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ABSTRACT

This report is a collection of papers resulting from
northern fur seal (Callorhinus ursinus) research conducted by the
Nati onal Marine Manmal Laboratory in 1992 on the Pribilof Islands
(10 July - 1 Septenber) in the Bering Sea, and San M guel Island
(20 May - 1 Novenber) off southern California.

Since 1991, harem bull counts increased 15.5% and 39. 8% on
St. Paul and St. CGeorge Islands, respectively?, The total nunber
of pups born on St. Paul Island (182,468 + 19,263) was estinated
from shear sanpling surveys conducted during 17 August -

1 Septenber and was not significantly different fromthe 1989 and
1990 estimates; The total nunber of pups born on St. George

| sland (25,160 + 1,730) was estinmated from surveys conduct ed
during 14-17 August and was not significantly different fromthe
1990 esti nates.

A tagging project was initiated in 1987 to exam ne
variability in population dynamcs. The 1992 studies based on
this tagged popul ati on support past findings that there is a
tendency for nales to be resighted near their natal rookery; that
the date of first sighting is significantly related to age
(P <0.001) (older nales arrive earlier in the season than
younger ones); and a significant relationship exists between nale

pup wei ght and weight at age 2 (P = 0.001, n = 20) and age 3

0.006, n = 8l), but not at age 4 (P =0.07, n =78) or age 5
0.18, n = 15).

(P
(P

The estimated incidence of entanglenment in net debris anong



iv.

female fur seals on St. Paul Island was 0.062% for 1991 and
0.036% for 1992 with a 2-year nean of 0.046% This is a reduced
| evel of entanglenent conpared with a simlar study in 1985 which
showed ent angl ement rates of 0.06% 0.23% and a nmean of 0.14%
The ‘proportion of juvenile males observed entangled in 1992 was
0.29% The frequency of occurrence of trawl webbing anong
entangling debris in 1992 was about one-half that observed prior
to 1988. The proportion of seals entangled in other types of
debris did not change. The 1992 studies on nal e entangl enent
confirmearlier estimates that the annual survival of seals
entangled in small debris is about one-half that of nonentangled
seals. Seals from which debris was renoved had significantly
(P <. 05) higher survival rates than those which remai ned
ent angl ed.

The maxi mum nunber of territorial bulls on San M guel
Island was 72 on 8 July. Live pup counts on 29 July and 5 August
totaled 1,124 and 965, respectively. On 11 August, 274 dead pups
were counted. One hundred and fifty pups were tagged on 27
Sept enber and anot her 150 were tagged on 1 Novenber. Mean pup
wei ghts for 1992 were significantly lower (P < .0d) than nean
pup weights for all non-El N fio years between 1977 and 1991, but
significantly greater (P < . 001)Pthan those of the El N fio years
of 1976 and 1983. This indicates that while the health of pre-
weaned pups was conprom sed during the 1991-1992 El N fio, it was

not as detrimental as previous warm water events.
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| NTRODUCTI ON

Scientists from the National Mrine Mammal Laboratory (NWWL)
have published reports of annual studies of northern fur seals
(Callorhinus ursinus) fromthe Pribilof Islands (St. Paul and St
CGeorge) since 1958, and from San M guel Island off Southern
California since 1968. This document presents the results of
research conducted in 1992,

From 1962 to 1990, annual estinmates of popul ati on abundance
were based on pup counts generated from shear sanpling, a nark-
recapture technique. Since 1990, pup counts have been conducted
sem -annual |y during even years on all Pribilof Island rookeries.
Bul | counts on St. Paul Island have been conducted since 1958 and
continue on a yearly basis. Pup tagging studies' began in 1987
and were discontinued on the Pribilof Islands for the purpose of
popul ation nonitoring after 1990. Pup tagging began on San
M guel Island in 1975 and continues on a yearly basis. The
location of U S fur seal rookeries and detailed maps of each
island are illustrated in Figures I-5. Russian placename
translations are listed in Table 1 and a glossary of terns is
provided in Appendix A

Northern fur seal research was conducted by the NMM. under

Marine Manmal Permt Nunber 598.



NORTH PACIFIC OCEAN

Bogoslof I. |

SanLMigueI .

Figure 1. --Location of the four northern fur seal breeding
rookeries within U S waters.
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Figure 5. --Location of northern fur seal breeding colonies, San Mguel Island, California.



Table 1.--English translations of Russian nanes for Pribilof rookeries and

haul i ng grounds

| sland and
Russi an name

Engli sh
transl ati on

Comments and derivation of
name

St. Paul |sland
Vost ochn

Mor j ovi
Pol ovi na

Ki t ovi

Gor bat ch

Tol st oi

Zapadni
Lukani n

Zoltoi (hauling
ground)

St. George Island
Staraya Arti

Sea Lion Rock
Si vut ch

Wal rus

Hal f way

o "kit"

Hunpback

Thi ck

West

Gol den

Sea lion

From "Novoct oshni " neani ng
"place of recent growth";
agplied to Northeast Point,
Ich was apparently at one
time an island that has since
been connected to St. Pau
Island by drifting sand

Historically, walruses hauled
out here in sunmer.

Fhlfmaz to Northeast Point
fromthe village

When mhalin% fleets were
active in the Bering Sea

bet ween 1849 and 1856, a large
right whale killed by sone
ﬁhlp's crew drifted ashore

ere.

Apﬁarently refers to the "hunp
e" nature of the scoria
sl ope above the rookery.

In this case, thick headl and
on which the rookery is
| ocat ed.

Western part of the island

Naned after a Russian pioneer
sai |l or who was said to have
harvest ed over 5,000 sea
otters fromSt. Paul Island in
1787.

Named to express the netallic
shimering of the sands

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

These ani mal s haul out but do
not breed here







STATUS OF THE NORTHERN FUR SEAL POPULATI ON
IN THE UNI TED STATES DURI NG 1992
by
Thomas R Loughlin, George A Antonelis, Jason D. Baker,
Anne E. York, Charles W Fow er, Robert L. Delong,
and Howard W Braham

Thi s paper provides a brief overview of the distribution and
status of northern fur seals, Callorhinus ursinus, in the United
States. Northern fur seals range fromthe Pribilof Islands in
the Bering Sea (where they were discovered in 1786) to San M guel
Island in the California Channel Islands. The San M guel Island
col ony was discovered in the late 1960s, but the island was
probably colonized in the late 1950s or early 1960s (Peterson et
al. 1968). More recently, a rookery was discovered in 1976 on
Bogosl of Island (53°56'N lat., 168°Q2'Wlong.) in the southern
Bering Sea. Two pups were first observed there in 1980 (LI oyd et
al. 1981) and by 1992 the rookery had grown to at |east 183 pups
and 295 adult females (1,473 total animals) (Baker and Kiyota
1992, Loughlin and MIler 1989). Northern fur seals tenporarily
haul out on land at other sites in Al aska and British Col unbi a,
and on islets along the coast of the continental United States,
but generally not during the breeding season (Fiscus 1983).

There is significant interchange anong the various breeding
groups so they are considered conponents of a single species.
Based on geographic separation, we reconmend that the San M guel

and Pribilof Island's stocks be considered separate.



10

Worl d-wi de, northern fur seals occur from southern
California north to the Bering Sea and west to the Ckhotsk Sea
and Honshu Island, Japan (Fig. 6). During the breeding season
approximately 72% of all fur seals world-wide can be found on the
Pribilof Islands, 19% can be found on the Commander |slands in
the western Bering Sea' (Russia), 4% are on Robben Island in the
Ckhot sk Sea (Russia), <2%are on the Kuril Islands in the western
North Pacific Ccean, and <l % are on San Mguel I|sland and
Bogosl of Island (Lander and Kajinmura 1982) . The estinmated sizes

of these populations in 1979 and 1992 are given in Table, 2.

Estimati on Met hods

It is difficult to obtain an accurate estimate of the fur
seal popul ation because the estinmation procedures are conducted
while the seals are on land and at any given tinme sone portion of
the population is at sea. It is widely accepted that the best
i ndex of population trends is the nunber of pups born. Pups are
counted in the mddle of the breeding season after nost pups are
born and still on land. Pups conprise roughly 20% 30% of the
total population (Fow er |985a) depending on the popul ation's age
structure (as determ ned by reproductive rates and nortality).

Various techniques were used to derive estimtes of pup
births including tagging, aerial photography, and counts of
sanpl e rookeries (Kenyon et al. 1954). Since 1962, pup
production has been estimated using a mark-recapture techni que
cal | ed shearing-sanpling (Chapman 1964, Chapman and Johnson
1968). From 1980 to 1989, the nmethod was nodified to subsanple
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Table 2.--Estimated sizes of the northern fur seal stocks in 1979 and 1492
Nurmber of pups born are shown in (). Russian estimates are from
Viadimrov (1992).

