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ABSTRACT

Northern fur seal (Callorhinus ursinus) research in 1985 was

conducted on the Pribilof Islands and Bogoslof Island in Alaska, and on
San Miguel Island and nearby Castle Rock in southern California.

Estimates made of the number of pups born in 1985 on St. Paul
Island showed a slight but insignificant increase since 1984, whereas
the pup population in 1985 on St. George Island decreased by about 8.2%
since 1983.

EnTarging on previous studies, larger samples of maxillary canine
teeth collected from males taken in the harvest were weighed for the
years 1948-84, This study confirmed that a density-dependent increase
in tooth size occurred as the population declined.

Duration of feeding trips and reproductive success were examined
for 47 females; 20 early-pupping, older females were compared to
27 late-pupping, young females. Early-pupping, older females had
significantly shorter trips to sea (X=4.48 days) than did late-pupping,
young females (X=6.70 days). By October, just prior to weaning, 34.6%
of the pups of the young females had died, whereas only 7.4% of the
early-pupping, older females had lost their pups.

Surveys of entanglement among young males were accomplished by
capturing, tagging, and recording the nature of their entanglement.
Control animals were tagged for future estimates of mortality rates.

In October, studies with captive pups demonstrated that trawl
netting with mesh sizes as small as 15 cm (stretched mesh) present a
risk of entanglement.

Surveys indicate entanglement rates in adult females on sample
rookeries varied from 0.06 to 0.23% in 1985. Experimental entanglement
resulted in doubling of feeding trip duration for adult females; up to
one-half of experimentally entangled females did not return from their
first, second, or third feeding trips. A total of 25 entangled
juvenile females and 39 entangled pups were observed during late season
surveys.

Serum samples were collected from 300 subadult males and 37 pups;
the pups were also given rectal swabs for calcivirus isolation studies.

Swim speeds of foraging females were greatest (3.5 m/second or
12.6 km/hour) during deep dives. Intragroup density of females did not
decline as the population declined over the past 10 years, but remained
relatively stable.
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Radio transmitters and aerial surveys were used to study movement
patterns of female northern fur seals at sea during June and July
1985. As in 1984, fur seals were located principally to the northwest
and southwest of St. Paul Island at feeding locations about 205 km
from the island.

Pelagic studies were conducted near the Pribilof Islands during
August 1985, to assess food habits of fur seals in relation to prey
abundance and distribution. Forty-three fur seals were collected and
their digestive tracts analyzed; 23 midwater and 23 bottom trawls were
also completed and the catch analyzed. Comparisons between fur seal
prey items and species diversity and abundance from the trawl catches
are currently being analyzed.

The small rookery at Bogoslof Island was surveyed during August
1985, and was found to contain about 103 fur seals older than pups and
at least 9 pups.

The number of fur seal pups born at San Miguel Island decreased
from 889 in 1984 to 781 in 1985. Estimates for the total number of
females in the population were not obtained, although the number of
pups born suggest that females numbers may have also decreased. The
number of males has not appeared to have changed significantly in the
past several years.

Mortality of pups at Adams Cove and Castle Rock was 3.7% and
3.4%, respectively.

Information obtained in 1985 indicates that 94.0% of the female
population at Castle Rock and Adams Cove was composed of animals older
than 6 years of age. During 1970-73, 10.0 to 35.0% of the female
population was younger than 7 years of age.



S
CONTENTS

Introduction /
by Charles W. Fowler and Patrick Kozloff ..ceeveceecenconss 1

Population Assessment, Pribilof Islands, Alaska v//
by Patrick Kozloff and Anne E. YOrk c.oceevevcevececccecnnees 6

Historical Changes in the Mean Weight of Maxillary Canine Teeth
from Males Taken in the Commercial Harvest, St. Paul Island,

Alaska
by Jason Baker ........ S OnoaC OO O DO 00 SOO000C NGGoas ces 16 V/

Duration of Feeding Trips and Age-Related Reproductive Success of
Lactating Females, St. Paul Island, Alaska J
by Michael Ex BOBBET sousssmmnsnomesnomessmnssssmassssanones OO

Fur Seal Entanglement Studies: Juvenile Males and Newly-Weaned
Pups, St. Paul Island, Alaska
by John L. Bengtson, Charles W. Fowler, Hiroshi Kajimura, /
Richard L. Merrick, Kazumoto Yoshida, and Shigeru Nomura ... 34

Incidence and Impact of Entanglement in Netting Debris on Northern
Fur Seal Pups. and Adult Females, St. Paul Island, Alaska /
by Robert L. DelLong, Pierre Dawson, and Patrick J. Gearin... 58

Disease Studies, St. Paul Island, Alaska /
by Robert L. DelLong.ceeeeseescecesvencncess S . wmns 09
Fur Seal Entanglement Studies in 1984, St. Paul Island, Alaska
by Joe Scordino, Hiroshi Kajimura, Norihisa Baba, and s
Akira FUruta ccssssasss A — L P sisi e s o6 S 6 e 70

Behavior and Biology of Northern Fur Seals, Pribilof Island, Alaska
by Roger L. Gentry, Wendy E. Roberts, and
Michael E. Goebel ...vvieeccecanncss 5 B RN Py T sess 19

Northern Fur Seal Survey, Bogoslof Island, Alaska, and
Pelagic Investigations, Bering Sea

by Thomas L. Loughlin, George A. Antonelis, Jr., J

Michael A. Perez, and Robert V. Miller....ccevees R —— 92
Radio-Tracking Studies, St. Paul Island, Alaska

by John L. Bengtson, Richard L. Merrick, and S

Thomas Rl Lough‘linl..l. ...... ® ® e 00 s ® 0 0 20 0 9 O QOSSP P OO OO0 S OO R e 104

Population and Behavioral Studies, San Miguel Island, California
(Adams Cove and Castle Rock)
by George A. Antonelis, Jr., Robert L. DelLong, and
Brent 5. Stewart .occesvmessmennamas B 107



vi

ACKNOWIEdOMBATS s sisccranineissiinssspinsiassssoaionsusissess@si

Glossary

References
Appendix A
Appendix B
Appendix C

-------------------------------------------------------

-----------------------------------------------------

-----------------------------------------------------

-----------------------------------------------------

Page
114
116
120
125
147
187

&



INTRODUCTION

by

Charles W. Fowler and Patrick Kozloff

In 1985, the United States, Canada, Japan, and the Soviet Union
cooperatively carried out research on the northern fur seal, Callorhinus
ursinus, on land and at sea. Scientists from the National Marine Mammal
Laboratory (NMML) in Seattle, Washington, have routinely conducted
annual surveys and studies on U.S. islands under terms of the Interim
Convention on the Conservation of North Pacific Fur Seals. Although
this Convention lapsed in October of 1984, studies have continued
annually by former member nations. In particular, studies have been
conducted on the Pribilof Islands and Bogoslof Island in Alaska and San
Miguel Island off southern California where fur seals breed and haul
out. This report summarizes the research carried out on these islands
in 1984 and 1985,

The Pribilof Islands of St. Paul (Fig. 1), St. George (Fig. 2),
and Sea Lion Rock (Fig. 1 - Sivutch) are host to breeding populations
of northern fur seals. Two additional colonies containing approximately
2,000 to 4,000 northern fur seals breed on San Miguel Island and nearby
Castle Rock off southern California (Fig. 3). A small colony of fur
seals now breeds on Bogoslof Island, Alaska. The colony began in 1980
and in 1985 included about 112 animals.

In 1985, fur seals were not commercially harvested on St. Paul
Island. However, a total of 3,379 juvenile male fur seals (primarily

3-year-olds) were taken for subsistence.
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In the same year, 329 males were also taken on St. George Island for
subsistence. A moratorium on the commercial harvesting of seals on
St. George Island was imposed beginning in 1973 to permit research on
the population as it reverted to its natural state. Fur seals are not
harvested on Bogoslof Island, Castle Rock, San Miguel Island, or Sea
Lion Rock. However, some males from these rookeries may be subjected
to a harvest mortality since young male seals occasionally haul out at
some distance from their rookeries of birth. There are four extinct
rookeries on St. Paul Island (Fig. 1) and one on St. George Island
(Fig. 2).

Terms having special meanings in northern fur seal research are
defined in the glossary, and Russian names given to some of the
rookeries of the Pribilof Islands following their discovery by Russian
fur hunters in 1786 are translated. ‘

Tabular data for this report are presented as appendices.
Appendix A is the data customarily presented concerning general
studies, Appendix B is entanglement-related data, and Appendix C is

a list of personnel involved in fur seal research in 1985,



POPULATION ASSESSMENT, PRIBILOF ISLANDS, ALASKA

by
Patrick Kozloff and Anne E. York

In accordance with provisions originally established under terms
of the Interim Convention on Conservation of North Pacific Fur Seals,
the National Marine Mammal Laboratory (NMML) continues to monitor 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, and natural mortality.

Population Parameters
Herd characteristics monitored on the Pribilof Islands in 1985
included the 1) age and sex composition of seals harvested for food 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--Drives (roundups) were made from several hauling grounds
on St. Paul Island from 17 July to 6 August. Male seals were selected
without restrictions on size, although smaller animals (2-4 years old)
were preferred. Seals were not harvested on Saturdays or Sundays, and
those identified as females were rejected. The age composition of the
males taken was determined from a 20% sample of maxillary canine teeth
collected in each harvesting area (Appendix Tables A-1 and A-2). The

sizes of the year classes of male seals harvested since 1971 are



listed in Table 1. The age composition of males harvested on St. Paul
Island since 1976 is shown in Table 2.

On St. George Island, 329 subadult male seals of approximate ages
2-5 years were taken for food from the east hauling ground of North
Rookery.

