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ABSTRACT

During 1990, the National Marine Mammal Laboratory's

program on the northern fur seal (Callorhinus ursinus) included

investigations on the Pribilof Islands, Bogoslof Island, San

Miguel Island and nearby Castle Rock off the southern California

coast, and Medny Island (U.S.S.R.). This report is a collection

of papers resulting from 1990 fur seal research.

Northern fur seal research on the Pribilof Islands was

conducted from 1 July through 1 September 1990. Censuses of

adult males were conducted on all rookeries of St. Paul and St.

George Islands and Sea Lion Rock in mid-July of 1990. Harem bull

counts on St. Paul Island were 3.1% higher in 1990 than in 1989.

On St. George Island, harem bull counts decreased 3.6% between

1989 and 1990. The number of animals on St. George Island

comprise approximately 10% of the Pribilof Island population.

Pup abundance was estimated by the shearing-sampling method

during August and dead pups were counted on all rookeries (except

Little Polovina) on St. Paul and St. George Islands and for the

first time on Sea Lion Rock.

Approximately 201,305 (SD = 3,724) pups were born on St.

Paul Island in 1990, a number not significantly different from

the estimates of the 1988 and 1989 year classes. The estimate of

the number of pups born on St. George Island in 1990 is 23,397

(SD = 2,054); this estimate is not significantly different from

the number of pups born on St. George Island in 1988 (24,820),
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nor is it significantly different from the predicted number of

pups to be born based on the 1973-88 data, which indicated

a 5.9% decline. On Sea Lion Rock, we estimated that 10,217

(SD = 568) pups were born.

A preliminary assessment of potential noise impacts on

northern fur seals was conducted. Of primary concern were direct

noise sources, such as airplanes, off-road vehicles, ship

traffic, and construction activities.

Information on tag resights and weights of 2- and 3-year-old

male northern fur seals was collected on St. Paul Island during

roundups in July and August 1990. A total of 56 and 319 tag

resights were obtained for males 2 and 3 years of age,

respectively. Males tended to return to their rookeries of

birth. Within a cohort, weights of tagged males had no influence

on haul-out patterns of individuals. Although 2- and 3-year-old

males lost weight during their time on land, intermittent

foraging trips throughout the summer probably resulted in a net

increase in growth. Individual male weight data also indicated

that weight as pups was correlated to weight at 2 and 3 years of

age.

Primary enteric pathogens do not appear to infect

significant numbers of pups on the Pribilof (St. Paul and St.

George) Islands or Medny Island. Opportunistic pathogens

were found in all pups tested from each island, and the most

frequently isolated organisms were nonhemolytic Escherichia coli,

and Citrobacter, Proteus, and Enterobacter spp.
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Beach surveys were conducted on two sites on St. Paul Island

during 1990 to determine the accumulation of beach debris. The

accumulation of beach debris on the Pribilof Islands has

decreased among most categories of debris found since 1983.

However, plastic banding material increased at Northeast Point

during 1990.

A census conducted on Bogoslof Island on 24 July 1990

counted a total of 1,473 northern fur seals including 44

territorial males, 951 nonterritorial males, 295 females, 181

live pups, and 2 dead pups.

Research was carried out on San Miguel Island and nearby

Castle Rock off the southern California coast intermittently from

June through December 1990. At Adams Cove, San Miguel Island,

there were 68 adult northern fur seal males defending territories

that contained females and pups and an additional 8 solitary

adult males defending territories. This is the largest number of

territorial males recorded during a breeding season. PUP

abundance at Adams Cove on 27 July was 1,137 live and 12 dead and

counts on Castle Rock on 29 July yielded 634 live and 14 dead

PUPS- Two hundred northern fur seal pups were tagged on 23

September in Adams Cove. California sea lion (Zalophus

californianus) X northern fur seal hybrid pups were again

observed on San Miguel Island.

Three U.S. biologists conducted northern fur seal research

on Medny Island (U.S.S.R.) from 19 July through 28 August 1990 to

examine the possible relationship between the continental shelf



vi

and the 1956-81 decline in population abundance in the Pribilof

Islands. Data collected included frequency and duration of trips

by female fur seals to sea, depth and location of diving, milk

fat content, quantity of milk delivered to the pup, attendance

patterns of females, pup growth rates, diet, and bacterial

pathogens of fur seal pups.

Juvenile fur seals from 122 roundups were sources of data

for estimates of entanglement-caused mortality and entanglement

rates. The proportion of juvenile males observed entangled in

1990 was 0.33%. This rate reflects the continued reduction in

the numbers of animals entangled in fragments of trawl webbing.

The frequency of occurrence of trawl webbing among the entangling

debris remains about one-half that of the former levels, whereas

the proportion of seals entangled in other types of debris did

not change. The observed proportion of fur seals entangled in

1990 was similar to that observed during 1988 and 1989,

continuing at a rate that is lower than the rate recorded for the

last few years of the commercial harvest and roundups through

1986.

These entanglement studies confirm earlier estimates

indicating that after 1 year, seals entangled in small debris

(light enough to permit the animals to return to land) are

reduced in numbers to about one-half the comparable numbers for

unentangled seals. Rates at which entangled animals are

resighted indicate that mortality of entangled seals increases

with the size (weight) of debris. Data collected on the extent
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of wounds caused by entangling debris show that wounds tend to

grow, some encompassing the entire neck within 1 year's time, and

contribute to the sources of mortality for seals entangled in

small debris.

The 1990 studies suggest the rate of return of tagged seals

from which debris is removed is significantly higher than for

tagged seals on which entangling debris was left.



 
 
 
 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 



ix

CONTENTS

Introduction

by Hiroshi Kajimura . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Population assessment, Pribilof Islands, Alaska

by Anne E. York and Charles W. Fowler . . . . . . . . . . . . . . .

Impact of airborne noise on northern fur seals
in the Pribilof Islands, Alaska: a preliminary
assessment

by Stephen J. Insley . . . . . . . . . . . . . . . . . . . . . . . . . .

Studies of juvenile males tagged as pups and
resighted during roundups in 1990

by George A. Antonelis, Charles W. Fowler, and
Jason D. Baker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Enteric bacterial pathogens associated with
northern fur seal pups on the Pribilof Islands
and at Medny Island, U.S.S.R.

by Mathew A. Burd, James T. Harvey, and

. . . .

. . . .

George A. Antonelis . . . . . . . . . . . . . . . . . . . . . . . . . .

Fish net debris and beach litter on St. Paul
Island, Alaska

by Norihisa Baba and Hiroshi Kajimura . . . . . . . . . . . . . . .

Census of northern fur seals on Bogoslof Island,
Alaska, 1990

by Jason D. Baker and Masashi Kiyota . . . . . . . . . . . . . . . .

Population and behavioral studies, San Miguel Island,
California (Adams Cove and Castle Rock)

by Robert L. DeLong and Sharon R. Melin . . . . . . . . . . . . .

U.S. land-based research in the U.S.S.R. in 1990

by Roger L. Gentry and George A. Antonelis . . . . . . . . . .

Page

9

27

48

73

82

91

95

97



X

Entanglement studies, St. Paul Island, 1990
juvenile male northern fur seals

by Charles W. Fowler and Norihisa Baba . . . . . . . . . . . . . .

Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Citations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Appendices

A Glossary . . . . . . . . . . . . . . . . . . . . . . . . . 131

B Tabulations of northern fur seal data
collected on the Pribilof Islands and
Bogoslof Island, Alaska, and on San Miguel
Island, California during 1990 . . . . . . . . . . . . .

C Tabulations of northern fur seal
entanglement data . . . . . . . . . . . . . . . . . . . . . . . . . .

D

E

.

. .

. .

Estimation of entanglement-related survival . . .

Scientific staff engaged in northern
fur seal research, 1990 . . . . . . . . . . . . . . . . .

99

121

123

135

153

185

191



INTRODUCTION

Hiroshi Kajimura

This report summarizes the research carried out by

scientists from the National Marine Mammal Laboratory (NMML) at

four northern fur seal (Callorhinus ursinus) breeding sites

during 1990. Two of the sites are major fur seal breeding

colonies consisting of about 800,000 animals and are located on

the Pribilof Islands in the eastern Bering Sea (Figs. 1 and 2).

The third site is a small colony of about 1,400 fur seals on

Bogoslof Island in the southeastern Bering Sea (Fig. 3). The

fourth site is on San Miguel Island, California, and nearby

Castle Rock (Fig. 4) where the breeding population of northern

fur seals averages approximately 4,000 animals.

The NMML scientists have conducted annual surveys and

studies of northern fur seals on these islands under terms of the

Interim Convention on the Conservation of North Pacific Fur Seals

since 1958. Although this Interim Convention lapsed in October

1984, studies have been continued annually by the former member

nations.

In 1990, the United States and Japan cooperatively carried

out research on the northern fur seal. Two Japanese scientists

from the National Research Institute of Far Seas Fisheries

Research assisted in conducting entanglement-related studies on

St. Paul Island and in conducting a census of northern fur seals

on Bogoslof Island.
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Figure l.--Location of northern fur seal rookeries (present and
extinct), hauling grounds,
Paul Island, Alaska.

and harvesting areas, St.



Figure 2. --Location of northern fur seal rookeries (present and extinct),
hauling grounds, and harvesting areas, St. George Island, Alaska.
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Figure 3.-- Location of fur seals on Bogoslof Island, Alaska
indicated by year of observations.



Figure 4. --Location of northern fur seal breeding colonies, San Miguel Island, California.
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Three U. S. scientists, two from the NMML and one from the

Minerals Management Service, also traveled to Medny Island

(U.S.S.R.) with 10 Soviet scientists conducting studies on fur

seals typical to those done previously on the Pribilof Islands.

Fur seals were commercially harvested on the Pribilof

Islands from the late 1800s to 1984. A moratorium on the

commercial harvesting of fur seals, on St. Paul Island was imposed

beginning in 1985 because of the depressed northern fur seal

population on the island. A moratorium on commercial hanresting

of fur seals was imposed earlier on St. George Island (1973) to

permit research on the population as it reverted to its natural

state. Because of the moratorium on commercial harvesting on

both islands, juvenile male fur seals (primarily 2- and 3-year-

olds) are now harvested only for subsistence. In 1990, 1,240

juvenile males were taken in the subsistence harvest, 1,076 were

taken on St. Paul Island, and 164 animals were taken on St.

George Island. No female fur seals were taken on either island.

There is no harvest of fur seals on Sea Lion Rock and

Bogoslof Island, Alaska, and Castle Rock and San Miguel Island,

California. However, young male seals occasionally haul out at

some distance from their rookeries of birth, and thus may be

subjected to a harvest mortality.

Terms having special meanings in northern fur seal research

are defined in the glossary (Appendix A), and Russian names given

to some of the rookeries of the Pribilof Islands following their
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discovery by Russian fur hunters in 1786 are translated in

Table 1.

Much of the tabular data for this report are presented as

appendices. Appendix B contains the data customarily presented

concerning general studies, Appendix C provides entanglement

related data, Appendix D gives the methodology used in estimating

entanglement related survival, and Appendix E is a list of

personnel involved in fur seal research in 1990.

This report summarizes the research carried out in 1990

under authority of the Marine Mammal Permit No. 598, as well as

cooperative research in international waters.
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Table l.--English translations of Russian names for Pribilof rookeries and
hauling grounds.
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POPULATION ASSESSMENT, PRIBILOF ISLANDS, ALASKA

Anne E. York and Charles W. Fowler

In accordance with original provisions established by the

Interim Convention on Conservation of North Pacific Fur Seals,

the National Marine Mammal Laboratory (NMML) continues to monitor

the status of fur seal populations on the Pribilof Islands. Data

on population size, age and sex composition, and natural

mortality are collected annually to meet this objective.

Population Parameters

Herd characteristics monitored in 1990 include the number of

live adult males and pups born on St. Paul Island, St. George

Island, and Sea Lion Rock.

Sex Composition of Seals Harvested

A total of 1,077 subadult male seals were killed in the

subsistence harvest by St. Paul Island residents in 1990. On St.

George Island, 164 subadult male seals were taken in the

subsistence harvest in 1990. No female fur seals were taken on

either island (Table 2).

Living Adult Male Seals Counted

A total of 4,430 harem (see glossary for definition) and

7,629 idle (classes 1, 2, 4, and 5 as defined in glossary) adult

male seals (bulls) were counted on St. Paul Island from 9 to 14
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Table 2.--Date, location, and number of subadult male seals
killed in subsistence harvest drives on St. Paul
Island, Alaska, in 1990.

Date Rookery Number killed

July 5
July 6
July 9
July 11
July 13
July 16
July 18
July 20
July 23
July 24
July 26
July 28
July 31
August 2
August 7
August 8

Reef
Zapadni
Halfway Point
Reef
Zapadni
Lukanin
Zapadni
Reef
Zapadni
Reef
Polovina
Northeast Point*
Reef
Zapadni
Zapadni
Reef

41
42
35
71
60
41
64
72
58
77
65
65
57
69
80
180

* Includes Vostochni and Morjovi rookeries
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July (Appendix Table B-l). Total numbers of harem and idle bulls

counted since 1980 are given in Appendix Table B-2.

Classification and number of male seals counted by rookery are

given in Table 3. The relative location of the different classes

of adult males is illustrated for a typical fur seal rookery-

hauling ground complex on the Pribilof Islands in Figure 5.

Harem bull counts on St. Paul Island were 3.1% higher in

1990 than in 1989. On St. George Island, harem bull counts

decreased 3.6% between 1989 and 1990. The effects of the 1984

cessation of commercial harvesting on St. Paul Island are

apparent in the 22% increase in the harem male count and a 403%

increase in the idle male count between 1987 and 1990. On St.

George Island, where the commercial harvest ceased in 1972, the

idle male count has increased by 29% since 1987.

Number of Pups Born on St. Paul Island in 1990

Shearing sampling was used to estimate numbers of live pups

(York and Kozloff 1987). Dead and live pups were counted on all

rookeries (except Little Polovina rookery on St. Paul Island) and

on Sea Lion Rock in August 1990. A census was not conducted on

Little Polovina because the number of pups born there has

declined precipitously since 1980, and any disturbance to the

rookery was considered inadvisable. The confidence interval for

total number of pups born in 1989 (Fig. 6) was very large

(Antonelis et al. 1990); thus, it was considered necessary to

census all rookeries in 1990 to verify that the ratio of pups to

numbers of breeding bulls was approximately constant across the
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Table 3.--Number of adult male northern fur seals counted by rookery and class
on Pribilof Islands, Alaska, July 1990.
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Figure 5. --General composition of a typical fur seal rookery.
Class 2 as depicted here corresponds to classes 1 and 2
of Appendix A and class 5 corresponds to classes 4 and 5
of Appendix A.
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rookeries. This assumption is required for computing an unbiased

estimate of the numbers of pups from data on sample rookeries

(York and Kozloff 1987). Shearing sampling had not been

conducted on all rookeries since 1987.

