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ABSTRACT

Northern fur seal (Callorhinus ursinus) research in 1984 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 1984 on St. Paul

Island, one of the Pribilofs, show a slight but insignificant

increase. Live pups have been weighed on this island in late summer

from 1957 through 1971, and in 1980 and 1984. Significant differences:,

exist in mean weights between sexes and between rookeries for all

years. Males consistently weigh more than females and the differences

between rookeries vary from year to year. There has been a general

increase in the mean weight for both males and females from the 1950's

to the present (1984).

An antibiotic drug, oxy-tetracycline, was adminstered by

intramuscular injection to 227 fur seals in 1984. The

oxy-tetracycline present in the tooth fluoresces when tooth sections

are examined under ultraviolet light, thereby giving a clear benchmark

of dentine layers that are being laid down. The main study included

40 radio-tagged females (19 collected), 17 pups of radio-tagged

females (9 collected), 5 pups marked on day of birth to identify the

neonatal line (5 collected), and 6 subadult males given various doses

of oxy-tetracycline from the commercial harvest (2 collected).

Females tend to specialize in one of three types of diving

strategies. These are characterized as shallow, deep, or a
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combination of the two; a statistical definition of these types is

needed. The seals tend to use the same dive strategies from year to

year, but make' slight shifts in depth as a function of time of

season. Dive type may change with age.. Deep divers. are older, larger

individuals, but not all larger females become deep divers. Foraging

effort increases in October, just before weaning occurs.

Transmitter-equipped female fur seals from St. Paul Island were

followed at sea and were found to travel about 100 nautical miles

(nmi) to feeding locations both over the continental shelf and in deep

water. They. traveled at about 3.5 to 4.5 knots when swimming to the

feeding locations but at about 7 knots when returning. Two of four

animals went south of St. Paul Island; the other two went northwest;

Estimates of the number of pups on Bogoslof Island and in the

southern California area vary. The Bogoslof Island fur seal rookery

is viable although it has not increased in number since the 1983

survey. The number of pups born at Adams Cove on San Miguel Island in

1984 (478) increased by 17.0% from the number (408) born in 1983. Pup

production on Castle Rock in 1984 (411) increased by 184 animals

(81.0%) from 1983.
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INTRODUCTION

by

Charles W. Fowler and Patrick Kozloff

The United States, Canada, Japan, and the Soviet Union

cooperatively carry out research on the northern fur seal, Callorhinus

ursinus, on land and at sea under the Interim Convention on the

Conservation of North Pacific Fur Seals. As part of the U.S.

obligations under this agreement, scientists from the National Marine

Mammal Laboratory (NMML) in Seattle, Washington have conducted annual

surveys and studies on U.S.-owned islands. In particular, they have

studied the Pribilof Islands and Bogoslof Island in Alaska and San

Miguel Island off southern California, all used by fur seals for

breeding and hauling out. This report summarizes the research carried

out on these islands in 1984. It served as the U.S. contribution to the

28th annual meeting of the Standing Scientific Committee of the North

Pacific Fur Seal Commission in Tokyo, Japan in 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 U.S.-owned San Miguel Island

and nearby Castle Rock off southern California (Fig. 3). A small colony

of about 40 fur seals now breeds on Bogoslof Island. The colony began

in 1980 and in 1984 included about 14 pups.

Juvenile male fur seals (primarily 3- and 4-year-olds) are

currently harvested commercially each year from the hauling grounds of

14 rookeries on St. Paul Island; an upper limit of 22,000 fur seals



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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was imposed in the harvest during 1984. In the same year, 350 males

were taken on St. George Island for local use as food. A moratorium

on the commercial harvesting of seals on St. George Island was imposed

beginning in 1973 to permit research on a population as it reverts to

its natural state. Fur seals are also not harvested on Bogoslof

Island, Castle Rock, San Miguel Island, Sea Lion Rock, or at Ardiguen

hauling ground on St. Paul Island. However, some males from these

rookeries may be subjected to a slight 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.
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POPULATION ASSESSMENT, PRIBILOF ISLANDS, ALASKA

Patrick Kozloff, Anne E. York, and Joe Scordino

In accordance with provisions of the Interim Convention on

Conservation of North Pacific Fur Seal's, the National Marine Mammal

Laboratory (NMML) monitors the status of the fur seal herd on the

Pribilof Islands through the collection of specific kinds of

information on population size, age and sex composition, and natural

mortality. Information is also gathered on the number of seals

in the commercial harvest on St. Paul Island that are entangled in

fishing net fragments and in other debris.

Population Parameters

Herd characteristics monitored on the Pribilof Islands in 1984

included the 1) age and sex composition of seals harvested on St. Paul

Island, 2) number and sex of seals taken for food on St. George

Island, 3) number of live adult males and pups, and 4) number of dead

pups and older seals.

Age and Sex Composition of Seals Harvested

Males--Drives were to be made from the hauling grounds on St.

