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ABSTRACT

Researchers from the National Marine Mammal Laboratory (NMML) conduct field

investigations on the population health of northern fur seals (Callorhinus ursinus) annually on the

Pribilof Islands in the eastern Bering Sea and San Miguel Island located off the coast of

California. The Pribilof Islands (St. Paul and St. George Islands) are home to approximately

800,000 northern fur seals - 90% of the world population.

Population parameters monitored in 1996 on the Pribilof Islands included direct counts of

adult males (14,882 on St. Paul Island; 2,038 on St. George Island), and mark-recapture estimates

of the number of pups born (170,125 on St. Paul; 27,385 on St. George). Counts of dead fur

seals of all ages were incorporated into population estimates. The estimated number of pups born

on St. Paul Island in 1996 was not significantly different from our 1990, 1992, or 1994 estimates.

The 1996 estimate of pups born on St. George Island is significantly higher than 1992 (25,160) or

1994 (22,244) estimates. The 1996 estimate of number of pups born on St. George Island is the

highest since 1985 when over 28,000 pups were born.

The patterns of fur seal entanglement in marine debris has been monitored annually on the

Pribilofs. Similar to previous years, entangling debris in 1996 consisted primarily of pieces of

trawl net, plastic packing bands, and loops of synthetic or natural twine. For the second year in a

row, entanglement in packing bands was more prevalent on St. Paul Island (44.6%) than St.

George Island (26.7%) for all age groups combined. No significant difference in overall

entanglement was observed between the islands; however, juvenile male seals had a significantly

higher rate of entanglement than adult male seals on both islands. The rate of entanglement for

juvenile males was 0.23% on St. Paul Island and 0.21% on St. George Island relative to 0.14%

and 0.06% for adult seals on St. Paul and St. George Islands, respectively. Female fur seals had
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very low rates of entanglement relative to males. Female entanglement on St. Paul Island in 1996

(0.013%) was comparable to rates observed in 1992, 1993, and 1995.

Population monitoring studies of northern fur seals on San Miguel Island were based on

direct counts of live and dead pups. A total of 2,009 pups were counted in Adams Cove in 1996,

representing a 20.6% increase from 1995 counts. The number of territorial bulls increased from

104 in 1995 to 162 in 1996, indicating that new males continue to be recruited into the breeding

population.
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INTRODUCTION

by

Elizabeth H. Sinclair

Between 1911 and 1984, northern fur seal (Callorhinus ursinus) research was carried out

by Canada, Japan, Russia, and the United States under the Treaty for the Preservation and

Protection of Fur Seals and Sea Otters. Since 1984, studies have been carried out independently

by cooperating former member nations.

The Pribilof Islands (St. Paul Island and St. George Island) fur seal population of

approximately 800,000 animals is the largest among U.S. rookeries (Figs. l-3) and comprises

roughly 80% of the world’s population of northern fur seals. Northern fur seals were designated

as depleted in 1988 under the Marine Mammal Protection Act when it was determined that they

were below their Optimum Sustainable Population level (OSP). Commercial harvesting of fur

seals was discontinued on St. Paul Island in 1984 and on St. George Island in 1973, however a

subsistence harvest continues on both islands. There is no subsistence or commercial harvest on

the remaining U.S. rookeries (Figs. 4 and 5).

Russian names given to rookeries on the Pribilof Islands are translated in Table 1. Terms

specific to fur seal research are defined in Appendix A. Research on northern fur seals in 1996

was conducted under Marine Mammal Permit number 837.
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Figure l.--Location of the four northern fur seal breeding rookeries within U.S. waters.
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Figure 2.--Location of northern fur seal rookeries (present and
extinct), hauling grounds,
Paul Island, Alaska.

and harvesting areas, St.
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Figure 3. --Location of northern fur seal rookeries (present and
extinct), hauling grounds, and harvesting areas, St.
George Island, Alaska.



Figure 4. --Fur seal rookeries on Bogoslof Island, Alaska.



Figure 5.--Location of northern fur seal breeding colonies, San Miguel Island, California.
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Table 1 .--English translations of Russian names for Pribilof rookeries and
hauling grounds.

Island and
Russian name

English
translation

Comments and derivation of
name

St. Paul Island

Vostochni --- From "Novoctoshni" meaning
"place of recent growth";
applied to Northeast Point,
which was apparently at one
time an island that has since
been connected to St. Paul
Island by drifting sand.

Morjovi Walrus

Polovina Halfway

Kitovi of "kit"

Gorbatch

Tolstoi

Zapadni

Lukanin

Zoltoi (hauling
ground)

St. George Island

Staraya Artil

Humpback

Thick

West

---

Golden

- - -

Historically, walruses hauled
out here in summer.

Halfway to Northeast Point
from the village.

When whaling fleets were
active in the Bering Sea
between 1849 and 1856, a large
right whale killed by some
ship's crew drifted ashore
here.

Apparently refers to the "hump
like" nature of the scoria
slope above the rookery.

In this case, thick headland
on which the rookery is
located.

Western part of the island.

Named after a Russian pioneer
sailor who was said to have
harvested over 5,000 sea
otters from St. Paul Island in
1787.

Named to express the metallic
shimmering of the sands.

Old settlement or village.
There was once a settlement or
village adjacent to the
rookery.

Sea Lion Rock

Sivutch Sea lion These animals haul out but do
not breed here.
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POPULATION ASSESSMENT, PRIBILOF ISLANDS, ALASKA

by

Anne E. York, Jason D. Baker, Rodney G. Towell, and Charles W. Fowler

In accordance with provisions originally established by the Interim Convention on

Conservation of North Pacific Fur Seals, the National Marine Mammal Laboratory (NMML) of

the Alaska Fisheries Science Center continues to monitor the status of fur seal populations on the

Pribilof Islands. To meet this objective, data on population size, age and sex composition, and

natural mortality are collected annually following the methods described by Antonelis (1992).

Population Parameters

Population characteristics monitored in 1996 include the size of the subsistence harvest,

the number of adult males, estimates of numbers of pups born, and mortality rates of fur seals on

St. Paul Island and St. George Island.

Sex Composition of Seals Harvested

A total of 1,588 sub-adult male seals were killed in the subsistence harvest by St. Paul Island

residents in 1996 (Table 2). Three female fur seals were harvested accidentally on

St. Paul Island. On St. George Island, 232 sub-adult male seals were taken in the subsistence

harvest in 1996 (Table 3).

Living: Adult Male Seals Counted

Adult male seals were counted by section for each rookery (see Appendix A glossary for

definitions of terms) on St. Paul Island from 11 to 17 July (Appendix Table B-l). A total of

5,643 harem (Class 3) and 9,239 idle (Classes 2 and 5) adult male seals, also referred to as bulls,

were counted on St. Paul Island. On St. George Island, a total of 1,248 harem (Class 3) and 790
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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 1996.

* Includes 1 seal that died of heatstroke.
** Includes 10 seals that died of heatstroke.
*** Includes 1 female accidently struck and lost.
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Table 3. -- Date, location, and number of subadult male seals killed in subsistence harvest drives
on St. George Island, Alaska, in 1996.

*Two animals not taken for food (1 died of heatstroke, 1 with
infected chest tissue ).
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idle (Classes 2 and 5) adult male seals were counted from 10 to 16 July. 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 6. Total numbers of harem and idle bulls counted since

1972 are given in Appendix Table B-2 and the classification and number of adult males counted

by rookery for St. Paul and St. George Islands are presented in Table 4.

There was an increase in the count of territorial males with females (Class 3) on St. Paul

Island between 1995 and 1996 (9.5%), and the count of these males on St. George Island was

slightly higher in 1996 than in 1995 (0.5 % more). The total for these males for the Pribilof

Islands was therefore greater by about 7.7% in 1996.