From 5 to 12 August, 17,661 pups were sheared. The number

of pups sheared on each rookery was approximately 10% of the last

available census. Marks were allocated proportionally throughout

the rookery sections according to the fraction of breeding males

on the given section (Table B-3, Appendix B). Resighting of pups

to determine the ratio of marked to nonmarked pups was done twice

on each rookery first from 13 to 18 August and later from 21 to

24 August. The observers worked independently in different areas

of the rookery counting different groups of pups and the counts

for each day were combined to obtain a total estimate for the

rookery. Each sampling day was considered an independent

replicate for each rookery.

Dead pups were counted on all rookeries from 18 to 24

August. Numbers of dead pups counted by section are given in

Table B-4, Appendix B. A summary of the resampling data and the

calculation of the numbers of pups alive at the time of marking

is given in Table 4. The estimated number of pups born, dead

Pups, counts of breeding males, and ratio of pups to breeding

males for all 14 rookeries of St. Paul Island is summarized in

Table 5. Rookeries have been divided into sections of relatively

equal densities of animals. Section boundaries are maintained

from year to year. Counts are conducted by section and reported



Table 4.--Total number of northern fur seal pups sheared, number of sheared pups
resighted on two sampling occasions (Rl and R2), total number sampled
on two sampling occasions (Tl and T2), number of pups estimated to be
alive at the time of marking (El and E2), and the mean number alive (Mean),
St. Paul Island, Alaska, 1990. The mean for Sea Lion Rock is the total
estimated from one sampling occasion. Separate information is given
for Kitovi Amphitheater and 2nd Point South of Sea Lion Neck; these are
considered part of section 1 of Kitovi and Morjovi rookeries, respectively.



Table 5.--Number of pups alive at the time of marking, its standard deviation (SD),
number of dead pups, mortality rate, ratio of pups alive at marking to harem
males, and total numbers of pups born, St. Paul Island, Alaska, 1990.
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by rookery. For example, in Table 4, estimates for Kitovi

Amphitheater and 2nd Point South of Sea Lion Neck (2nd Point

South) are presented separately, even though they are part of

section 1 of Kitovi and Morjovi rookeries, respectively. In

Table 5, the estimates are included with Kitovi and Morjovi

rookeries. An estimate of numbers of live pups and its standard

deviation (SD) for Little Polovina rookery was computed from a

jackknife estimate of the ratio of pups alive at marking to

breeding males on the sampled rookeries. An estimate of numbers

of dead pups for Little Polovina rookery was computed assuming

that the mortality rate there is the same as the average

mortality on the other rookeries (Table 4). For each sampled

rookery, the SD of the pup estimate is computed from the standard

error of the estimates on the two sampling occasions. For Little

Polovina, the SD is computed from the standard error of the

jackknife ratio of pups to breeding males on the sampled

rookeries.

The estimate for the total number of pups born on St. Paul

Island was 201,305 (SD = 3,724), the sum of the estimates over

all the rookeries. Numbers of dead pups were estimated at 9,128

(9,105 counted on the sampled rookeries and 23 estimated for

Little Polovina rookery); the estimated early mortality rate is

4.54%. A 95% confidence interval of the population estimate

(201,305 ±(2.18 . 3,724) or 201,305 ± 8,120) was computed by

multiplying the SD (calculated as the square root of the sum of.I
the variances for each rookery: assuming the 13 estimates on the
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censused rookeries were independent by) t13,(0.975), the 97.5

percentile of Student's t-distribution with 13 degrees of

freedom. The SD of the total is the square root of this

variance. Pup estimates and their 95% confidence intervals for

St. Paul Island, 1970-90 are shown in Figure 6. The total number

of pups born in 1990 was not significantly different from the

1988 and 1989 estimates.

The numbers of pups born and the numbers of breeding males

are highly correlated (Fig. 7). When numbers of pups born are

regressed on numbers of males, the value of R2 is about 0.96.

The intercept of the regression line, -196 is not significantly

different from 0; the slope of the regression line is 42. A

detailed analysis of the residuals from the regression and the

implications of this for the subsampling method will be discussed

in detail in the 1991 annual fur seal report.

Number of pups born on Sea Lion Rock

Shearing-sampling estimation and dead pup counts were

conducted for the first time on Sea Lion Rock in August 1990.

Both counts were conducted on 18 August and resampling was

conducted on 23 August. Because of logistic difficulties of

traveling to Sea Lion Rock, resampling was conducted only once.

During resampling, the samplers counted distinct groups of pups,

with no overlap, so there are no replicate samples. Thus, the

variance of the estimated number of animals on the rookery is

computed using Seber's unbiased estimate of the variance of the



Figure 7. --Numbers of northern fur seal pups alive at the time of sampling
versus number of breeding male fur seals for the rookeries on
St. Paul Island, Alaska, 1990. Separated regression lines are shown
for all rookeries combined and all rookeries combined except Vostochni.
rookery.
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Petersen estimate, namely:

where s is the number of animals sheared, r is the number of

animals resighted, and t is the total number of animals

resampled.

We attempted to shear approximately 1,500 pups but due to

weather that number was decreased to 1,031 (Table 4). The

rookery was divided into three sections (Fig. 8); shearing effort

and dead pup counts are reported for these sections in Tables B-3

and B-4 of Appendix B, respectively. A summary of the resampling

data and the calculation of the numbers of pups alive at the time

of marking is given in Table 4. Table 5 summarizes the estimated

number of pups born, dead pups, counts of breeding males, and

ratio of pups to breeding-males for Sea Lion Rock. The number of

pups alive at the time of marking are from Table 4. The total

number of pups alive at the time of marking is estimated at 9,790

(SD = 568); an additional 427 dead pups were counted giving an

estimated total of 10,217 pups born.

Number of pups born on St. George Island in 1990

The number of pups born on St. George Island during 1990 was

estimated from shearing sampling on all rookeries of St. George

Island. Pups were sheared from 14 to 15 August 1990 (Table 6).

Resighting to determine the ratio of marked to unmarked pups on

the sample rookeries was done once by two observers on each

rookery from 19 to 20 August 1990; the observers worked in pairs
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Figure 8. --Sea Lion Rock, Sivutch rookery, St. Paul Island,
Alaska.



Table 6.--Number of pups sheared, number of sheared pups resighted by two
observers (Rl and R2), number of pups resighted by two observers
(Tl and T2), total number of pups estimated by the two observers
(El and E2), and mean estimate (Mean), for all rookeries,
St. George Island, Alaska, 1990.



24

counting the same groups of pups but not communicating their

results, so their estimates are considered independent replicates

for each rookery. Counts of dead pups were made from 16 to

17 August 1990. The estimate of total number alive at the time

of marking is the mean of the Petersen estimates of the two

samplers. The variance was computed from the two independent

estimates. The total number born on the island is the sum of the

numbers alive on each rookery and the count of dead pups.

Details of these computations are presented in Table 7: The

estimate of the total number of pups born on St. George Island is

23,397; an approximate 95% confidence interval for the total

number of pups born on St. George Island is 23,397 ± (2.447 

2,054), or 23,397 ± 5,026. This count is not significantly

different (P ? ?0.05) from the 24,820 pups observed on St. George

Island in 1988, nor is it significantly different (P ? ?0.05) from

the predicted number of pups born based on a regression fitted to

the 1973-88 data, which showed a 5.9% decline (21,604 ± 2,626;cf

York 1990). Estimates and 95% confidence intervals of numbers of

pups born on St. George Island for 1970-90 are given in Figure 9.
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Table 7.- -Number of harem bulls (b) counted, estimated number of pups alive at
the time of marking, number of dead pups counted and its standard
deviation (SD), number of dead pups counted, estimated number of pups
born, estimated mortality rate, and estimated ratio of pups alive (p)
at the time of marking to number of harem bulls (b) St. George Island,
Alaska 1990.
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IMPACT OF AIRBORNE NOISE ON NORTHERN FUR SEALS IN THE PRIBILOF
ISLANDS, ALASKA: A PRELIMINARY ASSESSMENT

Stephen J. Insley

The expected rise in commercial and tourist activities on

the Pribilof Islands, Alaska, has increased the potential for

northern fur seals (Callorhinus ursinus) being disturbed by

noise. Several studies have reviewed the problem or have

completed investigations of specific source impacts (Climo 1987;

Herter and Koski 1988; Johnson et al. 1989; Gentry et al. 1990)

but to date, a baseline assessment of noise impact on Pribilof

Island fur seals has not been done. Therefore, this study was

undertaken to make a preliminary assessment of the impact of

sound and to outline the general areas of concern regarding

noise.

Two general forms of auditory disturbance were

investigated: 1) those from direct noise and 2) those from

indirect noise. Direct impacts result from noise sources that

can be measured directly (e.g., airplanes, land vehicles, ships,

and construction activities). Indirect noise and its effects

occur when fur seals respond to human disturbance. Specifically,

the presence of humans often causes seals to be more vigilant and

to call more frequently. Such calling may escalate enough to

increase the ambient noise levels, decreasing the distance from

which animals can hear each other. Of primary concern is the
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potential effect on female-pup recognition calling. The effects

of direct noise are reported as follows: 1) noise sources are

identified and quantified, 2) background noise levels of fur seal

rookeries are measured, and 3) anecdotal accounts of the impacts

of noise are given., Indirect impacts of noise are reported as

follows: 1) changes in ambient noise levels due to disturbance

and 2) the energy levels of fur seal vocalizations.

Methods

This study was conducted on St. Paul and St. George Islands,

Alaska, between 27 June and 12 August 1990. It also includes

data collected on St. Paul Island during July and August 1988.

Locations of the different rookeries referred to are shown in

Figures 1 and 2.

Acoustic energy (calls, man-made noise sources, and ambient

noise) was measured as sound pressure levels (SPL) and expressed

in decibals (dB) (re 20 µPa). Acoustic frequency is reported in

hertz (Hz) and kilohertz (kHz). Definitions of the other

acoustic measurements used are as follows: 1) Leq, the average

energy level, is the steady SPL that is equivalent to the same

total acoustic energy as the real fluctuating noise over a given

period of time and 2) LgO, the background or ambient noise level

is the SPL exceeded 90% of a given time period.

In 1990, SPL measurements were made with a Bruel and Kjaer

(B&K) 2231 sound level meter with the 7101 software module and
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the 1625 one-third octave filter.1 Data from 1988 were collected

in the same manner as 1990 except a B&K 2230 meter was used

(Insley, Univ. of California, Davis 95616, unpublished data).

The meters were calibrated with a 94 dB, 1 kHz pure-tone (B&K

sound level calibrator type 4230) before each session. All SPL

measurements were made using a "linear" frequency mode (equal

response between 20 Hz and 20 kHz) and a "fast" response time. A

Uher 4400 Report L tape recorder operating at 19 cm/s using the

2231 meter for a microphone (constant recording level) was used

to document sounds.

In measuring background noise on rookeries, the main factors

that could affect. data were considered first. On the Pribilof

Islands these include: 1) proximity to animals; 2) the number of

animals in which a clear line-of-sight exists (i.e., as

influenced by measuring from above or on the same level as the

animals); 3) animal activity; 4) proximity of animals to the sea

(i.e., narrow or wide rookery); and 5) sea state. The first two

factors were controlled by performing measurements from above

with a clear line-of-sight to a minimum concentration of 20

animals so that the measurement would reflect the contribution of

many animals. The distance to the nearest animal varied

according to the study site, and ranged from 3 m at Vostochni and

Zapadni rookeries to 5 m at Ardiguen and Polovina rookeries.

The calculations of sound propagation (calls and noise

'Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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sources) were made using measurements from two sampling locations

and the geometric spreading relationship

where Lp2 is the SPL at location 2, Lp1 is the SPL at location 1,

rl and r2 are the respective distances from the source along the

same line to locations 1 and 2, and Ae is the excess attenuation

due to obstacles or atmospheric attenuation (Beranek 1971). The

excess attenuation from atmospheric absorption can be safely

ignored because most of the energy in the noise sources of

interest was below 1 kHz where attenuation from atmospheric

absorption is negligible for the distances used. Two distances

representing a relatively close (30 m) and a distant (300 m)

encounter with the various noise sources were chosen so that the

SPLs from different sources could be compared. The two distance-

standardized values are mainly for the comparison of aircraft

noise; 300 m is a standard measurement distance for aircraft

(Johnson et al. 1989) and 30 m was the approximate minimum close-

range distance for aircraft during the study.

The investigation of indirect noise (increase in conspecific

noise triggered by the presence of humans) addressed two specific

questions: how much did the background noise level increase and

how long did it take to return to the ambient noise level? The

disturbance source used was a human walking to the rookery

periphery during bull counts at the height of the breeding season

(11-14 July). Measurements were made from a location above the

animals (i.e., cliff side, tripod, or catwalk).
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To demonstrate the effect of increased background noise on

seals, the change in audible call distance (the distance from

which a call could be heard by a conspecific) as background noise

levels changed was estimated. This was accomplished by first

obtaining source levels for the calls of different animals and

then calculating the distance from which these vocalizations were

maintained above the measured background levels. Source levels

were taken as close as possible (i.e., <5 m) to the focal animal

and were limited to the calls produced by an animal facing within

20-30 degrees of the sound level meter. Call attenuation was

estimated using the geometric spreading relationship described

previously.

Results and Discussion

Impact from Direct Noise Sources

Background Noise Levels--Background noise levels were

measured in several rookeries and covered a variety of conditions

(Table 8). The index used to compare background noise levels was

the range of L90s taken at 5-minute intervals over several hours.

Background noise varied -considerably, ranging from 67.0 to 85.5

dB depending both on sea state and animal activity. Noise that

is below the minimum background level (67 dB) at the rookery is

likely to have a low disturbance potential unless a particularly

negative association exists. Any noise above the maximum ambient

levels of 78.5 to 85.5 dB should be considered as a potential

disturbance.
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Table 8.--Range of background sound pressure levels (SPLs)
measured at four rookeries during different weather
conditions.
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This applies only to sounds of similar quality (e.g., frequency)

to that made by the seals themselves. A distinct sound at

similar volume might cause disturbance.

Noise Sources

Generalized potential noise sources for the St. Paul and St.

George Islands are listed in Table 9. The sources likely to be

of concern are addressed in more detail in Table 10 by their

maximum measured SPLs and distance-standardized SPL values. The

distance standardized SPLs indicate that airplanes tend to

produce higher levels of noise than other sources. One exception

was the trawler where even at over 300 m the levels exceeded the

high end of the rookery's background noise. Given that these

sources are often closer than 300 m and that background noise in

the rookery is often less than 85 dB, there is a potential for

negative impact. Airplanes are often clearly audible by fur

seals on rookeries when they were greater than 1 km away.

Most acoustic energy was below 1 kHz for all sources. For

example, peak frequencies of the diesel-powered construction

equipment, the offshore trawler, and the all-terrain vehicle

(ATV), were all between 60 and 300 Hz. Peak frequencies of

aircraft vary between 60 and 500 Hz depending mainly on the craft

and the engine status (e.g., takeoff, landing, taxiing, or

cruising).