Paul Island from 2 July to 3 August or until the upper limit of 22,000

fur seals was reached. All male seals with a body length of 49 inches

(124.5 cm) or less from tip of tail to tip of nose were taken. Seals

were not harvested on Saturdays or Sundays, and those identified as

female were rejected. The age composition of these animals was

determined from a 20% sample of maxillary canine teeth collected in
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each harvesting area (Appendix Tables A-l and A-2). The sizes of the

year classes of male seals harvested since 1970 are listed in Table 1.

The age composition of males harvested on St. Paul Island since 1975

is shown in Table 2.

On St. George Island, 350 subadult male seals of approximate ages

2-5 years were taken for food from 13 July to 3 August on the east

hauling ground of North Rookery.

Females--A few young females through 4 years of age were

inadvertently taken during the commercial harvest of males on St. Paul

Island and during the harvest for food on St. George Island because of

their similarities in size and in whisker (vibrissae) color with

3-year-old males. In 1984, a total of 32 females on St. Paul Island

were harvested. 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 1984, 4,803 harem and 3,977 idle adult male fur seals (bulls)

were counted on St. Paul Island from 9 to 16 July (Appendix Tables

A-3, A-4, and A-5). On St. George Island, 1,473 harem and 1,369 idle

bulls were counted on 12 and 13 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. Paul Island were

surveyed for dead seals older than pups from 12 to 16 September and

the count totaled 72 females and 66 males. Canine teeth of the

animals were collected wherever possible for studies of age at death.
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Table 1 .--Harvest of male northern fur seals, by age group, St. Paul
Island, Alaska, 1970-82 year classes.a



9

Table 2. --Age classification of male northern fur seals harvested,
St. Paul Island, Alaska, 1975-84.
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CLASSES OF BULLS

2 .  T E R R I T O R I A L  W I T H O U T  F E M A L E S  
3 .  T E R R I T O R I A L  W I T H  F E M A L E S  
5 .  H A U L I N G  G R O U N D  

Figure 4. --General composition of a typical fur seal rookery.
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Table 3 lists the number of these seals' counted on the Pribilof

Islands since 1965.

Dead Pups Counted

In. 1984, 6,115 dead fur seal pups were counted on all rookeries

of St. Paul Island from 21 to 30 August (Appendix Table A-6). Dead

pup counts on St. Paul and St. George Islands since 1975 are given in

Appendix Table A-7.

Number of Pups Born in 1984

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

the time of shearing have been made and standard errors calculated

since 1980. The ratio of live pups to bulls on the sample rookeries

is computed from the mean pup estimate of two sampling periods (Table

4) and the mid-July count of harem males (Appendix Table A-4).

Following the procedures described in the 1980 report of Fur Seal

Investigations (Kozloff 1981)) the total number of pups born is

estimated by multiplying the estimated ratio of pups to bulls by the

total number of breeding males on all rookeries and adding the count

of dead pups as follows:



Table 3 .--Number of dead northern fur seals counted that were older than pups,
Pribilof Islands, Alaska, 1965-84. A dash indicates no data.
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Table 4 .--Estimated number of northern fur. seal pups in 1984 at times of
shearing and birth on five rookeries of St. Paul Island, Alaska.
Pups were sheared 6-14 August; sampling periods 1 and 2 were 17-18
and 21-22 August, respectively.
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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

34.803 t (2.776) (1.690) or

34.803 + 4.691.

The total number of harem males counted on all rookeries of

St,. Paul Island is 4,803 (Appendix Table A-4)

The total numbers of pups at shearing = 167,159 + 22,531

(with 95% confidence interval); counted number of dead pups = 6,115;

and total number of pups born (with an approximate 95% confidence

interval) = 173,274 + 22,531.

Mark Recoveries

During the commercial harvest of male northern fur seals on

St. Paul Island, 11 males marked by the Soviet Union as pups were

recovered. Appendix Table A-8 lists the number of Soviet tags

recovered by the United States in 1984.
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Seals Entangled in Net Fragments and Other Materials

The number of entangled northern fur seals appearing in the

harvest on St. Paul Island since 1967 is given in Appendix Table A-9.
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LIVE PUP WEIGHTS, ST. PAUL ISLAND, ALASKA

Patrick Kozloff and Laurie J. Briggs

Untagged living pups were weighed on St. Paul Island from 3-5

September in 1984 for continued research efforts to determine if body

weight is related to survival and if body weights have changed with

the reduced population size. Pup weight data had been previously

collected on St. Paul Island in the years 1957 through 1971 and in

1980. Living pups were not weighed during the years 1972 through 1979

and 1981 through 1983.

Pups weighed in past years were both tagged and untagged, and it

was determined that tagging caused an immediate weight loss. The mean

weight of tagged pups was less than that of untagged pups for both

males and females (Marine Mammal Biological Laboratory 1969). In

1962, the weighing program was modified to include three weighings,

each a month apart, in order to determine if the differences in

weights of tagged and untagged animals changed by the time pups left

the island. Analytical results showed that weight loss caused by

tagging was partially overcome after two months.

In 1980, a preliminary study was conducted to determine if pups

selected for shearing weighed less than those not selected. It was

determined that sheared pups generally weighed less than unsheared

pups (Kozloff 1981).