Females--In 1985, five young females up to 4 years of age were
inadvertently taken during the subsistence harvest of males on St.
Paul Island because of their similarities in size and in whisker
(vibrissae) color to 3-year-old males. The maxillary canine teeth and
reproductive organs of some of those taken were collected for age and
reproductive studies.

Living Adult Male Seals Counted

In 1985, 4,372 harem and 3,363 idle adult male fur seals (bulls)
were counted on St. Paul Island from 10 to 21 July (Appendix Tables
A-3, A-4, and A-5). On St. George Island, 1,268 harem and 1,601 idle
bulls were counted from 17 to 19 July (Appendix Tables A-4 and A-5).
Figure 4 illustrates the relative location of the different classes of
adult males on a typical fur seal rookery-hauling ground complex on
the Pribilof Islands.

Dead Seals Older Than Pups Counted

The rookeries and adjacent beaches of St. George Isltand were
surveyed for dead seals older than pups on 16 August and the count
totaled 35 females and 17 males. Table 3 lists the number of these

seals counted on the Pribilof Islands since 1965.



Table 1.--Harvest of male northern fur seals, by age group, St. Paul
Island, Alaska, 1971-83 year classes.?@

Number of seals

Year Age group Total
class 2 3 4 5 harvested
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
1978 2,180 14,224 7,016 414 23,834
1979 2,284 15,123 6,644 304 24,355
1980 2,065 15,587 4,601 4 22,257
1981b 3,047 13,976 496 - 17,519
1982b 3,133 2,645 = - 5,778
1983b 234 - = - 234
Total 22,393 163,420 78,766 5,106 269,685
Mean 1,723 13,618 7,161 511 24,615¢

@ Includes only 2- to 5-year-olds taken during the harvest of male seals.
In 1984, an upper limit of 22,000 fur seals was imposed in the harvest,
and in 1985, the harvest was limited to a subsistence take for food.

b Incomplete returns.

€ 1981, 1982, and 1983 year classes not included.



Table 2.--Age classification of male northern fur seals harvested,
St. Paul Island, Alaska, 1976-85.

Number of seals

Year of Age group Total
harvest 1 2 3 E > ) harvested
1976 0 893 13,397 8,050 722 19 23,081
1977 0 1,783 16,476 9,421 707 9 28,396
1978 0 1,479 13,752 8,955 598 45 24,829
1979 0 2,051 15,245 7,918 470 18 25,702
1980 0 2,180 13,157 8,183 725 33 24,278
1981 0 2,284 14,224 6,714 651 19 23,892
1982 0 2,065 15,123 7,016 511 15 24,730
1983 16 3,047 15,587 6,644 414 20 25,728
19842 0 3,133 13,976 4,601 304 20 22,034
1985P 0 234 2,645 496 4 0 3,379

a4 An upper limit of 22,000 male fur seals was imposed in the harvest.

b The harvest was limited to a subsistence take for food.
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Figure 4.--General composition of 2 typical fur seal rookery
(see Glossary for classification of adult male

fur seals).
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Table 3.--Number of dead northern fur seals counted that were older than
pups, Pribilof Islands, Alaska, 1965-85. A dash indicates no

data.
St. Paul Island St. George Island Total
Year Matles Females Males Females Males Females
1965 158 - - - 158 -
1966 181 172 41 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 91 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 - -* 56 66
1980 102 117 14 65 116 182
1981 ° 44 83 12 61 56 144
1982 a7 117 - - 47 117
1983 57 66 - - 57 66
1984 66 72 - - 66 72
1985 7 39 17 35 17 35

* 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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Dead Pups Counted

In 1985, 5,266 dead fur seal pups were counted on all rookeries
of St. Paul Island from 22 August to 5 September (Appendix Table
A-6). On 16 rugust, dead pup counts on St. George Island totaled 806
animals (Appendix Table A-6). The number of dead pups counted on both
islands since 1976 are given Appendix Table A-7.

Number of Pups Born in 1985

St. Paul Island--The total number of pups alive at the time of

shearing and its standard error have been estimated using the methods
from York and Kozloff (1987). From the mean estimate from both
sampling periods (Table 4) and the mid-July count of harem males
(Appendix Table A-4), we computed the ratio of live pups to bulls on
the sample rookeries. Following the procedure in the 1980-report of
Fur Seal Invesfigations (Roppel et al. 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:

Pup Harem Ratio

Rookery count bulls pups:bulls r r*

Gorbatch 12,884 320 40.26 40.30 40.25
Lukanin 3,742 106 35.30 40.60 38.46
Kitovi Amphitheater 890 18 49.44 40.20 40.83
Morjovi- 10,473 300 34.91 41.34  33.99
Reef 20,586 474 43.43 39.20 46.84
Polovina C1iffs 16,683 376 44 .37 39.24 46.59
Kitovi 8,758 243 36.04 40.94  36.40

Total 74,016 1,837 40.29



Table 4.--Estimated number of northern fur seal pups in 1985 at times of shearing and birth on seven rookeries of
St. Paul Island, Alaska. Pups were sheared 29 July and 3-9 August; sampling periods i and 2 were 22-24
and 26-28 August, respectively.

Rookery
[tem . Kitovi Polovina
Gorbatch Lukanin  Amphitheater Morjovid@ Reef Cliffs Kitovi Total

No. pups sheared 1,236 384 64 15212 1,938 1,593 878 7,305
No. 25-pup samples .
Period 1 80 41 12 74 124 149 87 -
Period 2 92 32 13 92 191 158 73
No. sheared pups counted
Period 1 200 111 21 231 2717 3717 223 -
Period 2 212 78 24 248 475 357 179 -
Total no. pups countedP ‘
Period 1 2,000 1,025 300 1,850 3,100 3,725 2,175 -
Period 2 2,300 800 325 2,300 4,775 3,950 1,825 -
Estimated no. pups aliveC
Period 1 sampling 12,360 3,546 914 9,706 21,689 15,740 8,563 72,518
Period 2 sampling 13,409 3,938 867 11,240 19,482 17,626 8,952 75,514
Mean, both period 12,884 3,742 890 10,473 20,586 16,683 8,758 74,016
No. dead pups counted 371 149 9 244 624 367 202 1,966
Estimated no. pups bornd 13,255 3,891 899 10,717 21,210 17,050 8,960 75,982

@ Does not include second point south of Sea Lion Neck.

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

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

d Sum of dead pups counted and mean estimate of pups alive at times of sampling.

€1
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where T is the ratio of pups to bulls on all but the particular sample

rookery, and

— total pups 74,016
r* =7. - br where r = Saeding males - 1,837 = 40.29

The estimate of the ratio of pups to bulls (R) is

R =1/7 r*(j) = 40.48,
J

- w2 52
and Var(R) = § = U= TR~ 3,347 and SE(R) = 1.829.

[ e B |

1

Thus, an approximate 95% confidence interval for the ratio of
live pups to harem males is 40.48 + 4.32.

The total number of harem males counted on all rookeries of St.
Paul Island is 4,372 (Appendix Table A-4).

Thus, the estimated number of pups alive at the time of shearing
is 176,992 + 18,887. The number of dead pups counted was 5,266.
Therefore, the estimate of number of pups born is 182,258 + 18,887,

St. George Island--The number of pups born in 1985 is given in

Table 5 and is based on shearing-sampling procedures developed in the

1960s.

Mark Recoveries
During the 1985 field season on Bogoslof and St. Paul Islands 19
seals marked by the Soviet Union were sighted. Appendix Table A-8

lists the number of Soviet tags observed by the United States in 1985.
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Table 5.--Estimated number of northern fur seal pups in 1985 at times of shearing and
birth on St. George Island, Alaska. Pups were sheared 12-15 August and
sampled for marked to unmarked ratios 16 August.

Rookery
East East Staraya
Item South Zapadni Cliffs Reef Artil North Total
No. pups sheared 586 448 464 223 314 15113 3,148
No. 25-pup samples 34 31 36 13 31 88 -
No. sheared pups counted 108 73 128 51 83 221 -
Total no. pups counted? 850 775 900 325 115 2,200 -

Estimated no. pups alived 4,612 4,756 3,262 1,421 2,932 11,080 28,063
No. dead pups counted 128 134 106 22 99 317 806
Estimated no. pups bornC 4,740 4,890 3,368 1,443 3,031 11,397 28,869

a8 Number of samples X 25 = total number of sheared and unsheared pups.

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

C Sum of dead pups counted and estimate of pups alive at times of sampling.
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HISTORICAL CHANGES IN THE MEAN WEIGHT OF
MAXILLARY CANINE TEETH FROM MALES TAKEN IN
THE COMMERCIAL HARVEST, ST. PAUL ISLAND, ALASKA
by

Jason Baker

Evidence of density-dependent responses in body size of the

northern fur seal (Callorhinus ursinus) was first presented by Scheffer

(1955) who observed a decrease in age-specific mean body size in a
population which was rapidly increasing. Recently, the converse effect
was observed by Fowler (1984) who reviewed information indicating that
while the population of northern fur seals has been decreasing since
the late 1950s, the mean body size has been concomitantly increasing.
An analysis of tooth weights presented by Hartley (1982) showed that
tooth weights were highly correlated with body length, and could,
therefore, be used as an indicator of change in mean body size. The
analysis of the tooth data by Hartley (1982) and Fowler (1984) were,

in fact, in agreement with the results of other methods which showed a
density-dependent increase in mean body size. However, these pre]iminany’
analyses of tooth weights were based on relatively small samples. The
purpose of this report is to examine density dependence in fur seal body

size by extending the tooth weight study to include a larger sample size.



17

Materials and Methods

The teeth used for this study were taken from 3- and 4-year-old male
northern fur seals during the annual harvest on St. Paul Island. Upper
canines were extracted at random from approximately 20% of the harvest.
The teeth were treated and cleaned on the island, then sent to Seattle,
Washington, where they were stored. Samples of teeth were weighed from
the years 1948-84, excluding 1950 and 1951, for which no samples were
available.

