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A B S TRACT

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.

Enlarging 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.



iv

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



Figure 2 .--Location of northern fur seal rookeries (present and extinct),
hauling grounds, and harvesting areas, St. George Island, Alaska.



Figure 3.--Location of northern fur seal breeding colonies, San Miguel Island, California.
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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.
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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-l 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 Island 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.
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Table 1. --Harvest of male northern fur seals, by age group, St. Paul
Island, Alaska, 1971-83 year classes.a

a 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.

c 1981, 1982, and 1983 year classes not included.
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Table 2 .--Age classification of male northern fur seals harvested,
St. Paul Island, Alaska, 1976-85.

a 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 a 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.

* A total of 70 dead fur seals of both sexes that were older than pups
were counted on the rookeries of St. George Island.



12

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 August, 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 Investigations (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:



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 1 and 2 were 22-24
and 26-28 August, respectively.

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

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

c 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.
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where r is the ratio of pups to bulls on all but the particular sample

rookery, and

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 172,922 ± 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

in theTable 5 and is based on shearing-samp ling procedures developed

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.
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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 preliminary

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.
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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 with 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.

* 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. All 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

(l0%), the effects of drying do 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

length. 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 < O.Ol), 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 (l-6 years of age)
which were harvested and measured' on St. Paul Island, Alaska, 1983.



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.



Figure 7 .--Three-year running means of the tooth weight of 4-year-old
males plotted in the year of sampling, St. Paul Island, Alaska.



Figure 8 .--Number of pups born in a given year and their mean tooth
weights as age-3 cohorts, St. Paul Island, Alaska.



Figure 9.--Number of pups born in a given year and their mean tooth
weights at age 4 years, 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 females. 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; Abeggelen 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. All 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.

All 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 least 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

on

two protracted subsequent visits. Mortal

after birth and did not appear related to

or pup.

healthy pup was no longer seen. The female actively searched for her pup

ity in both cases occurred long

bonding or behav ior of the fema le
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Late-pupping females that had lost their pups were predominantly

younger black-vibrissaed and mixed, but mostly black-vibrissaed animals.

Of these nine females three had all black vibrissae, five were mixed,

mostly black, and only one was mixed, mostly white. Of these females,

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 intimidated

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 entanglement 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 l ong 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). All entangled seals of harvestable size

were restrained, flipper-tagged with orange "Allflex"1/ tags (if not

previously tagged), and inspected for the type of debris and potential

le 8). When possible, a sample of the

ion of net webbing gear. Seals with

indicating former entanglement from

wounds caused by the debris (Tab

debris was taken for identificat

netmarks (aberrations of the fur

1/ 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.
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Table 7 .--Continued.
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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.
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Table 8 .--Continued.
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Table 9. --Tags resighted on northern fur seals at St. Paul Island, Alaska, in
1985 during harvest and research activities.
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Table 9. --Continued.
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Table 9 .--Continued.



43
Table 10. --Northern fur seals resighted in 1985 at St. Paul Island, Alaska,

taggeda in previous years during entanglement studies. A dash
indicates no data.
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Table 10 .--Continued.
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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.
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Table 12. --Northern fur seal males tagged in 1985 as part of debris
entanglement studies on St. Paul Island, Alaska. All tags
are orange Allflex.
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Table 12. --Continued.
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Table 12 .--Continued.



Table 12. --Continued.
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Table 12 .--Continued.
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Table 12 .--Continued.



Table 13 .--Northern fur seals entangled in fishing debris and other
materials, St. Paul Island, Alaska, 1967-85.a

a 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).
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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 seen 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 m deep), 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 lodged 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, but

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. The low 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.



Figure 10 .--Results of entanglement experiments on captive, nearly-weaned pups,
Net fragments of the mesh size indicated were experimentally
presented to pups.



Figure 11 .--Frequency distribution of mesh sizes found on juvenile
males (n=58) taken in the commercial harvest on St. Paul Island,
Alaska.
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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 L. 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 based 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

entanglement rates among adult females on the rookeries

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 sample

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.

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 double-tagged with white Allflex 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

the trawl web entangling the females; their survival is to be compared
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Table 15 .--Adult northern fur seal females double-tagged in
entanglement study at Zapadni Reef Rookery, St. Paul
Island, Alaska, 1985.

a White Allflex tags.
b "Entangled" were entangled in about 200 g of 22 cm (stretched mesh)

trawl web and radio tagged. "Controls" were radio tagged only.
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with the controls during the 1986 field season. At approximately 1

month of age, pups were recaptured, weighed, and tagged with white

Allflex tags; these pups were again captured in September for a final

weighing.

Results of the entanglement study on adult females were as

follows: 1) three females freed themselves from the nets; 2) 9 of 17

remaining experimentally entangled females did not return from the

first (3), second (4), or third (2) trip to sea; 3) one control female

did not return from the second or subsequent feeding trips; and 4)

at-sea times for entangled females averaged about twice as long as

trips for control females (Table 16).

At approximately 1 month of age, pups of entangled and control

females were captured, weighed, and tagged with white Allflex tags

(Appendix Table B-l) in August. These pups were again captured in

September to determine average weight gain of pups in the two groups

as shown below:

11 August 18-28 September

Experimental 1.20 kg (n = 12) 2.20 (n = 7)

Control 2.10 kg (n = 19) 3.60 (n = 14)

Eleven of 17 pups of entangled females and one pup of a control

female died during the study.

It was apparent from the results that the 200 g of trawl web had

created a significant encumberance to the adult females while foraging

at sea. The nine females that did not return either abandoned their

pups and remained at sea or alternatively may have died at sea. By
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Table 16. --Length of at-sea feeding trips (in days) for
experimentally entangled and control female northern fur
seals, Zapadni Reef rookery, St. Paul Island, Alaska,
10 July to 10 October 1985. A dash indicates no data.
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mid-October, 3 months after the females were entangled, none of the

entanglements had created open wounds which could be observed

visually. Thus, there was no conclusive evidence that the

entanglement had caused mortality among these females during the 3

months of their entanglement. The survival and reproductive success

of the entangled and control females will be assessed from

observations in 1986. These observations will clarify the fate of the

entangled females which did not return from feeding trips during 1985,

that is, if they are not present in 1986, they probably perished as a

result of the entanglement. The entangled females will be recaptured

and freed from the trawl web entanglements.

The prolonged at-sea feeding cycles observed among entangled

females had the effect of decreasing their pups' weight gain. As

expected, the pups of the entangled females which did not return

perished from starvation.

Energetic Cost of Entanglement to Northern Fur Seal Females and Pups.

Three pups were captured at St. Paul Island in mid-November 1985

and transported to Long Marine Laboratory at Santa Cruz, California,

where energetic measurements on entangled and control pups will be

made.

Surveys of Entanglement in Juvenile Females and Pups.

Surveys of juvenile female entanglement were planned to assess

whether entanglement rates for young females were comparable to those

for juvenile males. It has been generally noted that only a few young
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fema les are entangled in marine debris during the summer fur seal

breeding season. Juvenile females apparently do not begin arriving

back on the rookeries and hauling grounds until August and September

after the harvest and when most of the scientific survey activity has

been completed. Thus, previous surveys had never been conducted

specifically to assess the presence or absence of entangled females.

Pup entanglement has been known to occur, based upon anecdotal

reports from the Pribilofs, but had not been systematically

documented.