Table 5 presents the sample size, mean, and variance for each

rookery for pup weights determined in early September for the years
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Table 5. --Sample size, mean, and variance of weights of untagged
live male and female pups during 1957-71, and in 1984.
A dash indicates no data.



c
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Table 5. --Continued.

Rookery
and year

Male Female
Sample Mean Sample Mean
size weight Variance size weight Variance

(kg) (kg)
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Table 5 .--Continued.
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1957 through 1971 and 1984. Figures 5 and 6 show the trend of mean

annual pup weights over time. Significant differences exist in mean

weights between sexes and rookeries for all years. The differences

between rookeries vary from year to year, and in some years there were

no significant differences between some of the rookeries. For

example, in 1957, 1959 and 1962, the mean weights of males were

similar between Zapadni Reef and Polovina and between Reef and

Northeast Point; in 1963, the weights of females were also similar for

the same rookeries. Female pup weights taken on Polovina, Reef, and

Northeast Point were similar in 1957, 1960 and 1962. In general, pup

weights taken on Reef Rookery have been higher than other rookeries.

The data presented in Figures 5 and 6 suggest a general increase

in mean pup weights for both males and females. When considering this

trend, it should'be noted that in 1958 pup weights were taken on

Northeast Point Rookery only, whereas all other mean weights were

averaged over three or more rookeries. It is also of interest to note

that the mean weights for both males and females taken on Northeast

Point Rookery in 1958 were significantly greater than any other

average weight taken on a specific rookery.



P U P  W E I G H T  V S  Y E A R
MALES

Figure 5 .--A plot of the mean weights of male fur seal pups
as measured in early September for St. Paul Island,
Alaska from 1957 through 1984.



P U P  W E I G H T  V S  Y E A R
FEMALES

Figure 6 .--A plot of the mean weights of female fur seal pups
as measured in early September for St. Paul Island,
Alaska from 1957 through 1984.
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TETRACYCLINE MARKING OF NORTHERN FUR SEALS, ST. PAUL ISLAND, ALASKA

Hiroshi Kajimura and John-L. Bengtson

Studies were conducted in 1984 with the objective of placing known

marks in teeth of northern fur seals so that the fine dental structures

(layers) could be related definitely to life history parameters. To

provide reference points at known intervals (layers) within teeth, an

antibiotic drug, oxy-tetracycline, was administered by intramuscular

injection. Upon injection, the drug is incorporated into hard

tissues, principally the teeth and bones, within a short time. The

tetracycline present in the tooth fluoresces when sections are examined

under ultraviolet light, thereby giving a clear benchmark of dentine

layers that are being laid down. Some of the females and pups in our

study were given a second dose of tetracycline to provide a second

reference point in the dentine. These known marks will provide a check

in evaluating how some behavioral events (e.g., feeding trips,

nursing/fasting cycles) may be related to fine structures in teeth.

Study Area

Zapadni Reef Rookery was chosen as the study area because earlier

studies conducted at this site showed that it was easy to observe and

capture seals there, its proximity to the village made it readily

accessible, and seals on this rookery were accessible for capture from

the water's edge. These features proved beneficial when the seals were

ine.to be captured for administering the second injection of tetracycl
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Capture and Internal Marking of Fur Seals

Fur seals other than pups were captured with a noose pole or choker

and placed on a restraint board similar to that described by Gentry and

Holt (1982). The restraint board was used to immobilize adult female fur

seals while we attached telemetry devices (radio transmitters) to their

heads. This restraint board was also used when we examined subadult

males entangled in net fragments or other debris. When the restraint

board was not used, the seals were held down by two people while a third

administered the tetracycline. Pups were captured by using a hoop net or

bare hands and were held on the ground by one person while the other

administered the tetracycline. All seals marked with tetracycline were

also given two identical tags, one on each flipper, for future

identification (Table 6).

Radio transmitters were attached to the heads of the adult females

with a quick drying epoxy glue before they left the rookery on their

first feeding trip. The telemetry devices were used to monitor the

females' presence on or absence from the rookery 24 hours a day, and for

tracking them at sea (see section on Northern Fur Seal Tracking).

Chart recorders and scanning receivers were placed near the rookery

of radio tagging to monitor the presence of the females while ashore on

the rookery. The recorders scanned all frequencies (each transmitter had

a separate frequency) and, therefore, provided complete records of the

females while ashore. Information on the females presence or absence

from land was recorded for later use in delineating several aspects of

feeding trip/nursing cycles, including the number and duration of trips

made during the study. This information, in addition to the known marks
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Table 6.--Northern fur seals marked with an identical tag on each front
flipper and with intramuscular tetracycline injection, St. Paul
Island, Alaska, 1984.
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put in teeth via tetracycline injection, will be correlated to events

that occurred during the summer breeding season.

Oxy-tetracycline (20 to 30 mg/kg body weight) was administered by

intramuscular injection to the females, pups, and subadult males to

provide reference points at known intervals (layers) within their teeth.

