motivation for several further studies which were conducted
in the field season of 1982. The following is a summary of the
information gleaned from the 1982 studies.

In 1982, debris was surveyed on sample beaches of three islands
in the vicinity of the Bering Sea. St. George and St. Paul Islands
were surveyed in July, and Amchitka Island was surveyed in September.
Plastic packing bands and trawl net fragments were the primary elements
in the observed entanglement and will therefore be emphasized in this
summary. An overview of the data from these studies is presented in
Tables 7, 8, 9, and 10.

In addition to beach surveys, the debris found on entangled animals
was subjected to much more intensive scrutiny than in previous years.
A summary of this study is shown in Tables 11 and 12; as noted in
Table 11 the majority of the entanglement observed on the Pribilof
Istands consisted of fragments of nets and plastic packing bands.
Furthermore, the condition of captured entangled animals was evaluated.
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Table 7.--Summary of sizes (by weight) of trawl net fragments sampled
from beaches of three islands of the Bering Sea, 1982 (percentages

shown in parentheses).

Island
Wt. range (kg) St. George Amchi tka St. Paul Total
0.0-0.1 34 (15.0) - 10 (40) 44 ( 7.6)
0.1-0.2 24 (16.5) 1T ( 3.3) 1 (4) 36 ( 6.2)
0.2-0.3 15 ( 6.6) 26 ( 7.8) 2 (8) 43 ( 7.5)
0.3-0.4 18 ( 7.9) 19 ( 5.7) - 37 ( 6.4)
0.4-0.5 9 ( 0.4) 17 ( 5.1) - 26 ( 4.5)
0.5-0.6 15 ( 6.6) 30 ( 9.0) 4 (16) 49 ( 8.5)
0.6-0.7 7 ( 3.1) 12 ( 3.6) . 19 ( 3.3)
0.7-0.8 4 (1.8) 12 ( 3.6) - 16 ( 2.8)
0.8-0.9 2 (0.9) 9 { 2.7) - 11 (1.9)
0.9-1.0 1 (0.4) 9 ( 2.7) - 10 ( 1.7)
1.0-1.1 4 (1.8) 15 ( 4.5) - 19 ( 3.3)
1.1-1.2 2 (0.5) 6 (1.8) - 8 ( 1.4)
1.2-1.3 - 8 (2.4) - 8 (1.4)
1.3-1.4 - 5 { 1.5) 1 ( 4) 6 ( 1.0)
1.4-1:5 1 (0.4) 2 (0.6) - 3 ( 0.5)
1.5-1.6 5 [ 2.2) 5 { 1.5) 1 (4) 11 (1.9)
1.6-1.7 1 (0.4) 7 ( 2.1) - 8 (1.4)
1.7-1.8 1 (0.4) 6 (1.8) - 7§ 1=2)
1.8-1.9 1 (0.4) 3 (0.1) - 4 (0.7)
1.9-2.0 2 (0.9) 31 ( 9.3) - 33 ( 5.7)
Over 2.0 72 (31.7) 101 (30.3) 6 (24) 179 (31.0)
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Table 8.--Summary of the mesh sizes of trawl net fragments sampled
from beaches of three islands of the Bering Sea, 1982
(percentages shown in parentheses).

Island

Mesh size (cm) St. George Amchitka St. Paul Total
0-5 - 2 ( 0.6) - 2 (0.3)
5-10 73 (33.3) 68 (20.4) 6 (16.7) 147 (25.0)
10-15 82 (37.4) 160 (48.0) 11 (30.6) 253 (43.0)
15-20 37 (16.9) 70 (26.0) 13 (36.1) 120 (20.4)
20-25 17 ( 7.8) 27 ( 8.1) 6 (16.7) 50 ( 8.5)
25-30 6 (2.7) 4 (1.2) - 10 ( 1.7)
30-35 1 { 0.5) 1{06.3) - 2 (0.3)
35-40 2 (0.9) 1 ( 0.3) - 3 (0.5)
40-45 - - - -
45-50 1 ( 0.5) - - 1 (0.1)




25

Table 9«~-Summary of sizes of closed plastic bands found in samples
taken on beaches of three islands of the Bering Sea, 1982
(percentages shown in parentheses).