A total of 21,939 teeth were weighed; 14,245 were from 3-year-olds
and 7,694 were from 4-year-olds (Table 6). Early in the study, all teeth
available for a given year were weighed. However, it became evident that
it would suffice, statistically, to subsample only a portion of the teeth
from years wjth large numbers available. The subsamples selected reflect
the proportion of 3- to 4-year-olds harvested as well as the percentages
harvested by rookery in each year. Although distributing the subsamples
evenly over age class and rookery may have been more desirable, it was
impossible due to the uneven distributions of ages and rookeries among the
teeth available. (See Table 6 for a summary of the sample sizes.)

The teeth were weighed individually on a digital scale accurate to
0.01 g. The scale was calibrated at the beginning of each weighing period.

The possibility of the teeth drying and thus losing weight over time
was a concern during this study. If drying were to occur, it could account
for the increase in mean tooth weight over time. There is also another

complication which could occur in this regard. One would expect the drying
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Table 6.--Number of northern fur seal teeth weighed by year, St. Paul Island,
Alaska, 1948-84,

3-year-olds 4-year-olds

Number Number Percent Number Number Percent
Year available weighed wei ghed available weighed weighed
1948 107 107 100 44 44 100
1949 31 31 100 15 15 100
1952 376 376 100 196. 196 100
1953 393 393 100 204 204 100
1954 - * 287 - - * 251 -
1955 - * 318 - - * 293 -
1956 87 87 100 85 85 100
1957 43 43 100 29 29 100
1958 390 390 100 66 66 100
1959 35 35 100 33 33 100
1960 709 709 100 100 100 100
1961 838 838 100 383 383 100
1962 87 87 100 72 72 100
1963 4 4 100 27 27 100
1964 239 239 100 96 96 100
1965 174 174 100 174 174 100
1966 286 286 100 161 161 100
1967 295 295 100 137 137 . 100
1968 675 241 36 645 123 19
1969 315 315 100 112 112 100
1970 619 170 27 318 87 27
1971 2,310 86 4 2,195 142 6
1972 2,353 623 26 2,920 652 22
1973 3,156 705 22 2,035 483 24
1974 2,335 653 28 2,696 657 24
1975 2,523 137 5 1,847 100 5
1976 1,564 289 18 1,081 296 27
1977 3,021 740 24 1,928 505 26
1978 2,524 634 25 1,754 448 26
1979 3,449 171 5 1,757 89 5
1980 347 347 100 30 30 100
1981 532 532 100 309 309 100
1982 143 143 100 65 . 65 100
1983 2,083 2,083 100 677 677 100
1984 1,677 1,677 100 553 553 100
Total 33,720 14,245 22,744 7,694
Average percent 42 34

* Number by age not available. There were a total of 1,200 teeth from all age
classes in 1954; 45% of these were weighed (24% three-year-olds and 21%

four-year-olds). The respective figures for 1955 are 1,916 teeth, of which
32% were weighed (17%).
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process to be a response to a drop in the relative humidity of the
environment in which the teeth are stored. Such a response could have
occurred, for example, due to the move of the National Marine Mammal
Laboratory (NMML) to a new building in August of 1984. Some teeth were
weighed where they were originally stored, while others were weighed in
the new laboratory. In addition, teeth from different years were
weighed throughout 1984-85, so that varying seasonal relative humidity
could possibly have affected the tooth weights.

In order to address these concerns, an experiment using teeth from
the 1984 fur seal harvest was carried out to determine whether or not drying
could have significantly affected the results of the study. A1l the teeth
were individually identified and weighed immediately upon being received
from St. Paul Island. Then, two subsamples were weighed several times at
various dates and locations. One group was kept in the original storage
area, while the other was moved to the new laboratory.

If the teeth were to lose weight through drying in the original storage
area, it was expected that the decrease would be rapid at first and then
level off. However, with the group of 1984 teeth which were stored there
and reweighed, this did not occur. Upon the second weighing, conducted
after 2 weeks, the teeth had actually gained an average of 0.02 g.
Subsequently, their weights remained stable for 8 months. These teeth
seemed to have first absorbed some weight, presumably water, then having
reached an equilibrium with the new environment, remained stable. This
indicates that the weights of the teeth in the original storage area
probably have not changed over the years unless a change occurs after

prolonged storage.
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Next, there was the problem of the samples being weighed in two
locations, the storage area and the new laboratory. The new laboratory
tended to be less humid than the storage area, so it seemed likely that
the teeth would lose weight there. The second subgroup of 1984 teeth was
used to investigate this problem. These teeth were moved alternately
between the storage area and the new laboratory and reweighed a number of
times. It was observed that changes of 0.01 g (tooth weight) could occur
overnight. When the 1984 subgroup was left in the new laboratory, the
teeth continued to lose weight for 6 months (October 1984 to April 1985).
After another 5 months, the teeth gained weight slightly. This weight
gain was somewhat perplexing, but may also be explainable as a result of an
unmeasured increase in the new laboratory's humidity over the last 5 months
of the study (April to September 1985).

Thus, it appears that tooth weight undergoes some change in response to
environmental conditions. However, it is reassuring that the magnitude of
the changes are small. The teeth in the subgroup kept in the new laboratory
lost only 1.8% of their original weight over a period of 70 days. Teeth
from other years, excluding the 1984 subgroup, were kept in the new
laboratory for no more than 20 days while being weighed. Compared with the
observed differences in mean tooth weights between the early 1960s and 1984

(10%), the effects of drying de not appear substantial.
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Results

Before tooth weight could be used in an analysis of density-dependent
changes in body size, the relationship between tooth weight and body length
had to be established. Figure 5 is a plot of tooth weight versus body
Tength of 1,043 fur seals between 1 and 6 years old, which were harvested
and measured in 1983. The resulting relationship is significant at the 1.0%
level (r = 0.73, p < 0.01), using major axis regression analysis (Ricker
1984) to account for each variable exhibiting its own variance.

Given this highly correlated relationship, mean tooth weight may be
viewed as an index of mean body size. Figures 6 and 7, which are the result
of calculating running means of three, weighted by sample size, indicate
that mean tooth weights have been increasing since the early 1960s. During
this same period, the overall fur seal population has declined. In order to
examine the relationship of greater importance in terms of density
dependence, Figures 8 and 9 show mean tooth weights versus the total number
of fur seal pups born in a given year, the latter parameter being the best
available index of population level. These graphs, however, involve a time
lag. For example, Figure 8 plots the mean tooth weight of 3-year-olds .
against the number of pups born 3 years earlier. Considering what the
parameters of these graphs represent, it appears that as the population
decreases, the mean tooth weight and the mean body size of the animals

increases.
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Figure 5.--Tooth weight versus body length of 1,043 male fur seals (1-6 years of age)
which were harvested and measured on St. Paul Island, Alaska, 1983,
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Figure 6.--Three-year running means of the tooth weight of 3-year-old
males plotted in the year of sampling, St. Paul Island, Alaska.
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males plotted in the year of sampling, St. Paul Island, Alaska.
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The results of this study are, to a great extent, in agreement with the
tooth studies presented in Fowler (1984) as based on Hartley (1982). This
analysis, involving a larger sample size than that of the previous analysis,
has reinforced the evidence that body size is density dependent. The
implication of this in the context of the present situation is that the fur
seal population is below its carrying capacity.

The possibility of a decreasing abundance and availability of prey
consumed by northern fur seals being responsible for their population
decline seems unlikely. For if this were the case, the carrying capacity
would in turn be lowered, leaving the fur seals on roughly the same
nutritional plane. Their increased body size, however, suggests a
lower population level with a higher abundance of food per individual.
Therefore, it seems that other external factors, which do not affect
carrying capacity, are responsible for the population decline. Although the
results of this study and other density-dependent responses observed within
the fur seal population do not indicate that the decline is the result of
insufficient food resources, it must be noted that this particular study
involved only young males. Fowler (1985) has suggested that entanglement
in fishing debris is one source of the mortality for the fur seal population
and its lack of recovery. Other limiting factors under consideration are
disease, toxic substances, illegal or incidental taking at sea, and

increased predation.
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DURATION OF FEEDING TRIPS AND AGE-RELATED REPRODUCTIVE
SUCCESS OF LACTATING FEMALES, ST. PAUL ISLAND, ALASKA
by
Michael E. Goebel
Preliminary results of an ongoing study of female diving patterns were

documented in the 1984 report of fur seal investigations (Gentry et al.
1986). It was reported that females showing a deep diving pattern were
large, older females and that small, young females tended to be shallow
divers. The trends suggested that size or age may be important in
determining which dive pattern a lactating female might exhibit. If
experience influences diving patterns, a difference by age may be seen in
other behaviors. In 1985, the effect of age and experience on feeding
cycles of lactating females and survival of their pups was examined at

Kitovi Rookery on St. Paul Island.

Methods

It was not possible to obtain known-age fema1es; However, past data
have shown that older females tend to arrive earlier in the season than do
younger ones, thereby allowing an observer to qualitatively sample for older
or younger females (Wilke 1953; Bigg 1986). Vibrissae color also indicates
relative age (most females through age 3 years have black vibrissae; 4- and
5-year-olds generally have black and white; and females 6 and older have
white vibrissae)(Scheffer 1962; Abegge]én et al. 1958). Therefore, by
sampling only white-vibrissaed females before the peak of pupping and
black-vibrissaed females thereafter, it was possible to obtain qualitatively

different age samples.
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A total of 47 females with pups were captured and tagged. A1l but one
female were perinatal when captured; the exception, a mixed, mostly-white
vibrissaed female, was captured on her second visit to shore. Each female
was also marked by clipping guard hair on both shoulders to expose the
lighter underfur which was then bleached, leaving a highly visible mark.
A11 pups of the earlier-arriving females (20) were captured, marked and
tagged between 29 June and 1 July. Only 13 pups of the late-arriving group
of 27 females were captured and marked from 17 July to 2 August. Of the
late-arriving group, 8 females were categorized as black vibrissae, 9 were
categorized as mixed, mostly white vibrissae, and 10 were categorized as
mixed, mostly black vibrissae.