Number of Puns Born on St. Paul Island in 1996

The number of fur seal pups was estimated on six sample rookeries in August 1996 using

the shearing-sampling method. Sample rookeries were chosen at random with the additional

requirement that there be two large, two medium, and two small rookeries in the sample

(following the protocol described in York and Towell, 1997). Counts of dead pups were made

only on the same sample rookeries-- not on all rookeries as in previous years. The techniques and

resampling design used to calculate the production estimate on the sample rookeries were as in

1994, using paired observers (York and Towel1 1996, York and Kozloff 1987, and Antonelis

1992). The total number of pups alive at the time of sampling was estimated by multiplying the

total number of breeding males from all rookeries by a jackknife ratio of pups to breeding males

on the six sample rookeries (York and Kozloff 1987, York and Towell, 1997). The total number

of dead pups was estimated from the mortality rate on the sampled rookeries. The total number

of pups born was estimated by summing the estimates of live and dead pups. Variances of

numbers of pups and mortality rates were estimated following York and Kozloff (1987) and
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CLASSES OF BULLS

2.   TERRITORIAL WITHOUT FEMALES        

3. TERRITORIAL WITH FEMALES    

5. HAULING GROUND

Figure 6.--The relative location of the different classes of adult males for a typical fur seal
rookery.
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Table 4. --Number of adult male northern fur seals counted, by
rookery, Pribilof Islands, Alaska, July 1996.

* See glossary for a description of the classes of adult male
seals.
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York and Towel1 (1997); in addition, bootstrap variances of the parameters based on 2,000

replicates were also obtained.

From 8 to 13 August, 10,715 pups were marked by shearing. The number of pups

sheared on each rookery was a random number between 10% and 15% of the 1994 pup

production estimate. The random numbers between 10% and 15% were chosen in such a way

that all persons participating in the census were blind to the actual percentage of the pups marked;

this was done to minimize the potential bias caused by observers knowing that the total number of

marked animals was a fixed percentage of the previous production estimate. Shear marks were

allocated proportionally on each rookery by section (Appendix Table B-3) according to the

fraction of the rookery total for harem males counted in each section of the sampled rookery.

The ratio of marked to unmarked pups was determined by at least three researchers (two of

whom worked as a pair) on two occasions for each rookery from 14 to 22 August. Each

researcher or pair of researchers obtained counts of marked and unmarked pups independently

and in different areas to ensure that the entire rookery was well sampled. Each sampling day was

considered an independent replicate from which the variance was computed for each rookery.

Dead pups were counted on all sampled rookeries from 18 to 22 August. The number of

dead pups counted by section are given in Appendix Table B-4. A summary of the number of

pups sheared, the estimated mean number of pups alive at the time of marking, and the standard

error of the estimate for each sampled rookery is given in Table 5. The estimated number of pups

born the standard error of the estimate, number of dead pups, number of harem bulls, and ratios

of pups to adult males for each sampled rookery on St. Paul Island are summarized in Table 6.

For each sampled rookery, the standard deviation of the pup estimate was computed from the

standard error of the two estimates; in addition, we present bootstrapped estimates of the



Table 5.-- Total number of northern fur seal pups sheared, number of pups estimated to be alive at the time of marking (El and E2), mean
number alive (Mean) and standard error of the mean (SE), on sample rookeries of St. Paul Island, Alaska, 1996.
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Table 6.-- Number of pups alive at the time of marking, its standard deviation (SD), numbers of dead
pups, total pups born, mortality rate, idle males, harem males, and ratio of pups alive at
marking to harem males, on sample rookeries of St. Paul Island, Alaska, 1996.

* Includes dead pups taken for necropsies; Polovina Cliffs (4) and Vostochni (56).
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standard error of the estimate for each rookery based on 2,000 replicates of the estimation

process.

The estimate for the total number of pups, alive on St. Paul Island at the time of marking

was 163,288 . The empirical standard error was 20,390; the bootstrapped standard error was

slightly smaller (17,175). The number of dead pups was estimated to be 6,837 (3,810 counted on

sample rookeries and 3,027 estimated on the other rookeries; the estimated mortality rate for late

August was 4.02% with a Standard Error (SE) of 0.05%. The total number of pups born on St.

Paul Island was 170,125 (SE = 21,244); the standard error accounts for variance in the estimation

of both live and dead pups (York and Towell, 1996). The approximate 95% confidence interval,

computed by multiplying the standard deviation of the jackknife ratio of pups to breeding males

(e.g., York and Kozloff 1987) by 2.447 (the 97.5 percentile of Student’s t-distribution with 6

degrees of freedom (df)), was 170,125 ± (2.447 X 21,244) or 170,125 ±  51,984, or (118,141 -

222,109). The bootstrapped estimates the total number of pups born (170,252) is similar to the

above, but the standard error (18,445), and 95% confidence interval (144,061- 213,280) based on

2,000 replications of the estimation process, are smaller than intervals produced above.

The above estimate does not include an estimate of pups on Sea Lion Rock. The last

direct census of fur seals on Sea Lion Rock (1994) estimated 12,891 pups born (12,589 = live,

302 = dead). If we add this number to the St. Paul estimate calculated above, total pup

production on St. Paul Island was 183,016; this value is comparable to years when Sea Lion Rock

was censused.

The estimated number of pups born and their 95% confidence intervals for St. Paul Island,

1970-94, are shown in Figure 7. The total estimated number of pups born in 1996 was not

significantly different (P = 0.05) from the 1990, 1992, and 1994 estimates, but the confidence
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interval for the total estimate is quite wide. Appendix Table B-2 summarizes pup production and

mortality excluding Sea Lion Rock since 1972.

The number of pups born and the number of harem bulls at different rookeries on St. Paul

Island are significantly correlated (Fig. 8). When numbers of pups born are regressed on numbers

of harem bulls, the value of R2 for 1996 was 0.82. The intercept of the regression line of pups on

breeding males is not significantly different from zero (P = 0.33) and was not included in the

regression equation; the slope of the regression line is 27.83 (SE = 2.68), representing an estimate

of the ratio of pups to breeding males.

Number of Puns Born on St. George Island in 1996

The number of pups born on St. George Island was estimated from a shearing-sampling

study conducted on all rookeries. The most recent estimate of pup production prior to this study

was obtained in 1994. From 9 to 12 August, a total of 3,094 pups were shear-marked on St.

George Island; the total number sheared on each rookery was a random number between 10% and

15% of the total number estimated on the rookery in 1994, as on St. Paul Island. These marks

were allocated proportionally within each rookery according to the fraction of harem bulls

counted in 1996 (Appendix Table B-5). The ratio of marked to unmarked pups on each rookery

was determined by two researchers on two occasions: once from 14 to 19 August and again from

20 to 22 August. A summary by rookery of the number of pups sheared, the estimated mean

number of pups alive at the time of marking, and the standard error of the estimate is given in

Table 7. Counts of dead pups were made from 19 to 22 August 1996. The ratio of marked to

unmarked pups and the estimate of the number alive was calculated similarly to the method

described for St. George Island for 1994. Since the rookeries on St. George Island are much

smaller than on St. Paul Island, one person is capable of sampling the entire rookery. The



Figure 8.--Pups born versus number of breeding males on St. Paul Island, Alaska, 1996.



Table 7.-- Number of pups sheared, number of pups estimated to be alive at the time of marking (El and E2), and the
mean number alive (Mean) and the standard error of the mean (SE), St. George Island, Alaska, 1996.