Observations of animal reactions to different noise sources

are listed in Table 11 to give an indication of response

variation. In judging the above reactions it is important to
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Table 9.--List of principal direct noise sources and potential
impact on St. Paul and St. George Islands, Alaska.
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Table l0.--Measured and estimated sound pressure levels (SPLsa)
of primary noise sources.



Table 11.--Observed reactions of seals to different noise sources.
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note that the distances are estimated. The observations show

that there are clear reactions involving movement of males from

haul-out areas when airplanes are closer than 300 m. The only

observed responses involving movement on the rookery were from a

very low overflight (estimated at 50 m) of an FAA aircraft at

Ardiguen rookery in 1988. It approached from land with a course

perpendicular to the shore resulting in a sudden noise that

caused a startle response. A collection of reactions by seabirds

and northern fur seals to aircraft on St. George Island,

including similar panic-type reactions by seals on the rookery,

is provided by Herter and Koski (1988). It is important to note

that responses of the breeding animals vary over time; both male

and female site tenacity decreases as breeding season progresses

and so the likelihood of movement increases with the progression

of the breeding season.

Frequency of Noise Sources --Air traffic was the only noise

source for which it was possible to estimate frequency of

occurrence. On St. Paul Island during the summer months of 1990

a maximum of 21 flights per week were observed: 1) four-engine

Lockheed Electra passenger service (daily); 2) Piper Navaho or

Cessna Comanche passenger service (2/week); and 3) Hercules or

DC-6 freight service (maximum 2/day). Appearances by a Coast

Guard Bell Ranger II helicopter and the Hercules and FAA aircraft

were intermittent. On St. George Island during the summer months

of 1990, a maximum of 8 flights per week were observed: 1)

Navaho or Comanche passenger service (maximum a/week); and 2)
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Hercules and DC-6 freight service (3/week). The frequency of all

flights varied considerably according to the weather.

Impact From Indirect Noise Sources

Ambience shifts due to disturbance--Background (L,,) and

average (L,) noise levels every 5 minutes before, during, and

after a disturbance (human walking near rookery or aircraft

overflight) are plotted in Figures 10, 11, 12, and 13 for four

different rookeries. Weather conditions were calm (<5 knot wind)

and dry except for the measurement at Ardiguen rookery (Fig. 12)

where it was raining with an approximate 15 knot wind.

The measurements indicate: 1) background and average noise

levels increased during disturbances; 2) the increase in average

noise level (up to 10 dB) was only partially reflected in the

background noise level (up to 5 dB) indicating a sporadic source;

3) the return to normal background levels occurred in

approximately 10-20 minutes; 4) a naturally occurring disturbance

(e.g., males fighting) has the same or greater effect as human

disturbances (Figs. 10 and 12); and 5) there is some evidence of

increased calling due to sensitization (i.e., the nearby males

reacted strongly to observer presence after the disturbance as

well as during; Fig. 11). Observations made during the

disturbances showed that initial trumpet roars (TR) (see Table 12

for definition of seal call types) by males were the primary

contributor to noise levels. Following the peak of vocal

activity, mother primary calls (MPC) from females, offspring
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Figure lO.--Energy average Leq     (equivalent continuous
sound level) of northern fur seals before and
after a human disturbance
Cliffs rookery,

        at Polovina
St. Paul Island, Alaska. An

airplane passover (A) and a multi-male conflict
(a) are also indicated.
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primary calls (OPC) from pups (see Insley 1989 for mother-

offspring call descriptions), and male whickering combined to

determine noise levels. Although this research does show an

increase in background noise caused by disturbance, it does not

indicate that noise levels exceed natural fluctuations in

background noise.

SPLs of fur seal vocalizations --Source SPLs are reported in

Table 12. The variation between individuals in call amplitude is

notable (i.e., 15.2, 14.0, and 10.0 dB between females, pups, and

males, respectively). Given such variation, it is not clear if

or how some individuals would be more susceptible to increased

noise than others.

Expected call propagation made in the range of ambient noise

levels given previously (Figs. l0-13 and Table 8) are listed in

Table 13. The values in Table 13 can be used as an approximate

guide to changes in audible range but with caution. These

estimates indicate a substantial decrease in audible distance

resulting from an increase in background noise level. There are

two problems with the propagation estimates in Table 13: 1) the

seals may be able to detect calls below the background noise

level (e.g., humans can often detect a tonal or rhythmic signal

l0-15 dB below the minimum noise level); and 2) the acoustic

structure of a call in relation to the physical and acoustical

environment affects its propagation and perception. Due to these

limitations, the propagation distances given in Table 13 are

probably underestimates of audible range. However, the change



Table 12.--Source sound pressure levels (SPL) of northern fur seal vocalizations
calculated from measured levels.
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Table 13.--Estimation of northern fur seal call propagation
distances to indicate change in audible range with
different background noise levels.
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with distance remains the same.

Conclusions

The purpose of this study was to make a preliminary

assessment of the potential impacts of noise on northern fur

 seals. Direct sources of noise included airplanes, off-road

vehicles, construction activities such as blasting, and ship

traffic.

Air traffic on the Pribilof Islands may disturb fur seals if

aircraft fly too close to rookery or haul-out areas. To reduce

the possibility of such disturbances, regulations controlling

aircraft flight corridors must be strictly enforced. Additional

protection must also be provided when considering plans for

airport expansion or relocation.

Ship traffic is expected to increase substantially with the

opening of new harbors on both islands. Specific distance

guidelines including ocean markers must be recommended for the

protection of fur seal breeding areas. Construction activities,

especially blasting, should be monitored closely and strictly

regulated. Similarly, off-road traffic, especially ATVs, pose a

threat but only if they travel in areas that are posted as off

limits.

The impact of indirect noise, although largely inconclusive,

seems to be minimal unless disturbances are quite frequent. The

impact of different levels of disturbance and especially the

effect of sensitization remain untested.
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STUDIES OF JUVENILE MALES TAGGED AS PUPS AND

RESIGHTED DURING ROUNDUPS IN 1990

by

George A. Antonelis, Charles W. Fowler, and Jason D. Baker

A tagging project to examine the role of variability in

population dynamics on the growth of northern fur seals on St.

Paul Island began during the 1987 summer field season. This

project was initiated after concerns were expressed about the

decline of the northern fur seal population on the Pribilof

Islands. The tagging program began as a feasibility study to

test tagging methodologies. The primary objective was to

evaluate the use of a newly developed monel cattle ear tag (with

a round post) to estimate survival from birth to age 2-5 years

for males based on the resighting of tagged individuals in

subsequent years.

In addition to collecting tag resight data, information on

other aspects of the fur seal population was collected during the

first 4 years of this study. In this report, preliminary results

are presented on tag resights and frequency of tag loss, homing

tendencies of tagged males, the effects of body size and age on

juvenile male haul-out patterns, and the influence of the weight

of pups on their adult size.
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Methods

In 1987, the total number of pups tagged on each rookery on

St. Paul Island was approximately 4% of the estimated pup

production from the previous year (none were applied on Little

Polovina or Sea Lion Rock in any year). The application of tags

was distributed among rookeries according to the proportion each

rookery contributes to the total estimate of pups born. For

example, if 200,000 pups are born on St. Paul Island,

approximately 8,000 pups would be tagged (about 4,000 of each sex

assuming a 50:50 sex ratio). If 10% of the total number of pups

born was on a specific rookery, then 800 pups would be tagged on

that rookery. After 1987, only small numbers (400-500) of

females were tagged on St. Paul Island at selected study sites;

application of tags to males continued at a rate of approximately

4%.

During the tagging procedure, groups of 50 to 100 pups were

rounded up and slowly driven to tagging locations on grass or

flat areas of the rookery whenever possible. At the tagging

site, pups were herded against a 3-sided barricade placed between

the pups and the ocean. On irregular terrain, natural seashore

elements (such as rocks, logs, and boulders) were used as

barricades. While pups were being held within the barricade,

researchers were careful to prevent pups from climbing on top of

each other to avoid the suffocation of those at the bottom of the

pile.



50

The sex of each pup within the barricade was recorded

whether or not the animal was tagged. During tag application,

pups were restrained on a plywood board (1 cm x 100 cm x 150 cm)

which was placed on level ground. A tag was attached to each

foreflipper, approximately 1.0 cm to the distal side of the

hairline and 1.7 cm from the posterior edge of the flipper.

Weight information was collected from at least 10% of the

pups handled (both males and females) from each rookery. Pups

were randomly selected for weighing. The minimum number of pups

weighed at any rookery was 100. Pups were weighed by placing the

animal head first into the weighing bucket or net, which was

suspended by hand from a spring scale. All weights were measured

to the nearest 0.25 kg.

The majority of the juvenile male seals were resighted in

roundups conducted during the breeding season when fur seals are

congregated at, or near, breeding rookeries along the shoreline.

A few tagged seals were either resighted or killed in the

subsistence harvest on either St. Paul or St. George Islands.

In order to allow comparison between rookeries, haulouts

were assigned corresponding rookeries. In some cases, the

assignment of haulouts to associated rookeries is subjective.

For example, a hauling ground between Little Zapadni and Zapadni

rookeries (referred to as Zapadni Sands) could be assigned to

either rookery. It was assigned to Zapadni rookery, in view of

location and movement of seals onto areas more clearly associated

with this rookery. Zapadni Reef Sands, although somewhat removed
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Zapadni Reef rookery, was assigned to this rookery.

of Northeast Point is between Vostochni and Morjovi

The very tip

rookeries,

but it was designated as part of the Morjovi rookery.

The methods for conducting roundups and resighting are

described in Fowler and Ragen (1990) and Fowler et al. (1990a).

During this procedure all seals judged to be of the size

historically taken in the commercial harvest (approximately 105

to 125 cm in total length) are counted. Some of the animals seen

in the early roundups are seen again in later roundups.

Data recorded at the time of recapture included the tag

number, condition of the tag, presence of a tag on both flippers,

and condition of the flippers, especially at the site of tag

attachment. Seals were physically restrained using a restraint

board according to procedures described in Gentry and Holt

(1982). A nylon harness was used to suspend the restraint board

and seal from a spring scale, which was attached to a metal pipe

held by two workers while the weight was read. Weight was

recorded to the nearest 0.9 kg. The weight of the restraint

board was subtracted from the total to determine the weight of

the seal. Seals killed during the subsistence harvest were

weighed directly on a platform scale.

Results and Discussion

TaG Resights

Tag numbers, sex, and rookery where northern fur seal pups

were tagged on St. Paul Island in 1987 and 1988 are listed in

Tables 14 and 15, respectively. In cases where the total number



Table 14.--Ranges of tag numbers and numbers of monel tags applied to northern fur seal
pups on the rookeries of St. Paul Island in 1987; the differences in tag totals
represents seals of unidentified sex.



Table 15.--Ranges of tag numbers and numbers of monel tags applied to northern fur seal
pups on the rookeries of St. Paul Island in 1988.



54

of tagged pups does not equal the total for the two sexes, there

are data missing for the determination of the sex. No pups were

tagged on Little Polovina rookery either year, and no seals were

tagged on Ardiguen rookery in 1987.

One hundred twenty-two roundups of male northern fur seals

were completed on St. Paul Island during July and early August of

1990 (See Appendix Table C-l). During these roundups, 25,829

male seals judged to be of the size historically taken in the

commercial harvest were counted. A total of 386 seals with monel

tags were resighted, 23.6% of which were resighted at least

twice. This corresponds well with 25-30% resighting of seals

from the entanglement research (for both unentangled and

entangled animals; Fowler and Ragen 1990). Of the total, 76.4%

were seen only once, 18.9% were seen twice, 4.4% three times, and

0.3% six times. Excluding those seals taken in the subsistence

harvest, at least 319 3-year-olds and 56 2-year-olds remain in

the tagged population of seals in this study.

Of the monel tagged seals resighted in 1990, 326 (84.5%)

were 3-years-old (tagged in 1987) and 60 (15.5%) were 2-years-old

(tagged in 1988). The relative accumulation of these totals

(using only the first of the multiple resightings) over the

season are shown in Figure 14 and indicates that most of the 2-

year-old seals were resighted late in the series of roundups. In

1989, the total sample of 20 2-year-old seals were resighted by

26 July. In contrast in 1990, 31 (51.6%) of the 60 a-year-old

seals had been seen by 26 July. Of the 326 3-year-old seals
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Figure 14. --Daily accumulation of tagged 2- (lower curve) and
3- (upper curve) years-old male northern fur seals
resighted during roundups on St. Paul Island, Alaska,
1 July-5 August.
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sighted in 1990, 50% had been seen by 21 July, and 72.4% by 26

July.

The rookery of tagging and the rookery where juvenile male

seals were resighted for both 2- and 3-year-old animals in 1990

is listed in Table 16 for the first sightings of each seal. The

fraction of 3-year-old seals tagged on each rookery that were

resighted during the 1990 roundups is listed in Table 17.

Roundups were not conducted on Little Polovina, Polovina Cliffs,

or Ardiguen rookeries. The distribution of rookery of resighting

compared to the rookery of tagging is shown for 3-year-old seals

in Table 18 and for 2-year-old seals in Table 19 (both tables

include the multiple sightings for 1990). These tables are

arranged with the rookeries listed in clockwise arrangement for

St. Paul Island starting with Vostochni rookery. In this manner

the rookeries are listed so that the nearest rookeries are

adjacent to each other in the table. For the larger sample of 3-

year-old seals, the tendency for individuals to be resighted at

the rookery where they were tagged is apparent from the larger

numbers along the diagonal axis of the corresponding table.

Only 5 of the 20 a-year-old juvenile male seals sighted in

1989 were seen among the 326 3-year-old resights in 1990. Data

such as these for the subsequent resighting of both 2- and 3-

year-old seals will be used in estimating survival following the

collection of similar data in 1991.

The numbers of seals with missing tags are summarized in

Table 20. The percentage of tag loss for a-year-old seals is
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Table 17. --The numbers of 3-year-old juvenile male northern fur seals sighted on St. Paul
Island in 1990 corresponding to the rookery where they were tagged, also expressed
as a fraction of the tags applied.
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Table 18.--Numbers of 3-year-old juvenile male northern fur seals
seen during 1990 at the haulout of a particular
rookery (identified on top row) as compared to the
rookery where tagged (left column).'
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Table l9.--Numbers of 2- year-old juvenile male northern fur
seals seen at the haulout of a particular rookery
(identified on top row) as compared to the rookery
where tagged (left column).*
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Table 20.--Listing of the numbers of tags lost by flipper (with
percent of total in parentheses) and age for
individual juvenile male northern fur seals seen in
roundups during July 1990, St. Paul Islands, with the
estimated double tag loss rate (percent) for each
agea.
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less than for 3-year-olds. Whether this is a result of

continuing loss with age or a difference in the means of

application is unknown. Whether or not the higher loss of tags

on the left side for both ages is significant will require

further sampling. Further information on the condition of the

tags, tag holes, and flippers for evaluation of tagging

procedures and effects on seals will be analyzed and presented in

the future.