Estimated size,

Estimated size,

Breeding island 1979 ' 1992

Pribilbf Islands 1,300,000 (294,000)" 982,000b (218, 000)
Commander Islands 250,000 (65-75,000) 225-230,000 (65-75,000)
Robben Island 190,000 (56,500)° 50,000 (15,000)

Kuril Islands 33,000 (18,400)d 50,000 (13,800)°

San Miguel Island 6,543 (1,487) 8,211 (1,837)
Bogoslof Island 0 | 2,235" (500 minimum)

0 o o

4]

1978 estimate.

See Table 4 for calculation of population eétimate.

Maximum count in 1967.

Russian estimates for 1990 (V. Vladimirov, VNIRO, Moscow, pers. commun.,

1991).
1988 count.
1990 estimate.

ctT
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several of the 14 rookeries on St. Paul Island and to derive a
total population (all age groups) estimate based on the ratio of
pups to adult males (York and Kozloff 1987). However, due to the
increase in the nunber 'of adult males follow ng cessation of the
comercial harvest of males in 1984, the ratio of adult males to
pups becane quite variable. This variability led to an

i mprecision in the shearing-sanpling technique with subsanpl ed
rookeries (note the large confidence intervals for the 1989
estimate in Fig. 7). As aresult, a new procedure was initiated
in 1990 whereby all rookeries on both islands are censused every
ot her year.

Adult nmal es have been counted annual ly since 1911 to neasure
the recruitment of breeding males and general popul ation trends
(Figs. 8-11). Two categories of males, haremand idle, have been
recorded for each year. For purposes of consistency in data, a
haremmale is defined in this text as one that is defending a
territory containing one or nore females. Idle males are usually
about 7 years of age or older and nay have territories but never
with females. Between 1980 and 1992, the male counts were used
to calculate estimates of pup production based on the'
rel ati onship between the nunber of territorial males and
parturient females with pups (York and Kozl of f 1987). The male
counts are usually made in md-July (10-25 July) when nost of the

femal es have arrived and have given birth
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Fur seal pups St. Paul Island, 1970-92
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Figure 7 .--Estinmated nunber of northern fur seal pups born on
St. Paul Island and St. Ceorge Island Al aska, from
1970 to 1992 with 95% confidence intervals (York and

Fow er 1992).
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Popul ation Estinates

Estimates of the nunber of pups born on the Pribilof Islands
are listed in Table 3. The nunber of pups born on St. Paul
| sl and, which conprises the majority of the Pribilof Islands
popul ation, increased from about 67,000 pups in 1912 to about
162,000 pups in 1924. Records do not exist for the period 1925-
1939, but in 1940 there were an estinmated 469, 000 pups born on
St. Paul Island (York 1985a). The nunber of pups remai ned high
until the md- to late 1950s when it began to steadily decline
(Briggs and Fowl er 1984). Pup births declined followng a
commerci al harvest of fenales during 1956-1968 (York and Hartl ey
1981). After the cessation of the female harvest, pup births
appeared to increase (in the early 197Cs), but then decreased at
4% S% per year from 1976 to 1981 or 1982 (York and Kozl off 1987).
No significant increase or decrease has occurred since then
based on conbi ned Pribilof Islands counts, although pup births on
St. George Island continued to decrease through the 1980s (York
1987b, Ream et al., Chapter 5, this volune).

The nunber of males counted at St. -Paul and St. George
Islands is depicted in Figures 8-11 for the period 1911-1992
For 1992, the total nunber of nmales counted was 19, 262. Thi s
total is based on haremand idle male counts at St. Paul |sland
of 5,460 and 10, 940, respectively, and haremand idle nale counts
at St. Georgel sland of 1,028 and 1,834, respectively.

From 1956 to 1968 the total Pribilof Island stock declined

as a result of the female harvest. Following the termnation of
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Table 3.--Estimated numbers of pups born on the Pribilof Islands,

1912-1992.
Year Pups born Year Pups born
St. Paul St. George St. Paul St. George

1912 67,000 12,000 1963 262,000

1913 75,000 13,000 1964 284,000

1914 75,000 14,000 1965 254,000

1915 83,000 15,000 1966 299,000 69,000
1916 93,000 18,000 1967 291,000

1917 103,000 ° 19,000 1968 235,000

1918 116,000 20,000 1969 233,000

1919 126,000 23,000 1970 230,000 54,000
1920 135,000 24,000 1972 269,000

1921 141,000 27,000 1973 237,000 60,000
1922 150,000 27,000 1974 266,000

1924 | 162,000 36,000 1975 278,000

1940 469,000 1976 298,000 ‘

1949 414,000 55,000 1977 235,000 43,000
1950 451,000 1978 247,000 47,000
1951 . 447,000 . ' 1979 246,000

1952 438,000 1980 200,000

1953 445,000 | 1981 179,000 38,000
1954 450,000 1982 204,000

1955 461,000 ‘ 1983 166,000 31,000
1956 453,000 1984 174,000
. 1957 420,000 1985 183,000 29,000
1958 387,000 1986 168,000

1959 335,000 1987 171,000

1960 320,000 1988 202,000 25,000
1961 342,000 1989 172,000 24,000
1962 277,000 1990 212,000 23,000

1992 193,000° 25,000

*I ncl udes 10,000 pups born on Sea Lion Rock froma 1990
estimate.
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the female harvest in 1968, the stock increased between 1970 and
1976. In 1974, the stock was estimated to be 1.25 mllion fur
seal s with about 326,000 pups born on both Pribilof Islands
(Lander 1981). After 1976, the stock abundance began to decline
again along with a decline in pup production (York 1987b)
resulting in a total stock estimate in 1983 of 877,000 fur seals
(Briggs and Fow er 1984). As nentioned above, the, nunber of pups
born on the Pribilof Islands did not change significantly from
1981 to 1988, suggesting that the total stock size had not
changed (York 1987b; York and Fow er 1992).

W used recent estimates of pup births on the Pribil of
| sl ands and annual male counts to obtain an estinmate of the stock
size for 1992. Applying these counts to the algorithm presented
n Kozl off et al. (1985), and adjusted to renove harvest
mortality of males (Table 4), we estimated the Pribilof Islands'
northern fur seal population stock size to be 982,000 in 1992.

The fur seal population on San Mguel Island has slowy
increased since its discovery in 1968 (Fig. 12). Counts of fur
seal s at Adans Cove on San Mguel Island in 1992 included a
maxi mum of 72 territorial nmales, of which 59 had fenales. The
m ni mum nunber of pups born at Adans Cove was estimated at 1,239
and 598 were estimated for Castle Rock. These estimates are
based on live pup counts in early August at both rookeries and a
dead pup count at Adanms Cove (n = 274). Dead pup counts were
estimated at Castle Rock assum ng the sanme nortality rate as

Adans Cove (22%.



Table 4.--Information used to calculate the 1992 Pribilof Island stock size using the
life table reported by Lander $1981), and adjusted for lack of harvest _
mortality. Estimates of the standard deviations are based only on the estimted
standard deviations for nunbers of pups, and not on any standard deviations for
the |ife table, nor do they account for year-to-year variations in survival
rates.

Pup production
Average 1989, 1990, and

Year St. Paul St. George® Sea Lion Rock _ Total® 1992

1992 182,468 25,160 : - 217,845 219,548

1990 201,305 23,397 10,217 234,919

1989 171,534 24,130 - 205,881

1988 202,229 24,862 - 237,308

Pribilof Island total stock estimate
Formula for estimate Estimate SD Age group
Average® 219,548 27,760 pups
(219,548) X (0.5) 109,774 13,880 ‘yearlings
(109,774) X (0.8) 87,819 11,104 2 year olds
(87,819) X (0.86)/2 , ‘ 37,762 4,775 3 year-old females
(87,819) X (0.8)/2 35,128 4,442 3 year-old males
(219,548) + (0.6) 121,729 46,267 adult females
(35,128) X (3.6) 126,460 15,991 adult males
Total Pribilof
Islands stock 124,219
(4.4747 X pups)
Rounded to 1,000s 982,000 ' 124,000 Total population

estimate

a

1989 represents the nean of the 1990 and 1988 estimates.

* Al
St. Paul

© Average for 1992, 1990, 1989.

| sl and).

totals include the 1990 estimate of 10,217 pups produced on Sea Lion Rock (south end of

[44
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Popul ation G owh Rates and Trends

The rate of juvenile fur seal nortality on land is density
dependent and hi gher at high population levels than at |ow
popul ation levels. The juvenile nortality rate on St. Ceorge
Island is lower than on St. Paul Island (York 1985c). Since the
late 197Cs, nortality rates of pups up to 4 nonths of age have
been | ess than 10% on the Pribilof I|slands, although historically
they have been as high as 20% During the first 2 years of life,
nortality may be 60% 80% ( Keyes 1965, Lander 1981, Fow er 1985a,
York 1987c). Males have a higher nortality rate than fenal es
after 2 years of age, particularly after 7 years of age when
mal es begin defending territories (Lander and Kajinura 1982).
Survival of adult females remains high (>80% until age 14, after
which it decreases to about 30% by age 19 (Smth and Pol acheck
1981).