* Sheared is defined as effective shear marks, total sheared minus dead with shear marks (Appendix Table B-6).
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estimated total number of pups alive on St. George Island at the time of marking was 26,666

(SE = 294, Table 8). The total number of dead pups was 719 (Appendix Table B-6) and the

estimated mortality rate was 2.63%. The total number of pups born on St. George Island and the

approximate 95% confidence interval was 27,385 ±  (2.447 X 294), or 27,385 ±  719, or 26,666 -

28,104. The bootstrapped median estimate was similar (27,511); the standard error (603) and

confidence interval were somewhat larger (26,389 - 28,746).

The 1996 estimate of pups on St. George Island was significantly higher (P<0.05) than

the 25,160 (SE = 707) and 22,244 (SE = 410) pups estimated in 1992 and 1994, respectively.

This count was also significantly higher than the predicted number of pups born based on a

regression fitted to the 1973-94 data, which had shown a 4.7% rate of decline with a predicted

number of pups of 18,641 (SE = 1,076). Estimates and 95% confidence intervals of numbers of

pups born on St. George Island for 1970-94 are shown in Figure 9. The 1996 estimate of pups

born on St. George was the highest number since 1985, when over 28 000 pups were born.

The number of pups born and the number of breeding (harem) males on St. George Island

rookeries were highly correlated (Fig. 10). When the number of pups born were regressed on the

number of males, the value of R2 was about 0.91. The intercept of the regression line was not

significantly different from zero (P = 0.35) and was not included in the regression equation; the

slope of the regression line was 20.39 (SE = 1.51).

Counts of Dead Fur Seals Older Than Pups and Collection of Teeth

Tooth samples (usually canines) were collected from all dead fur seals other than pups

whenever possible. The sample rookeries and adjacent beaches of St. Paul Island and all

rookeries of St. George Island were surveyed for dead fur seals older than pups during August

1996 (Table 9). In 1996, tooth samples were collected from a total of 112 fur seals (20 males and
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Table 8.-- Number of pups alive at the time of marking, its standard deviation (SD), numbers of dead
pups, total pups born, mortality rate, idle males, harem males, and ratio of pups alive at
marking to harem males, St. George Island, Alaska, 1996.
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Figure 10.--Pups born versus number of breeding males on St. George Island, Alaska, 1996.
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Table 9.--Number of animals older than pups found dead on the Pribilof
Islands from which teeth were collected during August 1996.
Numbers in () are animals with no teeth where sex was identified.

l All teeth for adult fur seals from St. George were accidentally destroyed.
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92 females) on St. Paul Island. A total of 23 tooth samples (3 males, 3 females, and 17

unidentified) were collected on St. George Island, respectively; those samples were accidentally

destroyed. Appendix Table B-7 summarizes the total number of dead male and female fur seals

from which teeth were collected from 1965 to 1996.
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NORTHERN FUR SEAL ENTANGLEMENT STUDIES: ST. PAUL AND ST. GEORGE
ISLANDS, 1996

by

Bruce W. Robson, Michael T. Williams, Masa Kiyota, Gary E. Merculief and
Candace M. Stepetin

Entanglement of northern fur seals (Callorhinus ursinus) in marine debris has been

studied since the early 1980s by the National Marine Fisheries Service (NMFS) in cooperation

with the National Research Institute of Far Seas Fisheries (NRIFSF) and the Aleut community

of St. Paul Island. Surveys of entanglement among subadult male fur seals were conducted in

conjunction with the commercial harvest from 1967 through 1985 (Scordino and Fisher 1983,

Scordino 1985) and using research roundups after the cessation of the commercial harvest

(Bengtson et al. 1988, Fowler 1987, Fowler and Baba 1991, Fowler et al. 1992). Adult

female entanglement has been studied by Bigg (1979), Scordino and Fisher (1983), Scordino

(1985), Delong et al. (1988), and Kiyota and Fowler (1994).

Incidence of entanglement in juvenile males increased from the mid-1960s to the mid-

1970s reaching a peak in 1976 at 0.71% among subadult males (Fowler 1987, Fowler et al.

1992, Kiyota and Fowler 1994). Mortality resulting from entanglement in marine debris has

been implicated as a contributing factor in the decline observed in the Pribilof Islands northern

fur seal population during the 1970s and early 1980s (Fowler 1987, Trites and Larkin 1989).

Studies from 1988 to 1992 indicate a decline in the rate of entanglement among both subadult

males (Fowler and Ragen 1990, Fowler et al. 1992) and females (Kiyota and Fowler 1994) on

St. Paul Island.
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In 1996, in cooperation with the St. Paul and St. George Islands Tribal Councils and

the Pribilof Islands Stewardship Program, the NMFS continued a study on juvenile and adult

male fur seal entanglement using a combination of research roundups and surveys during the

subsistence harvest initiated in 1995. Surveys conducted in conjunction with the subsistence

harvests are designed to reduce the number of times seals are disturbed by not conducting

subsistence harvests and entanglement roundups on the same haulouts during July and early

August.

The objective of this study is to determine current trends in the rate of entanglement of

northern fur seals in marine debris on St. Paul and St. George Islands. This information is

being collected in order to provide: 1) a continuing index of entanglement rates, 2) a

comparison of entanglement rates on St. Paul Island (stable population) and St. George Island

(decreasing population), 3) a means of indirectly assessing the relative amount of entangling

debris within the habitat of the fur seal, and 4) an assessment of the proportion of debris types

associated with different fisheries that may be impacting fur seals.

In addition to the continuation of juvenile male entanglement studies, NRIFSF

researchers continued to collect information on seasonal and annual (1991-95) rates of

entanglement among adult female fur seals. As in previous years, researchers continued to

capture and remove debris from entangled seals encountered during other research projects.

METHODS

Harvest Surveys and Roundups of Adult and Juvenile Males

Male fur seals on hauling grounds located on St. George and St. Paul Islands were

surveyed for entanglement in July and August 1996. Surveys were conducted in conjunction

with the Aleut subsistence harvest and using non-harvest roundups following the methods
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described in Bengtson et al. (1988), Fowler and Ragen (1990), and Fowler et al. (1992). The

harvest sampling protocol was adjusted to fit the logistical requirements of conducting the

surveys during the subsistence harvest. Under each sampling regime, seals were prevented

from escaping to the water and herded into groups by harvest or roundup crews. Seals were

then released to sea in small groups or in a single file line allowing observers to count and

examine seals for entangling debris or scars indicating previous entanglement. Separate counts

were made by different observers of the total number of male seals (all age groups) and the

number of juvenile male seals of the size and age (2-4 years old) historically taken in the

commercial harvest (Bengtson et al. 1988, Fowler et al. 1992). The count of adult seals was

derived by subtracting the number of juveniles from the total count of all seals for a survey.

Criteria for selection of juvenile males was based on overall size, pelage characteristics (color

and thickness of mane, sagittal crest, and chest patch) and vibrissae color and length (Scheffer

1962).

During subsistence harvest surveys, following the initial roundup, small groups of seals

(consisting primarily of older males) were separated from the main group. Most seals were

released to the water and only smaller groups consisting primarily of juvenile seals were

retained for the duration of the harvest. Seals released during the drive were counted and

examined for entanglement upon release. Seals in the group retained for the subsistence

harvest (but not killed) were also counted and examined for entanglement upon release.

Harvested seals were examined for evidence of entanglement and added to the final count.

When an entangled seal was sighted during release, the flow of seals to the water was

stopped and the entangled seal was captured and the entangling debris removed. Information

on the type of entangling debris, the extent of the wound, and the estimated age of the seal was
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recorded. Debris removed from entangled seals was examined to determine the type, color,

weight and size (stretched mesh and twine size for net fragments; length and diameter of the

entangling loop for other materials such as packing bands or ropes) and saved for future

analysis. Entangled seals judged to be of harvestable size were marked by lightly shearing

marks into the pelage on the shoulders indicating the island of capture and type of survey.