Weights of Tagged Fur Seals

A total of 376 juvenile males were weighed during the course

of the season. Three-year-olds weighed an average of 28.1 kg

(SD = 4.1; n = 318), and 2-year-olds weighed 21.7 kg on average

(SD = 2.9; n = 58). The mean weight of an individual seal caught

more than once was used in the above calculation. The weight

distribution of 2- and 3-year-olds is shown in Figure 15.

The data on body weights collected during roundups support

some of our information pertaining to the breeding season

behavior of juvenile males, including the relative influence of

factors such as age and size on their haul-out patterns. For

example, it has long been known, and is clearly evident from

Figure 14, that older males arrive on St. Paul Island earlier

than younger males. We questioned whether this was truly an

effect of age or whether, in general, smaller seals simply arrive

later. If the latter were true, we would expect a relationship

between weight and date of first sighting within an age class.

Simple linear regression analysis indicated no such relationship
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Figure 15.-- Weight distributions (kg) of 2- and 3-year-old
tagged northern fur seals captured during roundups
on St. Paul Island, Alaska, 1990.
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(for 3-year-olds, r = 0.06, P = 0.14; for 2-year-olds, r = 0.01,

P = 0.17), and that date of arrival is a behavior more influenced

by age than body size.

A related question pertains to the proportion of time seals

spend ashore once they have returned to the island. If different

size classes of males from the same cohort spend different

proportions of time ashore, they should also have different

capture probabilities during roundups. To investigate the

possible effect of body size on probability of capture, we

plotted the weights of individual 3-year-old tagged males against

the number of times they were seen during the 1990 roundups

(Fig. 16). The mean of all captures was used for each seal

caught more than once. Regression analysis showed no significant

relationship between weight and the number of times a seal was

seen, indicating that body size (within the age class) did not

affect the proportion of time spent ashore during the period we

sampled. It may be that age within the age class is an important

factor in this regard; however, we would need to conduct roundups

for a longer period of time after 2-year-olds begin arriving in

order to test for age-specific differences.

Weights of seals that were captured more than once during

the season were strikingly variable, and distinct trends in this

variability were identified. The subsequent weights of

individuals as proportions of weight at first capture are given

in Figure 17. There is a trend of decreasing weight following

the first capture with some individuals losing as much as 30% of
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Figure 16. --Weights (kg) of 3-year-old male northern fur seals
plotted against the number of times they were
captured during roundups on St. Paul Island, Alaska,
1990. Means of multiple weighings were plotted for
each animal captured more than once. The overall
mean for animals captured once was 28.22 kg
(SD = 4.22, n = 297), for those captured twice, the
mean was 28.67 kg (SD = 3.76, n = 61), and seals
captured three times weighed 27.80 kg
(s = 2.98, n = 16) on average. The average weight of
one animal captured six times was 29.8 kg.



66

Figure 17. --Subsequent weights of juvenile male northern fur
seals expressed as proportions of their weight at
first capture and plotted against the number of
days since the first capture on St. Paul Island,
Alaska.
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their body weight. After 12 days there is a discontinuity in the

data where proportions of weight at first capture are more

variable but have, on the average, increased. The mean

proportion for seals weighed 14 or more days after their first

capture was 1.08 (i.e., 8% more than they did at the first

weighing; SD = 0.15; n = 22).

The conditions under which we weigh juvenile males are

certainly less than ideal, and significant variance due to

measurement error is expected. Yet, weight values through day 12

in Figure 17 indicate seals seem to be losing weight at a fairly

constant rate, presumably while fasting on land. Because seals

do not gain weight while on land, any points falling above 1.0

indicate either a feeding trip has been made or there was an

error in the weighing procedure. The group of points above 1.0

starting at day 14 probably indicate that those animals have

regained weight after a feeding trip, and are likely growing

during the summer. The few points above 1.0 from before day 12

may either reflect measurement error or short feeding trips.

Some of the tagged juvenile males weighed in 1990 had

previously been weighed as pups in late August, so it was

possible to assess the effect of pup weight on weight later in

life. Simple linear regression indicated a significant

relationship between pup weight and weight at 2 and 3 years of

age (Figs. 18 and 19; for 2-year-olds, (r = 0.41, P = 0.02; for

3-year-olds, r = 0.28, P = 0.03). Among these seals, the mean

pup weight for resighted 3-year-old males was 9.70 kg (SD = 1.61,
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Figure 18.-- Relationship between male northern fur seal pup
weight (measured in late August of the year of
birth) and weight at age 2 during roundups on
St. Paul Island, Alaska, 1990.
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Figure lg.-- Relationship between male northern fur seal pup
weight (measured in late August of the year of
birth) and weight at age 3 during roundups on
St. Paul Island, Alaska, 1990
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n = 49) compared to 9.64 kg (SD = 1.94, n = 658) for all male

pups weighed from the 1987 cohort (no significant difference, P =

0.833). Resighted 2-year-olds weighed an average of 10.21 kg (SD

= 1.56, n = 30) as pups compared to 9.52 kg (SD = 1.77, n =

1,224) for all male pups weighed as pups in 1988 (a significant

difference, P = 0.035).

Based on the regression analyses of data in Figures 18 and

19, there is evidence that pup size may influence adult body

size. The acceptance of this relationship is based on the

assumption that the timing of capture in the haul-out pattern of

males 2 and 3 years of age (Fig; 17) is unrelated to pup weight.

Such a relationship between pup weight and later growth probably

reflects, in part, genetic determination of body size. However,

managers must also consider both natural and anthropogenic

factors, which may influence the weight of pups and could result

in affecting their body size later in life.

The relationship between the mean weight of 3-year-olds and

pup production on St. Paul Island is illustrated in Figure 20

(Fowler et al. 1990), with the addition of the new data point for

1990.

Miscellaneous Observations

The following tag resights of fur seals from the 1987-88

cohorts were obtained on the Commander Islands (U.S.S.R.).

Bering Island

November 8, 1989 - Al3599 (alive).
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Figure 20.-- Relationship between mean weight (kg) of
3-year-old male northern fur seals and pup
production 3 years previous on St. Paul Island,
Alaska. This figure was taken from Fowler et al.
1990a (Marine Mammal Science 6(3):171-195). A data
point for 1990 was using only the weights at first
capture to calculate the mean as had been done in
the other years.



72

Medny Island

July 27, 1990 - A03447 (alive), Al2627 (alive), and A06169

(dead).

August 16, 1990 - A08691 (alive) and A09795 (alive).
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ENTERIC BACTERIAL PATHOGENS ASSOCIATED WITH NORTHERN FUR

SEAL PUPS ON THE PRIBILOF ISLANDS AND AT MEDNY ISLAND,

U.S.S.R.

by

Mathew A. Burd, James T. Harvey, and George A. Antonelis

Causes of the 1975-81 fur seal decline have not been

specifically identified but may include the combined effects

of a female harvest during 1956-68, entanglement in marine

debris, weather, food resource availability, and disease

(Laughlin 1989). In 1990, the National Marine Mammal

Laboratory (NMML) contracted Moss Landing Marine Laboratories

to survey bacterial pathogens in northern fur seal

(Callorhinus ursinus) pups on the Pribilof Islands (St. Paul

and St. George Islands) and Medny Island, U.S.S.R. The

objectives of this study were to 1) identify bacterial

pathogens in northern fur seal pups, 2) to determine

interisland and interrookery pathogen incidence, and 3) to

compare pathogen incidence with pup condition.

Methods

Between 14 and 31 August 1990, 4,443 northern fur seal

pups were flipper tagged by NMML researchers. During this

time, rectum, throat, and occular bacterial samples were

collected from pups on 3 rookeries at St. George Island, 12

rookeries at St. Paul Island, and 1 rookery at Medny Island.
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Thirty pups were randomly selected on each rookery, and sex,

weight, length, cranial width, blubber thickness, and

foreflipper length was recorded (Table 21). Sterile rayon

swabs (Culture-Transport System, Difco) were used to obtain

ocular, throat, and rectal samples from 449 fur seal pups.

Chocolate agar plates were inoculated with ocular swabs and

MacConkey II Agar and Hektoen Euteric Agar plates were

inoculated with rectal swabs. Trypticase Soy Agar (TSA) + 5%

sheep blood agar plates were inoculated with rectal swabs only

from pups on St. George Island.

All plates were examined after 24 hours incubation and

MacConkey II Agar and Hektoen Enteric Agar plates were

examined for colonies suggestive of nonlactose fermenters and

coliforms. Colony characteristics were described (e.g.,

Salmonellae sp.: round, blue colonies with black centers) and

each colony type was stored on maintenance media at 2-8° C.

All frozen swabs, plates, and pure cultures were shipped to

Moss Landing Marine Laboratories for analysis.

Cultures showing typical Salmonellae characteristics were

tested for oxidase, urease, and lysine decarboxylase activity

and for motility. All cultures were identified using the

Minitek Miniaturized Differentiation System (Becton, Dickenson

& Co.). Escherichia coli cultures were inoculated onto TSA +

5 % sheep blood agar plates to screen for hemolysis.

Serological agglutination tests (Becton, Dickenson & Co.) will

be used to definitively identify Salmonellae cultures.
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Table 21.--Data collected on the Pribilof Islands, August 1990.
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Results and Discussion

Enteric Pathogens

St. Paul Island--Salmonella enteritidis was identified

in 10% of pups sampled on Little Zapadni, 3.3% on Zapadni,

and 13.3% on Zapadni Reef rookeries. Pseudomonas aeruginosa

was isolated only on Morjovi rookery in 36% of pups sampled,

and Acinetobacter lwoffi was isolated only on Reef rookery

in 20% of pups sampled (Table 22).

St. George Island- -Staphylococcus aureus was isolated

only on North rookery in 24% of the pups sampled and

Streptococcus sp. were found in 6% of pups sampled from

North, 23.3% from East, and 20% from Zapadni rookeries

(Table 22).

Medny Island- -no primary enteric pathogens were isolated.

The incidence of Salmonella spp. within rookeries (3.3-

13.3%) and in the sampled population (2.2%) was much less on

the Pribilof Islands than that found by Gilmartin et al.

(1979) in pups of northern. fur seals on San Miguel Island,

California. Differences may be due to the greater sample size

taken from the Pribilof Islands and the lack of selective

enrichment procedures for Salmonella sp. Weights of pups with

Salmonella from Little Zapadni, Zapadni, and Zapadni Reef

rookeries were pooled and compared to the pooled weights of

uninfected pups from these rookeries. Mean weight (7.02 kg)

of pups with Salmonella was significantly less than the mean



Table 22.-- Number of fur seal pups with a potential bacterial pathogen (n = 30 random
samples) on St. Paul, St. George, and Medny Island rookeries.



Table 22.--Continued.
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weight (9.20 kg) of uninfected pups (t = 3.826, P = 0.0002).

Gilmartin et al. (1979) suggested that Salmonella serotypes

cause only mild gastroenteritis followed by a prolonged

carrier state and that maternally acquired antibodies protect

young animals. Mortality due to Salmonella sp. does not

appear to be a problem on San Miguel Island (Gilmartin et al.

1979). Data from this study may indicate that Salmonella

infection is a more serious problem on the Pribilof Islands;

however, data on the weights of infected and uninfected pups

was not available from the San Miguel study for comparison.

Pseudomonas spp. are widely distributed in soil and

water. Clinically significant pseudomonads are largely

limited to the species P. aeruginosa, which is a frequent

cause of bacteremia and pneumonia, especially in the immuno-

supressed host (Washington 1985). Mean weight (8.8 kg), of

pups infected with P. aerusinosa was not significantly

different from uninfected pups (8.7 kg; t = 0.322, P = 0.75)

and does not appear to be a threat to their health.

Acinetobacter calco/lwoffi was isolated from adult

Antarctic fur seals (Arctocephalus sazella) with enteritis

(Baker and McCann 1989). In the present study, mean weight

(7.9 kg) of pups with A. lwoffi was significantly different

from uninfected pups (9.9 kg; t = 2.507, P = 0.018).

Relatively few pathogens were isolated in pups on St.

George Island. Staphylococcus aureus, the etiologic agent of

staphylococcal entercolitis, is associated with infection in
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other mammals (Jang et al. 1990), but the weights of pups with

this bacteria did not indicate that they were severely

compromised. Mean weight (8.75 kg) of pups with S. aureus was

not significantly different from uninfected pups (8.6 kg; t =

0.2, P = 0.843). Weights of pups with Streptococcus sp. from

North, East, and Zapadni rookeries were pooled and compared to

pooled weights of uninfected pups. Mean weight of pups

infected with Streptococcus sp. (8.1 kg) was not significantly

different from uninfected pups (8.8 kg; t = 1.64, P = 0.10).

Primary enteric pathogens do not appear to infect

significant numbers of pups on all islands surveyed. Resource

and time constraints and the broad nature of the survey

prevented us from surveying for a single primary pathogen.

This may have contributed to the apparent low incidence and

distribution of Salmonella, Staphylococcus, and Streptococcus 

Spp.

Opportunistic pathogens were found in all pups from

each rookery (Table 22), and the most frequently isolated

organisms were nonhemolytic Escherichia coli, and

unidentified Citrobacter, Proteus, and Enterobacter spp.

Baker and McCann (1989) suggested the underdeveloped immune

system in young animals makes them susceptible to infection

by opportunistic pathogens. Opportunistic pathogens

isolated from northern fur seal pups were similar to many

isolated from Antarctic fur seals. Baker and McCann (1989)

found opportunistic pathogens were important sources of
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mortality for Antarctic fur seals. The presence of these

pathogens on the Pribilof Islands may result in a similar

influence on mortality of animals there.
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FISH NET DEBRIS AND BEACH LITTER ON ST. PAUL ISLAND, ALASKA

by

Norihisa Baba and Hiroshi Kajimura

Beach surveys were conducted on Zolotoi Sands (ZOL) and at

Northeast-Point (NEP) on St. Paul Island, Alaska (Fig. 21) during

1983, 1984, 1986, 1988, and 1990 to determine the types of marine

debris that accumulate on these beaches. Zolotoi Sands beach is

a flat, sandy beach utililized by some subadult and bachelor male

fur seals. In contrast, the section of beach surveyed on the

westside of Northeast Point is a rocky boulder beach and is not

utilized by fur seals.

The purpose of the beach surveys were to determine the

deposition of debris on these two beach sites. The types of

beach debris consisted of large and small fragments of trawl net,

various sizes of rope and line, plastic banding material, and

other plastic materials. In a study on debris accumulation on

Amchitka Island, Merrell (1980) reported that there was little

variation in composition of litter items on different beaches or

in different years, but quantities of litter on different beaches

varied greatly.

The National Academy of Sciences (1975) estimated that

6.4 million metric tons (t) of litter is discarded annually from

ships. In Alaskan waters, Merrell (1980) estimated about 2,000 t

of plastic litter is discarded or lost annually from fishing

vessels.



8
3



84

Methods

Survey methods were similar for each of the years as one or

both of the authors were present on each of the surveys. The

survey party consisted of one to four persons during 1983-90.