Al indications suggest that the Pribilof Island popul ation
Is below its carrying capacity (K), therefore a positive growh
rate is expected. Yet, from 1976 to 1981, the St. Paul |sland
popul ation declined approximately 7.8% per year and St. Ceorge
Island fur seal nunbers declined at 5% 6% per year (York 198733).
Many possi bl e causes (entangl enent, diet, disease) for the
decl i ne have been considered (Sinclair et al. 1994, Fow er 1985a,
Nati onal Marine Fisheries Service 1993), yet no clear explanation
exi st s. Li kewi se, why the decline ended on St. Paul |sland and

persisted on St. Ceorge Island is not understood
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The birth rate of fur seals on Point Bennett, San M guel
| sland, and on Castle Rock increased about 24% annual ly from 1972
through 1982, then decreased by 63% in 1983 due to a significant
El N fio event (DeLong and Antonelis 1991). Birth rates remained
| ow t hrough 1986 resulting in about 50% fewer births in 1984 and
1985 than in 1982; the nunmber of births increased in 1986, but
there were still 30% fewer pups born than in 1982 (DeLong and
Antonelis 1991). No detailed information is available from
Bogosl of Island, but counts of the entire popul ation indicate

that the colony is continuing to grow.

Stock Status Relative to Optinmum Sustai nabl e Popul ati on and
Carrying Capacity
Gowh Rate at Maximum Net Productivity Level

Based on enpirical information for northern fur seals (Smth
1973) and interspecific conparisons (Fow er 1984a), maxi num net
productivity level is estimated. to occur at approxi mately 60% of
carrying capacity (K). Ragen (1992) presented frequency
distributions for the nunber of pups born at MNPL. Based on
these distributions, Ragen concluded that the current popul ation
| evel (producing approximately 200,000 pups) is very likely bel ow
IMNPL.

Met hods of Opti mum Sust ai nabl e Popul ati on Det ern nati on

OSP is defined as the range of popul ation |evels between
M\NPL and K. Ragen (1992) conducted a sinmulation analysis using

nuner ous conbi nations of estinmated values for fur seal popul ation
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paraneters which yielded frequency distributions for MNPL with
nodal values at approximately 65% of K H s anal yses yiel ded
frequency distributions rather than point estinmates which
reflected the uncertainty in life table values and density-
dependent nechani sns influencing the growh of the fur seal
popul ation on the Pribilof Islands.

It is assuned that northern fur seals were at their carrying
capacity when the popul ation was relatively stable and at
historically high levels (1940s and 1950s). It is also assuned
that the mean popul ationlevel for this period represented the
carrying capacity of the Pribilof Island stock

The MWPA defines a species, population, or stock as depleted
if it falls bel ow optinmum sustainable population (CSP). As
di scussed above, the |ower bound of OSP for northern fur seals is
thought to be at |east 60% of k. The Pribilof Islands popul ation
was designated as depleted under the MWA in 1988 because it
declined to |l ess than 50% of |evels observed in the |late 1950s
and there was no conpel l'ing evidence that carrying capacity had
changed substantially since the |late 1950s (Departnent of
Conmer ce 1988) .

The percentage declines of several popul ation paraneters
were presented by the National Marine Fisheries Service (1993)
and are updated in Table 5. There has been a recent increase in
the number of adult males on St. Paul I|sland, which reflects the
cessation of the harvest of juvenile males in 1984 (York and

Fow er 1992). Adult males which would have ot herw se been killed




Table 5.--Parameter estimates used to illustrate the reduction of northern fur seals on
St. Paul Island (rounded to the nearest hundred) since the 1940s and 1950s when
t he popul ation was thought to be at or near maxinmum levels (presuned carrying
capacity). Updat ed from National Marine Fisheries Service 21991). Data for
1989-1992 from Antonelis et al. (1990), York and Fow er (1992), and
Antonelis et al. (this volume).

Parameter Abundance estimates Percept Abundance estimates Percept
measured - Previous peak Recently ~ decline 1989-1992 means decline
Pup production 461,000 (1955) 175,000 (1981-88)! 62% 192,000 55%
commercial harvest? 52,600 (1947-53) 24,700 (1976-84) 53% none -
Rookery space’ 109,100 (1967) 41,400 (1985) 62% no data ——%
Harem males’ 10,300 (1958-62) 4,200 (1984-88) 59% _ 4,700 54
Total adult males® 20,800 (1958-62) 7,100 (1984-88) 66% 13,400 35%

1 N%ﬁnl$f q;ggs; the range of the 95% confidence intervals is 148,000 (low, 1983) to 210,000
Igh; 1 .

2 Hi ghest annual harvest of juvenile (I-6 year old) males during peak abundance in 1940-58
(mean 52,643, sd 7,517, range 42,272 to 64,481), conpared with the period beginning with the

recent decline in 1976 through the | ast year of a commercial harvest in 1984 (nean 24, 741
sd 1,813, range 22,034 to 28, 396).

Measured in square meters (nﬂ. Four major rookeries were conpared (Tolstoi, Kitovi
Morjovi, and Zapadni), which nmake up about 65% of space used by fur seals on St. Paul
Island. A conparison of five rookeries (Kitovi, Polovina, Little Zapadni, Lukanin, and
Zapadni), where data are available for 1948 and 1985, suggests a decline greater than 70%

Fi ve-year nean harem bull count for peak abundance (1958-62) (95% C 9,910 to 10,776) and
| onest nean count (95% Cl 3,701 to 4,699) for the period of no statistical trend in pup
production (1981-84). The greatest decline in harembull counts occurred between 1962 and

68, from 10,000 to 6, 000. Since 1968, the nunber of harem nal es has ranged from6,496 in
1978 to 3,585 in 1988.

> Includes harem and idle adult nales only: 1958- 62 nean 20,803 (95% CI 19,482 to 22, 124)
and 1984-88 nean 7,058 (95% Cl 5,944 to 8,172). There was no change at St. CGeorge Island.
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in the harvest are now nature and are 35%  fewer in nunber since
their historical high in 1958-62. The decrease in birth rates
relative to peak production in 1955 (Table 4) has not changed
significantly. It has remained from60%to 62% of historical

l evel s during the 1980s and early 1990s. The nost recent census
in 1992 estimated 193,000 pups were born on St. Paul and 25, 000
on St. Ceorge Islands (Table 3). This level of pup production,
relative to that observed in the 1940s and 195Cs, indicates that
the fur seal population remains depleted (33%67% of K).
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POPULATI ON ASSESSMENT, PRI BI LOF | SLANDS, ALASKA

by
George A. Antonelis, Anne E. York, and Charles W Fow er

I n accordance with provisions originally established by the
Interim Convention on Conservation of North Pacific Fur Seals,
the National Marine Manmmal Laboratory (NMMWM) continues to nonitor
the status of fur seal populations on the Pribilof Islands. To
neet this objective, data on popul ation size, age and sex
-conposition., and natural nortality are collected annually

follow ng the nmethods described by Antonelis (1992).

Popul ati on Paraneters
Popul ation characteristics nmonitored in 1992 include the
nunber of adult males, pups born, and nortalities of fur seals on
St. Paul Island and St. George Island.
Sex Conposition of Seals Harvested

A total of 1,482 sub-adult male seals were killed in the
subsi stence harvest by St. Paul Island residents in 1992
(Table 6). Two female fur seals were taken accidentally on St.
Paul Island. On St. George Island, 194 sub-adult male seals were
taken in the subsistence harvest in 1992 (Table 7).

Living Adult Mal e Seals Counted

Adult nale seals were counted by section for each rookery
(see Appendix A glossary for definition of terns) on St. Paul
Island from 10 to 16 July (Appendix Table B-1). A total of 5,460

harem (class 3) and 10,940 idle (classes 2 and 5) adult male
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Table 6. -- Date, location, and nunber of subadult male seals
killed in subsistence harvest drives on St. Paul
sland, Alaska, in 1992.

Date Rookery Number killed
June 30 Reef 60
July 2 Zapadni 55
July 3 Polovina 40
July 6 Reef 56
July 8 Lukanin 40
July 9 Polovina 60
July 10 Zapadni 57
July 13 Reef 70
July 14 Polovina 73 .

. July 15 Lukanin 28

; July 16 Little Zapadni 20
July 17 Zapadni 75
July 21 Reef 44
July 22 Lukanin 39
July 23 Polovina 46
July 24 Northeast Point#* 53
July 25 Zapadni 55
July 28 Reef 79
July 29 Kitovi 67
July 30 Polovina 48
July 31 Zapadni Reef 70
August 1 Zapadni 36
August 3 Lukanin 22
August 4 Polovina 44
August 5 Zapadni Reef 48
August 6 Zapadni 52
August 7 Reef 145

Total 1,482
* I'ncludes Vostochni and Morjovi rookeries
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7. --Date, location, and number of subadult nmale seals
killed in subsistence harvest drives on St. George

| sl and, Al aska, in 1992.