Marking enabled observers to resight previously entangled seals during subsequent surveys

(Bengtson et al. 1988, Fowler and Ragen 1990). During the study period, juvenile male seals

captured and disentangled during other research activities were also marked to indicate

previous entanglement. Because some seals on haulouts are observed more than once (Fowler

and Ragen 1990, Baker et al. 1995), roundups (after 1985) sampled seals with replacement.

Samples taken during the commercial harvest (prior to 1985) in which both entangled and

nonentangled seals were killed were obtained without replacement.

The overall rate of entanglement is estimated by the ratio of all (both initial and

subsequent) entanglement sightings to the total of number of seals examined (Bengtson et al.

1988, Fowler et al. 1992). This estimate is subject to a slight upward bias due to the

assumption that seals from which debris was removed would not have lost their debris

independently (Scordino 1985, Fowler et al. 1993).

Statistical analysis of entanglement data was performed using a general linear model

assuming a binomial response. Factors were considered statistically significant if the deviance

accounted for by that factor was greater than x2
 df,0.85 (where df is the number of levels of the

factor -1). Factors examined in the analysis of the entanglement rate were: age (adult vs.

juvenile), island (St. Paul vs. St. George), sample type (harvest vs. roundup sample), and the

interaction between age, island, and sample type in the rate of entanglement.
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Entanglement Surveys of Adult Females

In 1996, island-wide surveys of entangled adult female fur seals by NRIFSF scientists

were conducted on St. Paul Island using the techniques described by Kiyota and Fowler

(1994). All rookeries were surveyed in conjunction with the counts of adult males from 12 to

17 July. Locations of entangled females were recorded and attempts were made to locate and

disentangle these seals when possible, with minimal disturbance to the rookeries.

RESULTS AND DISCUSSION

Entanglement Surveys and Roundups of Adult and Juvenile Males

Twenty-three subsistence harvest surveys and 30 roundups were conducted on St. Paul

Island (53 total) and 26 roundups and 9 harvest surveys (35 total) were conducted on St.

George Island during July and early August of 1996 (Table 10). Observers sampled 38,311

and 10,763 seals of all age groups combined on St. Paul and St. George Islands, respectively.

Samples included 24,701 juveniles (2-4 years old) on St. Paul Island and 6,057 juveniles on

St. George island. Seventy-one entangled juvenile and adult male seals were captured,

examined, and the debris was removed during harvest surveys and roundups (56 on St. Paul

Island and 15 on St. George Island).

Forty-three seals with scars indicating evidence of previous entanglement were also

observed during surveys (Table 10). Twenty-one of these seals were adult males, some of

which had fresh, open wounds indicating their debris was removed or lost during 1996. Due

to the difficulty involved with handling adult male fur seals, they were not marked for

resighting and observations of scarred adult seals were not used in calculations of the incidence

of entanglement described below.



Table 10.--Summary of harvest surveys and roundups ofjuvenile and adult northern fur seal males conducted on St. Paul and St.
George Islands during July and August, 1996 including the number of seals entangled, resighted, and observed with
scars.



Table 10.--continued.



Table 10.--continued.



Table 10.--continued.



Table 10.--continued.
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Resights of Previously Entangled Seals

Shear marks on the shoulders proved to be easily visible during roundups and other

activities. Nineteen juvenile males on St. Paul Island and 1 on St. George Island were

observed with shear marks indicating prior removal of entangling debris during 1996 (Table

10).

In previous studies of entanglement, samples of entangled and control animals were

tagged to assess the survival and subsequent resighting of entangled seals within seasons and

between years. This information was incorporated into the calculation of the rate of

entanglement assuming a 50% survival rate of entangled seals (had debris been left on)

between years (Fowler and Baba 1991). In the current study, no tags were applied. Shear

marks do not allow detection of seals released from debris in previous years. Therefore,

current methods will slightly underestimate the entanglement rate in comparison with previous

methods and may be better understood as an index of the minimum rate of entanglement

among juvenile male fur seals.

In entanglement studies conducted from 1985 to 1992, the within-year resight rate of

both control and entangled seals was about 25% (Fowler et al. 1993). During 1996, this rate

for entangled juvenile seals on both islands combined was 29.0%, implying similar resighting

rates between study methods.

Incidence of Entanglement.

During subsistence harvest surveys and roundups on St. Paul Island, 37 juvenile and 19

adult entangled fur seals were observed and the type of debris was determined. Twelve

juvenile and 3 adult male entangled seals were observed on St. George Island. Data on all

observations of entangled seals used to calculate the rate of entanglement are presented in
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Table 11. In situations where it was not possible to capture an entangled seal, age and debris

information was recorded. An additional 47 male seals, 14 female seals, 25 seals of unknown

sex, and approximately 7 pups were captured and disentangled during other research activities

from late June through November (Table 12).

As in previous years, entangling debris consisted primarily of pieces of trawl net,

plastic packing bands, and loops of synthetic or natural twine (Table 13). No seals entangled

in monofilament gillnet were observed during male entanglement surveys in 1996. Differences

in the relative percentage of entangling debris were observed between age groups of seals (Fig.

11). On St. Paul Island, the greatest proportion (68.4%) of entangled adult males had packing

bands around their necks. On St. George Island, only 3 adult males were observed entangled,

one in each of the three major debris types. Trawl net comprised the largest proportion of

entangling debris among juveniles on both islands (43.2% and 50.0% on St. Paul and St.

George Islands, respectively), followed by packing bands (32.4 % on St. Paul Island and

25.0% on St. George Island). The observed incidence of entanglement in loops of twine on

St. George Island decreased from 29.4% in 1995 to 15.8% in 1996. As in 1995, more

entanglement in packing bands was observed on St. Paul Island (44.6%) relative to St. George

Island (26.7%) for all age groups combined.

The rate of entanglement for juvenile males was 0.23% (56/24,701) on St. Paul Island

and 0.21% (13/6,057) on St. George Island. Among adult males, the rate of entanglement

was 0.14% (19/13,610) on St. Paul Island and 0.06% (3/4,706) on St. George Island. The

overall rate of entanglement for males was 0.19% (73/38,311) and 0.15% (16/10,763) for St.

Paul and St. George Islands, respectively.



Table 11 .-- Adult and juvenile male northern fur seals observed entangled during harvest surveys and roundups on St. Paul and St.
George Islands during July and August of 1996 including a description of the debris and the wound on each seal.



Table 11 .--continued.



Table 11 .--continued.



Table 11 .--continued.



Table 12.--Entangled seals observed during entanglement surveys and other research activities from which debris was removed during
the field season 1996.



Table 12.--continued.

1Only pups for which debris was saved are included. Total numbers of pups disentangled were estimated by researchers conducting pup activity
2Seals disentangled incidental to, but which were not in roundups or harvest samples were not included in entanglement calculations.
3Whether debris was removed (yes or no).
4L=loose, T=tight, VT=very tight
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Table 13 .-- Number of adult and juvenile male nor-them fur seals observed in frequently occurring
types of debris and percent entangled by island and age group.



Figure  11 .--Composition of entangling debris observed on northern fur seals during 1996 entanglement surveys.
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Under the full linear model only the age of a seal (juvenile vs. adult) had a significant

effect on the rate of entanglement (P=0,003) (Table 14). No significant difference in the

entanglement rate was observed between islands (P=0.45) or sample type (P=0.41) for either

juvenile or adult male fur seals. In contrast, results from 1995 surveys showed a significantly

higher rate of juvenile male entanglement on St. George Island.