Attendance patterns were recorded from mid-June until 24 August and
again from 5 October until 31 October. Any time a female was observed on
shore, it was recorded as present for that entire day; any day she was not
seen was recorded as a day at sea (Gentry and Holt 1986). Observations in
July and August were made 7-8 hours per day, and the rookery was scanned
every 5 minutes. In October, observations were made at least twice a day
for at least 1 hour each time, once shortly after dawn and again in the
evening.

Analysis of variance (ANOVA) was used in comparisons of duration of
feeding trips for the two groups of females. Females which had lost their

pups by October were excluded from some analyses.
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Results
The major results of this study can be divided into two categories:
duration of feeding trips and reproductive success. Survival of pups to
weaning was used as a measure of reproductive success.

Duration of Feeding Trips

The mean length of the first trip for early-arriving females was 3.55
days (20 trips, SD = 1.39) and for late-arriving females it was 6.00 days
(19 trips, SD = 1.15). Early-arriving females, however, made as many as
eight trips to sea (x = 6.65) by the time data collection was terminated on
25 August, while late-arriving females made as many as four trips
(x = 3.05). Only the first 3 trips to sea were used in initial analyses to
eliminate bias toward trips of early-arriving females. Females, which lost
their pups before data collection was terminated, were not included in the
analyses.

The difference in mean trip length between the two groups was
significant (p = 0.999 ANOVA). The mean trip length of early-arriving
females was 4.47 days (59 trips, SD = 1.60), compared to a mean of 6.70 days
for late-arriving females (56 trips, SD = 2.34). When all females that had
lost their pups by October were removed from the analysis, the significant
difference remained (p = 0.999 ANOVA).

This difference, however, was not seen in trips recorded in October.
Most females in each group had at lTeast two trips; four from each group had
only one trip. The total number of early- and late-arriving females
observed with pups in October was 18 and 17, respectively. The mean length
of trips to sea in October for females pupping early was 7.67 (SD = 1,32);

and for late-pupping females, 7.93 (SD = 1.77).
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Attendance patterns of the younger-aged sample differed in one other
respect. Individual females from the early-arriving group tended to make
either short or long trips. Females which tended toward short trips always
had short trips, while those with long trips always had long trips (with
both types, trips increased in length as the season progressed). Young
females, however, exhibited much more variability in trip length within
individuals; (that is, they would frequently make a short trip followed by a
long one or vice versa. This may be a reflection of a lack of experience in
foraging.

Reproductive Success

The difference in reproductive success between old and young females
was significant (p = 0.985 Chi-square). By October, just prior to weaning,
34.6% (9/26) of the late-pupping black- and mixed-vibrissaed females had
lost their pups. In contrast, only 7.4% (2/27) of early-pupping,
white-vibrissaed females had lost pups.

The nature of this mortality is of interest both for when it occurred
and to which females. Of the two white~-vibrissaed females which lost pups,
one was never observed in October. It was, therefore, not possible to
determine whether the pup died and the female ceased returning as a result,
or whether she failed to return for other reasons, resulting in the death of
the pup. The other female lost her pup to an unknown cause after five trips
to sea. This female had made regular trips up until the time the apparently
healthy pup was no longer seen. The female actively searched for her pup on
two protracted subsequent visits. Mortality in both cases occurred long
after birth and did not appear related to bonding or behavior of the female

or pup.
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Late-pupping females that had lost their pups were predominantly
younger black-vibrissaed and mixed, but mostly black-vibrissaed animals.
0f these nine females, three had all black vibrissae, five were mixed,
mostly black, and only one was mixed, mostly white. Of these fema’.s,
78.0% lost their pups in the first 3 weeks after parturition.

The younger females differed behaviorally from the older females in
respects other than their attendance patterns. These differences apparently
affect their reproductive success. For example, two of these females were
intercepted by peripheral males upon arrival at the rookery and appeared
unable to escape to more desirable pupping areas. These females repeatedly
attempted to escape but eventually gave birth in the intertidal zone.
Within groups of females, the younger females often had more difficulty in
reuniting with their pups, once separated. They often appeared intimid?ted
and submissive in their interactions with the older, larger females. These
same behaviors were also apparent when they were defending their pups from
nearby females. Some of this mortality can also be attributed to problems
with mother-pup bonding during the period immediately following
parturition. In one case, a female was observed giving birth but then
failed to call to the pup in the usual manner. Later, this female allowed
her pup to suckle, but when separated, she turned in the direction of her
calling pup but did not otherwise respond. Some of these differences will

be quantified in future studies.

£
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Discussion

Attendance patterns in Otariids, as in other species, have often been
suggested as possible indicators of environmental quality and resource
availability (Antonelis and Delong 1985; Chapman 1961; Gentry and Kooyman
1986; Loughlin et al. 1987). The results of this study indicate that care
should be taken to avoid bias when sampling females for attendance
patterns. Sampling is often biased toward early-arriving animals. It also
appears that experience and age play important roles in determining
reproductive success. Diving records of young females may also provide
further insight into the role of experience in foraging behavior. Four such
records from young females with vibrissae of mixed color were collected this

year, the results of which will be reported in a future publication.
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FUR SEAL ENTANGLEMENT STUDIES: JUVENILE MALES
AND NEWLY-WEANED PUPS, ST. PAUL ISLAND, ALASKA
by
John L. Bengtson, Charles W. Fowler, Hiroshi Kajimura,

Richard L. Merrick, Kazumoto Yoshida, and Shigeru Nomura

Over the past several decades, northern fur seals on the Pribilof
Islands have been observed entangled in various types of marine debris.
The incidence of entangled fur seals observed ashore increased from the
mid-1960s to the early 1970s. Estimated entanglement rates of harvested
juvenile males were approximately 0.4% from the early 1970s through
1984, the year of the most recent commercial harvest.

From 1967 to 1984, the entangliement rate of juvenile males was
estimated annually from the commercial harvest. However, with the shift
to subsistence harvest in 1985, different methods were used to evaluate
the status and impact of entanglement on various portions of the fur
seal population. To investigate the potential impact of entanglement on
young age classes, two new research programs were initiated in 1985 on
St. Paul Island: 1) entanglement research roundups (drives) of juvenile
males on haul-out areas, and 2) experimental entanglement studies on

captive, nearly-weaned pups.

Entanglement Research Roundups
The three principal objectives for conducting entanglement research
roundups were: 1) to estimate the entanglement rate of juvenile males
on haul-out areas, 2) to estimate the relative mortality rate of

juvenile males entangled in debris, and 3) to assess the fate and impact
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of debris on seals that were tagged in previous years. The roundups
were conducted similarly to the method used for rounding-up seals
during harvest operations. However, once the seals on a certain
haul-out area had been prevented from escaping to the sea, they were
not driven further. Instead, they were allowed to return to sea in
small groups or as a “stream" of individuals, allowing observers to
count the number of seals of harvestable size, and examine individuals
for tags, debris, or net marks. This procedure was very efficient for
handling and checking large numbers of seals in a relatively short
period of time, and was less stressful to the seals because they were
not driven long distances or held for prolonged periods.

From 8 July to 10 August 1985, 63 entanglement research roundups
were conducted; over 22,000 seals were examined during these roundups
(Table 7). A total of 98 seals were observed entangled in debris
during this project. Of these, 76 were tagged for the first time in
1985 (Table 8). Some tagged individuals were resighted during
subsequent roundups (Table 9). An additional 22 had been tagged in
previous seasons (Table 10). A1l entangled seals of harvestable size
were restrained, flipper-tagged with orange "A11f1ex"}/ tags (if not
previously tagged), and inspected for the type of debris and potential
wounds caused by the debris (Table 8). When possible, a sample of the
debris was taken for identification of net webbing gear. Seals with

netmarks (aberrations of the fur indicating former entanglement from

l/ Reference to trade names does not imply endorsement by the National
Marine Fisheries Service, NOAA.
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Table 7.--Summary of northern fur seal males sampled in 1985 during
entanglement studies at St. Paul Island, Alaska. A dash
indicates no data.

Number of
tags applied Not tagged
Date Location Sample  Number2 Debris %ontrol Debris Netmark
8 Jul. Polovina D 432 0 0 0 0
9 Jul. Gorbatch D 367 3 8 0 0
10 Jul. Tolstoi D 280 1 4 1b 0
11 Jul. Zapadni D 558 4 10¢ 0 4
12 Jul. NE Point E D 303 2 6 0 0
15 Jul. Zapadni D 257 1 2d 0 1
16 Jul. Gorbatch D 422 3 6 0 0
17 Jul. NE Point E H 326 0 0 0 0
17 Jul. NE Point W He 357 1 2 0 2
18 Jul. Polovina H 411 1 2 0 2
19 Jul. Little Zap. H 499 1 4 1h 0
20 Jul. Zap. Reef D - f 1 2 0 -
20 Jul. Tolstoi D 860 2 4 0 1
21 Jul. Polovina D 744 1 2 0 1
22 Jul. Zapadni H 210 0 0 0 0
22 Jul. Little Zap. H 205 0 0 0 "0
22 Jul. Kitovi D 824 1 2 0 0
23 Jul. Gorbatch H 920 2 4 0 5
24 Jul. NE Point W H 126 2 0 0 0
24 Jul. NE Point E H 278 0 6 1h 1
25 Jul. Lukanin H 233 1 0 0 1
25 Jul. Kitovi H 425 0 0 0 1
26 Jul. Tolstoi H 326 1 2 0 2
26 Jul. Zap. Reef D 191 0 2 0 0
27 Jul. Castle Rock D 1515 6 12 1h 2
27 Jul. NE Point E D 590 0 0 0 i
27 Jul. NE Point W D 279 0 0 0 0
28 Jul. Lukanin D 123 0 0 0 0
28 Jul. Kitovi D 76 0 0 0 0
29 Jul. Zapadni H 726 1 2 0 1
29 Jul. Polovina D 446 1 2 0 1
29 Jul. Zap. Reef D 430 2 4 0 2
30 Jul. Gorbatch H 396 0 0 0 1
30 Jul. Tolstoi D 989 2 4 0 2
31 Jul. NE Point W H 235 0 0 0 0
31 Jul. Zolotoi S. D 378 2 4 0 0
31 Jul. Castle Rock D 1208 2 4 0 5
1 Aug. Kitovi D 257 0 0 19 I
1 Aug. Lukanin D 82 0 0 0 0
1 Aug. Polovina H 440 1 2 0 1
2 Aug. Tolstoi H 341 0 0 0
4 Aug. Zap. Reef D 958 3 7 0 2
5 Aug. Zapadni H 230 1 2 0 1
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Table 7.--Continued.