Date Rookery Number killed
July 3 Zapadni 15
July 5 Zapadni 21
July 9 Zapadni 29
July 12 Zapadni 17
July 14 Zapadni 14
July 20 Zapadni 12
July 25» Zapadni 23
July 28 - Zapadni 6
August 1 Zapadni 11
August 5 Zapadni 14
August 6 Zapadni 13
“August 8 North 19
Total 194
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seals, also referred to as bulls, were counted by section. The
relative location of the different classes of adult males is
illustrated for a typical fur seal rookery-hauling ground conpl ex
on the Pribilof Islands in Figure 13. Total nunmbers of harem and
idle bulls counted since 1975 are given in Appendix Table B-2 and
the classification and nunber of male seals counted by-rookery
for St. Paul and St. George Islands are presented in Table 8.
Harem bul | counts on St. Paul Island were 15.5% higher in
1992 than in 1991. On St. George Island, harem bull counts
i ncreased 39.8% between 1991 and 1992. After the last commercia
harvest of sub-adult nmales on St. Paul Island in 1984, counts of
harem and idle bulls increased by 24.9% and 225. 3% respectively,
in 1992. In 1992, counts of haremand idle bulls on St. George
Island increased 17.6% and 389.1% respectively, since the |ast
comrerci al harvest of sub-adult males in 1972

Nunmber of Pups Born on St. Paul Island in 1992

The nunber of pups born on St. Paul |sland was estinated in
August and early Septenber by adding the estimated nunber of Iive
pups from a shearing/sanpling (mark/recapture) study and the
total count of dead pups on all rookeries (except Little Pol ovina
rookery on St. Paul Island'). The previous estimte of pup
production on all rookeries was obtained in 1990. Detailed
informati on on the techniques used to estimate pup production are

found in York and Kozloff (1987) and Antonelis (1992).

'A census was not conducted on Little Pol ovina because the
nunber of pups born there has declined precipitously since 1980,
and any di sturbance to the rookery was consi dered inadvi sabl e.




33

CLASSES OF BULLS

1. TERRITORIAL WITHOUT FEMALES
2. TERRITORIAL WITH FEMALES

3. HAULING GROUND [T

] FT\

W

Figure 13.-- General conposition of a typical

fur seal rookery.
g a?sAs as depicted here corresponds to classes 1 and
0

endi x A and class 5 corresponds to classes 4
and 5 of Appendix A
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Table 8. --Nunber of adult male northern fur seals counted, by
rookery, Pribilof Islands, Al aska, July 1992.

Date __Class of adult male' Total

Rookery (July) 2 3 5.

St. Paul Island

Lukanin 10 71 119 224 414
Kitovi 10 126 313 430 869
Reef 11 227 536 841 1604
Gorbatch 11 123 468 937 : 1528
Ardiguen 11 16 77 17 110
Morjovi 15 138 465 706 1309
Vostochni 15 389 - 936 1,301 2,626
Little Polovina 12 7 18 407 432
Polovina 12 22 66 341 429
Polovina Cliffs 12 128 502 304 934
Tolstoi 16 243 790 842 1875
Zapadni Reef 10 116 159 605 880
Little Zapadni 10 ‘ 164 342 566 ' 1,072
- Zapadni 12 191 669 1,458 2,318
Island total 1,961 5,460 8,979 16,400

St. George Island ‘
Zapadni 11 72 128 344 544

South ‘ 11 98 200 125 423
North ’ 11 187 360 341 888
East Reef 12 40 56 63 159
East Cliffs 12 125 209 286 620
Staraya Artil 10 60 76 93 228

Island total 582 1,028 1,252 2,862

* See glossary in Appendix A for a description of the classes
of adult male seals.
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From6 to 16 August, 21,164 pups were shear-marked. The
nunber of pups sheared on each rookery was approxi mately 10% of
the 1990 pup production estinmate. Shear marks were allocated
proportionally on each rookery by section (Appendi x Table B-3)
according to the fraction of the rookery total harem mal es
counted on each section. Counts of harem bulls in 1991 at St
Paul 1sland were used to determne the allocation of shear marks
on pups for each rookery. The ratio of marked to unmarked pups
was determned by at |east two researchers on two occasions for
each rookery; first from 17 to 25 August, and again from
26 August to 1 Septenber. Each researcher obtained counts of
mar ked and unmarked pups independently and in different areas to
ensure that the entire rookery was well sanpled. Each sanpling

day was consi dered an independent replicate fromwhich the
variance was conputed for each rookery.

Dead pups were counted on all rookeries except Little
Polovina from 17 to 24 August. Nunbers of dead pups counted by
section are given in Appendix Table B-4. A summary by rookery of
t he nunber of pups sheared, sanpling data, and the estinmated nean
number of pups alive at the time of marking is, given in Table 9.
For each sanpled rookery, the standard deviation of the pup
estimate is conmputed fromthe standard error of the two
estimites. The estimted nunber of pups born, dead pups, counts
of harembulls,. and ratios of pups to adult nales for al
rookeries on St. Paul Island is sumarized in Table 10. The
estimate for the total nunber of pups alive on St. Paul Island at

the time of marking was 173,912 (SD = 8,918). The nunber of dead



Table 9.-- 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 (T1 and T2), number of pups estimated to be alive at the time of marking

(El and E2), end the mean number alive (Mean) and standard deviation (SD), St. Paul

Island, Alaska,

1992. Separate

information is given for Kitovi Arphitheater and 2nd Point South of Sea lion Neck; these are considered as part of Section 1

of Kitovi and Morjovi rookeries, respectively.

Rookery Sheared R1 R2 m 12 E1 E2 Mean SD

Lukanin 501 140 141 1,050 975 3,758 3,464 3,611 146.6
Kitovi 984 220 225 1,450 1,575 6,485 6,888 6,687 201.3
Kitovi Amph. 72 12 18 7S Rt 450 300 375 75.0
Reef 2,573 397 402 2,925 3,350 18,957 21,442 20,199 1,242.2
Gorbatch 1,702 237 270 2,175 2,500 15,620 15,759 15,689 69.8
Ardiguen 289 93 73 625 500 1,942 1,979 1,961 18.6
Mor jovi 1,246 176 204 1,775 1,950 12,566 11,910 12,238 327.9
2nd Point South 70 16 13 125 150 547 808 6717 130.4
Vostochni 3,329 659 395 3,975 4,400 7 20,080 37,083 28,581 8,501.2
Polovina 258 29 46 225 300 2,002 1,683 1,842 159.6
Polovina Cliffs 1,934 404 514 3,275 4,075 15,678 15,333 15,505 172.5
Tolstoi 2,901 388 426 2,800 3,300 20,935 22,473 21,704 768.7
Zapadni Reef 663 102 115 1,050 1,050 6,825 6,053 6,439 385.8
Little Zapadni 1,820 383 310 2,575 2,825 12,236 16,585 14,611 2,174.6
Zapadni 2,751 377 568 3,200 4,850 23,351 23,490 23,420 69.7

9€



Table 10.-- 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 bulls, St. Paul Island, Alaska, 1992.

Pups alive Dead Total Mortality Idle Harem Ratio
Rookery at marking sD pups* pups born rate (%) bulls bulls pups/bulls
Lukanin 3,611 146.6 204 3,815 5.35 295 119 30.34
Kitovi 7.062 214.8 221 7,283 3.03 556 313 22.56
Reef 20,199 1,242.2 1,247 21 ,446' 5.81 1,068 536 37.68
Gorbatch 15,689 69.8 767 16,456 4.66 1,060 468 33.52
Ardiguan 1,961 18.6 85 2,046 4.22 33 77 25.47
Morjovi 12,915 352.9 514 13,429 3.83 844 465 27.77
Vostochni 28,581 £ 8,501.2 949 29,530 “3.21 1,690 - 936 30.54
Polovina 1.842 159.6 49 1,891 2.59 363 66 27.91
Polovina Cliffs 15,505 1725 554 16,059 3.45 432 502 30.89
Tolstoi 21,704 768.7 1,409 23,113 6.10 1,085 790 27.47
Zapadni Reef 6,439 .385.8 ‘402 6,841 5.88 721 159 40.50
Little Zapadni 14,411 2,174.8 632 15,043 4.20 730 342 42.14
Zapadni 123,420 69.7 1,495 24,915 6.00 1,649 669 35.01
Little Polovina® 573 26.1 28 601 4.66 414 18 31.83
Island total® 173,912 8,918.6 8,556 (192,468)° 4.69 10,940 5,460 31.85

? Includes dead pups taken for necropsies: 166 at Reef and 61 at Vostochni.

b Pups alive et marking and its standard deviation are calculated from the jackknife ratio estimates of pups to breeding males. Numbers of dead pups are

estimated from an average mortality based on all rookeries excluding Little Polovina. Total is estimated from the sum of estimates of live pups and

dead pups.

¢ Estimate includes approximately 10,000 animals counted at Sea Lion Rock in 1990 (Kajimura and Sinclair 1992; NMFS 1993).