The incidence of entanglement among juvenile males on St. Paul Island is within the

range of entanglement rates observed from 1988 to 1992 (Table 15; Fig. 12) and in 1995

(Robson et al. 1997). Fowler et al. (1993) attributed decline in the rate of entanglement on St.

Paul Island from a mean rate of 0.4% between 1976 and 1985 to current levels to a reduction

in the fraction of seals entangled in trawl net fragments (Table 16). The percent composition

of debris types among juvenile male fur seals in 1996 (Fig. 11) was consistent with previous

years on St. Paul Island. A decrease in the number of seals observed entangled in trawl net

and in twine, rope, or string on St. George Island from 1995 to 1996 resulted in a similar

proportion of debris in each category on both islands in 1996 (Table 16).

Adult Female Entanglement

Four entangled and 7 scarred (evidence of previous entanglement) adult female fur

seals were observed during female entanglement surveys on St. Paul Island (Table 17). The

rate of entanglement among females was calculated at 0.013 % for entangled females, 0.02 %

for scarred females and 0.036% for the two categories combined. Information on the type of

entangling debris is given in Table 18. The 1996 data are comparable to the observed rate of

entangled and entangled and scarred females combined in 1995, and to that observed in 1992

and 1993 (Table 19) (Kiyota and Fowler 1992, Kiyota unpublished data). Information on the

type of entangling debris is given in Table 18.
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Table 14.--Results of statistical analysis of adult and juvenile male northern fur seal entanglement
rates on St. Paul and St. George Islands, 1996.
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Table 15 .--The percentage of juvenile male northern fur seals from St. Paul Island, Alaska,
entangled in marine debris as recorded from 1967 to 1984 during the commercial
harvest (data from Kozloff et al. 1986); from 1985 to 1992 during roundups (data
updated from Fowler et al. 1993) and from 1995 to 1996.



Figure 12.--The percentage of juvenile male northern fur seals from St. Paul and St. George Islands, Alaska, entangled in marine debris
recorded during the commercial harvest (1967-84) and entanglement surveys (1985-96).



Table  16.-- Debris found on juvenile male northern fur seals from St. Paul and St. George Islands, Alaska, 1981-95, expressed as the
incidence of entanglement (observed percent ) among juvenile males entangled by debris catagory (data for 1981-91 from
Fowler and Ragen 1990, Fowler and Baba 1991, and Fowler et al. 1992).
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Table 17.--Surveys of female entanglement conducted during July 1996
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Table 18.--Information on entangled females observed during surveys of female entanglement
during 1996.
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Table 19.-- Observed incidence and rate of female entanglement on St. Paul Island based on
surveys of all major rookeries.
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MASS, LENGTH AND SEX RATIOS OF NORTHERN FUR SEAL PUPS
ON ST. PAUL AND ST. GEORGE ISLANDS, 1996

by

Rodney G. Towell, Anne E. York, Jason D. Baker,
and Bruce W. Robson

Trends in the mass and length of fur seal pups serve as indicators of population health

between years and locations. Here we report average mass, lengths, and sex ratios from male and

female pups from Tolstoi, Vostochni, Polovina, and Reef rookeries on St. Paul Island and all

rookeries on St. George Island in 1996. We also report on comparisons of mass, length, and sex

ratios between islands and years in which the sampling was done on about the same dates. Mass

and length data are included in the figures for 1992 and 1993, St. George Island, for comparison

but are not in the analyses due to differences in timing of collection.

METHODS

Pups were randomly sampled, in mid- to late August, using the techniques described for

tagging, sexing, and weighing (Antonelis 1992), and length measuring (Robson et al. 1994). A

Pesola spring scale was used to weigh pups. Mass was recorded to the nearest 0.2 kg, and

lengths to the nearest centimeter. Variations of mass and length of pups on St. Paul and St.

George Islands were analyzed using analysis of variance on sex and rookery. We limited our

statistical comparisons to information collected on similar dates (24 to 29 August) during the

breeding season; between islands in 1994, 1995, and 1996, between 1992, 1994, 1995, and 1996

on St. Paul Island, and between 1994, 1995, and 1996 on St. George Island. Sex ratio

comparisons were made among rookeries, islands, and years for all years of data.
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The proportions of pups sampled on each rookery were not the same for all years.

Therefore, the mean mass for all pups on St. Paul Island was calculated for males and females for

1992 and 1994 using a weighted sum of the rookery means; weights were chosen to be

proportional to the fraction of total pup production for the island by that rookery. For each

sampled rookery in 1995, the means were weighted by the proportion of the total harem

(territorial) bulls contributed by that rookery since pup production numbers were not available. In

1996, the means for each rookery on St. George Island were weighted by pup production

numbers and St. Paul Island means were weighted by harem bull counts. These fractions are

considered representative of the size of the pup population, or harem bull population, on each

rookery and are independent of the mass data. The variance of the weighted mean is estimated as

the sum of the product of the squared weight with the variances of the mean mass from each

rookery.

The calculations were determined in the following manner: Let B1, B2, . . . B4 be the 1996

harem bull counts on the four St. Paul rookeries where studies were conducted during 1996). Let

Wij be the corresponding mean mass of pups on rookery I, I = 1, 4 for sex j (j = 1 for females, 2

for males) from Appendix Table C-l. Let Vij be the variance for Wij; Vij is calculated as the

square of the standard deviation (Appendix Table C-l) divided by the sample size (Appendix

Table C-l). For example, for females on Reef rookery in 1996 the calculation was

V(1,l) = (1.36)2/128. For each rookery, I, the fraction of pups or harem bulls

(fi, Appendix Table C-2) contributed by that rookery is computed as:
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Then the weighted mean (M) for sex j is

with variance:

Similar calculations were made for lengths of pups on St. Paul Island (Appendix Table C-3) and

for mass and length of pups on St. George (Appendix Tables C-4 and C-5) Island. Bi is replaced

by Pi = number of pups (on a given rookery I) for 1992 and 1994 on both islands and 1996 on St.

George Island. Pair-wise significant differences among the means were assessed using Tukey’s

Honest Significant Difference Test (Neter et al. 1990), q(7,df,.95). The first parameter, 7,

represents the number of comparisons made within sex by year and island. Degrees of freedom

(df) were determined to be the total number of sample points (pups) in all years minus the

number of parameters estimated minus l(df = 3,806 females, df = 4,481 males, the test statistic is

equal to 4 significant digits, 4.1696, for all categories).

An analysis of the sex ratios by rookery and year was conducted using a general linear

model (McCullagh and Nelder 1983) assuming that the fraction of females in each rookery was a

binomial random variable. The logit of the fraction of females [log(p/(l-p)] was modeled as a

linear function of rookery and year of sample. The analysis is similar to an ordinary analysis of



6 0

variance, except that the significance of a factor is judged by comparing the total sum of squares

explained by that factor with a chi-square random variable with degrees of freedom equal to the

degrees of freedom of that factor.

Pup Mass and Length

RESULTS AND DISCUSSION

Pup mass (Pig. 13) varied significantly (P < 0.001, Table 20a) by sex and rookery for St.

Paul Island. Male and female pups were analyzed separately since the variance for males was

greater than females and again the difference between rookeries was significant (P < 0.001, Table

20b). Similarly, pup lengths (Pig. 14) were significantly different (P < 0.001, Table 21a) by sex

and rookery on St. Paul Island in 1996. Male and female pups were again analyzed separately and

there was a significant difference between rookeries for each (P < 0.001 females, P < 0.001 males

Table 2lb). Pup mass was less on Tolstoi than on the other three sample rookeries (P < 0.05) in

1996, and pups from Tolstoi and Vostochni rookeries were shorter than pups from Polovina Cliffs

and Reef rookeries (P < 0.05).