Between 11 September and 16 October 1985, all rookeries and

hauling grounds on St. Paul Island were surveyed for the presence of

entangled juvenile (black-whiskered) females and pups. Most entangled

animals were captured, the nature of the entanglements were recorded,

and the animals were tagged with orange Allflex tags.

During the surveys, 21 entangled juvenile females plus three with

neck scars and one with an open wound encircling the neck were

observed. Twelve of the 25 females were captured and tagged (Appendix

Table B-2). The debris entangling the young females was as follows:

Trawl web or twine (14), monofilament gillnet (3), and plastic or

rubber bands (4). Attempts to translate entanglement observations

into entanglement rates for juvenile females failed because of our

inability to assess the total number of juvenile females on the

rookeries and hauling grounds.
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Although we do not know how the rates of entanglement among

juvenile females compare to those for juvenile males, it was

interesting to note that during this survey when 17 entangled juvenile

females were recorded, a total of 28 entangled juvenile males were

observed. The comparison of these figures suggests that the incidence

of entanglement in juvenile females is -less than that of males of the

same age; however', the same result could be caused by fewer females

than males of the same age returning to the islands at the same time.

The first entangled pup was seen on 12 September, roughly 1 month

after the pups began going into the Bering Sea for the first time.

Between 11 September and 16 October, 39 entangled pups were observed.

Five pups were entangled in a single piece of orange trawl web which

had become wrapped around a channel marker anchor line. Another five

pups became entangled in a large piece of blue trawl web (16 cm mesh)

and washed ashore at Zoltoi Sands. Two pups came ashore at Gorbatch

rookery in a 500-g piece of trawl web. The remaining (29) pups were

single-animal entanglements in pieces of trawl web (16), packing bands

(6), rope or twine (3), cloth (2), neoprene (l), and a balloon (1).

Five of the 39 entangled pups were dead when first observed.

Each of these was entangled in large pieces of trawl netting--three in

the netting which became snagged on the channel marker anchor line,

and one each in pieces of trawl web about 0.5 kg and greater than

1.0 kg in mass.

Twenty-two of the live entangled pups were captured and sexed; of

these, 19 were weighed and tagged with orange Allflex tags (Appendix

Table B-2).
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Surveys of the rookeries and beaches of St. Paul Island and the

beaches of the islands in the Unimak Pass area of the eastern Aleutian

Islands were conducted in mid-November to look for dead entangled fur

seal pups. The number of fur seal pups was quite low on St. Paul

Island because roughly 50 to 70% of the pup population had already

departed the island. One tagged entangled pup and one newly-entangled

pup were seen on St. Paul Island. Both were in good condition and

entered the water with other pups. No dead entangled pups were

observed on St. Paul Island. The surveys for entangled pups on the

beaches around Unimak Pass did not result in any sightings of entangled

Pups.

Many tagged fur seals were observed during surveys of rookeries

and hauling grounds (Appendix Table B-3).
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DISEASE STUDIES, ST. PAUL ISLAND, ALASKA

by

Robert L. DeLong

Blood serum samples were collected from 300 bachelor male

northern fur seals taken in the subsistence harvest on St. Paul

Island. Samples are being screened for antibodies to leptospires and

a series of viral pathogens. Serum samples and swabs for calcivirus

isolation were taken from 37 pups from Northeast Point and Little

Zapadni rookeries on 10 and 11 November, respectively. Twenty-nine of

these pups were tagged with monel cattle ear tags on both front

flippers (Appendix Table B-4).
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FUR SEAL ENTANGLEMENT STUDIES IN 1984, ST. PAUL ISLAND, ALASKA

Joe Scordino, Hiroshi Kajimura, Norihisa Baba, and Akira Furuta

This section reports fur seal entanglement data collected during

the second year of a 3-year cooperative U.S.-Japan study on St. Paul

Island, Alaska. This portion of the cooperative study emphasizes the

examination of debris entangled on fur seals observed during the 1984

harvest of subadult males. Results of the first year's studies are

reported in Scordino et al. (1984). Information collected on St. Paul

Island in 1984 include the type of entangling debris, the mesh sizes

of entangling webbing material, pathological examinations on the type

of and the degree of injury, the age and size of seals that were

entangled, the incidence of scarred seals (indicative of a prior

entanglement), and the returns of entangled seals tagged during the

harvest in 1983. In addition, some of the entangled subadult males

in the 1984 harvest were tagged and released with the debris intact.

Surveys were also conducted to record sightings of entangled seals in

haul-out and breeding areas and to find entangled seals that were

tagged and released during 1983 and 1984. Two beach areas were also

surveyed and cleared of debris for the second and third consecutive

years.

From a total of 22,066 seals harvested in 1984, 87 subadult males

(0.39%) were observed with entangling debris around their heads,

necks, or shoulders (Appendix Table B-5). In recent years (1976-84),

the incidence of entanglement has averaged about 0.42% of the subadult
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males harvested. Entangled females were not observed among subadult

males driven in the harvest in 1984. The incidence of entangled

females in the harvest is rare; only two have been observed in the

last 4 years (1981-84).

Trawl net webbing was the predominate debris found entangled on

seals in the harvest and accounted for 55.0% of the entangling debris

observed on seals (Table 17). Plastic packing bands were the second

most frequently occurring debris, accounting for 23.0% of the

entangling debris. Seventy-four percent of the trawl net fragment

samples taken off the entangled seals had a mesh size greater than

20.0 cm (Table 18). The trawl webbing mesh sizes ranged from

13.5 to 28.0 cm with the 23.0-, 21.5-, and 24.0-cm mesh sizes

occurring most frequently. Most entangled seals observed in the

harvest were entangled in small fragments weighing less than 200.0 g

and in mesh loops rather than in holes or tears in the webbing. A

detailed account of entangled seals examined during the harvest is

shown in Appendix Table B-6.

The severity of trauma caused by entangling debris was determined

by measuring the length of open wounds along the point of entanglement

(usually about the neck) and is expressed as degrees of a circle in

this report. Many seals with entangling debris did not have open

wounds; however, of the 33 entangled seals with wounds, 38.0% had open

wounds that extended over 270" of the line of entanglement (Table

19). Of the seals entangled with debris, open wounds occurred in

40.0% of the seals in trawl nets, 21.0% of those in plastic bands,

100.0% of those in gillnets, and 38.0% of those in other debris.
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Table 17. --Types of entangling debris observed on northern fur seals
during the harvest and frequency of occurrence in 1984.

Table 18.--Mesh sizes of trawl webbing entangled on northern fur seals
during the harvest and frequency of occurrence in 1984.
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A comparison of the ages of entangled seals taken during studies

in 1982-84 to the incidence of wounds show that the frequency of

wounds increases with age (Table 20). Of entangled seals ages 5 years

and older, 82.0% had open wounds while 50.0% of the 4-year-olds and

30.0% of the 3-year-old seals had open wounds.

In addition to the entangled animals, 67 seals were observed to

have scars or wounds that were indicative of previous entanglement

(Appendix Table B-6). Another 17 seal pelts examined in the

processing plant on St. Paul Island (Appendix Table B-7) showed

similar entanglement scars or bruises on the dermis of the skin (after

the blubber was removed). The incidence of entanglement-scarred seals

(without debris) was the same (0.39%) as the incidence of seals with

entangling debris (Appendix Table B-5). These observations

demonstrate that some animals can extricate themselves from entangling

debris within a relatively short period of time and can survive an

entanglement episode even when such entanglement causes an open

wound. Four of these entanglement-scarred seals (without debris) had

open wounds, two of which were 360" wounds, suggesting the animals had

very recently extricated themselves from the debris. Table 21 shows

harvested fur seals observed during 1982-84 with scars or bruises

indicative of a previous entanglement.