LE
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pups was estimated to be 8,556 (8,528 counted on all rookeries
and 28 estimated for Little Polovina rookery); the estimted
mortality rate for late August was 4.69% The total nunber of
pups born on St. Paul Island and the approxi mate 95% confi dence
interval was 192,468 + (2.16 X 8,918) or 192,468 + 19,263 (the
total includes an estimate of 10,000 pups for Sea Lion Rock in
1990). The confidence interval was conputed by multiplying the
standard deviation (calcul ated as the square root of the sum of
the variances for each rookery and assum ng counts fromthe 13
rookeries were independent) by 2.16, the 97.5 percentile of
Student's t-distribution with 13 degrees of freedom  Estinmates
of the nunber of live pups for Little Polovina rookery were.
computed froma jackknife estimate of the ratio of pups alive at
marking to breeding males on the sanpled rookeries. The standard
devi ation of the nunber of liye pups for Little Pol ovina was then
computed fromthe standard error of the jackknife ratio., An
estimate of the nunber of dead pups at Little Pol ovina was
computed assumng that the nortality rate there was the sane as
the average nortality of the other rookeries (Table 10). The
estimated nunber of pups born and their 95% confidence intervals
for St. Paul Island, 1970-92, are shown in Figure 14. The tota
estimated nunber of pups born in 1992 was not significantly
different (P>2 0.05) fromthe 1989 and 1990 estimates. Appendi x
Tabl e B-2 summarizes pup production and nortality since 1975.
The nunber of pups born and the nunber of harem bulls at
different rookeries on St. Paul Island are highly correl ated

(Fig. 15). \Wen nunbers of pups born are regressed on nunbers of
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harem bull's, the value of R is about 0.94. The Intercept of the
regression line is not significantly different from zero

(P > 0.05) and was not included in the regression equation; the
slope of the regression line is 31.5.

Nunmber of Pups Born on St. George Island in 1992

The nunmber of pups born on St. George Island was al so
estimated froma shearing-sanpling study conducted on al
rookeries. The nost recent estimte of pup production prior to
this study was obtained in 1990. From 12 to 13 August, a total
of 2,332 pups were shear-marked on St. Ceorge Island. These
marks were allocated proportionally on all rookeries according to
the fraction of harem bulls counted in 1992. The ratio of marked
t o unmar ked pups on each rookery was determ ned by two
researchers on two occasions: once from 14 to 15 August, and
again from16 to 17 August. A summary by rookery of the nunber
of pups sheared, sanpling data, and the estimted nmean nunber of
pups alive at the time of marking is given in Table 11. Count s
of dead pups were made from 14 to 15 August 1992. The ratio of
marked to unmarked pups and the estimate of the nunber alive was
calculated in the same manner as described for St. Paul Island,
The estimated nunber of pups born, dead pups, counts of breeding
bulls, and ratios of pups to harembulls for all rookeries on St
CGeorge Island are summarized in Table 12.

The estimated total number of pups alive on St. George Island
at the time of marking was 24,354 (SD = 707). The total nunber
of dead pups was 806 and the nortality rate for |ate August was

3.20% The total nunmber of pups born on St. George |sland and



Table 11 .--Number of 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), mean number alive (Mean) and standard deviation (SD), for all
rookeries, St. George lIsland, Alaska, 1992.

Rookery Sheared R1 R2 T T2 E1 E2 Mean sD
East Reef ' 83 41 7 32 376 300 769 778 / 769 . 9.6
East Cliff ’ 409 7 '99- 104 1,260 1.176 6.164 4,621 4,893 271.6
North 903 218 217 2,360 2,060 9,734 8,631 9,132 601.8
Staraya Artil 200 62 67 660 b76 2,116 1,718 1,916 199.6
Zapadni 370 7 1056 79 1,076 760 3,788 3,613 3,660 137.7

South 367 117 97 1,260 1,076 3,921 4,067 3,994 73.2

v



Table 12.--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, end ratio of pups alive

at marking to harem males, St. George Island, Alaska, 1992.

Pups alive Dead Total Mortality idle  Harem Ratio
Rookery at marking SD pups’ phps born rate {%) bulls bulls pups/bulls
East Reef 769 9.5 8 777 - 1.03 103 56 13.73
East Cliff 4,893 271.6 99 4,992 1.98 411 209 23.41
North - 9,132 601.8 202 9,334 2.18 528 360 25.37
- Staraya Artil 1,916 199.5 103 . 2,019 5.10 1583 ' 75 25.21
Zapadni 3,650 . 137.7 166 3,818 4.35 416 128 28.52
South 3,994 73.2 228 4,222 5.40 223 200 19.97
Island Total 24,354 707.2 806 25,160 3.20 1,834 1,028 23.67

" Includes dead pups taken for necropsies: 60 at Staraya Artil, 32 at Zapadni and 1 at North.



44

t he approxi mate 95% confidence interval was 25,160 + (2.447 X
707), or 25,160 + 1,730. This count is not significantly
different (P > 0.05) fromthe 23,397 pups observed on St. Ceorge
Island in 1990, nor is it significantly different (P > 0.05) from
the predicted nunber of pups born based on a regression fitted to
the 1973-90 data, which showed a 5. 7% decline (19,942 + 2,549; cf
York 1990). Estinmates and 95% confidence intervals of nunbers of
pups born on St. GCeorge Island for 1970-90 are shown in
Figure 16.

The nunber of pups born and the nunber of harem mal es on
St. CGeorge Island rookeries are highly correlated (Fig. 17).
When the nunber of pups born are regressed on the nunber of,
males, the value of R is about 0.97. The intercept of the
regression line is not significantly different fromzero (P >
0.05) and was not included in the regression equation; the slope
of the regression line is 24.16
Counts of Dead Fur Seals A der Than Puns and Collection of Teeth

The rookeries and adj acent beaches of St. Paul and St.
Ceorge Islands (except Little Polovina) were surveyed for dead
fur seals older than pups during July and August 1992. In 1992
tooth sanples were collected froma total of 362 (97 males and
265 femal es) and 26 (7 nmales and 19 fenal es) animals found dead
on St. Paul and St. George Islands, respectively (Table 13).
Tooth sanples (usually canines) were collected fromall dead fur
seal s other than pups whenever possible. Appendix Table B-5
summari zes the total nunber of dead nale and fenale fur seals

from which teeth were collected from 1965 to 1992
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Table 13.-- Nunber of aninmals ol der than Pups found
dead on the Pribilof Islands from which
teeth were collected during July and
August 1992.

Rookery Males Females Total

St. Paul
Ardiguen 1 2 3
Gorbatch 4 24 28
Kitovi 0 .5 5
Little Zapadni 15 18 - 33
Lukanin 2 10 12
Morjovi 7 12 19
Polovina 1 1 2
* Polovina Cliffs 4 12 16
Reef 17 42 59
Tolstoi 10 48 58
Vostochni ‘ 11 33 ' 44
Zapadni 19 41 60
Zapadni Reef 3 12 A 15
Unidentified 3 5 : 8
Total St. Paul 97 265 362
St. George
East Cliffs 1 1 2
East Reef 0 0 0
North 2 9 11
South 2 3 5
Staraya Artil 1 3 4
Zapadni 1 3 4

19 26

~

Total St. George

Total both ‘
islands ' 104 284 _ 388
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STUDI ES OF JUVEN LE MALES TAGGED AS PUPS AND
RESI GHTED DURI NG RCUNDUPS | N 1992

by
Charles W Fowl er, CGeorge A Antonelis, and Jason D. Baker

During the summers of 1987-1990, northern fur seal pups were
tagged on St. Paul Island. During roundups in 1989-1992
juvenil e mal es whi ch had been tagged as pups were recaptured,
wei ghed, and released on St. Paul Island haul outs. Tag resight
data, frequency of tag loss, homng tendencies of tagged males
and body weight and growth data are reported for 1991 and 1992 in
Antonelis et al. (1992) and Baker et al. (1993). Here we report

on simlar data collected during 1992.

METHODS

In 1987, the total nunber of pups tagged on each
rookery on St. Paul |sland was approximately 4% of the estimated
pup production fromthe previous year (none were applied on
Little Polovina or Sea Lion Rock in any year). The application
of tags was distributed anong rookeries according to the
proportion that each rookery contributes to the total estinate of
pups born. For exanple, if 200,000 pups are born on St. Paul
Island, approximately 8,000 pups woul d be tagged (about 4,000 of
each sex, assumng a 50:50 sex ratio). If 10% of the tota
nunber of pups born were on a specific rookery, then 800 pups
woul d be tagged on that rookery. After 1988, only small nunbers

(400-500) of females were tagged on St. Paul Island at sel ected
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study sites. Application of tags to males continued at a rate of
approxi mately 4% each year during pup tagging procedures
(Antonelis et al. 1992).