On St. George Island, pup mass (Fig. 15) was also significantly different (P < 0.001, Table

22) by sex and rookery. The analysis of variance for lengths (Fig. 16), for all sample years also

indicated significant differences by sex (P < 0.001, Table 23) and by rookery (P < 0.001, Table

23). Pups on South rookery were shorter than all other rookeries on St. George Island

(P < 0.05). The mass of pups on Zapadni rookery was less than all other rookeries on St. George

Island (P < 0.05).

A separate analysis was conducted to compare the pup mass (Table 24) and length (Table

25) for pups that were measured on similar dates (within 3 to 5 days). Pup mass in 1996 was not



Figure 13.--Mean mass with 95% confidence intervals of northern fur seal pups weighed
during August 1992, 1994, 1995, and 1996, St. Paul Island, Alaska.
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Table 20a.--Analysis of variance of mass of northern fur seal pups on St. Paul Island, Alaska,
August 1996, by sex (Sx) and rookery (R).

Table 20b.--Analysis of variance of mass of northern fur seal pups on St. Paul Island, Alaska,
August 1996, by sex on rookery.

*MSS = SS divided by df
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Figure 14.--Mean length with 95% confidence intervals of northern fur seal pups weighed
during August 1992, 1994, 1995, and 1996, St. Paul Island, Alaska.
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Table 2la.--Analysis of variance of length of northern fur seal pups on St. Paul Island, Alaska,
August 1996, by sex (Sx) and rookery (R).

Table 2lb.--Analysis of variance of length of northern fir seal pups on St. Paul Island, Alaska,
August 1996, by sex on rookery.

*MSS = SS  d iv ided  by  df
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Figure 15.--Mean mass with 95 % confidence intervals of northern fur seal pups measured
during August 1992-96, St. George Island, Alaska.
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Table 22.--Analysis ofvariance of the effects of sex and rookery on the mass of northen fur seal
pupsweighed on St. George Island, Alaska, 24-27 August 1996.

Table 23.--Analysis of variance of the effects of sex and rookery on the length of northern fur seal
pups weighed on St. George Island, Alaska, 24-27 August 1996.
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Figure 16.--Mean length with 95 % confidence intervals of northern fur seal pups measured
during August 1992-96, St. Paul Island, Alaska.
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Table 24.--Estimated mean mass (kg) with its standard error for northern fix seal female and male
pups, St. Paul Island, Alaska, 1992-96 and St. George Island, Alaska, 24-29 August
1994-96.
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Table 25.--Estimated mean length (cm) with its standard error for northern fur seal female and
male pups, St. Paul Island, Alaska, 1992-96 and St. George Island, Alaska, 24-29

August 1994-96.
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significantly different (P> 0.05, Appendix Table C-6) from 1995, within island and within sex.

Male pups on St. George Island were heavier than male pups on St. Paul Island in 1996

(P < 0.05). Significant differences in pup length between islands and years were parallel between

males and females (Appendix Table C-7). The length of pups in 1996 on St. George Island was

not significantly different than in 1995 (P> 0.05, Appendix Table C-7). Pups on St. Paul Island

were significantly longer (P< 0.05, Appendix Table C-7) in 1996 than in 1995.

Sex Ratios

An analysis of variance of the proportion of female to male pups born (Table 26; Fig. 17)

by rookery was conducted assuming that the fraction of females in each rookery was a binomial

random variable. In 1996, there was no significant difference (P = 0.44) in the proportion of

females to males by rookery. Furthermore, there was no difference between islands for 1996

(P = 0.65). The fraction of females (44.8%) was significantly less than 50% (P < 0.001).

A significant year-rookery interaction (P = 0.058, Table 27) was found when all sex ratio

data (Table 28) were combined in a general linear model (GLM). We used a tree-based model to

determine year-rookery groups such that within groups the sex ratios were similar and dissimilar

sex ratios between groups. We then fit a GLM based on these groups. This procedure produced

a GLM with deviance 46.08 (df = 37) which was not significantly different (P = 0.145) from the

full interaction model. Both models confirmed the following three groups: 1) the proportion,

39.5%, for North and East Cliffs in all years; 2) the proportion, 48.4%, for all rookeries in 1994,

as well as South and Staraya Artil in all years; 3) 45.3% for all rookeries on St. Paul Island and

Zapadni and East Reef on St. George Island, in all years except 1994. All of the above groups

were significantly different from each other (P = 0.025). The fraction of females was less than

50% for the groups listed in 1 and 3 above.
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Table 26.--Numbers of female northern fur seal pups, total number of pups, and fraction
(that were female) of northern fur seal pups sampled during pup weighing on
St. Paul Island, Alaska, August 1996. The fraction of females was significantly
less than 50% (p =.95) for bold items.
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St. George Live Pup FractionsSt. George Live Pup Fractions

St. Paul Live Pup Fractions

Figure 17.--Fraction of live female pups on the Pribilof Islands, Alaska, 1992, 1994, 1995,
and 1996.
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Table 27.--Analysis of deviance for dependence of sex-ratio on rookery and year sampled of
northern fur seal pups on the Pribilof Islands, Alaska, 1992-96. Fraction of females
modelled as a general linear model with binomial errors and logit link functions.

The “reduction in deviance” is the amount the residuals are reduced when the given
factor is entered into the model in order of significance; the deviance is the weighted
residual sum of squares for the model.



Table 28.--Numbers of female pups, total number of pups, and fraction (that are female) of live northern fir seals pups
captured during weighing operations on St. Paul Island and separate samples on St. George Island, Alaska,
for the years 1992-96.
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SUMMARY

Consistent with earlier evaluations of pup mass data (York and Antonelis 1990, York and

Towell 1993, Antonelis et. al. 1994, and Towell et. al. 1997) the strongest pattern was that the

size of pups varied by sex: males outweighed females and male pups are longer than female pups.

Some inter-annual and inter-island differences are also apparent. On St. Paul Island the mass of

male pups in 1996 was significantly less than in 1992 and 1994 but not different from 1995. The

length of male and female pups was significantly less on St. Paul Island in 1996 than on St.

George Island in 1995 and 1996. There is no significant difference in the mass of females

between islands in 1996 (P> 0.05) but the St. George Island males are heavier than the St. Paul

Island males (P< 0.05). Pups were significantly longer (P< 0.05) on St. George Island than on St.

Paul Island in 1996. The proportion of females was significantly less (P< 0.01) than 50%,(45%

on St. Paul Island and 44% on St. George Island) for both islands in 1996.

These differences in mass, length, and sex ratio may reflect variability in the environmental

influences on the condition of pups and their mothers. Undetected biases in sampling techniques

may also be responsible of the differences detected in this study.
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POPULATION MONITORING STUDIES OF NORTHERN FUR SEALS
AT SAN MIGUEL ISLAND, CALIFORNIA

by

Sharon R. Melin and Robert L. DeLong

The northern fur seal population at San Miguel Island, California (34° 01'N, 120°  26'W),

was discovered in 1968. The population was discovered when very small and has provided an

opportunity to study the dynamics of a growing population.

In general the population has grown steadily with one severe decline probably resulting

from high adult mortality during the 1982-83 El Niño (DeLong and Antonelis 1991). Since 1984,

the population has grown and, in 1991, fully recovered to pre-El Niño levels (Melin and DeLong

1994). The 1992-93 El Niño conditions resulted in reduced pup production in 1992 but the

population recovered in 1993 and increased in 1994 (Melin et al. 1996).

This paper presents the results of the 1996 population monitoring studies at San Miguel

Island with focus on estimates of pup production, mortality, and general health of pups and

survival and reproductive status of tagged animals.