To better understand the progression of skin trauma and

mortality, 56 of the 87 entangled seals encountered in the 1984

harvest of subadult males were tagged and released with the debris
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Table 20 .--Incidence of open wounds by age of entangled northern fur seals, 1982-84a.

Table 21. --Northern fur seals observed without entangling debris, but having
scars or bruises indicative of a previous entanglement, 1982-84.



no. 574) which had a small quantity of

itself from the debris within 2 days a

intact as in 1983 (Scordino et al. 1984) so they could be followed

through time. Some of these tagged, entangled seals (tagged in 1983

and in 1984) were resighted in 1984 without their entangling debris.

Of 75 entangled or entanglement-scarred seals tagged in 1984, 18

were resighted during the same year (Appendix Table B-8); of that 18,

14 were entangled and 4 were scarred from entanglement. One seal (tag

net on its neck extricated

fter tagging.

Twenty-five percent of the entang led seals tagged in 1983 were

sighted in 1984 (Appendix Table B-9). Eighteen (19%) of these

sightings were during the subadult male harvest and the remainder were

sighted during the few cursory hauling ground surveys. In order to

compare these returns with the return rates of unentangled seals, we

reviewed similar efforts to sight tagged, unentangled, subadult males

during the harvest on St. Paul Island in 1978 and 1979. Griben (1979)

tagged 356 and 1,236 subadult males during the harvests in 1977 and

1978 respectively. In 1978, Griben sighted 193 (54%) of the 1977-

tagged seals during intensive sighting efforts on St. Paul Island both

during the harvest and during daily surveys of all haul-out areas. In

1979, the harvesting crew on St. Paul sighted 324 (26%) of the 1978-

tagged seals exclusively during the harvest operation on St. Paul

Island. Because all of the 1984 sightings of tagged entangled seals

during the harvest were initiated by the harvesting crew as was the

case in 1979, these 1979 data were determined to be more appropriate

for comparison than the 1978 returns by Griben (1979) which were the

75
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result of considerably greater resighting effort. Comparing tag

returns of 'normal" subadult males in the 1979 harvest with tag

returns of entangled subadult males in the 1984 harvest shows no

statistical difference (P 2 0.95) (Anne E. York, NMML, personal

commun., 1984).

These tagging studies suggest that the mortality of entangled

subadult male seals is not significantly different than that of

unentangled subadult male seals over at least a one l-year period.

This finding contrasts with previous reports of an assumed short

time-frame mortality in entangled seals (Fowler 1982). However, it

should be noted that 50% of the 1984 returns of 1983 tagged entangled

seals were seals that had extricated themselves of the previously

entangling debris. The loss of debris was not considered in past

assumptions on entanglement mortality and obviously would be a

significant factor. Nonetheless, the returns demonstrate that an

entangled seal can survive over 1 year with the debris intact similar

to a "normal" unencumbered seal in spite of the trauma caused by the

debris.

Seventy-five percent of the entangled seals did not have open

wounds when they were tagged in 1983 and many of these still had no

marks or scars when resighted in 1984, suggesting that the wounds

caused by entangling debris may take over a year to develop. Nine of

the 24 resighted seals had open wounds when they were tagged in 1983;

5 of these had deep 360" wounds in 1983 and still had deep 360"

wounds with debris intact in 1984.
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In addition to the efforts made to observe entangled seals in the

harvest, specific and opportunistic surveys were conducted to

determine the incidence of entangled seals in the breeding areas and

haul-out areas. These surveys were conducted from mid-June until the

end of October (Appendix Table B-10).

The incidence of entanglement among adult females was

significantly less than that observed among subadult males (Table 22).

The late-season (September-October) surveys (Appendix Table B-10) also

resulted in relatively very few sightings of entangled females;

however, it is very difficult to distinguish the sex of young animals

using these observational techniques.

Two beach areas, a rocky boulder beach on the west side of

Northeast Point and the Zolotoi Sands beach, were surveyed and cleared

of debris for the second and third consecutive years, respectively.

All removable pieces of net, rope, string, and plastic banding

material on both beaches were collected, and samples were taken from

both beaches. Totals of 30.0 kg and 40.0 kg of webbing were

collected from Northeast Point and Zolotoi Sands beaches,

respectively. Samples of beach survey debris (1982-84), net webbing

collected off seals (1983-84), and debris other than net webbing

(bands, strings, etc.) taken off seals (1981-84) were sent to Japan

for examination. A separate report on these examinations will be

prepared by the Japanese scientists involved in these studies.
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Table 22.-- Incidence of entangled northern fur seal females during breeding area
entanglement surveys in 1984.
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This report discusses the study of swim speeds and changes in female

numbers and distribution at St. George Island from 1974 through 1985

(preliminary results). The tags applied to fur seals at St. George and

St. Pau I Islands in 1985 are summarized in Table 23.

Swim Speeds

BEHAVIOR AND BIOLOGY OF NORTHERN FUR SEALS, PRIBILOF ISLANDS, ALASKA

by

Roger L. Gentry, Wendy E. Roberts, and Michael E. Goebel

The research effort of the NMML Behavior and Biology Task in 1985

centered on: 1) baseline fur seal behavioral studies, 2) survival and

pregnancy rates of marked females, 3) behavior of peripheral males at

Staraya Artil rookery (St. George Island), 4) diving behavior of females

at St. Paul Island for comparison with past St. George Island data,

5) identification of feeding areas for animals located at sea by telemetry,

6) behavioral monitoring at Kitovi rookery, St. Paul Island, 7) swim

speeds of females during feeding excursions, and 8) diving behavior of

adult males (a pilot study).

The foraging behavior of northern fur seals has been studied for

10 years in an attempt to relate changes in food resources to population

trends of northern fur seals. This correlation was Proposed in the

document that established the St. George Island project (Anon. 1973).

Mechanical time-depth recorders (TDRs) were devised to measure foraging

effort in a complex and inexpensive way. The behavior of foraging seals

has been reported elsewhere (Gentry et al. 1986; Gentry and Kooyman
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Table 23. --Tags applied to northern fur seals on St. George and St.
Paul Islands, Alaska, in 1985 for studies of behavior.a

a All seals were tagged on the trailing edges of both front flippers near
the hair line.

b Staraya Artil is located on St. George Island; Kitovi is on St. Paul
Island.

c White Allflex 5084 is a retag of yellow Riese 5084.
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1986). The existing data provide a baseline for comparisons of foraging

effort if the seal population decline resumes at its former level, or

if food availability declines.

Several major questions about fur seal pelagic behavior arose from

these past investigations (Gentry and Kooyman 1986). For example:

1) How far do fur seals forage from the islands? 2) How far and how fast

 do they move between feeding bouts (when they are known to be active)?

3) How does-swim speed vary with depth ? 4) Do seals catch prey by burst

swimming?; 5) At what angle relative to the surface do fur seals descend

and ascend from feeding dives ? 6) Do swim speed and distance traveled on

a feeding trip vary with body size (or with age because body size increases

with. age)?