A nonel cattle ear tag with a rounded post was attached to
each foreflipper, approximately 1.0 cmto the distal side of the
hairline, and 1.7 cm fromthe posterior edge of the flipper
Wi ghts were collected fromat |east 10% of the pups handl ed from
each rookery. Pups were randomy selected for weighing. The
m ni num nunber of pups to be wei ghed at any rookery was 100.

Pups were wei ghed by placing the aninmal head-first into a
wei ghi ng bucket or net which was suspended by hand froma spring
scale. Al weights were neasured to the nearest 0.25 kg.

Most resights of juvenile nale seals occurred during
roundups (Fow er and Ragen 1990, Antonelis 1992). During this
ocedure, seals judged to be of the size historically taken in
t he comercial harvest (approximately 105 cmto 125 cmtotal
| ength) are counted on haul outs where juvenile nal es congregate
during the breeding season. Some individuals are seen on nore
than one occasion during the roundups. A few tagged seals are
either resighted or killed in the subsistence harvest on St. Pau
and St. George Islands. For conparison of resight data with
rookeries where tags were applied, the various haul outs were
assigned to the nearest rookery. In a few cases, the assignnent
of haul outs to associated rookeries was somewhat arbitrary. For
exanple, a hauling. ground between Little Zapadni and Zapadni
rookeries (referred to as Zapadni Sands) could be assigned to

either rookery. Here it is assigned to Zapadni rookery, in view
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of location and novenment of, seals onto areas nore clearly
associated with this rookery. The very tip of Northeast Point is
bet ween the Vostochni and Mrjovi rookeries, but it was
designated as part of Morjovi.

Data recorded during recaptures included the tag nunber, tag
condition, presence or absence of a tag on both flippers, and
condition of the flippers at the site of tag attachment., Seals
were caught with a noose pole and physically restrained using a
restraint board and procedures described in Gentry and Holt
(1982). A nylon harness was used to suspend the restraint board
and seal froma digital suspension scale, which was attached to a
netal pipe held by two workers while the weight was read. Wi ght
val ues were recorded to the nearest 1 |b, and then converted to
kilograms. The weight of the restraint board was subtracted from
the total to determne the weight of each seal

In 1992, several captures were nade using a hoop net nounted
on a handle. This nmethod was often used to capture and hold a
second tagged seal while the first was being held on the
restraint board., thus speeding up the roundup and reducing stress
on the animals. The net was al so often selectively used for
| arger seals which were nore difficult to handle with a noose
pole and restraint board. Seals were weighed in the net by
suspending it fromthe sane scale used with the restraint board.
The wei ght of the net was subtracted fromthe total to determ ne
the wei ght of each seal: Tagged seals killed during the

subsi stence harvest were weighed on a platform scale.
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RESULTS AND DI SCUSSI ON
Tag Resights

The nunmber of northern fur seal pups tagged on St. Paul
| sland from 1987 to 1990 are listed in Table 14 by sex and
rookery. Pups were never tagged on Little Polovina rookery
during this study, and none were tagged on Ardiguen rookery in
1987.

Roundups of male northern fur seals were conpleted on St.
Paul Island during July and early August of 1992 (see Table 27,
Fower et al., Chapter 8, this volume). During roundups, 17,630
mal e seals judged to be of the size historically taken in the
commerci al harvest were observed. A total of 622 seals wth
nonel tags were resighted, 17.5% (n = 109) of which were
resighted at least twice. This is lower than the nultiple
resight rates observed in 1991 (23.9% Baker et al. 1993) and
1990 (23.6% Antonelis et al. 1992). O the total, 82.5%

(n = 513) were seen only once, 15.1% (n = 94) were seen tw ce,
2.1% (n = 13) three tines, and 0.3% (n = 2) four times.

Sevent een nonel -tagged seals were killed in the subsistence
harvest: five 2-year-olds, eleven 3-year-olds, and one 4-year-
ol d.

O the nonel -tagged seals resighted in 1992, including those
Killed in the subsistence harvest, 81 (13% were 5-year-olds, 200
(32.2% were 4-year-olds, 273 (43.9% were 3-year-olds, and 68
(10.9% were 2-year-olds. The accunulation of these totals
(using only the first resighting) over the season are illustrated

in Figure 18, which shows that nost of the 2-year-old seals were



Table 14. --Range and number of nonel
rookeri es,
males, females,

| sl and

tags applied to northern fur seal

1987-1990.

Tot al

pups on St.
nunber tagged for a given rookery includes
and any pups whose sex was notrecorded.

Paul

1987 1988
Rookery Tag Range | Males Females  Total Tag Range Males Females Total
Vostochni A06859-A07706 430 413 847 7A09494-A1 0419 498 428 926
Morjovi A06449-A06858 239 168 408 A11106-A11528 229 189 418
Little Polovina . 0 0 o - | 0 0 0
Polovina Cliffs A01814-A02769 720 584 1,304 A09294-A09493 263 522 788
A07707-A08055 A11529-A12147

Polovina A01659-A01813 | 84 70 155 A09194-A09293 43 57 100
Lukanin A01009-A01658 344 305 650 A10654-A11105 83 358 444
Kitovi - A00001-A00607 322 282 605 A14115-A14386 155 114 27
Reef A03945-A04651 375 331 706 A08056-A08667 307 300 609
Ardiguen . 0 0 0 A09089-A09193 56 48 104
Gorbatch A0Q4652-A05195 281 263 544 A08668-A09088 219 199 419
Tolstoi A02770-A03944 626 524 1,151 A13301-A14114 437 362 800
Zapadni Reef. A00608-A01008 234 166 400 A10420-A10653 120 112 233
Little Zapadni A05959-A06448 264 224 488 A12148-A12598 246 189 438
Zapadni A05196-A05958 400 361 762 A12599-A13300 385 286 672
Total A00001-A08055 4,319 3,691 8,020 A08056-A14386 3,041 3.164 6,222

Zs



Table 14.--Continued.

1909 199V

Rookery Tag Range Males  Females Total Tag Range Males Females Total
Vostochni Al 5464-A‘i 6116 630 0 630 A18932-A19750. 796 15 811
Morjovi A16117-A16353 254 0 254 A19751-A20125 358 16 374
Little Polovina - 0 0 0 - 0 -0 0
Polovina Cliffs A16403-A17110 434 267 702 A21401-A22100 302 374 676
Polovina A16354-A16402 49 0 49 A22476-A22551 . 58 15 73
Lukanin A17739-A18034 152 142 294 A21101-A21400 104 192 296
Kitovi A17495-A17738 241 0 241 A22101-A22225 109 16 125
Reef A14387-A15243 448 4 452 A22976-A23350 359 15 374
Ardiguen A17419-A17494 75 0 75 - 0 0 0
Gorbatch A17111-A17418 305 0 305 A22226-A22475 248 13 261

~ A23351-A23375

Tolstoi A18359-A18931 570 0 570 A22552-A22975 405 16 | 421
Zapadni Reef A15301-A15463 162 0 162 A20926-A21100 160 15 175
Little Zapadni A18037-A18358 321 - 0 321 A20126-A20500 354 17 371
Zapadni A14838-A15237 . 383 5 388 A20501-A20925 405 16 421
Total A14387-A18931 4,024 418 4,443 A18932-A23375 3,658 720 4,378

cc
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resighted late in the series of roundups, while nost 5-year-olds
were seen early. CA |ist of nonel-tagged fur seals resighted
during roundups and the subsistence harvest in 1992 is presented
I n Appendi x Table B-6.

The distribution of rookery of resighting conpared with the
rookery of tagging is presented for 2- through 5-year-olds in
Tabl es 15-18, respectively. These tables include all multiple
sightings. for seals seen in 1992 and are arranged with the
rookeries listed in clockwi se order for St. Paul Island, starting
with Vostochni rookery. Thus, the nearest rookeries are adjacent
to each other in the table. The tendency for individuals to be
resighted at their natal rookery is apparent fromthe |arger
numbers al ong the diagonal axis of the tables. This is
especially apparent for the large sanples of 3- and 4-year-olds.

Table 19 sunmarizes the nunbers of seals with mssing tags.
The higher rate of tag |oss noted previously (Baker et al. 1993)
for seals tagged in 1987 conpared with those tagged in |ater
years was still evident in 1992. Estimated double tag | oss at
age 4 was 5.03% for the 1987 cohort (Baker et al. 1993) conpared
with only 1.30% for the 1988 cohort.