METHODS

Observations and Census of Adults

Counts of territorial male northern fur seals (Classes 2 and 3) at Adams Cove, San Miguel

Island, were conducted every 1 to 3 days from 3 June through 24 July 1996. Observations were

conducted using a 15-60X zoom scope and 10 X 50 binoculars from two blinds overlooking the

Adams Cove rookery (approximately 20 m above and 40 to 300 m horizontal distance from the

breeding animals).
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Live Pup Census and Pup Mortality

Live pup counts were conducted on 30 July at Adams Cove, but were not conducted at

Castle Rock due to unfavorable weather conditions. Pups censuses were conducted by two

observers using binoculars and counting groups of pups. The mean number of pups was

calculated from the total counts of the two observers. The standard error about the mean was

calculated using the sum of the variances from the two independent counts for each group of

pups.

Two fur seal pup mortality surveys, one each in June and July were conducted in Adams

Cove. In June, pups were not collected from within the breeding groups because of the potential

for disturbance to newborn pups and pregnant females. During the July survey, pups were

collected from the entire fur seal rookery. Each dead pup was also counted, removed from the

survey area to minimize the possibility of counting the same pup twice during the season. The

total dead pup count is the sum of the dead pups counted by each observer.

Pup Tagging and Growth

A total of 300 northern fur seal pups were tagged with pink plastic roto tags in Adams

Cove on 1 October. Tags with the same number were placed on both foreflippers of each pup.

Each pup was sexed, weighed and measured (length and girth), and released.

Resight Effort

Efforts to resight tagged juvenile and idle adult male northern fur seals at San Miguel

Island were conducted every 1 to 3 days throughout the breeding season. Resight efforts for

tagged females and territorial males were conducted on 2, 3 and 30 July. Tagged individuals were

identified by reading tags on the foreflippers using binoculars or a zoom scope. The tag numbers,
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association, and reproductive status (with or without pup, territorial or non-territorial) were

recorded.

Instrumentation of Adult Females

On 2 and 3 July, three northern fur seal females with pups were instrumented with 0.25

watt satellite-linked depth recorders (SLTDRs) in order to study dive patterns. The instruments

were recovered from 20-24 July. Two instruments functioned throughout the deployment and

one instrument failed shortly after deployment. The data from the SLTDRs have not yet been

analyzed.

Investigation of the Incidence of Hookworms

In July 1996, dead northern fur seal pups were examined for the presence of hookworms.

Dead pups were collected and the small and large intestines removed. The intestines were then

rinsed into sieves and the hookworms were collected from the sieves, placed in containers, and

stored in 50 to 100% ethanol. The hookworms for each pup were counted and sexed to

determine incidence of hookworms in dead fur seal pups (see Lyons et al., In press for detailed

methods).

RESULTS

Observation and Census of Adults

Territorial northern fur seal males arrived before 3 June and the maximum number of

territorial males with females, 162, occurred on 6 July. An additional 43 males held territories

without females on the same date. The 1996 total represents a 33% increase in the number of

territorial males from the 154 recorded in 1995 (Melin and DeLong, 1997).
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Pup Census

The mean count of live fur seal pups was 1,808 (S.E.=0.28) pups at Adams Cove on 30

July. A total of 201 dead pups were counted. The total observed production was 2,009 pups, a

20.6% increase from the Adams Cove production in 1995 (Melin and DeLong, 1997). The

observed mortality rate was 10%, considerably higher than the 5.3% in 1995 (Melin and DeLong,

1997).

Pup Growth

The mean weights of male (11.8 kg) fur seal pups were similar to the weights of male pups

in 1995 (11.9 kg) (ANOVA, p=0.601) (Table 29). However, the mean length (78.2 cm) and girth

(52.6 cm) of male pups in 1996 were less than male pups in 1995 (lengths ANOVA p<0.00l;

girths ANOVA p<0.001).

The mean weight of female pups (10.6 kg) was similar to females in 1995 (10.8 kg)

(ANOVA, p=0.220) (Table 29). The mean length of females in 1996 (75.0 cm) was greater than

females in 1995 (ANOVA p=0.005) but the average girth (50.8 cm) was less than females in

1995 (ANOVA, p<0.001).

Resight Effort

Forty-five adult female and 77 male tagged individuals were identified throughout the

season. The age groups of females ranged from 3 to 15 years (Table 30). Eleven females sighted

with pups ranged from 5 to 15 years old.

Age groups of the 77 males identified ranged from 3 to 11 years (Table 30). Only one 9-

year-old male was territorial with females. Two territorial males without females were 7 and 8

years old.



Table 29.--Length, girth, and weight of northern fur seal pups at approximately 3 months of age at Adams Cove, San Miguel Island, in
1995 and 1996. P-value is derived from a one-way analysis of variance by years.



Table 30.--Number of tagged northern fur seals sighted at Adams Cove, San Miguel Island, California, from May through
August, 1996.
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Incidence of Hookworms in Pups

The hookworms occurring in northern fur seal pups were identified as Urcinaria spp. and

occurred in 24 pups collected from Adams Cove (Lyons et al., In press). The single pup collected

from West Cove was not infected. The total number of worms in an individual pup ranged from 5

to 1,775 with a mean of 643.

DISCUSSION

The indices of population growth traditionally monitored at San Miguel Island, territorial

male and pup counts, have provided good indicators of the population trends over the past

28 years. The number of territorial males increased from 104 in 1995 to 162 in 1996, indicating

that new males continue to be recruited into the breeding population.

The increase in pup production in Adams Cove also indicates growth of the population.

The increased mortality rate may have resulted from extensive flooding of the rookery in July that

washed pups out to sea and disrupted breeding territories such that pups may have been separated

from their mothers and perished. The 100% infection rate of hookworms for pups in Adams

Cove suggests that hookworm infections may have further contributed to the increased pup

mortality in Adams Cove.

Pup masses indicate that the condition of pups remained stable in 1996. The mean length

and girth of males indicates smaller male pups in 1996 than in 1995 and female pups were longer

but thinner in 1996. However, the length and girth of pups are more variable than the weight and

are less precise indices of pup condition. Thus, the weight index is a better measure of year-to-

year variation in pup condition.

The small sample size of known age individuals at San Miguel Island currently precludes

estimation of survival and age of first reproduction. After a year of slowed growth in 1995, the
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results of the 1996 monitoring studies indicate that the northern fix seal population at San Miguel

Island is once again increasing. Population monitoring studies in the next few years will

determine if the increase is a temporary fluctuation or a long-term trend.
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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,
Castle Rock have special meanings or are not readily found in
standard dictionaries.

Bachelor Young male seals of age 2-5 years.

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)

Class 3
(territorial
with 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.

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.
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Class 4
(back fringe)

Class 5
(hauling
ground)

Drive

Hauling
ground

Haul out

Kleptogyny

Known-age

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) l

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.

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.
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Marked

Mark
recoveries

Rookery

Roundup

Vibrissae
(facial
whiskers)

Describes a seal that has been marked
by 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 years, the
vibrissae usually are entirely white.
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Tabulations of adult male northern fur seals counted by rookery, size class, and rookery section.
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Appendix Table B-l. --Number of adult male northern fur seals counted, by classa and rookery section, St. Paul
Island, Alaska, 12-17 July 1996. A dash indicates no section.





Appendix Table B-3.--Number of northern fur seal pups sheared on each sampled rookery of St. Paul Island, Alaska, 1996.*

‘The total pups to be sheared is 10% times the total number of pups born in the previous pup estimate. The total number is allocated by section
based on number of harem bulls in that section.



Appendix Table B-4.--Number of dead northern fur seal pups counted by section on the sampled rookeries of St. Paul Island,
Alaska, 1996.