To address these questions, a contract was established with

Micromonitorsl/ (Sunnyvale, California) to provide microprocessors (MPs)

that sample swim velocity and depth over time. velocity was measured

with a small paddle-wheel device attached to the side of the waterproof

MP housing. Depth was monitored with an electronic pressure transducer

in the rear wall of the MP. The MP recorded the time hourly, the start

and maximum depth of each dive, the velocity at the surface once every

4 minutes, and the velocity during diving once every 15 seconds. The MP

had 4,000 bytes of memory on nonvolatile chips. The memory was dumped to 

a minicomputer by way of a modem after the instrument was retrieved from

a seal. The units, which weighed about 0.75 kg, were attached to female

fur seals by nylon harnesses designed for use with conventional TDRs.

1/ Reference to trade names does not imply endorsement by the National
Marine Fisheries Services, NOAA.
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Seven deployments of MP-carrying females were made in July and

August using two MP units. One unit was programmed to record swim

velocity until 10 m depth was attained, and to then record maximum depth.

The other MP unit was programmed to record swim velocity every 15 seconds

during diving, and maximum depth of dives greater than 10 m in depth.

Because of a malfunction in one unit, only one complete and two partial

records were obtained of swim velocity at the surface; four records were

obtained of swim velocity during dives.

The durations of trips to sea were slightly longer for females

carrying MP units than for uninstrumented animals, but they were not

longer than for females carrying conventional TDRs. Unlike deployments

With TDRs, females carrying MP units did not consistently gain weight on

feeding excursions. In fact, four females lost weight while two gained

weight. For this reason, MP units were not placed on females that weighed

less than 37 kg.

The MP data are presently being analyzed. Empirically, it appears

that the maximum swim velocity attained during deep dives was about 3.5

m/second (12.6 m/hour). Swim speed during dives varied, but no brief

bursts of high-speed swimming, suggesting prey pursuit, were seen.

Since swim speeds were not measured for the smallest females (26-36 kg),

the correlation of swim speed with size (aye) will remain incomplete.

All distance estimates will be made by summing the products of velocity

(x) sampling interval for all data points. Descent and ascent angles

will be estimated from calculating the sine of an acute angle of a right

triangle in which the vertical distance (depth) is known, and the

hypotenuse is the sum of velocity readings (x) sampling interval.
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Changes in the Adult Female Population

At the inception of the St. George Island program, we anticipated

that the female population would change in size and perhaps in

distribution during the 15-year study period. To measure these changes,

grids were painted on two study sites with intersections every 10 m.

The Zapadni grid measured 100 m x 40 m, and the grid at East Reef

measured 100 m x 30 m. Maps of these grid systems were duplicated on

standard-size grid paper with a scale of 1 inch = 10 m. Each day of each

reproductive season (about 15 June through 1 August) a map was drawn

depicting as closely as possible the shape, size, and location of each

female and pup group. The number of animals in each group was recorded

on the map; sampling occurred at around 1100 hours each day. Maps

are available for both sites from 1974 through 1984, and for East Reef

only in 1985.

Analysis of these maps is now under way. Preliminary analysis

showed that the population on shore (usually about l/5 of the total

number of females using an area) peaked from 7 through 14 July. This

report summarizes preliminary analysis of maps for the East Reef rookery

made from 7 through 14 July for the years 1975-84. These are the most

consistent data available because they were collected by only two

observers (J. M. Francis, 1975-80; M. E. Goebel, 1981-84). Single

females were deleted from all data analysis because observers differed in

whether they recorded area occupied by such females. Therefore, reported

census values will be somewhat lower than actual counts of females.



84

The maps were reduced by digitizing images using a video camera

and a computer program called Image Measure. To use this program, a

technician positioned a moveable cursor on a group drawn on the digitized

map, and the computer calculated the area and the x-y coordinates of the

group center. The technician then typed in the number of females in that

group. Thus, a file was created with data for each day to give area,

numbers, and x-y coordinates of each female group.

The data were analyzed by collating files using the statistical

package MINITAB. A total census and a total area occupied were calculated

for each day by summing the results for each group. These daily totals

were used to calculate a daily density value (females/m2). Yearly

re taken as the average of the eightdensity, area, and census values we

daily values.

Roth the total number of anima ls counted and the areas occupied by

these animals declined from 1975 through 1984 (Fig. 12). The group

sizes changed from a few large groups to many small groups in this period

(e.g., see Figs. 8a and 8b in Gentry et al. 1980).

The extent of the decline in female numbers and area occupied closely

mirrors the pup estimates for St. Paul Island made in the same years

(Fig. 12; note that no estimates exist for 1977 and 1978). The pairwise

correlations among these three parameters were excellent (area versus

number, r = 0.99; area versus St. Paul pups, r = 0.94; number versus

St. Paul pups, r = 0.93). Thus, the East Reef rookery changes occurred

in close parallel with the St. Paul Island pup production during this

l0-year period.



Figure 12 .--Changes in the number and area occupied by adult females at East Reef rookery,
St. George Island, Alaska, and estimates of pups born at St. Paul Island, Alaska,
over a lo-year period.
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The data show that intragroup density of females did not decline as

population size declined; area and numbers of seals remained closely

correlated through the study period. This correlation is seen best by

plotting area occupied against numbers of seals in the same years

(Fig. 13)--a virtually straight-line result. When the annual density

values are plotted by year, density appears to have increased with time

(Fig. 14). The two ends of the graph, 1975 and 1984, are statistically

different from each other (t = p<O.OOZ). Table 24 lists the values used

in the statistical analysis. The conclusion from this analysis is that if

intragroup density varies with population size it varies inversely.

The East Reef fur seal population has changed relatively less than

other rookeries on St. George Island since 1974 (Gentry and Francis 1981).

Since the changes at East Reef closely correlate with pup production at

St. Paul Island, other St. George Island rookeries have apparently changed

relatively more than those on St. Paul Island.

Intrayroup density is undoubtedly under behavioral control of

individual females. Spacing among individuals is enforced by threats

and other aggression, and by movement out of high density (frequent

aggression) areas. Since the spacing between neighbors is controlled by

behavioral tendencies of individuals, our observation that intragroup

density is relatively stable is the expected result.

The apparent increase in intragroup density from 1975 through 1984

may be real. The male population increased as the female population was

decreasing and changing from a few large groups to many small ones. The

increasing numbers of males may have had more effect on the density in

small female groups than on large ones, thus increasing density over



Figure 13 .--Relationships between the number and the area occupied by adult females at
East Reef rookery, St. George Island, Alaska, over a lo-year period (1975-84).



Figure 14.--Changes In the intragroup densities of adult female
St. George. Island, Alaska, over a lo-year period.

groups at East Reef rookery,
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Table 24 .--Differences in the abundance of northern fur seal female
population at East Reef rookery, St. George Island, Alaska,
in 1975 and 1984.
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years. This hypothesis can be tested by examining separately the

densities of same size groups over the l0-year period. Females tend to

avoid contact with males by forming groups with other females. If male

avoidance was the only factor affecting female behavior, then we would

have expected to see smaller numbers of large female groups form as the

female numbers declined. Our observation that large numbers of small

female groups were formed does fit the hypothesis that female density is

balanced between breeding as close to preferred sites as possible (Gentry

et al. 1980) and remaining within female groups.

The apparent increase in intragroup density may be an artifact. The

two individual observers recorded single females differently, and may

have judged group size differently. Furthermore, the size of small

groups that do not cross grid lines is more difficult to estimate on maps

than the size of large groups that cross several lines. Since the number

of small groups increased and large groups decreased through the years,

this bias may have been progressive. Similar changes in intragroup

density will be examined using Zapadni data which were collected

by at least seven different observers.