Weights of Tagged Fur Seals

A total-of 587 juvenile males were weighed during 1992. A
summary of weight data for juvenile nales captured during 1990-
1992 is presented in Table 20. Since there is a preference for
smal l er seals in the Aleut native subsistence harvest, weight
nmeasurenents taken during this harvest were not used in

calculations presented in Table 20. Only weights taken during



Table 15.--Number of 2-year-old juvenile male northern fur seals seen at the haul out(s) of a particular rookery (identified on top row) as compared with the rookery where
tagged (left column), St. Paul Island, Alaska, 1992.*
Rookery seen

Rookery A B E F G H J K L M N

tagged -
A 19 0 1 1 2 (o] (o] ‘ 2 1 0 ‘ 2
B 1 2 0 0 . 0 0 o 1 0o 0 1
D 3 (o] 2 0 1 0 2 () 1 | 0 1
E 0 0 (o) 0 (o] 1 o 0 0 0 (o
F o 0 0 (o} o 0 (o] () 0 0 0
G (o] o 0 0 2 0 (o] 1 0 o 0
H 2 1 o 0 (o] 0 2 (o] 2 0 3
| o o] o [v] 0 o o] 0 0 o] 0
J 0 1 0 o o 0 2 1 2 1 o -
K 0 0 1 0 0 o (o] 0 2 0 1
L o - o 0 0 (o] o 1 0 0 (v} o
M 0 (o] 0 0 o (o] (o] 1 0 o 1
N (o] (o 0 o] o o 2 o 1 o] 1

*Rookery identity for St. Paul Island as follows: A: Vostochni; B: Morjovi; C: Little Polovine; D: Polovina Cliffs; E: Polovina; F: Lukanin; G: Kitovi; H: Reef; I: Ardiguen; J:
Gorbatch; K: Tolstoi; L: Zepadni Reef: M: Little Zapadni; N: Zapadni

9s



Table 16.--Number of 3-year-old juvenile male northern fur seals seen at the haul out(s) of a particular rookery (identified on top row) as compared with the
rookery where tagged (left column), St. Paul Island, Alaska, 1992*.
Rookery seen

Rookery A B 3 F G H J K L M N
tagged ' ‘ ’
‘A 9 0 2 1 2 o - 1 (o} 4 0 7 4
B - 9 12 1 0 2 (o} 5 3 1 o o
D 6 2 7 4 2 7 5 (o] 2 2 2 1 5
E [0} o) 1( Q 1 o 0 1 0 0 1
F 2 1 1 2 1 (o] 2 (o] 3 o (o)
G 3 0 2 1 13 (o] 2 3 3 (1] 4
H 4 0 4 (o} 2 16 19 1 o o 5
{ 2 ) 0 o) o) 1 2 o) 1 o) 1
J 1 1 1 o 0 3 15 4 2 0 4
K 7 2 2 3 2 o 8 6 8 0 1
L 10 3 1 o) [0} o] 2 1 2 ) 5
M 2 0 1 o) (o] (o} 2 1 S 1 7
N S 1 1 2 o o 1 1 3 0 8

LS

*Rookery identify for St. Paul Island as follows: A: Vostochni: B: Morjovi; C: Little Polovine; D: Polovina Cliffs; E: Polovina; F: Lukanin; G: Kitovi; H: Reef;
I: Ardiguen; J: Gorbatch; K: Tolstoi; L: Zepadni Reef; M: Little Zapadni; N: Zapadni



Table 17.--Number of 4-year-old juvenile male nonhefn fur seals seen at the haul out(s) of a particular rookery (identified on top row) as compared with the
rookery where tagged (left column), St. Paul Island, Alaska, 1992."
) Rookery seen

Rookery A B E F G H J K L M N

tagged :
A 15 : R 2 o o 2 1 "0 0 2
B 4 v o0 1 1 ) 2 0 0 0 o
D 1 0 9 o 0 0 0 0 1 0 1
E 0 1 1 0 o 0 0 o 0 0 o
F 1 0 0 2 0 0 1 1 1 0 o
G 0 1 0 0 9 0 2 o 1 0 o
H 2 3 1 0 0 16 1 5 1 o 5
| 0 0 o 0 0 2 5 0 0 0o o
J 0 1 0 0 1 1 16 2 1 0 2
K 2 1 3 1 0 0 6 12 s o 4
L 1 0 0 1 o 0 0 0 4 o 1
M 1 1 0 0 0 o 1 0 6 1 1"
N 2 2 0 1 1 0 0 1 1 0 20 -

89

Rookery identity for St. Paul lsland as follows: A: Vostochni; B: Morjovi; C: Little Polovina; D: Polovina Chiffs; E: Polovina: F. Lukanin; G: Kitovi; H: Reef;
I: Ardiguen; J: Gorbatch; K: Tolstoi; L: Zapadni Reef; M: Little Zapadni; N: Zapadni



Table 1 B.--Number of 5-year-old juvenile male northern fur seals seen at the haul out(s) of a particular rookery (identified on top row) as compared with the
rookery where tagged (left column), St. Paul Island, Alaska, 1992.*

NUUROIY >wuil

Rookery A B E F G H J K L M N
tagged
A ’ 8 3 (4] o 0 o 0 o 0 (o] 0o
B 1 5 1 1 1 0 0 o (4] 0 (o}
D 0 1 1 0 o] 0 0 0 0 (o] 1
E ¢} 0 o o o ] (] o (4] (o] 0o
F 1 o 1 2 2 0 3 (o} 2 0 (o}
G 0 0 (o] 1 9 0 0 1 (o} (o] 1
H 0o 1 1 (o} (o] 5 3 0 0o (o] 1
| 0 o 0o o (o} 0 o 0 0 (o} 0
J o 0 (o} (o} 0o 0 5 0 0 0 o
K 1 ] (o} (o} (¢} 1 1 9 2 o] 2
L (o] 0 0o o 0 o] o 1 1 0 (o]
M 1 (o} (o} o o (o] 2 (4] 2 1 5
N 0 0 (o} (o} (o} (o] o (4] 1 0 1

65

‘Rookery identity for St. Paul Island as follows: A: Vostochni: B: Morjovi; C: Little Polovine; D: Polovina Cliffs; E: Polovina; F: Lukanin; G: Kitovi; H: Reef;
I: Ardiguen; J: Gorbatch; K: Tolstoi; L: Zepadni Reef: M: Little Zapadni: N: Zapadni



Table 19.--Listing of the number of tags lost by flipper (with percent of total in parentheses) and age for individual juvenile male
northern fur seals seen in roundups during 1992, St. Paul Island, Alaska, with the estimated double tag loss rate

(percent) for each age.

Tag loss
Age Number of fur Left - Right Neither Double Tag Loss"
seals (%)
2 68 2 (2.9) 3(4.4) 63 (92.7) 0.14
3 273 12 (4.4) - 23 (8.4) 238 (87.2) 0.42
a 200 22 (11.0) 19 (9.5) 159 (79.5) 1.30
5 81 18 (22.2) 19 (23.5) 44 (54.3) 8.76

*
Calculated with the expression p = (n;n,)/({n, + n}{n, + ny)) where (assuming the probability of tag loss on one flipper is

independent of loss on the othar):
p = the fraction with both tags lost.
n; = the number of seals of a specific age with tags lost on the left side.
n, = the number of seals of a specific age with tags lost on the right side.
n; = the number of seals of a specific age with both tags present.



Table 20.--Summary of juvenile male weight data from 1990 to 1992. Weights recorded during the subsistence harvest were

excluded from these calculations. The mean of all weighings for each individual were used (W=mean weight,
S =standard deviation, CV=coefficient of variation, N=sample size).

1992

1991 1990
Age W (kg) S (kg) cvV- N w ] cv N w s cVv N
(kg) (kg) (kg (kg)
2 21.7 2.5 0.11 63 21.6 25 0.1 48 21.7 3.0 0.1 56
4

3 29.4 4.9 0.13 257 28.9 3.9 0.13 263 28.1 4.1 0.1 318
' 5

4 ' 40.3 6.2 0.15 196 38.9 5.8 0.15 279

5 52.2 8.5 0.16 71

19
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the roundups were used. Also, if a seal was weighed nore than
once in a season, the nean of all weights was used.

A one-way analysis of variance indicated no difference
bet ween nean wei ghts of 2-year-olds wei ghed each sunmmrer from 1990
to 1992 (i.e., 1988-90 cohorts, P = 0.96). There were

significant differences between nean wei ghts at age 3 anong the

1987-89 cohorts (P = 0.001). Miltiple conmparisons using the
St udent - Newman- Keul s test showed that 3-year-olds in 1990 (1987
cohort) weighed significantly less than those from both 1991
(1988 cohort, P < 0.05) and 1992 (1989 cohort, P < 0.001).
There was no difference between the nean wei ghts of 3-year-olds
wei ghed in 1991 and 1992 (P > 0.05). Finally, a two-sanple
t-test showed that 4-year-olds fromthe 1987 cohort wei ghed
significantly less than the 1988 cohort (P = 0.016).

Figure 19 shows the weight distribution of 2- through 5-

year - ol ds. The wei ght distributions of the age groups overl apped

a great deal; for exanple, some 3-year-olds weighed nore than
some 5-year-olds. The lightest 5-year-old (tag nunber AQ07073)
was entangled in a piece of twine which was very tight and had
opened a wound whi ch extended three-quarters of the way around
his neck.' He weighed |less (25.8 kg) than one-half the average
for his age and less than the largest a-year-old (27.2 kg). It
seens certain that the severe entangl enent caused the seal to
become both enmaciated and stunted.