Number of
tags applied Not tagged
Date Location Sample Number@ Debris Control Debris Netmark

5 Aug. Little Zap. H 159 0 0 0 1
6 Aug. Zolotoi S. H 495 1 2 0 0
6 Aug. NE Point E H 418 1 2 0 6
7 Aug. Gorbatch D 721 2 5 1 1h
7 Aug. Polovina D 230 1 2 0 2
7 Aug. Castle Rock 1 - € 2. 4 0 -
7 Aug. Tolstoi D 935 21 4 0, 1
8 Aug. Zapadni I - ¢ 7. 0 2] -
8 Aug. Zap. Reef I - € 1J 0 0 -
9 Aug. Zap. Reef I e 1 0 0 -
9 Aug. NE Point E I € 5 0 0
9 Aug. NE Point W I - € 3 0 2 -
9 Aug. Zapadni I - € 0 14 0
9 Aug. Tolstoi I - € 0 2 0 -
9 Aug. Lukanin I - € 0 4 0 -
9 Aug. Kitovi I - € 0 2 0 -
9 Aug. Castle Rock I - € 0 3 0 -
10 Aug. NE Point E [ - € 0 4 0 -
10 Aug. NE Point W I - € 1 12 0

10 Aug. Zap. Reef I - 0 1 0 -

Totals 22211 76 172 10 53

4 Only seals of harvestable size were counted in these totals

b Died during handling

C Excluding 0017 and 0032, which had netmark but no debris

d Excluding 0042, which had netmark but no debris

€ Driven as part of harvest but no seals harvested

f Number of seals driven not counted

9 Seal of harvestable size

h  Seal larger than harvestable size

1 Debris accidentally removed during handling

J Female with pup

NOTES

Sample: seals sampled from harvests (H), entanglement drives (D), or
incidentally to other activities (I).
Number: total number of harvestable-sized individuals.
Tags applied:
debris - seals entangled in debris.
control - unentangled seals tagged as controls.
Not tagged:
debris - seals entangled in debris, but not tagged
because too large to capture and tag, or
escaped during drive.
netmark - seals with netmarks were not tagged, but
were sheared and released.
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Table 8.--Summary of data for northern fur seal males tagged in 1985
during debris entanglement studies on St. Paul Island,
Alaska. A dash indicates no data.

Tag Debris type Mesh  Twine Number Tight/ Degree
no. and color Quantity size size meshes Tloose wound
0001 white cord S -- -- 1 T 360
0002 gray trawl S - 2.5 1 T 22
0004 green/gray trawl M 21.0 4.0 7 T 0
0013 green trawl 5 25.5 3.0 3 T 0
0018 green trawl L 22.5 3«8 17 TNB 0
0019 poly line, gillnet S -- 6.2 - T 180
0028 black poly line S -- 3ad 1 T 180
0033 black trawl S -- 2.0 5 L 0
0036 green trawl M 21.:5 3.5 17 T 0
0037 black line S -- 2.5 1 (] 355
0044 syn. white cord S 27.0 1.5 3 L 0
0047 white line or cord S -- 6.2 1 T 360
0050 yellow band S -- -- 1 L 0
0054 green trawl S -- 2.5 1 T 360
0055 green band S - -- 1 L 0
0058 green trawl S 26.0 3.5 - TNB 0
0065 white band S -- -- 1 VT 360
0066 gray trawl M 11.5 3.7 3 -- 360
0069 blue trawl S 22.0 3.0 - -- 0
0072 gray trawl S 22.5 3.0 6 TNB 0
0075 blue trawl M 24.0 35 - T 0
0078 blue trawl S -- -- 1 T <90
0081 brown line S -- -- 1 L 0
0084 gray trawl M 20.0 -- - TNB 0
0085 gray trawl S 20.0 -- 3 -- 0
0086 green trawl M 20,0 3.0 12 TNB 0
0095 yellow band S -- -- 1 L 0
0096 green band S -- -- 1 L 0
0099 gray line S - 1.8 2 T 180
0102 white line S -- -- 1 VT 360
0103 green trawl S -- -- - VT 360
0108 gray trawl S -- 3.4 - T 360
0109 white cord S -- -- 1 L 0
0118 green trawl S 23.0 3.1 - ¥ 0
0119 green trawl M 22.5 35 15 T 0
0122 green gillnet S -- 0.5 - VT 30
0125 blue trawl S 22.5 2.0 - T 50
0128 gray trawl S 22.0 4.5 5 T 360
0131 gray trawl S 22 .5 33 - L 0
0134 green/gray trawl L 37.0 3.2 - TNB 0
0137 blue trawl S 22.5 2.5 - T 360
0140 orange trawl S 19.0 4.0 - TNB 0
0143 syn. black line S -- -- 1 T 0
0144 blue trawl M 230 2.4 12 T 0
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Table 8.--Continued.

Tag Debris type Mesh Twine Number Tight/ Degree
no. and color Quantity size size meshes  loose wound
0149 gray trawl S -- 4.2 4 -- 0
0152 gray trawl S -- -- 3 T 360
0155 gray trawl S -- -- 3 T 360
0156 green trawl M 23.0 3.0 25 L 0
0161 green trawl M 23.5 5.0 - TNB 0
0164 gray trawl S -- -- 4 -- 0
0167 green trawl M 235 2.4 12 T 0
0170 yellow band S -- -- 1 VT 360
0175 orange trawl S 25 .5 5.0 4 L 0
0177 blue trawl M 24.0 3:5 - TNB 0
0180 blue trawl S -- -- - VT 120
0181 gray trawl L 23.5 3.5 >5 T 0
0186 green line S -- 5.0 1 VT 270
0187 1ivory trawl* S 20.5 3.5 1 VT 200
0192 green trawl L 23.0 4.0 >10 TNB 0
0193 gray trawl M -- 3.0 3 TNB 0
0194 green trawl S -- 3.0 1 VT 120
0195 orange line/handle S -- 5.0 1 TNB 0
0196 green trawl S 23.0 245 5 TNB 0
0197 green/pink trawl M 23.5 2.0 4 TNB 0
0198 green trawl S -- 3.0 3 VT 360
0199 gray trawl S -- 345 3 T

0200 green trawl S 21.0 3.0 2 TNB 0
0201 gray trawl 5 -- 4.5 2 VT 360
0202 green trawl M 22.0 2.5 7 TNB 0
0203 yellow band S -- -- 1 VT 360
0204 green trawl S 21.5 245 3 TNB 0
0205 yellow band S -- -- 1 VT 360
0206 white cord S -- - 2 VT 360
0207 gray trawl S 24.0 2.0 4 TNB 0
0208 gray trawl M 23.0 7.0 2 T 0
0238 green trawl S -- 2.0 2 TNB 0
* Cut off during handling.

NOTES
Tags: all tags applied in 1985 were orange Allflex.
Quantity: S = < 150 grams of debris.
M = 150 - 500 grams of debris.
L = > 500 grams of debris.
Mesh size: measurements indicate stretch mesh length (cm).
Twine size: measurements indicate twine diameter (mm).
Number meshes: number of strands of debris looped around neck.
Tight/loose: L = debris attached loosely.
TNB = debris tight but not binding.
T = debris attached tightly.
VT = debris attached very tightly.
Degree Wound: open wound along point of entanglement expressed as
degrees of a circle.