The survey area included the intertidal zone from the water's

edge to the high-tide vegetation line. All beach surveys were

conducted at low tide. Each year all removable pieces of debris

(net, rope, string, and plastic banding material) were collected

or removed to areas above the high-tide level. For those debris

partially buried or too large to remove, samples were taken and

the debris was marked by spray paint and noted for future

surveys. During 1983-84, totals of 30.0 and 40.0 kg of webbing

material were taken from NEP and ZOL beaches, respectively, for

examination. The samples were sent to Japan where they were

examined for mesh size and twine diameter. The net mesh size

information (Table 23) given in this report is based on the

samples sent to Japan as well as data collected in subsequent

surveys conducted at the two beaches through 1990.

Results

Beach debris was grouped into four categories: 1) all net-

entangling material; 2) plastic banding material; 3) rope and

lines; and 4) miscellaneous (canvas strips, 6-pack yokes, and

plastic rings). Plastic banding material, ropes and lines

(including twine, string, and yarn) were the most abundant debris

found at both NEP and at ZOL beaches (Table 24). Rope was the

most abundant type of debris among this group. The longest rope



Table 23.--Frequency distribution of net fragments based on mesh size (cm) as found on
Northeast Point and Zolotoi Sands beaches, St. Paul Island, Alaska 1983-90.

*No mesh size measurements taken for nine 1988 and five 1990 Northeast Point samples.



Table 24. --Number of beach debris at Northeast Point and Zolotoi Sands,
St. Paul Island, Alaska 1983-90.
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was greater than 100 m long. Rope diameters ranged from 5 to

38 mm.

Beach debris of concern are the entanglement causing

materials of trawl net, such as net webbing fragments, and closed

loop bands, where animals are capable of putting their head

through the mesh or the closed loop band.

Mesh sizes of nets and net fragments collected during the

beach surveys ranged from 7.0 to 41.0 cm at NEP and from 7.0 to

25.0 cm at ZOL (Table 23). Mesh sizes of nets found on beaches

were primarily smaller mesh nets, most occurring between 7.0 and

15 cm (Fig. 22).

Discussion

Johnson (1990) reported that the rate of deposition of

debris on beaches is largely controlled by storms and the

orientation of the beach to prevailing winds and currents. The

accumulation of beach debris on both beaches surveyed on St. Paul

Island shows a variable but decreasing trend among most

categories of debris found since 1983. The only exception is in

the marked accumulation of plastic banding material and the

slight increase in net material at NEP during 1990. Although

there was no survey conducted at ZOL beach in 1990, there was a

slight increase in ropes and nets in 1988 (Fig. 23). In most

other categories of debris there is a noted decrease in

accumulation. This general decrease in debris accumulation is

also reported by Merrell (1984) for other beaches surveyed in the

Aleutian Islands and by Johnson (1990) for beaches in the Gulf of
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Figure 22. --Frequency of mesh size of net fragments as found on
Northeast Point and Zolotoi Sands beaches, St. Paul
Island, Alaska, 1983-90.
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Figure 23. --Change of beach debris at Northeast Point and Zolotoi
Sands beaches, St. Paul Island, Alaska, 1983-90.
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Alaska. Fowler and Baba (this volume) report the continued

reduction in the numbers of animals entangled in fragments of

trawl netting.
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CENSUS OF NORTHERN FUR SEALS

ON BOGOSLOF ISLAND, ALASKA, 1990

by

Jason D. Baker and Masashi Kiyota

A census of northern fur seals on Bogoslof Island, Alaska,

was conducted on 24 July 1990. This census was a cooperative

effort involving National Marine Mammal Laboratory personnel,

researchers from the Far Seas Fisheries Research Laboratory in

Shimizu, Japan, and the Japanese research vessel Shunyo Maru.

Transportation to Bogoslof Island was provided by the research

vessel.

Methods

The census of northern fur seals was conducted from selected

vantage points while walking all rookeries and haul-out areas on

the island. Where practical, independent counts were made and

subsequently averaged. However, in areas where one counter

clearly had a better view than the other, the count from the

better view was used. On the main rookery area on the northwest

side of the island, the two scientists counted jointly as it was

impossible for both to see all the animals independently,

compared their notes, and agreed on the final count of fur seals.

Results

The locations of northern fur seals on Bogoslof Island in

1990 are shown in Figure 3. The numbers of fur seals counted at

the different locations include 44 territorial males, 295
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females, 181 live pups, 2 dead pups, and 951 nonterritorial males

(Table 25). The nonterritorial male category includes mainly

subadult animals but also includes adult males.

The rookery on the northwest side of the island is where

most of the pups are born. Counting pups in this area has become

difficult because 1) the animals at the southern end of this

rookery have moved inland, and 2) males were still territorial at

the time the census was taken. Because it was impossible to

approach close enough to count all pups during this census, we

suggest future censuses be conducted after the harem structure

breaks down in early August. For example, there was one group of

22 females located on the slope to the water below the thickest

part of the rookery. It was not possible for the scientists to

safely enter this area to count pups. Therefore, the number of

pups counted was certainly less than the actual number present.

The number of fur seals on the northeast side of the island

has increased. In this area a small rookery with established

territories along the beach is increasing within what has been

almost exclusively a male haul-out area (only one pup was seen

here in 1989).

A new development was the presence of fur seals on the sand

spit on the southern end of the island. These fur seals were

located high up on the beach, segregated from the northern sea

lions (Eumetopias jubatus) distributed along the water's edge.
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Table 25.--Numbers of northern fur seals counted on Bogoslof
Island, Alaska, on 24 July 1990.

Northwest Northeast South Total
side side side

Territorial males
Females
Live pups
Dead pups
Nonterritorial
males
Total

29 14 1 44
254 37 4 295
162 18 1 181

1 1 0 2
422 379 150 951

868 449 156 1,473
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Other Observations

A tagged territorial male with reddish pelage and a monel

tag was present at the north end rookery on the northwest side of

the island. The number could not be read because the monel tag

was flipped upside-down. Also tag numbers could not be read on

three females tagged with green Riese tags.

On the northeast side of the island, two females with monel

tags were seen associated with an adult male. One live pup was

with a female and a dead pup was nearby. The adults fled upon

our approach so the tags could not be read. One tagged female

had mixed black and white vibrissae indicating that she was about

4 to 5 years old.

One subadult male with a monel tag was seen. His left

foreflipper appeared lame as he held it in the air and only

walked on his right foreflipper. No swelling was visible on the

damaged flipper, and the animal appeared healthy otherwise.

Three entangled subadult male northern fur seals were

observed.

One northern sea lion pup tagged on 5 July 1990 on Bogoslof

Island (red Allflex No. 255) was found dead on the sand spit.

One adult harbor seal (Phoca vitulina) was observed hauled

out on the beach opposite the cliffs on the southeast side of the

island.
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POPULATION AND BEHAVIORAL STUDIES, SAN MIGUEL ISLAND, CALIFORNIA

(Adams Cove and Castle Rock)

by

Robert L. DeLong and Sharon R. Melin

At Adams Cove on 12 July 1990, there were 68 adult northern

fur seal (Callorhinus ursinus) males defending territories

containing females and pups and an additional 8 adult males

defending territories with no females. This represented the

largest number of territorial males recorded during the breeding

season at Adams Cove. Pup counts in Adams Cove were conducted on

27 July and yielded counts of 1,137 live and 12 dead pups. PUP
counts were conducted on Castle Rock on 29 July and yielded

counts of 634 live and 14 dead pups.

Two hundred northern-fur seal pups were tagged with monel

tags on 23 September in Adams Cove. The sex, weight, and tag

numbers of each pup are listed in Appendix Table B-5. During the

course of field studies, 218 individuals with tags. from previous

studies were observed. Tag numbers were read with the aid of a

spotting scope (Appendix Table B-6). In addition, three tagged

animals were observed on beaches of coastal California (Appendix

Table B-7).

Packages containing dummy instruments (items of the same

approximate size and weight as radio tags and dive recorders)

were attached to the pelage of four adult females and four

subadult males in either late September or early November
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(Appendix Table B-8). If these animals return with the packages

intact in the spring of 1991, we will attach geolocation

recording instruments to some fur seals the following autumn to

assess their winter distribution from San Miguel Island.

California sea lion (Zalophus californianus) X northern fur

seal hybrid pups continue to occur at San Miguel Island. In

December 1989, a juvenile male hybrid approximately 3 years old

was observed in Adams Cove. Unlike all hybrids seen in the past

which had primarily fur seal characteristics, this animal had a

number of physical characteristics resembling a California sea

lion. The animal was tagged and was seen during June. In

addition, during the pup counting activity on Castle Rock a

hybrid pup with a fur seal mother was observed.

Tag resights from pups tagged in 1988 and 1989 in September

and October are about equal with no evidence as yet of better

survival of either group.



97

U.S. LAND-BASED RESEARCH IN THE U.S.S.R. IN 1990

by

Roger L. Gentry and George A. Antonelis

This research was conducted under the auspices of the marine

mammal project of the U.S. -U.S.S.R. Joint Environmental

Agreement. Some financial assistance was received from the

National Geographic Society. The purpose was to compare the

populations of northern fur seals breeding on the Pribilof

Islands and those on Medny Island (of the Commander Islands).

Scientists from the United States included the authors and

Mark Pierson of the Minerals Management Service. The Soviet team

was comprised of 10 members from 4 institutions. Research was

conducted at Urilie rookery, Medny Island, from 19 July to 28

August 1990. Transportation for the U.S. members was provided by

the Soviet fisheries inspection vessel Merlang, originating in

Dutch Harbor, Alaska, on 12 July and ending in Dutch Harbor on

5 September.

The central focus of this project was to examine the

possible role that the continental shelf

1956-81 decline in the northern fur seal

may have played in the

population. Two

features of the Medny Island population were of interest. First,

the Commander Islands are surrounded by the narrowest ("1 km)

continental shelf of any major northern fur seal rookery. The

shelf break extends up to 60 km from shore at both the Pribilof

Islands (Bering Sea) and at Robben Island (Sea of Okhotsk).

Because dive studies show that most fur seals feed nightly on
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prey in the deep scattering layer, and because this layer forms

beyond the shelf break, the nearness of the break at the

Commander Islands suggests that females there would expend less

effort in transit to foraging areas than females at the other

large colonies. Second, the Commander Island population

increased while the Robben and Pribilof Islands' populations

declined to about one-half their 1960 abundance.

The project will attempt to determine 1) whether Commander

Island females, by virtue of increased foraging efficiency, were

providing their young with more energy (richer milk delivered

more often) than females of other populations; and 2) whether the

greater, resultant pup growth rates would translate into better

pup survival to adulthood.

Data were collected for direct comparison to studies on the

Pribilof Islands. These include the duration of female trips to

sea; frequency, depth and location of diving; milk fat content;

quantity of milk delivered to the pup per mother's visit using

the doubly labeled water (isotope) method; and pup growth rates.

Additional data were collected on attendance patterns of females

of estimated age and known date of parturition using radio-

telemetry methods, diet based on scat analysis, age-specific

vibrissae and pelage color patterns of females, and potential

bacterial pathogens of fur seal pups. These data are presently

being analyzed.
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ENTANGLEMENT STUDIES, ST. PAUL ISLAND, 1990

JUVENILE MALE NORTHERN FUR SEALS

by

Charles W. Fowler and Norihisa Baba

Entanglement in marine debris, specifically in plastics

associated with the commercial fishing industry, has been

documented for a number of species of seals and sea lions (Fowler

1988). The effects of entanglement in such debris have been the

subject of a number of studies, especially as related to the

impact on northern fur seals. Many of these studies have

examined effects at the population level (Fowler 1982, 1985,

1987). Others have focused more on the effects at the level of

the individual (see Fowler 1988).

Northern fur seals become entangled in plastic debris and

scraps of fishing nets as they forage in the open ocean. Such

entanglement, especially in scraps of net (owing to their

frequency and a structure that enables entanglement), is a source

of mortality for this species and has been the focus of research

examining recent declines in the northern fur seal population on

the Pribilof Islands (Fowler 1987; Bengtson et al. 1988; Fowler

1984, 1985, 1987; Fowler et al. 1989, 1990a, 1990b; Fowler and

Ragen 1990).

Juvenile males (aged 2 to 5 years) from St. Paul Island,

Alaska (in the eastern Bering Sea, west of mainland Alaska), are

the component of the population most readily studied. This
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report presents the results of the 1990 field research conducted

by the National Marine Mammal Laboratory, in cooperation with the

National Research Institute of Far Seas Fisheries of the

Fisheries Agency of Japan, to examine entanglement and its impact

on juvenile male northern fur seals.

The objectives of this work are 1) continued monitoring of

the proportion of seals entangled; 2) determination of the nature

of entangling debris; 3) determination of the mortality caused by

trawl webbing, especially as related to effects at the population

level; and 4) assessment of the relative rates at which entangled

and control animals are resighted. Part of the study of relative

rates of resighting addresses the question of whether an animal's

chances of being seen again are altered by being, or having been,

entangled.

Methods

The studies reported here involved roundups, a procedure

conducted near the breeding colonies of northern fur seals on St.

Paul Island, Alaska. During roundups, seals are herded into a

group and allowed to pass between observers who watch for animals

with tags or entangling debris. When such seals are seen, the

flow of seals is stopped while each tagged or entangled seal is

captured and the relevant information (e.g., tag number, tag

type, degree of wound, and type of debris) is determined and

recorded. The general nature of the procedure is described in

greater detail in Fowler and Ragen (1990) and Fowler et al.

(1990b). Specific methods of importance to this study are
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explained below. All work was conducted during the breeding

season while animals congregated at, or near, breeding rookeries

along the shoreline of the island.

As in previous years, the seals on which entanglement

research is primarily focused are those judged to be of the size

historically taken in the commercial harvest (approximately 105

to 125 cm in total length). Unless indicated otherwise, data in

this report apply to juvenile (subadult) male seals of this size.

The total count and the count of entangled animals are used to

estimate the entanglement rate for comparison with rates observed

in the commercial harvest prior to 1985.

As in 1989, tags were applied to previously untagged seals,

and debris was removed from each entangled seal. This is in

contrast to roundup procedures in years prior to 1989 during

which entangling debris was left on the animals. The color,

weight, type of debris, and mesh and twine size if it was a net

fragment were determined for each piece of debris. Samples were

retained for any future analysis deemed necessary. Also, as in

previous years of this study, two control seals about the same

size as the entangled animal were also tagged to compare rates of

return in succeeding years.

The removal of debris must be taken into account in

calculating the proportion of seals entangled because, under

circumstances of previous work, some of the resighted seals would

have died and not been observed. This was done by applying the

estimated survival of seals entangled in small debris (0.5 from
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past studies: Fowler 1984, 1985, 1987; Fowler et al. 1989, 1990a,

1990b; Fowler and Ragen 1990) to the number of seals resighted

after having had their debris removed in 1989. Thus, half of the

resighted seals from which debris had been removed last year were

assumed to have been seals that would have been resighted as

entangled seals this year to contribute to the observed

proportion entangled. As in 1989, the 1990 sampling design

included resightings of animals from which debris was removed

during the same season; these animals were counted as entangled.