Two hundred and twenty-seven fur seals were internally marked with

tetracycl-ine on St. Paul Island in 1984. The marked animals included 94

females, 71 pups, and 62 subadult males. Of this group, our principal

study animals included 40 radio-tagged females, 17 pups of the

radio-tagged females, 5 pups marked on the day of birth to identify the

neonatal line in their teeth, and 6 subadult males (given various doses

of tetracycline) captured alive during the commercial harvest

operations. Other seals internally marked with tetracycline for

long-term studies included 51 females, 50 pups, 3 females used in a lice

study, and 56 net-entangled subadult males from the commercial harvest.

A second dose of tetracycline was also administered to 17 radio-

tagged adult females and to 10 of their pups to provide a second known

mark.

Collection of Study Animals and Samples

Seals collected for this study included 19 radio-tagged adult

females, 9 pups born to these radio-tagged females, 5 pups marked for

neonatal line study, and 2 subadult males (Table 7). From this group, 8

radio-tagged seals and 5 pups had received a second dose of tetracycline,

including 2 mother/pup pairs. Six tetracycline-marked mother/pup pairs

were collected for our study (Table 8). The teeth from each of these

animals were collected for microscopic study of the fine dentine layers.
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Table 7 .--Tetracycline-marked fur seals collected, St. Paul Island,
Alaska, 1984.
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Table 8 .--Tetracycline-marked mother/pup pairs collected, St. Paul
Island, Alaska 1984.
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BEHAVIOR AND BIOLOGY, PRIBILOF ISLANDS, ALASKA

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

Work Plan

The 1984 field season on St. George Island comprised four major

research projects. Two workers recorded behavioral data at East Reef and

Zapadni Rookeries for comparison against the 1974-76 baseline data. Data

categories that were recorded are listed in the 1983 Report of Fur Seal

Investigations (Kozloff 1985). Another observer collected data on the

behavior and structure of the peripheral male population at Staraya Artil

Rookery. One worker collected data on gregariousness and aggression

among females held in an enclosure-at East Reef Rookery. Finally, three

workers deployed time-depth recorders (TDRs) on females at East Reef

Rookery. Other activities during the 1984 field season on St. George

Island included tagging adult females and pups at East Reef, East Cliffs,

and Staraya Artil Rookeries (Table 9), photographing the flippers of pups

for G. A. Nesterov of the U.S.S.R., studying interactions between adult

males and pups, surveying the entire island for entangled adult females,

and censusing juvenile males on hauling grounds once weekly. In addition,

the rookerieson St. Paul Island were surveyed to determine the size of

the peripheral male population.

Diving Behavior of Adult Female Fur Seals

Diving and foraging behavior of female fur seals has been studied

for 9 years (Kooyman et al. 1976). The purpose of this study is to obtain
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Table 9 .--Tags applied to northern fur seals for studies of behavior,
St. George Island, Alaska, 1984.
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an index of the amount of food available to fur seals in the Bering Sea by

measuring the effort mothers expend foraging. This index will be valuable

in the event that changes occur in the Bering Sea ecosystem. The major

trends in fur seal diving are being published (Gentry et al. in press),

along with the questions that these trends, generated. In the present

report, these secondary questions will be addressed.

Research on attendance behavior prior to 1983 showed that females

suckle their pups for about 125 days, during which time they make trips

to sea for feeding. These foraging trips increase in duration throughout

the season, culminating in trips of about 9 days each before weaning

occurs. The previous results showed that three dive patterns exist in

this species. Shallow divers forage mostly just before dawn and just

after dusk. They do not dive deeper than about 75 m, and the depth of

dives within a dive bout changes with time, suggesting that the prey move

vertically while seals forage. Deep divers forage between 125 and 200 m,

and dive at all hours of the day. The depths do not change within a

bout, suggesting that the prey are not moving vertically. Deep divers

usually make one-third as many dives as shallow divers; nevertheless they

gain comparable mass on a trip to sea (Costa and Gentry in press),

suggesting a greater efficiency in weight gained per dive. Mixed divers

use the deep and the shallow patterns just described, but not usually on

the same day. Usually, these seals have more shallow than deep dives. All

three dive types are shown in Figure 7. About 40% of all seals instrumented

were mixed divers; the other 60% comprised equal proportions of shallow

and deep divers.
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Figure 7. --Plots of depth, time of day, and frequency of dive for shallow,
deep, and mixed diving patterns of northern fur seals.
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The specific questions that arose from the previous effort are:

1) Are the three dive patterns discrete and valid categories, 2) are

individual seals specialists in using these. patterns in different years,

and in different parts of a given season, 3) 'does dive effort, as measured

by dives made per hour at sea, increase seasonally as foraging trips

increases, and 4) is the difference between shallow and deep diving

determined by size of the seal? (Larger seals should be able to reach

greater depths than smaller seals because oxygen storage capacity and- power

output increase with size.)

To address these questions, investigators attached TDRs to three

females in July of two successive years between 1982 and 1984. Three

other females were fitted with instruments in July 1983 and again in

October 1983. Weights were obtained for the instrumented females and

were compared according to dive type. Instruments were attached only to

females that were suckling pups. The data were collected and analyzed

(Gentry in press).