Density of female groups is an important issue in fur seal

management. The assumption of density-dependent mortality underlay the

abortive 1956-68 herd reduction program. Density has different meanings

depending on the unit of area considered. As the herd size declines,

density at sea declines, but because of the behavioral tendencies of

individuals, density within groups on land during the breeding season

does not decline and may even increase. The importance of this
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difference for management 1s that density cannot be considered a unitary

concept in searching for causes of mortality. Causes of mortality that

are associated with social processes, such as death by trauma, communicable

diseases, or stress from social interactions, may not vary directly with

herd Size.
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PELAGIC INVESTIGATIONS,

by

BERING SEA

Thomas R. Loughlin, George A. Antonelis, Jr.,

Michael Perez, and Robert v. Miller

The Bering Sea Task of the Pinniped program conducted researchon fur

seals in three major catagories: pelagic collection of fur seals for diet

information, assessment of the colony at Bogoslof Island, and radio-

tracking of females to determine feeding locations. Results from the

first two categories are

studies are presented in

presented below; results of radio-tracking

the following chapter.

Feeding Habits Study

In the southeast Bering Sea the consumption of finfish by marine

mammals has the potential impact of commercial fishing on marine mammal

stocks and their prey, and the consumption of common food items by marine

fish are issues to be considered during the development of fishery

management plans. The primary objective of this study was to compare the

species composition and relative abundance of fish found in northern fur

seal stomachs and marine fish stomachs to the species composition and

relative abundance

Methods

The NOAA ship

from 4 August 1985

of fish in the

Miller Freeman

watercolumn.

was used as the investigative vessel

to 23 August 1985. Observations and collection

activities occurred within 100 nautical miles (nmi) of the Pribilof

Islands, Alaska.
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Fur seals were collected in predetermined sampling areas where they

were presumed to be feeding (Fig. 15). The date, time, location (latitude

and longitude), water temperature, and water depth were recorded

immediately after each seal was collected.

Fur seals taken at sea were returned to the ship for processing

within 1 hour after collection. In addition to recording each animal's

standard morphometric measurements and total weight, and after removing

the digestive tract for food habit analysis, a variety of other samples

were collected to maximize the amount of biological information collected.

The canine teeth and reproductive organs were collected for the

determination of age and reproductive status, respectively. Blood samples

of 25 cc were taken for disease and reproductive hormone studies:

pituitary glands were collected for the development of a reproductive

hormone assay technique; and rectal swabs were placed in culture media for

eventual screening for viral diseases.

Sampling for groundfish was done with an 83/112 eastern bottom trawl

(with roller gear when needed); midwater fish were sampled with a Diamond

midwater trawl and a Marinovich herring trawl. Fish sampling was done in

areas which coincided with the collection or occurrence of fur seals.

Nocturnal and evening fish sampling was conducted throughout most of the

cruise; however, daytime fishingwas conducted at times when inclement

weather conditions prohibited collection of fur seals. Tows were

generally 30 minutes in duration, and trawling speed was approximately

3 nmi/hour. No tows were made until the seal collection party returned to

the ship.
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Figure 15.--collecction areas for northern fur seals used on the 1985
of the NOAA ship Miller Freeman.
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Results

A total of 43 fur seals were collected in the waters adjacent to

the Pribilof Islands from 6 to 15 August. The collection date, time,

location, depth, and number are shown in Table 25.

A total of 23 midwater tows and 23 bottom tows were completed. Table

26 shows the total weight caught per species and the number of fish

stomach samples collected by species. The total weight caught during the

cruise was 36,403.4 lb and the total number of fish stomachs collected was

1,172. Selected whole fish and squid specimens were retainedand frozen

for NMML energetic studies, fish otolith and squid beak collections, and

virology studies.

Approximately 195 specimens were retained for energetic studies, 48

specimens for virology studies, and 284 specimens for the otolith

examinations. The cephalopods and a subsample of the fish collected on

this cruise will also be used for several other research projects at the

NMML, including: 1) Northern fur seal energetics studies, which rely on

fresh frozen specimens for the determination of caloric energy value of

the prey: 2) An ongoing prey species identification program, which

maintains a collection of fish otoliths and cephalopod beaks that are

frequentlyused as a primary means of marine mammal prey identification.

Otoliths and beaks are also used to estimate the size of a specific prey

when a sufficient number of specimens are available; and 3) Studies of

northern fur sealswhere selected fish species are examined as potential

vectors of viral diseases.
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Table 25. --Date, time, waterdepth, surface temperature, and location of
northern fur seals (Callorhinus ursinus) collected during the
research cruise of the NOAA ship Miller Freeman, 6-16 August
1985. A dash indicates no data.
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Table 25.-Continued.
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Table 26.--Summary of catch weight (in pounds) and stomach collections by
species. A dash indicates no data.
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Conclusion

Weather conditions did not limit fishing operations; however, the

collection of seals was frequently limited by inclement weather. During

thecruise, therewere only 33.5 hours of good weather for collecting

seals. However, the data from the 43 fur seals collected should yield

sufficient information to allow for characterization and historical

comparison of fur seal diet. The completion of numerous secondary

objectives, such as the assessment of the northern fur seal population on

Bogoslof Island, the marine mammal survey in the waters adjacent to the

Pribilof Islands, the collection of samples for specific biological

studies on the northern fur seal, and the collection of fish and

cephalopods for food habit and energetic studies, combine to produce data

that will be useful in ongoing and future fur seal studies. Detailed

reports on this research are being prepared.

Assessment of Fur Seals on Bogoslof Island

On 18 August, the NCAA ship Miller Freeman traveled to Bogoslof

Island to conduct population studies. A field party consisting of six

scientific personnel and three ship crew members larded on the island and

counted a total of 112 northern fur seals. Most of the-animals were

located in the rocky boulder area near the southeast corner of Kenyon

Dome, while three to five adult males were located on the level grassy

area to the east of the main concentration of animals. The sex and

approximate age composition of the fur seals present on the island were as

follows:

27 adult males (>5 years of age),

39 bachelor males (2-5 years of age),
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37 females (at least 50% >6 years of age (white-whiskered)), and

9 pups of the year.

Eighty seals were herded out of the boulders and onto the adjacent

grassy area for tagging. In addition to double-tagging as many fur seals

as possible with blue Riese-tags, those animals that had lost tags from a

previous tag application were retagged. A total of 16 females and

9 subadult males were tagged (Table 27), and the remaining 55 males were

released because they were too large to safely restrain and tag.

Five previously tagged fur seals were observed (Table 28). Four

(3 females and 1 male) were originally tagaged with blue Riese-tags on

11 August 1983 at Bogoslof Island. One female was originally tagged on

the left foreflipper (silver Monel tag OM7719) on Medney Island, USSR, as

a pup in 1976, and was subsequently tagged in the right foreflipper on

Bogoslof Island in 1983 with a blue Riese-tag (2008). Since the blue

Riese-tag was not attached during our observation of this animal, we

attached another blue Riese-tag (2040) to the right foreflipper. Tag

losses were also observed on two other females, and replacement blue

Riese-tags were applied (Table 27).

All tags applied in 1983 and resighted on fur seals in 1985 had

changed in color from blue to green. This was also true for a "blue"

Riese-tag (2020) which was found in the grassy area near the tagging site.