The overall entanglement rate is estimated by the ratio of all

(both initial and all subsequent) entanglement sightings to the

total number of seals examined (Bengtson et al. 1988, Fowler

et al. 1990b).

Some of the surviving seals from which the debris was

removed last year had grown to be larger than those taken in the

commercial harvests. To account for this in calculating the

entanglement rate necessitates differentiating between those that

are too large and those that should be counted for estimating

entanglement rates. Because information regarding the size of

resighted seals from the tagging in 1990 was not recorded, all

tagged seals were included. This will result in a slightly

inflated estimate of the entanglement rate.

Because some animals are rounded up more than once, the

resulting sampling scheme is one of sampling with replacement,

and the data for both the control animals and the entangled

animals are treated accordingly. This is particularly important
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in estimating the proportion of seals entangled for comparison to

historical data.

Analytical methods to estimate the survival rate of

entangled seals are presented in Appendix D as modifications of

those used by Fowler and Ragen (1990), and Fowler et al. (1990b).

The differences between these methods and those of the original

approach, also used here, are explained in Appendix D.

Roundups

Results

One hundred twenty-two roundups of subadult male northern

fur seals were completed on St. Paul Island during July and early

August of 1990 (Appendix Table C-l). During these roundups,

25,829 male seals judged to be of the size historically taken in

the commercial harvest were counted. As explained below, about

25-30% of each of the total counts (unentangled and entangled)

were repeat sightings. In all, 57 entangled subadult male seals

judged to be of harvestable size were captured and double tagged

with numbered, white Allflex tags bearing the address of the

National Marine Mammal Laboratory (Appendix Table C-2).

A total of 114 similarly sized control seals with no entangling

debris were tagged (Appendix Table C-2).

Tagged Seals from Previous Years

Seals tagged in previous years were resighted (Appendix

Table C-3) along with seals tagged during the 1990 season. Of

these resighted seals from previous years for which tags were
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read, 46 had Allflex tags from 1985, 1986, and 1988 applied

during earlier phases of research to evaluate the mortality of

young male seals entangled in debris. Forty-three of the 46

resighted seals were tagged in previous years as controls. Three

had been entangled when tagged. Of the three seals resighted

after having been tagged as entangled, all had lost their

entangling debris (keeping in mind that debris was not removed

from entangled seals during tagging in years prior to 1989). Two

pieces of debris that were lost had been noted at their first

sighting as being small (0-150 g in estimated weight) and one was

large (over 500 g).

Thirty-seven seals were resighted with tags applied in 1989,

the first year during which debris was removed from entangled

juvenile male seals. Of these, 26 had been tagged as controls

and 11 had been tagged after being disentangled.

Entanglement Rate

We examined 71 entangled juvenile male seals in the 1990

roundups (the 57 seals mentioned above, 12 that were judged to be

larger than historically harvested, and 2 that died) to remove.

and determine the nature of their entangling debris. The sizes

and kinds of entangling debris, the extent of any wounds, and the

tightness of the entangling debris on the animal are presented in

Appendix Table C-4. A key to the tags applied during the 1990

field season is provided in Appendix Table C-2.

Of the 71 entangled seals examined, 23 (32.4%) were

entangled in trawl webbing, 23 (32.4%) in plastic packing bands,
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and 16 (22.5%) in string, small line, or cords. The remaining

nine (12.7%) were entangled in other debris. In all, there were

85 sightings that qualified for calculating the entanglement

rate. These included 1) seals of harvestable size observed

entangled, 2) the repeated sightings of animals from which debris

had been removed in 1990, and 3) half of the seals resighted from

1989 after having had debris removed. The entanglement rate for

1990 was thus 0.33% (85/25,829), an estimate that is subject to

slight upward bias owing to the inclusion of tagged seals that

may have grown to be too large to count. Even so, the 1990 rate

of entanglement continues to be less than the observed rate of

about 0.4% between 1976 and 1985 (Fig. 24 from Fowler and Ragen

1990) but is slightly higher than the rates of 0.28 and 0.30

observed for 1988 and 1989, respectively (Appendix Table C-5).

Compared to the 1976-86 rates, the relatively smaller

proportion of entangled juvenile male seals continues to be

attributed to a reduction in the fraction entangled in trawl

webbing (Appendix Table C-5). For the period 1982-86, the mean

percent of seals entangled in trawl webbing was 0.27% (Fowler

et al. 1990a). In 1988, the percent entangled in trawl webbing

dropped to 0-15%, a reduction to 56% of earlier levels (Fowler

et al. 1990a). This proportion remained low in 1989 (Fowler and

Ragen 1990) and 1990 at about 0.12% (Appendix Table C-5).
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Figure 24. --The percentage of juvenile male northern fur seals
found entangled in the commercial harvest from 1967
to 1984 and in research roundups from 1985 to 1990,
on St. Paul Island, Alaska (updated from Fowler and
Ragen 1990).
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Resightings and Survival

An annual summary of the number of tags initially applied to

juvenile males and the number resighted in each subsequent year

is shown in Appendix Table C-6 for each year since 1985. No

roundups were conducted in 1987. A total of 129 tagged seals

judged to be of harvestable size were tagged and released in

1989. Of these, 86 were controls and 43 were entangled when

captured. In 1990, 26 of these controls (30.2%) were resighted.

Eleven (25.6% of the original group of 43) of the seals tagged

after removing their debris in 1989 were resighted in 1990. This

implies an 85% resighting rate for disentangled seals after

1 year as compared to the controls (25.6/30.2 = 0.85). This is

not significantly different from a ratio of 1.0 (Chi-square test,

P > 0.05). The resighting rate of disentangled seals relative to

controls is significantly higher than that of entangled seals

from previous years (Chi-square test, P > 0.05).

In 1990, 25 of 279 seals (or 9.0%) tagged as controls in

1986 were resighted. One seal (also observed in 1989 without its

debris) was resighted out of a group of 128 animals tagged as

entangled in 1986. The corresponding resighting rate is 0.8%,

which is significantly different from the rate for controls

(Chi-square test, P c 0.05).

No animals tagged as entangled in 1985 were resighted in

1990; however, seven controls from 1985 were resighted. This

sample size is too small to test for a significant change from
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the original ratio of tagged entangled seals to controls for that

year (Appendix Table C-6).

Data for relative resighting rates of seals tagged in 1985,

1986, 1988, and 1989, and those seen in 1990, are shown in

Figure 25 along with data from previous work (Fowler et al.

1990b, Fowler and Ragen 1990). The 1990 data for seals resighted

from tagging in years up through 1988 (Fig. 25) are consistent

with the results of earlier work (Fowler et al. 1990b).

Using methods developed in Fowler et al. (1990b) and the

data from Appendix Table C-6 and Appendix Table C-7 it is

possible to estimate the effect on survival of entanglement in

small debris (light enough for seals to return to the breeding

islands). The estimated parameters are determined from

regression analysis wherein the regression coefficient is the

natural log of the survival (s,) attributable to entanglement.

For the data in Appendix Table C-6 (excluding cases with no

sightings for seals tagged as entangled; e.g., 1985 seals

resighted in 1990), In(se) = -0.6119 (R
2 = 0.919, P = 0.001). The

estimated survival of entangled animals from the effects of

entanglement (i.e., the conditional probability of survival given

survival from other natural effects) is thus 0.54 (calculated as

e-O.6119 with 95% confidence limits of 0.44 to 0.66').

A second approach to estimating survival simply involves

making the assumption that the probability of resighting is the

same for both categories of seals. This assumption is based on

evidence presented in Fowler et al. (1990b) and below, which
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Number of years after release

Figure 25. --Relative rates of return for entangled juvenile male
northern fur seals compared to controls (nonentangled
tagged seals) for varying time intervals (Updated
from Fowler and Ragen 1990 with the data from this
report). Each data point represents the fraction of
entangled seals resighted divided by the fraction of
controls (both from Appendix Table C-6) for the
corresponding time interval (for example, there are 2
data points for 3 years corresponding to the 1985-88
and 1986-89 intervals). The star (*) corresponding
to 1 year is the relative return rate for seals with
debris removed in 1989 as observed in 1990.
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indicates that seals entangled in debris small enough to allow

their return to the island are sighted with probabilities that

are statistically not significantly different from the

probability of seeing a control. In this approach (explained in

detail in Appendix D), the percent of the entangled seals

resighted is divided by the percent of the controls resighted,

and the ratio is raised to the power of l/n where n is the number

of years since the tagged seals were released. For example, the

1988 resightings involved 1 entangled seal and 13 controls from

seals released in 1985. This is 1.2% of the 85 entangled and

7.6% of the controls (Appendix Table C-6). The ratio of these

percentages raised to the l/3 power (to account for the 3 years

between 1985 and 1988) is 0.54. This is the estimated annual

survival from, or the probability of surviving the hazard of,

entanglement--assuming survival from entanglement in small debris

is the same from year to year. Such calculations were carried

out for all the returns shown in Appendix Table C-6 and a

weighted mean found using the total sample of resighted seals

from the corresponding year as weights (e.g., 14 seals from 1988

resighted in 1988). The weighted mean is 0.55 excluding the

resightings of seals disentangled in 1989.

Thus, the cumulative data as presented in Appendix Table C-6

and Figure 25 continue to show estimated annual probability of

surviving entanglement of about 0.5 for seals entangled in small

debris.
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Characteristics of Entangling Debris

Because the debris was removed from the entangled seals in

1990 (as in 1989, but not in previous years of roundup studies),

it was possible to directly determine weights of the debris. The

size-frequency distribution of the fragments of trawl webbing on

seals is shown in Figure 26 for debris weights and in Figure 27

for mesh size. Specific weights and mesh sizes are listed in

Appendix Table C-4. These distributions are very similar to

those seen in previous studies (Fowler 1987; Fowler and Ragen

1990). For the combined data since 1983, about 74% of the debris

found on seals weighed between 0 and 150 g, about 18% of the

debris weighed between 150 and 500 g, and about 8% of the debris

weighed over 500 g (Appendix Table C-8).

Within-Season Resighting Rate.

Although the data for 1990 indicate a higher resighting rate

for controls than for disentangled seals (Appendix Table C-91,

the more general picture from the collective results of 5 years

shows that the fraction of seals tagged as entangled seals and

resighted in the same field season are about the same as for

controls, as seen in previous work (Fowler et al. 1990a). This

resighted fraction has been close to 25% for previous years.

With increased effort (sample size of 25,829 seals in 122

roundups) in 1990, the resighted fraction is larger for both

groups. There is no statistically significant difference in the

rates of resighting between the two groups (Chi-square test,

P = 0.543).
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Figure 26. --Size frequency distribution of trawl net debris
found on entangled juvenile male northern fur
seals, July and August 1990, St. Paul Island,
Alaska (size measured in kilograms).



113

Figure 27.--Size frequency distribution of trawl net debris
found on entangled juvenile male northern fur
seals, July and August 1990, St. Paul Island, 
Alaska (size measured as length of stretched mesh
of trawl net fragments).
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Using the methods presented in Fowler et al. (1990a), it is

possible to estimate the relative rate of resighting with the

data from Appendix Table C-7. This approach is based on

regression analysis wherein the intercept of the regression

equation is the natural logarithm of the relative rates of

resighting between entangled animals and controls. For the data

in Appendix Table C-7 (excluding cases wherein there are no

resighted seals tagged as entangled; e.g., of the entangled seals

tagged in 1985, none were resighted in 1990) the intercept is

estimated as 0.1615 (R2 = 0.919, P = 0.46). These results imply

that the ratio of the probabilities of being resighted is about

1.17 (calculated as,e0.1615, with 95% confidence limits of 0.70 to

1.99). The chances of being resighted after being tagged as an

entangled animal, given that the animal has survived, are

estimated to be about 1.17 times that of being resighted as a

control, but this does not differ significantly from 1.0 (i.e.,

equal probability of sighting controls or previously entangled

seals, given their presence in the population).

Analysis of Wounds, Wound Growth, and Related Survival

For most years since 1983, data have been collected on the

size of wounds of entangled fur seals. These data have been

documented in the reports presenting each year's results, but

they have not been summarized. Appendix Table C-10 is a

compilation of data on wound development for entangled juvenile

male seals. Eight of the 29 seals listed were first sighted with
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360-degree wounds (i.e., the point of entanglement--usually the

neck--was encircled). These wounds could encircle no more of the

neck, of course, and could only get deeper as the seal grew. In

one case, a wound may have partially healed over the debris (seal

number 480 tagged in 1983). Such healing is occasionally

observed on seals entangled with small pieces of monofilament.

Of the remaining 21, only 3 did not develop wounds. The other l8

either developed wounds or had wounds that increased in size.

Eight developed 360-degree wounds in 1 year's time after being

first seen with no wound.

Appendix Table C-11 presents the frequency of occurrence of

wound size on entangled juvenile male northern fur seals seen

from 1983 to 1990. Note that most seals either had no wounds

(most of the category 0-90 were observed without wounds) or

360-degree wounds. Like the rapid development of wounds

presented in Appendix Table C-10, these results indicate that

wounds develop rapidly once the skin has been broken.

Appendix Table C-12 contains counts of seals listed in

Appendix Table C-11 that were seen again 1 year later. Each

count is also presented as a percent of the total for the

corresponding wound size category from the previous year (e.g.,

16 of the 69 seals-- 23.2%--in the O-90 degree category for 1983

were seen again in 1984). There is not much change in the

percent of survivors seen across wound-size categories when

presented in this fashion, although a smaller fraction of seals

with large wounds (271-360 degrees) were resighted than for the
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other categories. This is consistent with the view that seals

with larger wounds tend to suffer higher mortality. The lower

resight rate for the seals with no wounds is confounded by the

fact that many are caught in large debris and most likely die

from exhaustion before being seen again.

Miscellaneous Observations

Each year there are individual seals, items of debris, or

circumstances of entanglement that are noted during the

entanglement roundups. We report here a few that are

particularly striking.

On two occasions, animals tagged as controls in earlier

years have been resighted as entangled, but none within the same

season. The first of these occurrences was noted in 1989 when a

seal tagged in 1986 (tag no. 360, tagged on 22 July at Kitovi)

was seen again on 25 July 1988 at Morjovi as an animal entangled

in 19.5 g of gray trawl webbing with a 360-degree wound. Since

there was only one tag (worn) left from the 1986 tagging, this

seal was retagged with a broad orange Allflex tag numbered 1270.

The second control seal to become entangled was tagged in 1989

(tag no. 1179, tagged on 15 July 1989 at Reef) and was resighted

in 1990 on Reef entangled in a white packing band. Of the 641

seals tagged as controls prior to 1990 (Appendix Table C-6),

these two seals represent 0.31%.

Entangled seals occasionally exhibit behavioral and physical

features (e.g., pelt color, mane, or shape of head) of animals

much older than would be consistent with their size. This was
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noted in 1990 for a seal entangled in a green packing band (tag

no. 1320, tagged on 11 July 1990 on Zapadni). The same was noted

for a seal seen on 22 July 1990 on Vostochni entangled in a

combination of three kinds of debris (monofilament, twine, and

float line) with a wound that had partially healed over the

debris. Scars had shown that the seal earlier had a 360-degree

wound such that the seal may have been in the debris for longer

than most seals under similar circumstances.