Validity of Dive Types

The three dive types described previously appear to be valid, but

they are not as discrete as formerly concluded. The shallow and mixed

dive types that were identified in the 1982 and earlier data were seen

again in the 1983-84 data (Figs. 8 and 9). No deep divers were recorded,

but sample sizes were small. Intergrades occurred between types,

especially when seasonal differences were involved (compare Female 1208

in October, Fig. 9, to the mixed dive pattern of Fig. 7). Two variations

on dive types were seen. One mixed diver, Female P9, had a preponderance

of deep rather than shallow dives (Fig. 9); one shallow diver (Female 207)
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Figure 8. -,-Comparisons of diving patterns in July of different years.
A third female (1208) showed no apparent difference in dive
depths between 1982 and 1983, although for technical reasons
the record could not be analyzed.
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Figure 9. --Comparisons of dive records early (July) and late (October) in
the breeding season. Note that female 1208's July record is
from 1982.
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dove at all hours, not just around dawn and dusk (Fig. 10). These results

show that a statistical definition of dive types is now necessary.

Individual Specialization

Individual seals seen to specialize in the use of one or another of

the three dive types, at least to the extent that these categories are

valid. Neither animal in Figure 10 made substantial shifts in dive type

between years. A third animal (1208) had a typical shallow dive pattern

in July 1982, and although its record could not be digitized due to

technical problems, no deep dives were recorded in July 1983. One female

(1789) had deeper dives in 1983 than in 1982. Such changes in depth of

diving were also seen in comparing data from July and October (Fig. 9).

One seal (1789) dove slightly shallwer, and two (P9 and 1208) dove

deeper in October than in July. However, only one of these shifts was

substantial enough to be considered a change in dive type (1208 changed

from shallow to mixed). In summary, most animals (5/6 pairwise comparisons)

retained the same dive pattern over years and seasons. Although the

sample size is small, we conclude that females specialize in being shallow,

mixed or deep divers, but that slight shifts in the depths attained may

occur with changes of age or season. These shifts may reflect changes in

prey type or in vertical movement of prey.

Seasonal Changes in Dive Effort

Dive effort, as measured by the number of dives performed per hour

spent at sea, increased from July to October for all three females (Table

10). The average rate of diving within bouts for seven females in July

1980-82 (Gentry et al. in press) was 1.5 dives per hour, compared to

almost 4.0 in October 1983 (Table 10). The increase seemed to be greater



Figure 10. --Comparison of dive pattern in older (38 and 207) 12 years) and
younger (female 765, a known 5-year-old) seals. Female P9
(Fig. 9) is also ) 12 years.
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Table 10 .--Comparative dive rate of female fur seals in July and October.

a Record from July 1982; others from July 1983. The average rate
of diving for seven females recorded in July of other years was 1.5
dives per hour spent at sea.
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for shallow or mixed divers than for pyedominantly deep divers (such as

P9). Therefore, not only did foraging trips become longer, but dive

effort increased late in the season. These increases may be related to.

increased pup needs or to impending migration for the female..

Size and the Dive Pattern

Apparently not all larger females become deep divers, but deep

divers tend to be larger than other females.

Deep divers (P9 and others in past research) averaged 45.0 kg in weight,

whereas mixed and shallow divers averaged 38.7 kg and 36.9 kg, respectively.

The sample sizes are small, but the trend suggests that larger females

have the flexibility to perform any dive type, while smaller females are

obligated to be shallow divers. Size varies with age in fur seals.

The results of the past 2 years suggest that the fur seal herd is

composed of individuals that, within a season or between two seasons,

maintain the same or a closely similar diving pattern. Some specialize in

feeding at the surface at night. Some specialize in feeding between 125

and 200 m throughout day and night. Other individuals alternate between

these two dive patterns. The dive type may change with age. Deep divers

are always larger females, but mixed or shallow divers may be of any size.

Because of the flexible behavior of older females, and perhaps seasonal

changes in behavior of prey, the three dive types are not entirely discrete.

However, the division of diving behavior into three broad categories is

valid. Foraging effort increases substantially prior to weaning and

migration.
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Future research will attempt to increase the sample size for cross

year comparisons. In 1985, we will measure the swim speeds that these

animals maintain at sea. Swim speeds are important for estimating the

energy expended at sea and the foraging range. They will also show

whether the hunting tactics of seals involve taking prey by pursuit (by

burst swimming).



41

NORTHERN FUR SEAL TRACKING STUDY, BERING SEA

Thomas R. Loughlin and John L. Bengtson

Operational Plan

The NOAA ship Surveyor was used to follow northern fur seals at sea

to determine their feeding locations and movement patterns during July

1984. Prior to the ship's 15 July arrival at St. Paul Island, an advance

field party attached radio transmitters to 40 female northern fur seals

from Zapadni Reef Rookery (see section on Tetracycline Marking of

Northern Fur Seals). Each transmitter had a unique frequency within the

164 to 165 MHz range to allow identification of specific females by the

frequency of the transmitter. The transmitters were attached to the

females using Devcon epoxy-resin and placed on the top of the head to.

allow exposure when the animal surfaced to breathe. Radio frequencies at

the 164-165 MHz range are highly attenuated in sea water, allowing

monitoring of transmitted signals only when the transmitter's antenna is

out of water.