* Dead pups from Kitovi Amphitheater are included in sec.1 of Kitovi
**Dead pups removed for necropsies from Vostochni are added but not by section.
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Appendix Table B-5.-- Number of northern fur sealpups  sheared on each rookery of
St. George Island, Alaska, 1996.

1 Other is the number of special marks put out by other researchers
that were used as sheared pups for the pup production studies.2 Sections 1 and 2 were treated as one section for the allocation
of shear marks.
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Comparison of mass, length, and sex ratios of northern fur seal pups born on St. Paul and
St. George Islands in 1996.
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Appendix Table C-l.--Sample sizes (n), mean mass (kg.), and standard deviation (SD) of male
and female northern fur seal pups weighed on St. Paul Island, Alaska,

August 25 - 27, 1996.
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Appendix Table C-2.--Fraction of northern fur seal pups contributed by each sample
rookery to total number of pups born on sample rookeries of St. Paul
Island, and total pups born on St.George Island, Alaska, for 1992 and
1994-96.
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Appendix Table C-3.--Sample sizes (n), mean length (cm.), and standard deviation (SD) of male
and female northern fur seal pups weighed on St. Paul Island, Alaska
August 25-27, 1996.



1 0 9

Appendix Table C-4.--Sample sizes (n), mean mass (kg.), and standard deviation (SD) of male
and female northern fur seal pups weighed on St. George Island, Alaska,

August 24-27, 1996.



1 1 0

Appendix Table C-5.--Sample sizes (n), mean length (cm.), and standard deviation (SD) of male
and female northern fur seal pups weighed on St. George Island, Alaska,
24-27 August 1996.



1 1 1

Appendix Table C-6.--Calculated t-statistics for comparison between years of mean mass of
northern fur seals on St. Paul Island and St. George Island, Alaska.
Significantly different years are in bold text.



1 1 2

Appendix Table C-7.--Calculated t-statistics for comparison between years of mean length of
northern fur seals on St. Paul Island and St. George Island, Alaska.
Significantly different years are in bold text.
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APPENDIX D

Scientific staff engaged in northern fur seal
field research in 1996

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

Robert V. Miller, Deputy Director
Thomas R. Loughlin, Leader, Alaska Ecosystem Program

Jason Baker, Leader, Northern Fur Seal Program
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Alfay Hanson Sr.
Andrionick Hanson
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UAF
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SPVP

UCSC
TCSP
PISP

UCSC
SPVP
MMSC
PISP
TCSP
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Appendix D.--continued.
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Mariamna Melovidov
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Jeremy Sterling
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CSG
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Appendix D.--continued

Affiliation Code
CSG - City of St. George, St. George Island, Alaska
CSP - City of St. Paul, St. Paul Island, Alaska
IND - Independent
MMSC - Marine Mammal Stranding Center, Sausalito, California
NMFS-NMFS
NMFSJ - National Marine Fisheries Service Regional Office, Juneau, Alaska
NRIFS - National Research Institute of Far Seas Fisheries, Shimizu, Japan
PISP - Pribilof Island Stewardship Program
RA - Russian Affiliate
SI - Smithsonian Institution, Washington, D.C.
TCSG - Tribal Council, St. George Island, Alaska
TCSP - Tribal Council, St. Paul Island, Alaska
UAF - University of Alaska, Fairbanks, Alaska
UCSC - University California at Santa Cruz
USFWS - U.S. Fish and Wildlife Service
WPI - Wildlife Pathology International



RECENT TECHNICAL MEMORANDUMS

Copies of this and other NOAA Technical Memorandums are available from the
National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22167
(web site: www.ntis.gov). Paper and microfiche copies vary in price. 

AFSC-

86 SINCLAIR, E.H.  (editor). 1997.  Fur seal investigations, 1995, 188 p.  NTIS No. PB98-131808.

85 KINOSHITA, R. K., A. GREIG, and J. M. TERRY.  1998.  Economic status of the groundfish fisheries off
Alaska, 1996, 91 p.  NTIS No. PB98-126170.

84 LAAKE, J., D. RUGH, and L. BARAFF.  1998.  Observations of harbor porpoise in the vicinity of acoustic
alarms on a set gill net, 40 p.  NTIS No. PB98-117641.

83 RUTECKI, T. L., M. F. SIGLER, and H. H. ZENGER JR.  1997.  Data report: National Marine Fisheries
Service longline surveys, 1991-96, 64 p.  NTIS No. PB98-108822.

82 MARTIN, M. H.  1997.  Data report: 1996 Gulf of Alaska bottom trawl survey, 235 p.   NTIS No. PB98-
103930.

81 LAUTH, R. R.  1997.  The 1996 Pacific West Coast upper continental slope trawl survey of groundfish
resources off Washington and Oregon: Estimates of distribution, abundance, and length composition, 
156 p.  NTIS No. PB97-208912.

80 LAUTH, R. R.  1997.  The 1995 Pacific West Coast upper continental slope trawl survey of groundfish
resources off southern Oregon and northern California: Estimates of distribution, abundance, and length
composition, 110 p.  NTIS No. PB97-208920.

79 LAUTH, R. R., M. E. WILKINS, and P. A. RAYMORE JR.  1997.  Results of trawl surveys of groundfish
resources of the West Coast upper continental slope from 1989 to 1993, 342 p.  NTIS No. PB97-208904.

78 HILL, P. S., D. P. DEMASTER, and R. J. SMALL.  1997.  Alaska marine mammal stock assessments,
1996, 150 p.  NTIS No. PB97-203277.

77 CHUMBLEY, K., J. SEASE, M. STRICK, and R. TOWELL.  1997. Field studies of Steller sea lions
(Eumetopias jubatus) at Marmot Island, Alaska, 1979 through 1994, 99 p.  NTIS No. PB97-203376.

76 OSMEK, S., J. CALAMBOKIDIS, J. LAAKE, P. GEARIN, R. DELONG, J. SCORDINO, S. JEFFRIES, and
R. BROWN.  1997.  Assessment of the status of harbor porpoise ( Phocoena phocoena) in Oregon and
Washington waters, 46 p.  NTIS No. PB97-198436.

 
75 WING, B. L., C. W. DERRAH, and V. M. O’CONNELL.  1997.  Ichthyoplankton in the eastern Gulf of

Alaska, May 1990, 42 p.  NTIS No. PB97-174379.

74 WILSON, C. D., and M. A. GUTTORMSEN.  1997.  Echo integration-trawl survey of Pacific whiting,
Merluccius productus, off the west coasts of the United States and Canada during July-September 1995,
70 p. NTIS No. PB97-174387.

   
73 CELEWYCZ, A. G., and A. C. WERTHEIMER.  1997.  Suitability of Dry Bay, southeastern Alaska, as

rearing habitat for juvenile salmon, 19 p.  NTIS No. PB97-161343.

72 KINOSHITA, R. K., A. GREIG, D. COLPO, and J.M. TERRY.  1997.  Economic status of the groundfish
fisheries off Alaska, 1995, 91 p.  NTIS No. PB97-161269.  


	CONTENTS
	Introduction
	Population assessment, Pribilof Islands, Alaska
	Northern fur seal entanglement studies: St. Paul and St. George Islands, 1996
	Mass, length and ex ratios of northern fur seal pups on St. Paul and St. George Islands, 1996
	Population monitoring studies of northern fur seals at San Miguel Island, California
	Acknowledgments
	Citations
	Appendices
	A -Glossary 
	B-Tabulations of adult male northern fur seals counted by rookery, size class, and rookery section
	C-Comparison of mass, length, and sex ratios of northern fur seal pups born on St. Paul and St.George Islands in1996
	D-Scientific staff engaged in northern fur seal research in 1996