Table 9.--Tags resighted on northern fur seals at St. Paul Island, Alaska, in
1985 during harvest and research activities.
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Tag

no. color Date Location Comment @

507 blue 6 July Zapadni Reef female (1984)

2705 white 6 July Zapadni Reef female (1984)

bA642 monel, silver 8 July Polovina no debris or marks
(USSR)

404 blue 9 July Gorbatch entangled

534 blue 9 July Gorbatch netmark but no debris

3448 yellow 10 July Tolstoi entangled

581 blue 10 July Tolstoi entangled

1224 white 10 July Tolstoi no debris or marks

2710 white 10 July Zapadni Reef female (1984)

308 blue 12 July Zapadni Reef female (1984)

0005 orange 11 July Zapadni control

0016 orange 11 July Zapadni control

579 blue 11 July Zapadni no debris or marks

817/818 pink 12 July NE Point E netmark

0018 orange 15 July Zapadni entangled

811 pink 16 July Gorbatch netmark

0003 orange 16 July Gorbatch control

0004 orange 16 July Gorbatch entangled

0001 orange 16 July Gorbatch entangled

1224 white 16 July Gorbatch no debris or marks

534 blue 16 July Grobatch no debris or marks

5220 yellow 16 July Gorbatch no debris or marks

5275 blue 17 July NE Point E killed

544 blue 17 July NE Point E no debris or marks

MA2990 monel, silver 17 July NE Point E killed (USSR)

540 blue 17 July NE Point E no debris or marks

2575 yellow 17 Jduly NE Point E no debris or marks

0041 orange 17 July NE Point E control

0008 orange 18 July Polovina control

HB7716+ female (additional tag

HB7725 monel, silver 18 Jduly NE Point W #5069 white applied)
(USSR)

436 blue 19 July Little Zap. entangled

0044 orange 19 July Little Zap. entangled

TM9373 monel, silver 19 July Little Zap. killed (USSR)

0062 orange 20 July Zapadni Reef control

560 blue 20 July Zapadni Reef entangled

3665 yellow 20 July LZapadni Reef no debris or marks

0033 orange 20 July Tolstoi entangled

0061 orange 20 July Tolstoi control

0042 orange 20 July Tolstoi netmark

204 yellow 21 Jduly Polovina netmark

809/810 pink 21 July Polovina netmark

0058 orange 21 July Polovina entangled

0059 orange 21 July Polovina control

0008 orange 22 July Kitovi control

&



Table 9.--Continued.
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Tag

no. color Date Location Commentd

555 blue 22 July Kitovi entangled

476 blue 22 July Kitovi no debris or marks

0030 orange 23 July Gorbatch control

0020 orange 23 July Gorbatch control

0051 orange 23 July Gorbatch control

563 blue 25 July Lukanin entangled

555 blue 25 July Kitovi entangled

476 blue 25 July Kitovi netmark

1130 yellow 25 July Kitovi netmark

YM2269 monel, silver 26 July Tolstoi no debris or marks
(USSR)

2363 yellow 27 July Castle Rock no debris or marks

1122 blue 27 July Castle Rock no debris or marks

821/822 pink 27 July Castle Rock netmark (photo)

429 blue 27 Jduly Castle Rock no debris or marks

0042 orange 27 July NE Point E netmark

0005 orange 27 July NE Point E control

0091 orange 27 July NE Point E control

0089 orange 27 July NE Point E control

TM9809 mone]l 28 July Lukanin USSR

0098 orange 28 July Lukanin entangled’

2707 - white 28 July Zapadni Reef female (1984)

0106 orange 29 July Polovina control

741 yellow 29 July Polovina no debris or marks

0075 orange 29 July Polovina entangled

0070 orange 29 July Zapadni Reef control

0102 orange 29 July Zapadni Reef entangled

0081 orange 29 July Zapadni Reef entangled

0002 orange 29 July Zapadni Reef entangled

6552 blue 29 July Zapadni entangled

MC2049 monel, silver 29 July Zapadni no(debris or marks
USSR)

0002 orange 29 July Zapadni entangled

0102 orange 29 July Zapadni entangled

0129 orange 30 July Tolstoi control

0034 orange 30 July Tolstoi control

0070 orange 30 July Tolstoi control

0126 orange 30 July Tolstoi control

581 blue 30 July Tolstoi entangled

557 blue 30 July Tolstoi no debris or marks

585 blue 30 July Tolstoi netmark

0130 orange 30 July Gorbatch control

0117 .orange 30 July Gorbatch control

0128 orange 31 July Zolotoi Sands entangled

0121 orange 31 July Zolotoi Sands control

TM9809 monel, silver 31 July Castle Rock USSR

0108 orange 31 July Castle Rock entangled

0095 orange 31 July Castle Rock entangled
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Tag

no. color Date Location Comment a

0122 orange 31 July Castle Rock entangled

0105 orange 31 July Castle Rock control

0053 orange 31 July Castle Rock control

0096 orange 31 July Castle Rock entangled

0132 orange 31 July Castle Rock control

492 blue 1 Aug. Gorbatch blind entangled female

0075 orange 1 Aug. Polovina entangled

563 blue 1 Aug. Polovina entangled

BA1129 monel, silver 2 Aug. Tolstoi no debris or marks
(USSR)

4964 yellow 4 Aug. Zapadni Reef no debris or marks

0016 orange 4 Aug. Zapadni Reef control

0127 orange 5 Aug. Zapadni control

TM9925 monel, silver 5 Aug. Little Zap. no(ﬂggags or marks

bA825 monel, silver 6 Aug. Zolotoi Sands no debris or marks
(USSR)

549 blue 6 Aug. Zolotoi Sands no debris or marks

YM2332 monel, silver 6 Aug. NE Point E no(debris or marks
USSR)

2841 yellow 6 Aug. NE Point E no debris or marks

0074 orange 7 Aug. Gorbatch control

534 blue 7 Aug. Gorbatch netmark

0152 orange 7 Aug. Gorbatch entangled

0117 orange 7 Aug. Gorbatch control

T™M8237 monel, silver 7 Aug. Polovina no(aggags or marks

573 blue 7 Aug. Castle Rock entangled

527D blue 7 Aug. Castle Rock entangled

0164 orange 7 Aug. Castle Rock entangled

558 blue 7 Aug. Tolstoi entangled

0027 orange 7 Aug. Tolstoi control

0158 orange 7 Aug. Tolstoi control

0034 orange 7 Aug. Tolstoi control

595 blue 8 Aug. Zapadni Reef female (1984)

TM9508 monel, silver 8 Aug. Zapadni no debris or marks
(USSR)

YM2332 monel, silver 9 Aug. NE Point E no(dggr;s or marks
USSR

548 blue 9 Aug. NE Point E entangled

424 blue 9 Aug. Zapadni entangled

8 A separate list of USSR tags is given in Appendix Table A-8.

b This tag number is repeated and hence in error in one or both cases.
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Table 10.--Northern fur seals resighted in 1985 at St. Paul Island, Alaska,
tagged? in previous years during entanglement studies. A dash

indicates no data.

Tag
no. 1983 1954 1985
404 green netd - entangled
T-360°
424 green net = entangled
VT-360°
429 green net no debris no debris
TNB-0° or marks or marks
436 green net net - bad cut entangled
TNB-cut
476 plastic mesh netmark netmark
T-0°
492 gray net - entangled
TNB-0°
527 - yellow band harvested
T-0°
534 - gillnet netmark
T-180°
540 - black & white no debris
band or marks
TNB -0°
544 - gray net no debris
T-90° or marks
548 - gray net entangled
T-0°
549 - gray net no debris
VT-0° or marks
552 - blue net entangled
T-330°
555 - gray net entangled
TNB-0°
B57 - gray net no debris
T-0° or marks
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Table 10.--Continued.

Tag ,

no. 1983 1984 1985

558 - green net entangled
T-0°

560 - manila-string entangled
VT-0°

563 - gray net entangled
T-0°

5§73 - yellow band entangled
T-160°

579 - yellow rope no debris
TNB-0° or marks

581 - green net entangled
TNB-0°

585 - gillnet netmark
T1-¢€

a

Blue jumbo Roto tag.
TNB = debris tight but not binding.
T = debris attached tightly.
VT = debris attached very tightly.
T-360° = debris attached tightly and open wound expressed as degrees
of a circle.
Seal had a series of small unconnected open wounds 360° around its neck.
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which they had escaped) were counted but not tagged (these individuals
were given pelage marks by shearing to identify that they had already
been counted during the season).

A total of 124 previously tagged seals were sighted during
research and harvest activities in 1985 (Table 9). Of these, 22 had
been entangled at the time when they were first tagged. Table
10 outlines the status of entangled seals tagged in 1983 and 1984
and resighted during the 1985 season. A comparison of types of debris
observed on fur seals during harvest and research activities from
1981-85 is given in Table 11.

For each entangled seal that was tagged (or had a tag from a
previous season), two unentangled seals from the same haul-out site
were tagged and released to serve as experimental controls (Table
12). Resighting efforts in subsequent seasons will allow the
estimation of mortality rates (tag returns) for both the entangled
seals and the control seals. By comparing these rates, it will be
possible to evaluate the impact that relatively small (<1 kg) pieces
of netting and other debris have on the survival of juvenile males.

Because there was no commercial harvest of fur seals on St. Paul
Island in 1985, estimates of entanglement rates for that season cannot
be considered strictly comparable with past estimates. Seals counted
in research roundups were released unharmed; during harvests in past
years, most of them were killed. Therefore, some seals could be
released and counted again during research roundups. To eliminate
multiple counts of the same seal, only those entangled seals seen for

the first time are counted. To make the estimates from roundups as
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Table 11.--Types of entangling debris observed on northern fur seals during the harvest
or entanglement research roundups on St. Paul Island, Alaska, 1981-85.

Number of seals
Type of debris 1981 1982 1983 1984 1985* Total

Net fragment

mesh size over 20 cm 45 52 52 37 34 220
mesh size under 20 cm 4 5 6 3 2 20
undetermined mesh size 19 5 21 10 17 72
Monofilament gillnet ;
fragment 0 3 2 4 2 11
Cord used in net
construction/repair 3 4 2 2 5 16
Plastic packing band 20 26 18 20 8 92
String 5 3 2 4 0 14
Rope or line 1 2 2 5 7 17
Rubber band 3 0 1 "0 0 4
Plastic ring 1 0 1 1 0 3
Plastic gasket 0 0 2 0 0 2
Monofilament Tine 0 1 0 0 0 1
Plastic six-pack holder 0 1 0 0 0 1
Plastic packing web 0 0 1 0 0 1
Plastic object 0 0 0 1 0 1
Lawn chair material 1 0 0 0 0 1
Cloth sack band 0 0 1 0 0 1
Metal headlight ring 0 0 1 0 0 1
Plastic 1ine with handle _0 0 _0 0 n 1
Total 102 102 112 87 76 479

* Does not)inc1ude seals resighted from previous years entanglement studies (see
Table 10).
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Table 12.--Northern fur seal males tagged in 1985 as part of debris
entanglement studies on St. Paul Island, Alaska. A1l tags
are orange Allflex.