Nine pups were counted in the boulder area; however, more may have

been present but went undetected because of their location in caves under

the rocky substrate. The pups were not tagged because they were

in accessible in crevasses between boulders.
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Other marine mammal sightings at Bogoslof Island included a pod of

four killer whales (one large male and three relatively smaller

individuals). The northern sea lions on the island were either near the

shoreline (mostly mothers and pups) or in the water (not on rookery or

haul-out areas), which made it impossible to estimate their numbers.
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Table 27. -Northern fur seals double-tagged on Bogoslof Island, Alaska,
18 August 1985. A dash indicates no data.
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Table 28. -Northern fur seal tag resights on Bogoslof Island, Alaska,
18 August 1985.
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John L. Bengtson, Richard L. Merrick, and Thomas R. Loughlin

The northern fur seal population of the Pribilof Islands has been

experiencing a decline of about 6.5% per year. The reasons for the

decline are not specifically known, but entanglement in debris, changes

in reproductive vital rates, competition with commercial fisheries for

common fish resources, and other potential causes have been postulated.

The objectives of this research project were to assess the interactionof

commercial fisheries and female fur seals while at sea on feedingtrips

and to determine the locations of feeding sites. It has already been

established that fur seals consume food items similar to those taken in

commercial fisheries. The next logical steps were to determine if fur

seals feed in areas of commercial fishing activity (thus competing for

the same resource spatially and temporally) and to assess the overlap in

their feeding locations with areas of planned oil exploration.

The primary interest in 1985 was to determine the location of

feeding activity and the general pattern of movements to and from the

feeding location by female fur seals. Emphasis during 1984 was to

provide a delineation of the movment patterns and other information

concerning individual feeding trips, while in 1985 a more general

overview of the distribution an feeding locations was emphasized.
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Methods

Female northern fur seals from rookeries on St. Paul Islandwere

capturedwith noose poles andplaced on a restraint  board where they were

flipper tagged and had radio transmitters attached to their heads. In

1984, 40 transmitters were attached (Loughlin and Bengtson 1986); 50

were attached in 1985. The transmitterswere frequency modulating (FM)

blocking oscillators made by Cedar Creek; they were attached with

Devcon-40 quick-drying epoxy resin. The animals were released into the

rookery once the resin had hardened-a matter of only l0-15 minutes.

The females were monitored for their presence on or absence from the

rookery using Esterline-Angus event recorders wired to frequency-scanning

radioreceivers.

In 1985, we assessed the relative location of as many animals as

possiblewhile at sea and located them from the air rather than from a

ship as was done in  1984. A Piper Navajo twin-engine airplane, mounted

with a two-element Yagi antennae on each side, was used. Flights

originated from St. Paul Island, were flown at l00-120 knots and at an

altitude of about 1,200 m, and totaled about 60 hours of flight time.

Results

In 1985, the distribution of animals was similar to that of 1984 and

previous year in that the seals were principally located to the northwest

and southwest of the Pribilofs (Fig. 15)--none were located northeast or

southeast of the islands, even though there was effort to locate them

there:
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It was learned that animals encountered at feeding locations my be

from any of a number of different rookeries on St. Paul Island. During

1984, fur seals were tagged at Zapadni rookery only, which is on the

south side of the island, yet individual animals were followed that were

tagged again at Zapadni Reef and at Northeast Point rookeries. When they

were located at sea, it was found that the animals from Zapadni Reef went

to the south and north of the island and those from Northeast Point went

principally to the north of St. Paul Island.

Discussion

areas of proposed gas and oil explorations and areas where fur seals

location of fishing effort by trawl vessels in the Bering Sea in 1984 for

all fisheries also shows substantial overlap. The trawl locations along

the shelf edge and elsewhere are where fisheries concentrate on walleye

pollock, Theragra chalcogramma Pacific cod, Gadus macrocephalus, and

other ground fish important to the fur seal's diet.
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POPULATION AND BEHAVIORAL STUDIES OF NORTHERN FUR SEALS

SAN MIGUEL ISLAND, CALIFORNIA (ADAMS COVE AND CASTLE ROCK)

by

George A. Antonelis, Jr., Robert L. DeLong and Brent S. Stewart

Adams Cove

The 1985 field season in the Channel Islands of California extended

from 11 June to 28 August. Research activities included population

monitoring through daily censuses, a pug tagging program, and a female

nursing and at-sea feeding cycle study.

Population Information

On 11 June there were 16 large adult males, 6 subadult males

(bachelors), 16 adult females, and 7 live pups on the rookery. A total

of 458 pups were born at the Adams Cove colony in 1985. Maximal counts

of 28 large males, 13 small adults, and 54 bachelorswere recordedon 3

July, 19 June, and 23 June, respectively. The greatest number of adult

females on land occurredon 1 July when 315 were counted. Population

information for the Adams Cove colony is summarized in Table 29 for

1980-85.

Since pup production at Adams Cove has not yet reached the number

recorded in 1982 (1,029), it appears that the 1983 El Nino event, which

resulted in a 60% decline in pup production and a 48.0% decrease in

counts of adult females, is having a long-term effect on the population.

This decline may have also resulted from either a relocation of females

to other areas (e.g., Pribilof Islands) or from an increased mortality

among adult female population.



Table 29 .-Summary of some observations  of the northern fur seal colony in Adams Cove, San Miguel Island,
California, 1980-85.
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To estimate the relative age structure of females in the population,

the number of females with white facial vibrissae, mixed vibrissae, and

black vibrissae were determined, since vibrissae color can be used as an

indicator of age. For females, facial vibrissae are black at birth and

remain black through age 3 years, became mixed (black and white) at ages

4 and 5 years, and by age 7 are usually entirely white.

Of 67 females examined at Adams Cove, 60 had white facial vibrissae

and seven had mixed vibrissae. At Castle rock, we examined 45 females

and found that 41 had white vibrissae and four had mixed vibrissae. In

addition, another 22 mange-identified females were examined closely

enough to determine that they all had white vibrissae. These data

suggest that in 1985 the population at Castle Rock and Adams Cove was

composed predominantly of older females (94.0% of all females observed

were older than 6 years, based on vibrissae color) and that very few

females younger than age 7 gave birth. These data differ from those

reported for previous years (1970-73) when 10.0 to 35.0% of the females

observed were younger than 7 years of age (based on vibrissae color

ratios and known ages of tagged females, from DeLong 1982).

Foraging Characteristics of Northern Fur Seals and California Sea Lions

From 28 June to 15 August, scientists from the National Marine

Mammal Laboratory and the Southwest Fisheries Center in La Jolla,

California, conducted a study designed to compare the foraging strategies

of northern fur seal and California sea lions, Zalophus californianus.

The two species occur sympatrically during the summer breeding season on

San Miguel Island where they utilize the sandy beaches of Adams Cove for

rookery space.
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Radio tags were attached with a guick-drying epoxy to the pelage on

the heads of 25 parturient females of both species. The frequency of

each transmitter was unique, allowing the activity patterns of

individuals to be monitored regularly. All 50 frequencies were monitored

at least four times daily to determine when each animal departed the

rookery for the open seato feed and when each returned. The

distribution of tagged animals at sea was determined by flying a series

of transects to the northwest, west, and southwest of the island in an

aircraft equipped with radio-tracking receivers and antennas.