There is evidence that a few seals become entangled more

than once. In 1990, this was seen for a seal found on a hauling

ground at Reef on 27 July entangled in two pieces of trawl net.

The debris were separate pieces: one green and the other gray

with no connection to each other. Other animals showed more than

one scar or two or more wounds, as was noted for three seals in

1990 (tag no. 1334, seen on 15 July at Reef; tag no. 1359, seen

on 17 July at Zapadni Reef Sands; and tag no. 1372, seen on 7

July at Tolstoi Sands). In all such cases, it is possible that

the second wound could have been formed by one piece of debris

moving from one wound to another. Such an explanation seems

unlikely because debris in such deep wounds would have to pass

over a part of the neck larger than the diameter of the debris.

Two seals encountered in 1990 had debris that had worn into

bone tissue. A seal tagged with tag number 1357 on 17 July at

Zapadni Reef Sands (in a 25.1 g piece of green trawl webbing)

showed a 360-degree wound low on its neck. The animal died

during restraint to remove the debris. Later examination showed
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that the debris had worn into bone near the shoulder joint and

had partially healed over with new bone tissue. A second seal

(tag no. 1436, disentangled and released on 7 July at Kitovi) was

entangled in 0.1 g of monofilament webbing around the ears and

back of the head in several places. This animal was found again,

dead, 1 August also on Kitovi. Necropsy showed that the debris

had cut through the skull into the brain leaving a notch in the

skull about 5 cm in length, probably extending into brain tissue

about 1 cm.

developed in

A final

Further details concerning these two cases will be

a separate publication.

observation concerns a seal seen on Northwest Point

of Bering Island in the Commander Islands on 17 August 1989.

This seal had been tagged on Morjovi (St. Paul) on 29 July 1988.

At that time it had been entangled in a small piece of green

trawl webbing and had a 360-degree wound. This seal was

entangled when resighted and the debris (presumably the same seen

in 1988) was removed.

Discussion

Entanglement related field studies of juvenile male northern

fur seals in 1989 and 1990 were different from those of earlier

years in that debris was removed from entangled animals.

Accounting for this difference, which is reflected in the

resighting of disentangled animals, the entanglement rate

continues to be lower than in years prior to 1987, but not quite

as low as those observed in 1988 or 1989. The third year (1990)

has provided convincing evidence that a change has occurred in
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the entanglement rate. These data are especially convincing

because the reduction for each year is attributable to less

entanglement in trawl webbing. An explanation for such a change

can not be conclusively established at this time. However, the

differences between the 1988-90 rates of entanglement and those

of previous years may be a result of changes in the rate of loss

and discard of net fragments from fishing vessels. Various

education programs at national and international levels have been

in place for several years, and international regulations

prohibit the discard of such debris. Other studies are necessary

to determine if less debris is actually entering the marine

environment.

Results of the 1990 studies are consistent with those of

earlier work in showing that some animals escape from their

entangling debris. However, as documented in Fowler et al. 1990,

the animals that lose their debris are predominantly seals

entangled in small debris (cl50 g). This is one mechanism

contributing to survival from entanglement. The results of the

1990 studies are consistent with this conclusion through the

demonstration of increased survival of tagged seals from which

debris was removed during the 1989 field studies.

In summary, entanglement research on juvenile males in 1990

demonstrated:

1. A continued reduction of the overall entanglement rate from

about 0.4% (1975-86) to less than 0.34% in 1988 through

1990.
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2. Entanglement in trawl webbing in 1990 was less than half of

entanglement levels observed for this kind of debris in

previous years (1981 to 1986) and very similar to that

observed in 1988 and 1989.

3. The rate of resighting for animals tagged in 1986 showed that

entangled animals tagged that year were seen at a rate that

was significantly less than that for controls.

4. Data for relative return rates of entangled seals for years

in which debris was not removed continued to produce an

estimated rate of mortality due to the hazard of entanglement

alone (i.e., independent of natural causes of mortality) of

about 0.5 per year.

5. There is evidence from the 1990 studies that the rate of

return of tagged seals from which debris is removed is

significantly higher than for tagged entangled seals.

A summary of accumulated data (i.e, including data beyond

that collected in 1990) indicates that wounds tend to increase in

size, presumably contributing to the reduced survival that

entangled seals experience. Sometimes these wounds increase to

encompass 360 degrees in 1 year.
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APPENDIX A

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
Check mark

Young male seals of age 2-5 years.
A notch, slit, hole or other mark made
on a seal flipper when a tag is
applied to ensure recognition of an
animal if the animal should lose its
tag.

Classifications of adult male fur seals
Class 1
(shoreline)

Full-grown 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,
which have definite 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.
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Class 3
(territorial
with females)

Class 4
(back fringe)

Class 5
(hauling
ground)

Drive

Hauling
ground

Full-grown males actively defending
territories and females. Most Class 3
males and their harems combine to form
a compact mass of animals. Isolated
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.
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.
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.
The act of surrounding and moving
groups of seals from one location to
another.
An area, usually near a rookery, on
which nonbreeding seals congregate.
See Rookery.
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Haul out

Kleptogyny

Known-age

Marked

Mark
recoveries

Rookery

Roundup

Vibrissae
(facial
whiskers)

The act of seals moving from the sea
onto shore at either a rookery or
hauling ground.
The act of an adult male seal
(primarily classes 1, 2, or 3) seizing
an adult female from another male's
territory.
Refers to a seal whose age is known
because the animal bears an inscribed
tag or other type of mark.
Describes a seal that has been marked
either by removing the cartilaginous
tip of a digit from a hind flipper and
attaching an inscribed metal or
plastic tag to one or more of its
flippers, by hair clipping, or by
bleaching.
Recovery (sighting) of a seal that has
been marked by one of several methods.
See marked.
An area on which breeding seals
congregate. See Hauling ground.
Biologists surround and herd juvenile
male fur seals close to the location
they haul out.
To determine the relative age
structure of females in a population,
the color of their 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.
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APPENDIX B

Tabulations of northern fur seal data collected on the Pribilof
Islands and Bogoslof Island, Alaska, and on San Miguel Island,
California, during 1990.

Table B-l.

Table B-2.

Table B-3.

Table B-4.

Table B-5.

Table B-6.

Table B-7.

Table B-8.

Page
Number of adult male northern fur seals
counted by class and rookery section,
St. Paul Island, Alaska, 9-14 July 1990 . . . . . 136

Number of harem and idle male northern fur
seals counted in mid-July, Pribilof Islands,
Alaska, 1981-1990 . . . . . . . . . . . . . . . . 137

Number of northern fur seals sheared on each
rookery of St. Paul Island and Sea Lion Rock,
Alaska, 1990 . . . . . . . . . . . . . . . . . . . 138

Number of dead northern fur seal pups counted
by section on the rookeries of St. Paul Island,
Alaska (including Sea. Lion Rock), 1990 . . . . . . 139

Northern fur seal pups tagged with pink plastic
roto tags at Adams Cove, San Miguel Island,
California, 23 September 1990 . . . . . . . . . . 140

Northern fur seals resighted on San Miguel Island,
California, 1 January-31 December 1990 . . . . . . 145

Northern fur seals resighted along the Pacific
coast, 1 January-31 December 1990 . . . . . . . . 150

Northern fur seal adult females and juvenile
males fitted with dummy instrument packages
at Adams Cove, San Miguel Island, California,
September and November 1990 . . . . . . . . . . . 151
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Table B-2.- -Number of harem and idle male northern fur seals counted in mid-July,
Pribilof Islands, Alaska, 1981-1990. A dash indicates no data.



Table B-3. --Number of northern fur seals sheared on each rookery of St.  Paul Island and Sea Lion Rock, Alaska, 1990.
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Table B-5.--Northern fur seal pups tagged with pink
plastic roto tags at Adams Cove, San Miguel
Island, California, 23 September 1990.

Left tag Right tag Sex Weight (kg)

A001201
A001202
A001203
A001204
A001205
A001206
A001207
A001208
A001209
A001210
A001211
A001212
A001213
A001214
A001215
A001216
A001217
A001218
A001219
A001220
A001221
A001222
A001223
A001224
A001225
A001226
A001227
A001228
A001229
A001230
A001231
A001233
A001234
A001235
A001236
A001237
A001238
A001239
A001240
A001241
A001242
A001243
A001244

A001201
A001202
A001203
A001204
A001205
A001206
A001207
A001208
A001209
A001210
A001211
A001212
A001213
A001214
A001215
A001216
A001217
A001218
A001219
A001220
A001221
A001222
A001223
A001224
A001225
A001226
A001227
A001228
A001229
A001230
A001232
A001233
AO01234
A001235
A001236
A001237
A001238
A001239
A001240
A001241
A001242
A001243
A001244

M 7.2
M 8.8
M 10.0
F 6.5
M 10.2
F 5.8
F 10.0
F 9.1
M 9.0
M 8.8
M 9.0
F 7.0
M 7.4
M 10.0
M 8.4
M 12.0
M 6.9
F 8.6
F 6.7
F 7.8
M 13.4
M 5.6
M 9.0
F 5.8
M 11.6
F 5.4
F 9.2
M 5.4
M 12.2
M 9.6
M 10.0
F 7.8
F 7.4
M 11.6
F 8.0
F 7.8
M 15.0
M 8.2
M 10.2
M 6.0
F 11.4
F 5.4
M 11.0
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Table B-5.--Continued.

Left tag Right tag Sex Weight (kg)

A001245
A001246
A001247
A001248
A001249
A001250
A001251
A001252
A001253
A001254
A001255
A001256
A001257
A001258
A001259
A001260
A001261
A001262
A001263
A001265
A001264
A001266
A001267
A001268
A001269
A001270
A001271
A001272
A001273
A001274
A001275
A001276
A001277
A001278
A001280
A001281
A001282
A001283
A001284
A001285
A001286
A001287
A001288
A001289
A001290
A001291

A001245
A001246
A001247
A001248
A001249
A001250
A001251
A001252
A001253
A001254
A001255
A001256
A001257
A001258
A001259
A001260
A001261
A001262
A001263
A001265
A001264
A001266
A001267
A001268
A001269
A001270
A001271
A001272
A001273
A001274
A001275
A001276
A001277
A001278
A001279
A001281
A001282
A001283
A001284
A001285
A001286
A001287
A001288
A001289
A001290
A001291

M 9.4
M 8.4
M 6.9
F 9.4
F 6.6
F 9.4
M 8.9
F 7.4
M 12.4
F 8.2
F 7.4
F 5.6
F 10.9
M 6.2
M 8.4
M 7.6
F 8.9
F 7.2
M 8.4
M 7.2
F 9.4
F 6.0
M 10.7
F 7.2
M 7.4
M 9.2
F 8.7
M 9.2
F 8.7
M 12.8
M 6 . 4
F 7.7
F 9.6
M 10.8
F 9.8
F 6.8
M 8.6
M 13.8
M 9.2
M 7.2
M 12.2
F 9.0
M 7.7
F 9.2
F 10.2
M 15.0
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Table B-5.--Continued.

Left tag Right tag S e x Weight (kg)

A001292
A001293
A001294
A001295
A001296
A001297
A001298
A001299
A001300
A001301
A001302
A001303
A001304
A001305
A001306
A001307
A001308
A001309
A001310
A001311
A001312
A001313
A001314
A001315
A001316
A001317
A001318
A001319
A001320
A001321
A001322
A001323
A001324
A001325
A001326
A001327
A001328
A001329
A001330
A001331
.A001332
A001333
A001334
A001335
A001336
A001337

A001292
A001293
A001294
A001295
A001296
A001297
A001298
A001299
A001300
A001301
A001302
A001303
A001304
A001305
A001306
A001307
A001308
A001309
A001310
A001311
A001312
A001313
A001314
A001315
A001316
A001317
A001318
A001319
A001320
A001321
A001322
A001323
A001324
A001325
A001326
A001327
A001328
A001329
A001330
A001331
A001332
A001333
A001334
A001335
A001336
A001337

M 9.8
F 10.8
M 9.2
M 7.4
F 5.7
F 9.0
M 11.2
M 8.4
F 8.6
M 6.6
F 8.2
M 13.4
M 11.9
F 9.7
M 12.6
M 12.7
M 8.4
F 6.2
M 5.8
M 5.2
M 8.2
M 7.2
M 12.0
M 7.6
F 7.2
M 8.7
M 6.6
M 8.0
M 8.2
F 8.0
M 9.5
M 6.2
M 9.6
M 7.2
F 6.4
M 7.7
F 12.2
M 8.2
F 7.4
M 7.2
F 9.4
M 6.7
M 8.0
F 6.2
M 8.0
M 10.2
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Table B-5. --Continued.

Left tag Right tag Sex Weight (kg)

A001338
A001339
A001340
A001341
A001342
A001343
A001344
A001345
A001346
A001347
A001348
A001349
A001350
A001351
A001352
A001353
A001354
A001355
A001356
A001357
A001358
A001359
A001360
A001361
A001362
A001363
A001364
A001365
A001366
A001367
A001368
A001369
A001370
A001371
A001372
A001373
A001374
A001375
A001376
A001377
A001378
A001379
A001380
A001381
A001382
A001383

A001338
A001339
A001340
A001341
A001342
A001343
A001344
A001345
A001346
A001347
A001348
A001349
A001350
A001351
A001352
A001353
A001354
A001355
A001356
A001357
A001358
A001359
A001360
A001361
A001362
A001363
A001364
A001365
A001366
A001367
A001368
A001369
A001370
A001371
A001372
A001373
A001374
A001375
A001376
A001377
A001378
A001379
A001380
A001381
A001382
A001383

F 8.6
M 10.2
M 9.6
F 7.4
F 8.8
F 5.9
F 7.6
F 7.4
F 9.2
M 9.2
M 6.8
M 9.0
F 8.6
F 11.0
F 8.6
F 6.2
F 7.6
F 6.4
M 11.2
F 5.6
F 7.4
M 8.6
M 7.8
F 8.1
F 8.2
M 10.2
F 7.8
F 6.2
M 9.0
M 8.4
M 9.6
F 7.2
F 8.8
F 8.0
F 7.6
F 7.0
M 7.4
F 12.1
M 9.6
F 6.1
M 8.6
M 8.4
M 6.4
M 5.6
M 6.5
M 12.6



144

Table B-5.--Continued.

Left tag Right tag Sex Weight (kg)

A001384
A001385
A001386
A001387
A001388
A001389
A001390
A001391
A001392
A001393
A001394
A001395
A001396
A001397
A001398
A001399
A001400
A001401
A001402

A001384 M 8.0
A001385 M 7.0
A001386 F 8.8
A001387 M 11.2
A001388 F 11.0
A001389 M 10.4
A001390 F 7.6
A001391 M 9.2
A001392 M 13.4
A001393 M 9.9
A001394 M 10.2
A001395 F 8.9
A001396 M 7.4
A001397 M 8.2
A001398 F 7.6
A001399 M 6.6
A001400 F 9.1
A001401 M 11.0
A001402 U 7.6
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Table B-6.--Northern fur seals resighted on San Miguel Island, California,
1 January-31 December 1990.
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Table B-6.--Continued.