Range of

stretched

length Island o

(=1/2 circum) St. George Amchitka St. Paul Total

(cm)

0-10 - - - -
10-20 1 (4.0) 1 (2.9) - 2 ( 2.9)
20-30 1 ( 4.0) 2 (5.9) - 3 (4.4)
30-40 2 ( 8.0) 2 (5.9) - 4 (5.9)
40-50 7 (28.0) 7 (20.6) - 14 (20.6)
50-60 10 (40.0) 14 (41.2) 2 (22.2) 26 (38.2)
60-70 1 ( 4.0) 3 ( 8.8) 3 (33.3) 7 (10.3)
70-80 - 1 299) 3 (33.3) 4 (5.9)
80-90 2 ( 8.0) 1 (2.9) - 3 (4.4)
90-100 1 (4.0) 2 ( 5.8) 1 (11.1) 4 (5.9

100-110 - - - -
110-120 - - - -
120-130 - = - -
130-140 - - - -
140-150 - - - -
150-160 - 1(2.9) - 1 (1.5)
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Table 10.--Summary of samples of trawl net fragments and plastic bands
found during beach surveys of three islands of the Bering Sea,

1982.
Bands Ratio of Ratio of
closed to Trawl net closed bands
Island Open Closed open bands fragments to net fragments
St. George? 167 17 0.10 - -
- 15 - 227 0.067
Amchitka 590 35 0.06 366 0.096
St. Paul 64 10 0.17 37 0.270
Totals 60 630 0.095
821 62 0.08

@ The samples used to determine the two ratios for St. George Island
involved two overlapping samples with a total of 25 closed bands.
Of these, 17 were collected at the same time open bands were collected
to allow for calculating the ratio of closed to open bands, and 15
were collected in conjunction with net material. Thus, 7 of the 25
closed bands are counted in both groups.
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Table 11.=-Types of entangling debris found on seals harvested on St. Paul
Island, Alaska, and the frequency of occurrence in 1981 and 1982.

Type of debris Percentage of total debris found
1981 1982
Net webbing 61 67
Plastic packing bands 25 19
Cords used in net construction and repair 4 3
Ropes ; 2 1
Strings 3 5
Monofilament gillnet 3 -
Rubber bands - 3
Monofilament Tine 1 =
Plastic ring - 1
Plastic six-pack holder 1 -

Lawn chair material - 1
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Table 12.--Summary of the size composition of nets (for 1982) and plastic
bands (for 1981 and 1982) as found on fur seals taken in the
harvest on St. Paul Island, Alaska.

Nets Bands

Size ranged No. Percent 1981 1982 Percent
0-5 - - = - =
5-10 1 1.7 - - -
10-15 - - - - -
15-20 4 6.9 - 1 2.7
20-25 47 81.0 9 18 73.0
25-30 ) 8.6 1 3 10.8
30-35 - - - 2 5.4
35-40 1 17 1 1 5.4
40-45 - - = - =
45-50 - - - 1 2.7

a8 1/2 circumference (or stretched length) of plastic bands and stretched
mesh of trawl net fragments (in cm).
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— ——————— Fkarlier studies {reported in Fowler 1982a,b) showed—that most of
the net fragments found on entangled seals were very small (in weight)
compared to those found on beaches. As seen from the 1982 samples,
over 70% of the net fragments found on beaches are not represented on
entangled animals seen on the Pribilof Islands (Fig. 8).

New information in 1982 showed that the majority of the net fragments
in which fur seals are observed to be entangled have a mesh (stretched)
size of about 20-25 cm (Fig. 9). Again, however, within this range of
mesh sizes, well over 70% of the nets in this category (as based in
weight and as found on beaches) are not represented in the debris
found on entangled animals.

A very significant finding of the 1982 studies relates to the
numbers of plastic packing bands found on the entangled animals compared
to that observed in the debris on the beaches. Figure 10 shows the size
composition of closed bands surveyed on St. George and Amchitka Islands
in comparison to those bands found on entangled animals. Note that
only a small fraction of the closed bands were observed on seals. These
are the smaller bands (70% had a stretched length, or half-circumference,
of 20-25 cm in the 1981, 1982 data). Measurements of the heads and
shoulders of pups and harvested males (2- to 6-year olds) indicate that
most animals of these ages can swim completely through the larger
bands (40 cm half-circumference and larger).