We recorded the location of specific animals and tracked their

movements. at sea by selectively using four 4-element Yagi antennae placed

29 m above the water on the aft mast of the ship. Each antenna was

positioned to point toward a different quadrant: port, astern,

starboard, and ahead. By choosing the antenna(e) with the strongest

signal, we determined the position and relative distance of the fur seal

to the ship. The radio receivers were monitored 24 hours each day by
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groups of two people on 4-hour watches. The general area for searching

for seals at sea was determined by the field party using two tracking

stations at Reef Rookery and Ridge Wall on St. Paul Island. Radio

communications between the ship and the field party were conducted daily

to determine which animals were on the beach or were likely to depart and

be candidates for tracking at sea.

Results

The study lasted 408 hours (17 days) of which 285 hours (70%) were

spent tracking northern fur seals; the remaining 123 hours were spent

searching for animals (107 hours or 26%) or remaining inactive near

St. Paul Island (16 hours or 4%). The total distance covered was 1,728.4

nautical miles (nmi).

Of the 40 animals equipped with radio transmitters, we located 11

(28%) and spent a substantial amount of time following 4 of them (Table

11). Animals 323 and 304 had tracks that were to the south of St. Paul

Island, resulting in round-trip distances of about 200 nmi; animals 144

and 845 had tracks to the north and covered similar distances (Fig. 11).

The other animals were followed for only short distances, were

encountered during transit, or were encountered while tracking other

animals and their tracklines were not determined.

Our most complete record was for animal 304. We followed it as it

left St. Paul Island until its return to the island 5 days later. This

animal and 323 left St. Paul Island in a southwest direction to

approximately 16 km offshore, then headed south, stopping infrequently to
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Table 11. --Number of hours spent and mileage covered searching for and
tracking radio-equipped northern fur seals, July 1984.



Figure 11.--Movements of three transmitter-equipped northern fur seals
from St. Paul Island during July 1984. Circled areas for
seal 304 indicate presumed feeding areas. Track lines
represent approximately 161 km (100 miles) travel distance
from St. Paul Island.
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feed and rest. Both animals continued in this way until they were past

the continental shelf break and in water over 1,800 fathoms in depth.

Their trip to the shelf break took about 2 days; they spent 1.5 days

feeding in deep water, then progressed back to St. Paul Island in about

1.5 days along the same approximate course line used earlier.

Animals 144 and 865 moved north and west of the island on similar

track lines. Both were followed from St. Paul Island but their

tracklines were either lost or discontinued and were not followed back.

Neither animal went as far as the shelf break, which is significantly

farther west from the north of St. Paul Island than from the south, but

both animals remained on the shelf in water ranging from 35 to 56 fathoms

in depth.

During travel, the animals generally progressed at between 3.5

and 4.5 knots when swimming to the feeding location and at about 7.0

knots when returning. They swam in relatively straight lines, rarely

altering their course. There was often a rest period between 5:00 and

7:00 a.m. and between 5:00 and 7:00 p.m. and most feeding seemed to occur

at night and late afternoon, although substantial variation to this

pattern occurred. It is difficult to correlate behavioral patterns to

strength and consistency of the received signal, but the behavior we

presumed to occur as based on these signals corresponds to similar

patterns discerned in other studies.

Conclusions

The most interesting result of this study was finding that it was

relatively easy to track animals in the open sea. We are confident that
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subsequent studies can be completed with good chances of success.

The study was also important in showing that the northern fur seals

from Zapadni Reef Rookery on St. Paul Island feed in areas of actual and

potential conflict with commercial fisheries (particularly Bering Sea

groundfish fisheries) and with commercial and exploratory oil and gas

operations in the St. George Basin and areas to the north. Further work

should be conducted to demonstrate the extent to which these areas are

used by fur seals from both St. Paul and St. George Islands.

The study was also important in showing that animals from the same

rookery do not necessarily feed in the same location.



large

area

adult

sexes

Inclement weather and time restrictions allowed only one landing of

three individuals to count animals and record fur seal distribution.

Northern fur seals were seen at the northwest end of the island in the

rocks south of Kenyon Dome. Fur seals have been seen in the same

in previous years. A total of 40 animals were counted, including 7

males, 7 subadult males, 12 adult females and 14 pups, for which

were not determined.

Unfortunately, it was not possible to capture and tag any animals in

1984, but five animals were seen from tagging efforts in 1983 when 39

animals were tagged. We resighted four females and one subadult male,

including one male with a monel tag indicating an origin on one of the

Soviet rookeries. We were not able to identify the tag number of the

seal from the U.S.S.R. nor those of three seals from the United States.