Ta

no? Debris type/color Date Location
0001 white band 9 July Gorbatch
0002 gray trawl 9 July Gorbatch
0003 control 9 July Gorbatch
0004 gray/green trawl 9 July Gorbatch
0005 control 9 July Gorbatch
0006 control 9 July Gorbatch
0007 control 9 July Gorbatch
0008 control 9 July Gorbatch
0009 control 9 July Gorbatch
0010 control 9 July Gorbatch
0011 control 9 July Gorbatch
0012 control 10 July Tolstoi
0013 green trawl 10 July Tolstoi
0014 control 10 July Tolstoi
0015 control 10 July Tolstoi
0016 control 10 July Tolstoi
0017 netmark - ; 11 July Zapadni
0018 green trawl 11 July Zapadni
0019 rope/gill net 11 July Zapadni
0020 control 11 July Zapadni
0021 control 11 July Zapadni
0022 control 11 July Zapadni
0023 control 11 July Zapadni
0024 TAG NOT USED

0025 control 11 July Zapadni
0026 control 11 July Zapadni
0027 control 11 July Zapadni
0028 black line 11 July Zapadni
0029 control 11 July Zapadni
0030 control 11 July Zapadni
0031 control 11 July Zapadni
0032 netmark 11 July Zapadni
0033 black trawl 11 July Zapadni
0034 control 12 July NE Point E
0035 control 12 July NE Point E
0036 green trawl 12 July NE Point E
0037 black line 12 July NE Point E
0038 control 12 July NE Point E
0039 control 12 July NE Point E
0040 control 12 July NE Point E
0041 control 12 July NE Point E
0042 netmark 15 July Zapadni

0043 control 15 July Zapadni



Table 12.--Continued.

48

Tag

no. Debris type/color Date Location

0044 white line 15 July Zapadni

0045 control 15 July Zapadni

0046 control 16 July Gorbatch

0047 white line 16 July Gorbatch

0048 control 16 July Gorbatch

0049 control 16 July Gorbatch

0050 yellow band 16 July Gorbatch

0051 control 16 July Gorbatch

0052 control 16 July Gorbatch

0053 control 16 July Gorbatch

0054 green trawl 16 July Gorbatch

0055 green trawl 17 July NE Point W
0056 control 17 July NE Point W
0057 control 17 July NE Point W
0058 green trawl 18 July Polovina

0059 control 18 July Polovina

0060 control 18 July Polovina

0061 control 19 July Little Zapadni
0062 control 19 July Little Zapadni
0063 control 19 July Little Zapadni
0064 control 19 July Little Zapadni
0065 white band 19 July Little Zapadni
0066 gray trawl 20 July Zapadni Reef
0067 control 20 July Zapadni Reef
0068 control 20 July Zapadni Reef
0069 blue trawl 20 July Tolstoi

0070 control 20 July Tolstoi

0071 control 20 July Tolstoi

0072 gray trawl 20 July Tolstoi

0073 control 20 July Tolstoi

0074 control 20 July Tolstoi

0075 blue trawl 21 July Polovina

0076 control 21 July Polovina

0077 control 21 July Polovina

0078 blue band 23 July Gorbatch

0079 control 23 July Gorbatch

0080 control 23 July Gorbatch

0081 brown rope 23 July Gorbatch

0082 control 23 July Gorbatch

0083 control 23 July Gorbatch

0084 gray trawl 24 July NE Point W
0085 gray trawl 24 July NE Point W
0086 green trawl 22 July Kitovi



Table 12.--Continued.

49

Tag

no. Debris type/color Date Location
0087 control 22 July Kitovi

0088 control 22 July Kitovi

0089 control 24 July NE Point E
0090 control 24 July NE Point E
0091 control 24 July NE Point E
0092 control 24 July NE Point E
0093 control 24 July NE Point E
0094 control 24 July NE Point E
0095 yellow band 25 July Lukanin

0096 green band 26 July Tolstoi

0097 control 26 July Tolstoi

0098 control 26 July Tolstoi

0099 gray line 29 July Zapadni

0100 control 26 July Zapadni Reef
0101 control 26 July Zapadni Reef
0102 white line 27 July Castle Rock
0103 green trawl 27 Jduly Castle Rock
0104 control 27 July Castle Rock
0105 control 27 July Castle Rock
0106 control 27 July Castle Rock
0107 control 27 July Castle Rock
0108 gray trawl 27 July Castle Rock
0109 white twine 27 July Castle Rock
0110 control 27 July Castle Rock
0111 control 27 July Castle Rock
0112 control 27 July Castle Rock
0113 control 27 July Castle Rock
0114 control 27 July Castle Rock
0115 control 27 July Castle Rock
0116 control 27 Jduly Castle Rock
0117 control 27 July Castle Rock
0118 green trawl 27 July Castle Rock
0119 green trawl 27 July Castle Rock
0120 control 29 July Zapadni

0121 control 29 July Zapadni

0122 green gill net 29 July Polovina
0123 control 29 July Polovina
0124 control 29 July Polovina
0125 blue trawl 29 July Zapadni Reef
0126 control 29 July Zapadni Reef
0127 control 29 July Zapadni Reef
0128 gray trawl 29 July Zapadni Reef
0129 control 29 July Zapadni Reef
0130 control 29 July Zapadni Reef
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Tag

no. Debros type/color Date Location

0131 gray trawl 30 July Tolstoi

0132 control 30 July Tolstoi

0133 control 30 July Tolstoi

0134 green/gray/white tr. 30 July Tolstoi

0135 control 30 July Tolstoi

0136 control 30 July Tolstoi

0137 blue trawl 31 July Zolotoi Sands
0138 control 31 July Zolotoi Sands
0139 control 31 July Zolotoi Sands
0140 orange trawl 31 July Zolotoi Sands
0141 control 31 July Zolotoi Sands
0142 control 31 July Zolotoi Sands
0143 black rope 31 July Castle Rock
0144 green trawl 31 July Castle Rock
0145 control 31 July Castle Rock
0146 control 31 July Castle Rock
0147 control 31 July Castle Rock
0148 control 31 July Castle Rock
0149 gray trawl 1 Aug. Polovina

0150 control 1 Aug. Polovina
0151 control 1 Aug. Polovina

0152 gray trawl 4 Aug. Zapadni Reef
0153 control 4 Aug. Zapadni Reef
0154 control 4 Aug. Zapadni Reef
0155 gray trawl 4 Aug. Zapadni Reef
0156 green trawl 4 Aug. Zapadni Reef
0157 control 4 Aug. Zapadni Reef
0158 control 4 Aug. Zapadni Reef
0159 control 4 Aug. Zapadni Reef
0160 control 4 Aug. Zapadni Reef
0161 green trawl 5 Aug. Zapadni

0162 control 5 Aug. Zapadni

0163 control 5 Aug. Zapadni

0164 gray trawl 6 Aug. Zolotoi Sands
0165 control 6 Aug. Zolotoi Sands
0166 control 6 Aug. Zolotoi Sands
0167 green trawl 6 Aug. NE Point E
0168 control 6 Aug. NE Point E
0169 control 6 Aug. NE Point E
0170 yellow band 7 Aug. Gorbatch

0171 control 7 Aug. Gorbatch

0172 control 7 Aug. Gorbatch

0173 control 7 Aug. Gorbatch

0174 control 7 Aug. Gorbatch
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Ta

no? Debris type/color Date Location
0175 orange trawl 7 Aug. Gorbatch
0176 control 7 Aug. Gorbatch
0177 green trawl 7 Aug. Polovina
0178 control 7 Aug. Polovina
0179 control 7 Aug. Polovina
0180 blue trawl 7 Aug. Castle Rock
0181 gray trawl 7 Aug. Castle Rock
0182 control 7 Aug. Castle Rock
0183 control 7 Aug. Castle Rock
0184 control 7 Aug. Castle Rock
0185 control 7 Aug. Castle Rock
0186 green line 7 Aug. Tolstoi
0187 ivory trawld 7 Aug. Tolstoi
0188 control 7 Aug. Tolstoi
0189 control 7 Aug. Tolstoi
0190 control 7 Aug. Tolstoi
0191 control 7 Aug. Tolstoi
0192 green trawlP 8 Aug. Zapadni Reef
0193 gray trawl 8 Aug. Zapadni
0194 green trawl 8 Aug. Zapadni
0195 orange line w/handle 8 Aug. Zapadni
0196 green trawl 8 Aug. Zapadni
0197 green/pink trawl 8 Aug. Zapadni
0198 green trawl 8 Aug. Zapadni
0199 gray trawl 8 Aug. Zapadni
0200 green trawl 9 Aug. Zapadni Reef
0201 gray trawl 9 Aug. NE Point E
0202 green trawl 9 Aug. NE Point E
0203 yellow band 9 Aug. NE Point E
0204 green trawl 9" Aug. NE Point E
0205 yellow band 9 Aug. NE Point E
0206 white cord 9 Aug. NE Point W
0207 gray trawl 9 Aug. NE Point W
0208 gray trawl 9 Aug. NE Point W
0209 control 9 Aug. Zapadni
0210 control 9 Aug. Zapadni
0211 control 9 Aug. Zapadni
0212 control 9 Aug. Zapadni
0213 control 9 Aug. Zapadni
0214 control 9 Aug. Zapadni
0215 control 9 Aug. Zapadni
0216 control 9 Aug. Zapadni
0217 control 9 Aug. Zapadni
0218 control 9 Aug. Zapadni
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Table 12.--Continued.