Preliminary results from the study indicate that the two species

differmarkedly in foraging strategy Feeding bouts for fur seals

averaged from 3.8 to 8.4 days per trip. These animals were frequently

found over the continental slope in water which averaged 520 fathoms

(n - 18, SD = 332.6, range 20-1500). The average feeding bouts for sea

lions averaged 1.7 to 2.8 days per trip. Individuals were often located

over the continental shelf in water which averaged 205 fathoms (n = 15,

SD = 215.7, range 40-850).

Tagging Program and Records

The 1985 field season resightings of fur seals that were tagged as

pups in Adams Cove from 1980 to 1982 are shown in Appendix Table A-9.

Tag resightings are also reported when dead or emaciated pups of the year

are found on beaches or at sea. Most of the tag recoveries have been

recorded north of Point Conception, California, and along the coasts of

Oregon, Washington, and British Columbia. In 1985, the southernmost
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resighting of a taggednorthern fur seal pup of the year (pink Roto-tag

A531) was reported on the western coast of Baja California, 6 miles south

of Ensenada, Mexico (31°45' N lat., 116°34'W long.).

In 1985, there were no sightings of fur seals in Adams Cove from

other islands. The date of first resighting for 9 females tagged as

adults in Adams Cove arepresented in  Appendix Table  A-10.

On 24 September, 100 fur seal pups were double-tagged with pink

Roto-tags (hard plastic). In 1985, Roto-tags were used exclusively on

pups because their numbers can be read at greater  distances than those on

monel tags. All tagged pups were checkmarked by removing the

cartilaginous extension of the third digit on the left hind flipper

(Appendix Table A-11). Twenty-one adult females were double-tagged with

Yellow Riese-tags from 29 June through 7 July as part of the foraging

study mentioned above (Appendix Table A-12).

Mortality on Land

The mortality of fur seal pups born in Adams Cove decreased from

9.0% (44) in 1984 to 3.7% (17) in 1985. Thirteen (76.0%) of these pups

apparently died from heat prostration during a period of warm

environmental conditionswhich occurred from 30 June to 8 July. High air

and sand temperature, solar radiation, and low wind speed combine to

raise a fur seal's body temperature and cause heat prostration. Two pups

were stillborn and one pup apparently died of emaciation syndrome. The

cause of death for the one pup was undetermined.
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Castle Rock

In 1985, a count of 323 pups (312 live and 11 dead) was obtained on

4 August. This represents a decrease in pup production of 88 animals

(21.0%) from 1984. A summary of census information for Castle Rock is

presented in Table 27 for 1980-85.

On l July, 36 breeding males were counted on Castle Rock fromaerial

photographs, representing an increaseof 3 breeding males from the 1984

count.

On 26 September, 100 fur seal pups were double-tagged with pink

Rota-tags (hard plastic). All tagged pups were checked by removing

the cartilaginous extension of the third digit on the left hind flipper

(Appendix Table A-13).

On 4 August a tagged fur seal (pink Roto-tag C28) from the 1981

cohort was resighted on Castle Rock, the rookery of its birth.



Table 30.--Summary of numbers observed and date of observation during censuses of northern fur seals,
Castle Rock, California, 1980-85.
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GLOSSARY

The following terms used in fur seal research and management on the

Pribilof Islands, Bogoslof Island, San Miguel Island, and Castle Rock have

special meanings or are not readily found in standard dictionaries:

Bachelor-Young male seal of age 2-5 years.

Check mark-A notch, slit, hole, or other mark made on a seal flipper

when a tag is applied, to ensure recognition of an animal that has

lost its tag.

Drive-The act of surrounding and moving-groups of seals from one

location to another.

Escapement-Seals that were not commercially harvested because they

were too old, too large, or not available.

Hauling ground-An area, usually near a rookery, on which nonbreeding

seals congregate. See Rookery.

Haul out-The act of sealsmoving from the sea to a rookery or

hauling ground on shore.

Kleptogyny--The act of an adult

3)seizing an adult female

male

from

seal (primarily classes 1, 2, or

another male's territory.

Known age-Refers to a seal whose age is known because the animal

bears an inscribed tag or other type of mark.

Marked--Describes a seal that has been marked by removing the

cartilaginous tip of a digit from a hind flipper; attaching an

inscribed metal or plastic tag to one or more of its flippers,

freeze marking, hair-clipping, or bleaching.
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Mark recoveries-Includes the recoveries of seals marked by one of

several methods. See Marked.

Rookery-An area on which breeding seals congregate. See Hauling

ground

Vibrissae (facial whiskers)--To determine the relative age structure

of females in a population, the color of their facial whiskers are

used. Facial vibrissae are black at birth and remain black through

age 3 years; become mixed (black and white) at ages 4 and 5 years; and

by age 7, the vibrissae usually are entirely white.

Classifications of adult male fur seals

Class 1 (shoreline)-Full-grownmales apparently attached to

"territories" spaced along the water's edge at intervals of

l0-15 m. Most of these animals are wet or partly wet, and some

acquire harems of one to four females between 10 and 20 July. They

would then be called harem males (Class 3). Class l males should not

be confused with Class 2 animals. The latter definitely have

territories, whereas the shoreline males appear to be attached to such

sites but may not be in all cases.

Class 2 (territorial without females) --Full-grown males that have no

females, but are actively defending territories. Most of these

animals are located on the inland fringe of a rookery, same are etween

Class 1 (Shoreline) and Class 3 (Territorial with females) males, and

a few are completely surrounded by Class 3 males and their harems.

Class 3 (territorial with females) --full-grown males actively

defending territories and females. Most Class 3 males and their

harems combine to form a compact mass of animals. Isolated
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individuals, usually with small harems, may be observed at each end

of a rookery, on sandy beaches, and in corridors leading to inland

hauling grounds. Some territorial males have as few as one or two

females. Should these females be absent during the counts, their pups

are used as a basis for putting the adult male in to class 3 rather

than Class 2.

Class 4 (back fringe) --Full-and partly-grown males on the inland

fringe of a rookery. A few animals too young and too small to include

in the count maybe foundhere. Though some Class 4 males may appear

to be holding territories, most will flee when approached or when

prodded with a pole.

Class 5 (hauling ground)--The hauling grounds contain males from May to 

late July and a mixture of males and females from then on. The counts

include males that obviously are adults and all others that have a

mane and the body coformation of an adult. Males included in this

count are approximately 7 years of age and older.

Prior to 1966, Class 3 males were called harm bulls, and

Classes 1, 2, 4, and 5 were collectively called idle bulls. From 1966

through 1974, the adult male seals were classified into five groups

(Classes 1, 2, 3, 4, and 5). Beginning in 1975, Classes 1 and 2 were

combined and designated as Class 2, Class 3 remained the same, and

Classes 4 and 5 were combined and designated as Class 5.

Table 31 lists English translations of Russian names given to some of the

rookeries or hauling grounds by Russian fur hunters in late 1700s.
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Table 31 .--English translations of Russian names for Pribilof Island
rookeries and hauling grounds.
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Table A-4 .--Number of adult male northern fur seals counted, by rookery,
Pribilof Islands, Alaska, July 1985.
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Table A-5 .--Number of harem and idle male northern fur seals counted in
mid-July, Pribilof Islands, Alaska, 1976-85. A dash indicates
no data.



Table A-6.--Number of dead northern fur seal pups counted, by rookery section, Priblof islands, Alaska, 1985.
A dash indicates no data.



Table A-6.--Continued.



Table A-7.--Number of dead northern fur seal pups counted, by rookery, Pribilof Islands. 1976-85a.
A dash indicates no data.