Date Tag Tag
Cohort resighted Left tag type' Right tag type" Sex Conditionb

1984 09 21 90
1984 09 21 90
1984 09 25 90
1984 09 26-90
1984 09 21 90
1984 09 21 90
1984 11 05 90
1984 11 04 90
1985 07 29 90
1985 04 02 90
1985 05 15 90
1985 03 28 90
1985 03 30 90
1985 04 02 90
1985 04 02 90
1985 05 15 90
1985 02 24 90
1985 03 22 90
1985 03 23 90
1985 09 21 90
1985 09 21 90
1985 09 22 90
1985 09 21 90
1985 09 21 90
1985 09 22 90
1985 09 21 90
1985 09 22 90
1985 09 22 90
1985 09 26 90
1985 09 25 90
1985 09 26 90
1985 09 21 90
1985 09 21 90
1985 09 21 90
1985 09 21 90
1985 11 05 90
1985 11 11 90
1986 02 24 90
1986 03 22 90
1986 02 24 90
1986 02 24 90
1986 07 27 90
1986 07 27 90
1986 07 27 90

A000395

A000316

A000365
A000395
A000325

A000571
A000571
A000571
A000571
A000517
A000517

A000578
A000540
A000540

A000576
A000576
A000555
A000507
A000507
A000549
A000540
A000517

A000515
A000515

A000576
A000555
A000507
A000564
A000553

A000483
A000441

A000447
A000433

P RT

P RT

P RT
P RT
P RT

P RT
P RT
P RT
P RT
P RT
P RT

'P RT
P RT
P RT

P RT
P RT
P RT
P RT
P RT
P-RT
P RT
P RT

P RT
P RT

P RT
P RT
P RT
P RT
P RT

P RT
P RT

P RT
P RT

A000395
A000321

A000371
A000365
A000395
A000325
A000314
coo0435
A000571
A000571
A000571
A000571
A000517
A000570
A000555
A000578
A000540
A000540
COO0446
A000576
A000576
A000555
A000507
A000507

A000540

A000517
A000515
A000515
COO0446
A000576
A000555
A000507
A000564

A000449
A000449
A000483

A000492
A000447
A000433

P RT
P RT

P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
? RT
P RT
P RT
P RT
P RT
.P RT
P RT
P RT

P RT

P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT

P RT
P RT
P RT

P RT
P RT
P RT

F
F
M
F
F
F
F
F
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
F
F
F
M
M
M
M
M
M
M
M
F
F
F
M
M
M
M
F
F
M

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
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Table B-6.--Continued.

Date Tag Tag
Cohort resighted Left tag type" Right tag type" Sex Conditionb

1986 07 27 90
1986 03 22 90
1986 03 22 90
1986 03 2s 90
1986 03 23 90
1986 09 21 90
1986 09 21 90
1986 09 22 90
1986 09 22 90
1986 09 26 90
1986 09 24 90
1986 09 21 90
1986 09 21 90
1986 09 26 90
1986 10 30 90
1986 11 OS 90
1986 11 OS 90
1986 11 OS 90
1986 11 11 90
1987 04 02 90
1987 OS 1s 90
1987 03 2s 90
1987 03 26 90
1987 03 27 90
1987 03 28 90
1987 03 29 90
1987 03 20 90
1987 03 22 90
1987 03-23 90
1987 03 28 90
1987 03 29 90
1987 03 22 90
1987 03 24 90
1987 03 2s 90
1987 03 28 90
1987 03 30 90
1987 03 20 90
1987 03 22 90
1987 03 23 90
1987 03 24 90
1987 .03 24 90
1987 03 27 90
1987 03 27 90
1987 03 28 90

A000468
A000404
A000490
A000471
A000404
COOO240
A000459
A000422
A000472
A000420
A000487
COO0240
A000459
A000420

A000494
COO0240
A000405
A000460
A000694
A000689
A000603
A0006CI3
A000603
A000603
AOOO'603
A000663
A000663
A000663
A000663
A000663
A000605
A000605
A000605
A000605
A000605
A000622
A000622
A000632
A000632
A000673
A000642
A000618
A000618

P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT

P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT

A000468

A000471

A000459
A000422
A000472

A000459

A000492
A000494

A000694
A000689
A000603
A000603
A000603
A000603
A000603

A000605
A000605
A000605
A000605
A000605
A000622
A000622
A000632
A000632

A000642
A000618
A000618

P RT

P RT

P RT
P RT
P RT

P RT

P RT
P RT

P RT
P RT
P RT
P RT
P RT
P RT
P RT

P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT

P RT
P RT
P RT

F
M
M
M
M
F
F
M
F
F
M
F
F
F
F
F
F
M
F
M
F
M
M
M
M
M
F
F

F
F
M
M
M
M
M
M
M
M
M
M
M
M
M

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

02
02
02
02
02
02
02
02
02
02
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Table B-6.--Continued.

Date Tag Tag
Cohort resighted Left tag type" Right tag type" Sex Conditionb

1987 09 21 90
1987 09 22 90
1987 09 21 90
1987 09 22 90
1987 09 25 90
1987 09 21 90
1987 09 21 90
1987 09 21 90
1987 09 22 90
1987 09 25 90
1987 09 22 90
1987 09 22 90
1987 09 22 90
1987 09 22 90
1987 09 26 90
1987 09 26 90
1987 09 26 90
1987 09 26 90
1987 09 26 90
1987 09 26 90
1987 11 OS 90
1987 11 04 90
1987 11 OS 90
1987 11 11 90
1987 11 OS 90
1987 12 13 90
1987 12 13 90
1988 03 2s 90
1988 03 28 90
1988 04 02 90
1988 OS 1s 90
1988 03 20 90
1988 07 27 90
1988 07 27 90
1988 03 25 90
1988 03 26 90
1988 03 26 90
1988 03 27 90
1988 03 27 90
1988 03 28 90
1988 02 07 90
1988 03 21 90
1988 09 21 90
1988 09 21 90

A000603
A000603
A000669
A000669
A000669
A000606
A000645
A000605
A000605
A000605

A000657

A000620
A000624
A000634
A000626
A000669
A000606
A000606
A000606
A000626
A000669
A000620
A000634

coo0717
coo0717
coo0717

A000721
COO0332

A000720
COO0720
A000720
COO0720
coo0713
coo0713
A000862

coo0771

P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT

P RT

P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT

P RT
P RT
P RT

P RT
P RT

P RT
P RT
P RT
P RT
P RT
P RT
P RT

P RT

A000603
A000603
A000669
A000669
A000669
A000606
A000645
A000605
A000605
A000605
A000601
A000625

A000609
A000620
A000624

A000626
A000669
A000606
A000606
A000606
A000626
A000669
A000620
‘A000634
A000661
coo0717
coo0717
coo0717
A000721
A000721
COO0332
A000754
A000720
COO0720
A000720
COO0720
coo0713
coo0713
A000862
A000838
c000753

P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT

P RT
P RT
P RT

P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
j? RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT
P RT

M
M
F
F
F
F
M
M
M
M
F
F
F
M
F
F
F
F
F
F
F
F
F
F
F
F
F
M
M
M
M
M
F
F
F
M
M
M
M
M
F
F
M
F

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
03
02
02
02
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Table B-6.--Continued.

Date Tag Tag
Cohort Resighted Left tag type" Right tag typea Sex Conditionb



Table B-7.--Northern fur seals resighted along the Pacific coast, l January-31 December 1990.
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Table B-8.--Northern fur seal adult females and juvenile
males fitted with dummy instrument packages
at Adams Cove, San Miguel Island, California,
September and November 1990.



 
 
 
 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 



153

APPENDIX C

Tabulations of northern fur seal entanglement data.

Table C-l. Summary of roundups of juvenile (subadult)
northern fur seal males conducted on
St. Paul Island, Alaska, during July and
August 1990 . . . . . . . . . . . . . . . . . .

Table C-2. List of white broad-banded Allflex tags
applied to subadult male northern fur seals
during roundups conducted on St. Paul Island,
Alaska, 1990. Entangling debris was removed
from entangled seals prior to their being
released . . . . . . . . . . . . . . . . . . .

Table C-3.

Table C-4.

Table C-5.

Table C-6.

Table C-7.

. 155

. 158

List of tagged northern fur seals seen
during July juvenile male roundup activities
on St. Paul Island, 1990. Tags were seen
on both foreflippers unless noted otherwise.
Debris was removed from entangled seals . . . . . 163

List of juvenile male northern fur seals
tagged as entangled animals during 'surveys
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Table C-l.--Summary of roundups of juvenile (subadult) northern fur
seal males conducted on St. Paul Island, Alaska, during
July and August 1990.



Table C-l---Continued.
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Table C-l. --Continued.
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Table C-2.--List of white broad-banded Allflex tags applied to
subadult male northern fur seals during roundups
conducted on St. Paul Island, Alaska, 1990. Entangling
debris was removed from entangled seals prior to their
being released.
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Table C-2. --Continued.
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Table C-2. --Continued.



Table C-2.--Continued.
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Table C-2.--Continued.



Table C-3. --List of tagged northern fur seals seen during July juvenile male roundup
activities on St. Paul Island, 1990. Tags were seen on both foreflippers
unless noted otherwise. Debris was removed from entangled seals.



Table C-3.--Continued.



Table  C-3.--Continued.



Table C-3. --Continued.
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Table C-3.--Continued.



Table  C-3.--Continued.



Table  C-3.--Continued.



Table C-4. --List of juvenile male northern fur seals tagged as entangled animals during
surveys conducted in July and August 1990, St. Paul Island, Alaska, showing
the nature of the debris on each animal.



Table  C-4.--Continued.



Table C-4.--Continued.



Table C-4.--Continued (footnotes).
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Table C-5. --Debris found on juvenile male northern fur seals in
1990, compared to seven earlier years, expressed as
the observed percent of juvenile males entangled by
debris category (data for 1992-89 from Fowler and
Ragen 1990).
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Table C-6.--Comparison of numbers of tags applied (in
parentheses) and resighted (percent resighted shown
in brackets below the numbers resighted) by year for
entangled and unentangled male northern fur seals
from 1985 through 1990, each row corresponding to the
tags released in the first year for that row.*
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Table C-7.-- List of data extracted from Table C-6 for regression
analysis to estimate entanglement-related survival
for a linear model of y = a + bx. See Fowler et al.
(1990) for details.
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Table C-8. --Annual percentage frequency distribution of the size
of debris on entangled male northern fur seals that
were tagged and released (data for 1983 to 1989 from
Fowler and Ragen 1990).
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Table C-9.--Comparison of numbers of tags applied to entangled
and control juvenile male northern fur seals in 1985,
1986, 1988, 1989, and 1990 with the numbers in each
category resighted the same season. The numbers in
parentheses are the percent of the tags applied that
were resighted.
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Table C-l0.--List of juvenile male northern fur seals by tag
number and wound size (in degrees), both at the
time of tagging and at subsequent resightings, St.
Paul Island, Alaska.



Table C-11. --Frequency  of occurrence (with percentages in parentheses) of wounds in
various size categories (from 0 to 360 degrees) for juvenile male northern
fur seals seen in the commercial harvest (1983) and roundups (1985-90) for
seals found entangled in marine debris.*



Table C-12.--Numbers of seals listed in Table C-11 that were resighted
in the year subsequent to being tagged with the
corresponding percentages (in parentheses) resighted."
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APPENDIX D

Estimation of Entanglement-Related Survival

To make use of the, data on the returns of juvenile male

northern fur seals (i.e., those resighted) as shown in Table 6, we

make a set of assumptions and define the following terms, as in

Fowler et al. (in press). Let

Nc,i,k = the number of control seals tagged in year i and resighted in

year k, where k > i (i = 1985, 1986, 1988; k = 1986, 1988,

1989, 1990);

Neik = the number of seals tagged in year i as entangled animals and

resighted in year k (regardless of whether or not they were

entangled when resighted), where k > i (i = 1985, 1986, 1988;

k = 1986, 1988, 1989, 1990);

Pi,k= Ne,ik/Nc,ik, or the ratio of numbers of seals resighted in year k

that were entangled when first tagged in year i to the numbers

of nonentangled (control) seals tagged in year i and resighted

in year k;
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sCj = the annual survival of control animals, or the animals tagged

without debris in year j, for j from i to k (i.e., Scj =

survival from j to (j+l). This is the probability of avoiding

natural causes of mortality during 1 year;

se = the conditional probability of surviving entanglement in small

debris over 1 year's time given that an animal has survived

natural causes of mortality. It is assumed to be independent

of sCj (so their total annual survival is sCjs,) and to be

constant from year to year,

Ne,i = the number of seals tagged as entangled animals in year i (i =

1985, 1986, 1988); and

Nc,i = the number of seals tagged as controls in year i (i = 1985,

1986, 1988).

In contrast to Fowler et al. (in press), we assume here that the

same proportion of surviving entangled seals return to the islands

to be seen when compared to surviving controls. For the purposes

of developing the estimation procedure, this assumption will be

implemented below; for now the proportions will be represented by

separate variables. Thus, we define

fck = the probability of resighting a seal in year k given that it

was entangled when tagged and that it is alive. This

probability is expressed on the basis of a unit of searching
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effort that is the same as applied in looking for control

animals. It is assumed to vary from year to year, but not in

relation to fck (below); and

f ck = the probability of resighting a control animal in year k given

that it is alive in the population, again as based on the unit

of effort spent in searching for both control and entangled

seals. This is also assumed to vary from year to year but not

in relation to fek (fek/fck is assumed constant).

With these terms, the expected number of seals that were entangled

when tagged and sighted in year k after being tagged in year i for

one unit of effort is
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and

The ratio of these two equations, then, is

which can be used to estimate fek/fck and s,.

We note that variability in natural survival (i.e., the survival of

the controls and that part of the survival of entangled animals

from natural effects) can occur over time and not affect the

calculation because these terms cancel in the formulation of the

equation above. We also note that the probability of resighting

animals from each of the two groups can vary from year to year as

long as their ratio remains the same, as assumed above. Effort

spent in resighting entangled and control seals is the same (the

same roundups) but the number of roundups can vary each year. This

is because effort for each of the two groups influences the above

relationships only as a ratio in fck/fck (i.e., it cancels and need

not be defined). By rearranging terms we have
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At this point, the assumption of equal probability of being

resighted is implemented; that is, we assume that (fek/fck) = 1.0.

The probabilities may vary from year to year, but are assumed to be

the same within any year for each group. With this assumption, the

above equation can be solved for s,:

This calculation can be carried out for each year (year k) with

seals resighted from an earlier year (year i).
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APPENDIX E
Scientific staff engaged in northern fur seal research, 1990.

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

Robert V. Miller, Deputy Director
Thomas R. Loughlin, Leader, Bering Sea Ecosystem Program
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APPENDIX E (Continued)
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