Tag

no. Debris type/color Date Location
0219 control 9 Aug. Zapadni
0220 control 9 Aug. Zapadni
0221 control 9 Aug. Zapadni
0222 control 9 Aug. Zapadni
0223 control 9 Aug. Tolstoi
0224 control 9 Aug. Tolstoi
0225 control 9 Aug. Lukanin
0226 control 9 Aug. Lukanin
0227 control 9 Aug. Lukanin
0228 control 9 Aug. Lukanin
0229 control 9 Aug. Kitovi

0230 control 9 Aug. Kitovi

0231 control 9 Aug. Castle Rock
0232 control 9 Aug. Castle Rock
0233 control 9 Aug. Castle Rock
0234 control 10 Aug. NE Point E
0235 control 10 Aug. NE Point E
0236 control 10 Aug. NE Point E
0237 control 10 Aug. NE Point E
0238 green trawl 10 Aug. NE Point W
0239 control 10 Aug. NE Point W
0240 control 10 Aug. NE Point W
0241 control 10 Aug. NE Point W
0242 control 10 Aug. NE Point W
0243 control 10 Aug. NE Point W
0244 control 10 Aug. NE Point W
0245 control 10 Aug. NE Point W
0246 control 10 Aug. NE Point W
0247 control 10 Aug. NE Point W
0248 control 10 Aug. ' NE Point W
0249 control 10 Aug. NE Point W
0250 control 10 Aug. NE Point W
0251 control 10 Aug. Zapadni Reef

d@ Debris cut off during handling.
b Female with pup.
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Table 13.--Northern fur seals entangled in fishing debris and other
materials, St. Paul Island, Alaska, 1967-85.2

Number of seals Number of entangled Percent of
in drives of seals observed in harvest or
Year harvestable size drivesP entanglement
drives
1967 50,229 75 0.15
1968 46,893 75 0.16
1969 32,819 66 0.20
1970 36,307 101 0.28
1971 27,289 113 0.41
1972 33,173 144 0.43
1973 28,482 137 0.48
1974 33,027 190 0.58
1975 29,148 206 0.71
1976 23,096 97 0.42
1977 28,444 99 0.35
1978 24,885 115 0.46
1979 25,762 104 0.40
1980 24,327 119 0.49
1981 23,928 102 0.43
1982 24,828 ; ; 102 0.41
1983 25,768 112 0.43
1984 22,066 87 B..39
1985¢ 22,211 101d 0.45

a4 Some of these data are different from previously published tables (see
Scordino, J., and R. Fisher. 1983. Investigations of fur seal
entanglement in net fragments, plastic bands, and other debris in 1981
and 1982, St. Paul Island, Alaska. Unpub. manuscr., 33 p. plus appendix.
Northwest Regional Office, National Marine Fisheries Service, NOAA,
7600 Sand Point Way N.E., Seattle, WA 98115.)

b Includes both sexes.

C Data only included from entanglement research roundups where all
individuals were counted. Calculations will differ from previous years
because seals were released after roundups rather than killed as in the
commercial harvests.

d Includes only seals encountered in roundups or subsistence harvests
where all seals of harvestable age were counted. To achieve comparability
with previous data 32 seals that were resighted (Table 9) were included
with the 69 seen for the first time (Table 7) all from roundups from 8
July to 7 August (Table 7).



54

comparable as possible to the data from the harvest, the roundup
sample can be used as samples taken with replacement. To do this, all
entangled seals sighted in roundups are counted (even if they have
been sceen previously). Such a comparison of numbers of juvenile males
encountered in commercial harvests and entanglement research roundups

is presented in Table 13.

Experimental Studies on Nearly-weaned Pups

The principal objective of this part of the 1985 entanglement
studies was to determine the various sizes of trawl net in which
nearly-weaned pups (approximately 14 weeks old) could become
entangled. From 2-13 October 1985, large pups were captured from
Little Zapadni Rookery on St. Paul Island, temporarily placed in a
. circular pool (5 m diameter and 1.5 h deepi, and exposed to net
fragments (1 m2) of various mesh sizes.

A total of 22 trials were run, with 5 pups in the pool per
trial. Pups were used in one trial before being released. In each
trial, 3-6 pieces of netting (all of the same mesh size) were placed
in the pool, where they floated at the surface. Mesh sizes from 12-
22-cm stretch mesh were tested (two trials per mesh size). If a pup
became entangled in the netting for at least 30 minutes, it was scored
as being entangled for the trial. Each trial lasted up to 5 hours,

although a trial was terminated sooner if all pups had become

entangled.
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Figure 10 illustrates the mesh sizes in which pups became
entangled. Being caught by the face was defined to occur when the
netting became Todged anterior to the ears; netting lodged posterior
to the ears was defined as being caught by neck. There was an abrupt
shift from the mesh sizes in which no pups were caught to those in
which all pups were caught. All mesh sizes greater than 15 cm stretch
mesh entangled pups by their neck at a high rate.

Mesh sizes smaller than 20 cm are clearly a threat to pups, hut
are not often seen on juvenile males observed ashore (Fig. 11). The
ability of pups to entangle themselves in mesh sizes 16-20 cm and
larger suggests a potentially great impact on young, naive seals just
after weaning. Therlow incidence of this mesh size observed on
individuals that survive entanglement may indicate a high mortality of

post-weaning seals that become entangled in marine debris.
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Figure 10.--Results of entanglement experiments on captive, nearly-weaned pups.

Net fragments of the mesh size indicated were experimentally
presented to pups.
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INCIDENCE AND IMPACT OF ENTANGLEMENT IN NETTING DEBRIS ON
NORTHERN FUR SEAL PUPS AND ADULT FEMALES, ST. PAUL ISLAND, ALASKA
by
Robert .. DeLong, Pierre Dawson, and Patrick J. Gearin

The decline of the Pribilof Islands northern fur seal population

has been attributed to increased mortality due to entanglement in
marine debris and has been bhased mainly upon studies of juvenile males
(Fowler 1982, 1985). If entanglement is responsible for the
population decline, females would have to be suffering substantial
mortality from entanglement. However, past surveys of entanglement in
adult females have indicated that fewer females than juvenile males
become entangled (See "Fur Seal Entanglement Studies in 1984, St. Paul
Island, Alaska" in this report; Bigg 1979). Therefore, in 1985 a
series of studies was carried out on St. Paul Island between July and
November to assess the incidence and effects of entanglement on adult
and juvenile females and pups as follows:

1. Conduct serial surveys on sample areas to assess
entangiement rates among adult females on the rqokeries
at St. Paul Island.

2. Assess the impact of entanglement on lactating females by
experimentally entangling a group of females and comparing
their attendance patterns, mortality rate, and the growth of
their pups to a group of unentangled females and their pups

(controls).
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3. Assess the energetic cost of entanglement to adult females
during foraging trips and to pups when swimming.

4. Assess the incidence of entanglement in juvenile females and
pups late in the season.

A summary of these studies are included here, and a complete report

is available from the National Marine Mammal Laboratory.

Surveys of Entangled Adult Females

Five to eight surveys were conducted every other day on sampie
areas of Tolstoi and Polovina Cliffs rookeries and on all of Lukanin
rookery during July, August, and September in order to observe
postpartum females using these rookeries. These surveys were necessary
as postpartum females are expected ashore only about-20.0% of the time,
the remainder being spent at sea feeding to maintain lactation. Survey
areas were chosen where observations could be made from cliff tops
without disturbing seals in the rookeries. Surveys were conducted using
8 x 40 or 10 x 50 binoculars, examining and counting all females which
could be seen clearly. A total of 16 entangled females were seen on the
three study sites. In addition, 12 females were observed with neck
scars. Five of the 12 seals had been entangled during the past year or
earlier as evidenced by the abraded guard hairs on the anterior shoulder
areas. The remaining 7 seals had either been in debris and escaped or
could have had small pieces of line still embedded deep in the fur or

flesh creating the apparent scar around the neck.
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To convert the observed incidence of entanglement to an
‘entanglement rate, the number of pups counted or estimated on the
study areas was used as a measure of the number of parturient females
using the rookeries. Rates of female entanglement (excluding females
which had been recently entangled) ranged from 0.06% on Lukanin
rookery to 0.23% on the study areas on Tolstoi rookery (Table 14).
The mean rate for the three rookeries was 0.15%.

Table 14.--Female northern fur seal entanglement on three study sites,
St. Paul Island, Alaska, 1985.

Number entangled

White- Number Percent

or mixed- Black- of of
Location whiskered whiskered pups? entang1ementb
Tolstoi 10 2 5,144 0.23
Lukanin 1 2 4,635 0.06
Polovina Cliffs 0 1 1,651 0.06
Total 11 5 11,430

a The number of pups counted or estimated on the rookeries were used
as a measure of the number of parturient females using the areas.

b Calculated from total of actual entanglement plus those animals with
evidence of having been entangled (rubs and scars).

One female which was nursing a pup at Tolstoi Rookery appeared to
have become recently entangled in a piece of trawl web while feeding
in the Bearing Sea during the summer. She was first seen in September

with a pup in good condition.
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Impacts of Entanglement on Adult Females and Their Pups

In order to assess the impact of entanglement on parturient
females and their pups, an experimental study was carried out at
Zapadni Reef rookery. Forty adult, newly parturient females and their
pups were captured between 8 and 14 July. They were alternately
assigned as experimental and control animals. Experimental females
were entangled in a 200-g piece of 23-cm trawl web. The 1.4- x 0.6-m
piece of web was folded twice to form a mass with an approximate
0.7- x 0.3-m dimension. The folded trawl web piece was placed over
the head of a physically-restrained female by sliding the seal's head
through the center meshes. Radio transmitting tags were attached with
epoxy resin to the pelage on the heads of both experimental and
control females, they were.doub1e-tagged with white Al1flex tags
(Table 15) and released with their pups back into the territory from
which they were captured. The pups were weighed and marked with a
bleached number in their pelage.

The attendance cycles and at-sea feeding cycles of the adult
females were monitored continuously by a programmable receiver and
strip chart recorder. In addition, all tag frequencies were scanned
manually twice a day and the animals were observed daily between 22
July and 13 October from a 5-m high observation tower to check the
condition of entangled and control seals, and to see whether the nets
or radio transmitters had been lost. No attempt was made to remove
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