Table A-7.--Continued.
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Table A-8 .--Sightings of northern fur seals with Soviet tags, St. Paul
and Bogoslof Islands, Alaska, 1985. A dash indicates no data.



Table A-9. --Northern fur seals tagged as pups in Adams Cove, San Miguel Island,
California, and the dates first observed at Adams Cove in 1985.



Table A-lO.--Northern fur seal females double-tagged with white Roto-tags in Adams Cove, San Miguel Island.
California, on 18 November 1979. and dates first resighted, 1980-85. A dash indicates no data.



Table A-IO.--Continued.
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Table A-11. --One hundred northern fur seal pups double-tagged with pink
Roto-tags in Adams Cove, San Miguel Island, California, on
24 September 1985. All animals were checkmarked by
removal of the cartilaginous extension of the third digit
on the left hind flipper. A dash indicates no data.
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Table A-11 .--Continued.
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Table A-ll.--Continued.
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Table A-12 .--Twenty-one parturient female northern fur seals tagged on
each foreflipper with yellow Riese-tags in Adams Cove,
San Miguel Island, California, 29 June to 7 July 1985.
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Table A-13. --One hundred northern fur seal pups double-tagged with pink
Roto-tags at Castle Rock, San Miguel Island, California,
on 26 September 1985. All animals were checkmarked by
removal of the cartilaginous extension of the third digit
on the left hind flipper. A dash indicates no data.
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Table A-13 .--Continued.
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Table A-13.--Continued.
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Table B-l .--Tags applied to pups of entangled and control northern
fur seal females, Zapadni Reef Rookery, St. Paul Island,

Alaska, 11 August 1985.
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Table B-2. --Tags applied to entangled northern fur seals during juvenile female
and pup surveys, St. Paul Island, Alaska, 28 September to 12 October
1985.
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Table B-3. --Miscellaneous tags recorded on northern fur seals, St. Paul
Island, Alaska, 1985. A dash indicates no data.
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Table B-4 .--Tag numbers of northern fur seal pups from which serum
samples and rectal swabs for calcivirus isolation were
collected, St. Paul Island, Alaska, 1985.



Table B-S.--Entangled northern fur seals observed during the commercial harvest. St. Paul Island, Alaska, 1984.



Table B-6.--Entangled and entanglement-scarred northern fur seals examined during the commercial harvest, St. Paul Island.
Alaska, 1984. A dash indicates no data.



Table B-6.--Continued.



Table B-6.--Continued.



Table B-6.--Continued.



Table B-6.--Continued.



Table B-6.--Continued.



Table B-6.--Continued.



Table B-6.--Continued.



Table B-6.--Continued.



Table B-6.--Continued.



Table B-6.--Continued.



Table B-6.--Continued.



Table B-6.--Continued.



Table B-7.--Entanglement-scarred northern fur seal skins observed in the skin processing plant, St. Paul Island,
Alaska, 1984.



Table B-7.--Continued.



Table B-8.--Resightings of entangled northern fur seals tagged and released in 1984, Pribilof Islands, Alaska.
A dash indicates no data.





Table B-9.--Sightings made in 1984 of entangled northern fur seals tagged and released in 1983, Pribilof Islands. Alaska.
A dash indicates no data.



Table B-9.--Continued.



Table B-9.--Continued.



Table B-9.--Continued.



Table B-9.--Continued.





Table B-lO.--Observations of entangled northern fur seals (exclusive of the commercial harvest), Pribilof Islands,
Alaska, 1984. A dash indicates no data.



Table B-10.--Continued.



Table B-1O.--Continued.



Table B-10 .--Continued.



Table B-lO.--Continued.



Table Bl-10.--Continued.



Table B-10.--Continued.



Table B-10.--Continued.



Table B-lO.--Continued.



Table B-lO.--Continued.
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APPENDIX C

Scientific staff engaged in northern fur seal research in 1985

National Marine Mammal Laboratory (NMML)
Howard W. Braham, Director

Robert V. Miller, Deputy Director
Charles W. Fowler, Manager, Fur Seal Program

Name Affiliation Assignment

Permanent

Patrick Kozloff

Hiroshi Kajimura

Laurie L. Briggs

John L. Bengtson

Roger L. Gentry

Robert L. DeLong

NMML

NMML

NMML

NMML

NMML

NMML

Michael E. Goebel NMML

George A. Antonelis

Thomas R. Loughlin

NMML

NMML

Michael A. Perez NMML

Anne E. York

Temporary

Robin Manasse

Jason Baker

Wendy E. Roberts

Jason W. Simeonoff

NMML

NMML

NMML

NMML

NMML

Population Assessment

Population Assessment

Population Assessment

Population Assessment

Behavior and

Entanglement
and Feeding

Biology

and
Behavior

Entanglement and
Feeding Behavior

Foraging Behavior
and Food Habits

Pelagic Studies and
Biology

Pelagic Studies and
Biology

Population Dynamics

Entanglement Studies

Tooth Studies

Behavior and Biology

Population Assessment
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APPENDIX C (Continued)

Name Affiliation Assignment

Mamant Kochergin

Isaac Zacharof

Robert M. Olsen

Andrew R. Lestenkof

Alfey L. Hanson

Mekey E. Borenin

Amos T. Philemonoff

Charles A. Melovidov

Anthony Philemonoff NMML

Jason Bourdukofsky, Jr. NMML

Richard L. Merrick NMML

Cooperatorsa

Joe Scordino

John M. Francis

Brent S. Stewart

NWRb

Univ. Calif.,
Santa Cruz

Hubbs Marine
Research Inst.,
San Diego, Calif.

Steven Jeffries

Robin Brown

Douglas Skilling

Wash. Dept. Game Pup Tagging Project

Oreg. Dept. Game Pup Tagging Project

Oreg. St. Univ., Pup Tagging Project
Corvallis

Gene Berry Oreg. St. Univ., Pup Tagging Project
Corvallis

NMML

NMML

NMML

NMML

NMML

NMML

NMML

NMML

Population Assessment

Population Assessment

Population Assessment

Population Assessment

Population Assessment

Population Assessment

Population Assessment

Population Assessment

Population Assessment

Population Assessment

Pelagic Studies and
Biology

Fur Seal Entanglement

Behavior and Biology

Behavior and Biology
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APPENDIX C (Continued)

Name Affiliation Assignment

Jeff Barlow Oreg. St. Univ.,
Corvallis

Wayne Perryman SWFCC, La Jolla, Foraging Behavior
Calif. Studies

John Scholl Calif. Dept. Fish
& Game

Jan Roletto Calif. Marine
Mammal Center,
Fort Cronkhite

Kazumoto Yoshida Far Seas Fish.
Res. Lab.,
Shimizu, Japan

Norihisa Baba Far Seas Fish.
Res. Lab.,.
Shimizu, Japan

Shigeru Nomura

Akira Furuta

Izu-Mito Sea
Paradise,
Numazu, Japan

Izu-Mito Sea
Paradise,
Numazu, Japan

Pup Tagging Project

Foraging Behavior
Studies

Foraging Behavior
Studies

Fur Seal Entanglement

Fur Seal Entanglement

Fur Seal Entanglement

Fur Seal Entanglement

a Financed wholly or in part by the National Marine Mammal
Laboratory or other agency.

b NWR = NMFS Northwest Regional Office.

C SWFC = NMFS Southwest Fisheries Center.
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