One subadult male tagged by the United States in 1983 on Bogoslof Island

was seen during July 1984 on St. George Island.
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NORTHERN FUR SEAL SURVEY, BOGOSLOF ISLAND, ALASKA

by

Thomas R. Loughlin, Robert V. Miller,

Michael A. Perez, and Michael E. Goebel

Objective

The NOAA ship Surveyor was used to transport researchers to census

northern fur seals on Bogoslof Island. Plans also called for attaching

two identical Riese-tags, one on each front flipper, to females and pups.

Results
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Conclusion

The results from this survey indicate that the northern fur seal

rookery on Bogoslof Island is viable although it has not increased in

number since the 1983 survey. Dead pups were not seen and all the live

pups observed appeared to be healthy and well fed. We are optimistic

that this small rookery will continue to exist and expand in coming

years.



POPULATION AND BEHAVIORAL STUDIES, SAN MIGUEL ISLAND, CALIFORNIA

(ADAMS COVE AND CASTLE ROCK)

George A. Antonelis, Jr. and Robert L. DeLong

Adams Cove

The 1984 field season extended from 10 June through 8 August.

Research activities included population monitoring through daily

censuses, a pup tagging program, and a female nursing and at-sea

feeding cycle study.

Population Information

Population information for the Adams Cove colony is summarized

in Table 12. On 10 June, when studies began, there were 11 large

adult males, 8 small adult males, 15 subadult males (bachelors), 101

adult females, and 55 live pups on the rookery. A total of 478 pups

were born, representing a 17% increase from the 1983 count of 408.

Maximal counts of 26 territorial males on 5 July and 49 bachelors

on 4 July were recorded at the Adams Cove rookery. The greatest

number of adult females on land occurred on 6 July when 330 were

counted.

During the El Nino event of 1983, northern fur seal pup

production in Adams Cove decreased by 60% from the 1982 level

(1,029 to 408). The maximal number of adult females on land, as an

index of abundance, was 377 in 1983, representing a decrease of 48%

from 1982 when 628 females were counted. Since pup production (478



Table 12.--Summary of some observations of the northern fur seal colony in Adams Cove, San Miguel Island,
California, 1979-83.
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total births) and female abundance (maximal count 333) in 1984 did not

recover to 1982 level, it appears that the El Nino event might have a

long-term effect on pup production, resulting from either a relocation

of females to other areas (e.g., Pribilof Islands) or an increased

adult female mortality.

Tagging Program and Records

The 1984 field season's resightings of fur seals that were tagged

as pups on San Miguel Island in 1980 and 1981 are shown in Appendix

Table A-10. Tag resightings are also obtained when dead or emaciated

pups of the year are found on beaches or at sea. Most of these tag

recoveries have been recorded north of Pt. Conception, California, and

along the coasts of Oregon, Washington, and British Columbia. A

3-year-old male, double-tagged as a pup at Adams Cove (monel tag nos.

SMI 2434-left and SMI 2437-right), was taken in the commercial harvest

on St. Paul Island on 31 July 1984.

On San Miguel Island in 1984, there were no sightings of tagged

fur seals from other islands. Other records of tag resightings have

been kept for adult females and juvenile males that had been tagged on

San Miguel Island (Appendix Tables A-11 and A-12).

On 21 September, 100 fur seal pups were double-tagged with pink

Roto-tags (hard plastic). Roto-tags were used exclusively in 1984

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 right hind flipper

(Appendix Table A-13).
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The mortality of the fur seal pups born in Adams Cove decreased

from 22% (89) in 1983 to 9% (44) in 1984. Heat prostration from warm

environmental conditions1 and drowning from high tides appeared to be

the most common cause of mortality. On 20, 24 and 30 July, a total of

9 pup deaths resulted from heat prostration. High tides which flooded

the rookery on 25-28 June and 8-10 July appeared to be responsible for

the drowning deaths of 16 pups. The cause of death for the other 19

pups in 1984 was undetermined.

Castle Rock

A summary of census information for Castle Rock is presented in

Table 13 for 1979-84. In 1984, a count of 411 pups (379 live and 32

dead) was obtained on 8 August, representing an increase in pup

production of 184 animals (81%) from 1983.

On 1 July, 33 breeding males were counted on Castle Rock from

aerial photographs, representing an increase of 13 breeding males from

the 1983 count.

Fur seal pups were not tagged on Castle Rock in 1984 because

large waves made it impossible to go ashore there.

1 High air and sand temperature, solar radiation, and low wind speed
combine to raise a fur seal's body temperature and cause heat
prostration.



Table 13 .--Summary of censuses of northern fur seals, Castle Rock, California, 1979-84.



55

ACKNOWLEDGMENTS

Research on St. Paul Island, Alaska, in 1984 was completed with

the cooperation and assistance of Vyacheslav Melovidov, Gregory

 Fratis, John R. Merculief, Steve Zimmerman, the City of

Council, and theSt. Paul, the Indian Reorganization Act (I.R.A.)

Tanadgusix Corporation (TDX).