Another important aspect of the 1982 work is seen in determining
the ratio of closed loop plastic packings bands to net fragments on
entangled animals and in comparing it to that from beaches. As will
be seen in Table 10, the ratio of closed bands to net fragments on the
beaches was 0.095. That of the entangled animals for 1982 was 0.41,
and in 1981, it was 0.28. This is suggestive of a several-fold higher
mortality among animals entangled in net fragments than in bands. The
ratio of closed bands in the 20-25 cm (half-circumference) range to
nets with a 20-25 cm stretched mesh on the beaches was 0.079. In the
harvest, this ratio was 0.38.

Veterinary examinations were made of the entangled animals taken
in the harvest to estimate their remaining 1ife span, had they not
been taken. In addition, the elapsed time since the animal first
became entangled was estimated. These data resulted in means of
approximately 10.7 months and 3.2 months, respectively. Although very
subjective, these data do indicate a much higher mortality rate among
animals that are entangled than among normal animals (mean "entanglement
time" of about 7 months). These rates apply only to those animals
observed on land (i.e., those in smaller fragments of trawl net, bands,
etc.). The mortality of animals in larger pieces of net probably
occurs at a much higher rate because of impaired swimming.
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o nf ant~s d ma lc

Comparisons—of the mean—weights—of—entangledanimals—with-normal
animals indicate a possible reduced growth rate among entangled
animals, especially in the younger age classes:

Mean weight (kg) of male fur seals

taken in the harvest on St. Paul Island
in 1982

2-year-olds 3-year-olds 4-year-olds

entangled unentangled entangled unentangled entangled unentangled

Mean wt. (kg) 20.4 222 275 28.4 34.3 34.1
N = 13 16 43 47 30 28

Taken as a whole, these data continue to suggest that a significant
portion of the population dies at sea due to entanglement. In view of
the ratios of bands to nets and the size composition of the nets (both
on beaches and on entangled animals), the conclusions reached by Fowler
(1982a, b) may have been conservative. More analysis and further field
work will help produce more precise estimates of the mortality rates
involved.

The number of entangled northern fur seals appearing in the
commercial harvest on St. Paul Island since 1967 is given in
Appendix A, Table A-9.

Charles W. Fowler
Joe Scordino
Theodore R. Merrell
Patrick Kozloff
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Juvenile Survival of Fur Seals
Introduction

Lander (1980) assembled the available counts of live pups (1912-24),
estimates of the number of pups born (1949-79), and available counts of dead
pups (1912-79). These data are also available for 1980 (Kozloff 1981),

1981 (Kozloff 1982), and 1982 from the appropriate tables in this report.
In addition, Scheffer et al. (1984) reported a count of both dead and live
pups on Zapadni Reef Rookery in 1940, Table 13 presents a summary of
available estimates of the number of Pribilof Island fur seal pups born
and counts of dead pups for the years 1912-81.

In order to compare annual mortality rates on land, it is important
to know the date on which the count of dead pups was made. Table 14
documents the range of dates of the dead pup counts for both St. George
and St. Paul Islands. Dates were obtained from a variety of sources:
official U. S. Government logbooks of both islands, field notes, a study
of fur seal management (Scheffer et al. 1984), and the annual reports
of fur seal investigations.

The present report provides a general picture of mortality on land
for all years for which data are available from 1914 to the present, compares
land mortality on the islands of St. George and St. Paul, extends the
results of Lander (1979) by providing estimates of juvenile mortality for
the 1972-76 year classes, indicates the relationship between mortality on
land and cohort size, and shows the relationship between mortality on Tand
and mortality at sea during the first 2 yr of a cohort.

Pup Mortality on Land, 1914-81

Kenyon et al. (1954) presented counts of dead pups made on a small
study area by 5-day periods from 25 June to 15 August (Fig. 11). 1In
order to compare counts of dead pups made on different dates during the
season, it was assumed that the 1954 data were representative of the daily
cumulative percentage of dead pups and that a negligible mortality <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>