Research on St. George Island in 1984 benef

part

ited from the

continuing cooperation of the community, in

Kashevarof and the staff of the St. George

Steinacher and Leslie Slater assisted in co

icular, Gilbert

sland machine shop. Susan

lection of data.

Research on San Miguel Island, California, was completed with the

cooperation of the staff of the Channel Islands National Monument,

National Park Service, Ventura, California; and the Public Works

Department, Pacific Missile Range Headquarters, U.S. Navy, Point Magu,

California.

We gratefully acknowledge the help of J. Harvey, R. Merrick,

and C. Johnstone during the radio telemetry studies and the captain

and crew of the NOAA ship Surveyor for help in all aspects of the

radio tracking and work on Bogoslof Island.



57

GLOSSARY

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

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

meanings or are not readily found in standard dictionaries:

Bachelor--Young male seals of ages 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 forcing groups of seals to move on

land from one location to another.

Escapement--Seals that were not 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 seals moving from the sea to a rookery or- -

hauling ground on shore.

Kleptogyny--The act of an adult male seal (primarily classes 1, 2 or 3)

seizing an adult female from another male's territory.

Known-*--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, by attaching

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

by freeze marking, by hair-clipping, or by 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.

Round--The sequence in which hauling grounds are visited for the drive

to harvest seals. A circuit, or round of the hauling grounds is

completed in 5 days, and the procedure is repeated throughout the

harvest of males.

Classifications of adult male fur seals

Class 1 (shoreline)--Full-grin males 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 1 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,

some are between 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 into 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 may be found here. 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 conformation of an adult. Males

included in this count are approximately 7 years of age and

older.

Prior to 1966, Class 3 males were called harem 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 14 lists English translations of Russian names given to some of

the rookeries or hauling grounds by Russian fur hunters in the late

1700s.
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Table 14. --English translations of Russian names for Pribilof Island
rookeries and hauling grounds.
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Table 14 .--Continued

Island and English Comments and derivation
Russian name translation of name

Zapadni West Western part of the island.

Sea Lion Rock

Sivutch Sea lion These animals haul out but
do not breed here.
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Table A-l .--Continued.



Table A-2 .--Cumulative age classification of male northern fur seals harvested, St. Paul Island, Alaska,
2 July to 3 August 1984.a



Table A-2.--Continued.
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Table A-3.--Number of adult male northern fur seals counted, by, classa and rookery section, St. Paul Island.
Alaska, 9-16 July 1984. A dash indicates no numbered sections. "
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Table A-4 .--Number of adult male northern fur seals counted, by rookery,
Pribilof Islands, Alaska, July 1984.
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Table A-5.--Number of harem and idle male northern fur seals counted in
mid-July, Pribilof Islands, Alaska, 1975-84. A dash indicates
no data.





Table A-7.--Number of dead northern fur seal pups counted, by rookery, Pribilof Islands, 1975-84.
A dash indicates no dataa.



Table A-7. --Continued.
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Table A-8 .--Soviet tags recovered in the U.S. harvest of male northern
fur seals, St. Paul Island, Alaska, 2 July to 3 August 1984.
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Table A-9. --Northern fur seals entangled in fishing debris and other materials,
U.S. commercial harvest of northern fur seals, St. Paul Island,
Alaska, 1967-84.a

Number of
entangled seals

Number of observed on the Percent of
Year seals harvestedb harvesting areab harvest

1967 50,229 75 0.15
1968 46,893 75 0.16
1969 32,819 66 0.20
1970 36,307 101 0.28
1971 27,289 113 0.41
1972 33,173 144 0.43
1973 28,482 137 0.48
1974 33,027 190 0.58
1975 29,148 206 0.71
1976 23,096 97 0.42
1977 28,444 99 0.35
1978 24,885 115 0.46
1979 25,762 104 0.40
1980 24,327 119 0.49
1981 23,928 102 0.43
1982 24,828 102 0.41
1983 25,768 112 0.43
1984 22,066 87 0.39

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.
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Table A-10 .--Northern fur seals tagged as pups in Adams Cove, San Miguel
Island, California, and the date first observed at Adams
Cove in 1984.
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Table A-11 .--Northern fur seal females double-tagged with white plastic Roto-tags in Adams
Cove, San Miguel Island,, California, on 18 November 1979, and date first
resighted, 1980-84.
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Table A-12. --Northern fur seal males double-tagged at Adams Cove,
San Miguel Island, California,  with pink (P) Roto, monel (M)
on 24 May 1981 or with white (W) Roto-tags on 1 May 1981, and
date first resighted, 1982-84.a 
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Table A-13. --One hundred northern fur seal pups double-tagged with pink
Roto-tags at Adams Cove, San Miguel Island, California, on
18 and 21 September 1984. All animals were checkmarked by
removal of the cartilagenous extension of the third digit
on the right hind flipper.
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Table A-13. --continued.

Tag number Sex Weight Remarks
(kg)
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Table A-13. --continued.
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APPENDIX B

Scientific staff engaged in northern fur seal research in 1984

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

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

Name Affiliation Assignment
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APPENDIX B (Continued)
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