During 1992, we handl ed 5-year-old males on a regular basis
for the first time. W suspect that the 5-year-olds weighed in

t he roundups are not representative of the age group as a whol e,
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and the nmean weights of 5 year-olds (Table 20) are probably an
under esti nat e. For exanple, because the proportion of adult and
near-adult sized nales has dramatically increased on the hau
outs in recent years (Fower and Sinclair 1993), we often attenpt
to round up groups of nostly smaller sub-adult nales, -a procedure
whi ch may exclude the |largest 5-year-olds. Also, these large
5-year-ol ds may haul out in association with adult nales in areas
such as rookery peripheries which we generally avoid so as not to
disturb breeding seals and pups. |In one case, a very large
5-year-ol d was captured but not wei ghed because he seened too
strong to be handled safely. These concerns nust-be considered
when interpreting any analysis of 5-year-olds' weights.
Consistent with results from previous anal yses (Antonelis
et al. 1992, Baker et al. 1993), variation in date of juvenile
mal es' arrival on St. Paul Island in 1992 was associ ated nore
with age than with weight. Regression analysis showed that date
of first sighting of nonel-tagged seals is significantly rel ated
to age (P < O0d), as older animals tend to be sighted earlier
(Fig. 18). A multiple-regression analysis of date of first
sighting using age and weight at first capture as independent
variabl es indicated a significant interaction (age X wei ght,
P =<000d). Regression analyses of date of first sighting on
wei ght were then conducted for each age group separately. Date
of first sighting and weight were significantly positively
correlated for 4- and 5-year-olds (P = 0.022 and P.= 0.051
respectively). The estinmated slope. renmained unchanged but the P-

value rose to 0.079 when the emaci ated 5-year-old entangled in
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net debris was renmoved from the analysis. There was no
significant relationship between date and weight for the 2- and
3-year-olds, although the estimted slopes were positive.

To summarize, older aninmals show a strong tendency to arrive
earlier, and since weight increases with age, heavier/ol der
animals are seen earlier. However, wthin age classes the
opposite trend may occur, whereby those 4- and 5-year-olds first
captured later in the season tend to weigh nore for their age. A
i kely explanation is that those who arrive later spend nore tine
feeding and consequently weigh nore when they haul out.

A related question pertains to the proportion of tine seals
spend ashore once they have returned to the island. [f different
size or age groups of males spend different proportions of tine
ashore, they should also have different capture probabilities
during roundups. To investigate the possible effect of body size
and age on probability of capture, we analyzed the capture
histories of tagged males during 1992. The nean wei ght of al
captures was used for each seal caught nore than once.

Regression anal ysis showed no significant relationship between
either weight or age and the nunber of times a seal was seen
This suggests that there was no significant difference in the
proportion of time juvenile males spent ashore according to
wei ght or age.

Wi ghts of seals which were captured nore than once during
the season were strikingly variable, and distinct trends in this
variability which have been identified previously (Antonelis

et al. 1992, Baker et al. 1993) were observed again. Figure 20
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shows the weights of 2- through 5-year-old individuals as
proportions of their weight at first capture against the nunber
of days subsequent to first capture. Wight decreased follow ng
first capture with some individuals |osing 20% of their body
wei ght. After 11 days, proportions of weight at first capture
are nore variable but have, on the average, increased. The nean
proportion for seals weighed 12 or nore days after their first
capture was 1.07 (s = 0.12, n = 26), which is significantly
larger than 1 (one-sided t-test, P = 0.002). This indicates that
while they | ose weight during onshore periods, juvenile males
probably grow during the course of the summer.

Sonme of the tagged juvenile males weighed in 1992 had
previously been weighed as pups in late August. Regression
anal ysis showed that there was a significant relationship between
pup wei ght and weight at age 2 (P = 0.001, n = 20) and age 3
(p = 0.006, n=28.1), but not at age 4 (P = 0.07, n = 78) or age 5
(P = 0.18, n = 15). Wight at ages 2 through 5 are plotted
agai nst pup weight in Figure 21

Several seals weighed in 1992 had also been weighed in 1991.
Twel ve 3-year-olds weighing 29.0 kg on average in 1992 wei ghed an
average of 21.5 kg in 1991. The average wei ght increase from age
2 to 3 was 36.2% (s = 14.3% range 11.9% to 54.6%. Sixty-six 4-
year-ol ds wei ghing an average 40.3 kg in 1992 had wei ghed 29.1 kg
on average the previous year. The average wei ght increase from
age 3 to age 4 was 38.8% (s = 16.0% range -17.6% to 74.8%.
Thirty-nine 5-year-olds weighing an average 51.0. kg in 1992 had

wei ghed 36.9 kg on average in 1991. The average wei ght increase



N N N N
(4] [&)] ~ (s}
L]

Age 2 Weight (kg)
N

17

15

60

Age 4 Weight (kg)
H n
o o

(]
o

20

—t
©o

7 8 9 10 11 12 13 14 15
Pup Weight (kg)

5 6 7 8 9 10 11 12 13 14 15

Pup Weight (kg)

Age 5 Weight (kg)

Age 3 Weight (kg)

N
(¢, ]

3]
Qo

p-S
[44]

F-3
o

N
o

15

80

~
o

40

30

[
(4]

(%]
Q

7

8 9 10 11 12 13 14 15
Pup Weight (kg)

10 11 12 13 14 15"

Pup Weight (kg)

Figure 21. --Weight at age 2 to 5 plotted against pup weight for male northern fur seals
squares lines are fitted through the

wei ghed in as pups and in 1992.

dat a.

' Least

89



69

fromage 4 to 5 was 39.7% (s = 16.0% range -11.2%to 75.1%:"
Figure 22 plots the change in individuals'" weight by age.
Regressi on anal ysis showed significant relationships-between

wei ght at age 5 and age 4 (P < 0.001, n = 39), age 4 and age
three (P < 0.001, n = 66), and between weight at age 3 and age 2
(p =0.03, n = 13).
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VEI GATS OF KNOAN- AGE SUBADULT MALE NORTHERN FUR SEALS
TAKEN IN THE ST. PAUL | SLAND SUBSI STENCE HARVEST, 1991-1992
by
M Bradl ey Hanson, Jason D. Baker, and George A Antonelis

Consi derabl e variation exists in the weights of each class
of subadult nale fur seal (Fower et al., Ch. 3, this volume).
Total body wei ght and age of subadult nale northern fur seals
Killed during the subsistence harvests on St. Paul |sland were
conpared with those of roundup aninmals to determ ne whether the
wei ghts of the harvested seals were representative of their age
groups. | f the weight of harvested seals are representative of
their age groups, these data could be used to increase the sanple
size of studies of known-age animals.

Subadul t mal es were sanpl ed opportunistically during the
1991 and 1992 subsistence harvests. |Imediately follow ng death
each seal was weighed to the nearest 0.1 | b (converted to
kil ogranms) and the upper snout renoved for extraction of the
canine teeth (Antonelis 1992). To estinmate ages, the nunber of
annual dentin |ayers were counted fromwhole teeth follow ng the
met hods of Scheffer (1950).

Wi ghts and ages were determned for 12.2% (n = 201) and
18.1% (n = 269) of the subadult males killed during subsistence
harvests in 1991 and 1992, respectively (Table 21). The
proportion of each age group sanpled fromthe harvest was simlar
for both years.

As reported in Fower et al. (Ch. 3, this volune) 2-, 3-,



Table 21. --Weights of subadult northern fur seals taken in the

subsi stence harvest on St. Paul Island, Al aska
1991-1992.
Year Age
1991 2 3 4 Combined
n - 89 105 7 201
% of sample 44.2 52.2 3.5 100
mean weight (kqg) 21.4 25.9 32.7 24.2
SD 2.7 3.6 3.7 4.2
1992
n 109 148 12 269
% of sample 40.5 55.0 4.5 100
mean weight (kg) 22.3 26.4 31.1 24.9
SD ) \ 2.8 3.1 3.5 3.8
Combined n 198 253 19 470
% of sample 42.1 53.8 4.1 100
mean weight (kg) 21.9 26.2 31.7 24.6
SD 2.8 3.4 3.8 4.0

L
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and 4-year-olds weighed, an average of 21.6 kg, 28.9 kg, and 38.9
kg, respectively, in the 1991 roundups, and 21.7 kg, 29.4 kg, and
40.3 kg in 1992,

We conducted an analysis of variance with weight as the
response variable,. and year (1991 or 1992), age (2 - 4 years
old), sanpling method (harvest or roundup), and all possible
interactions as independent variables. There was a significant
interaction between age and sanpling nmethod (P< 0.0001) because
the difference between wei ghts of harvested and roundup seal s
varied with age (Fig. 23). Consequently, the effects of year and
sanpling method were analyzed for each age group separately.

Anong 2-year-olds, there was no significant difference between
the weights of males killed in the harvest or weighed during
roundups (P = 0.39). However, harvested 3- and 4-year-old seals
wei ghed significantly | ess than roundup seals for both ages
(P < 0.0001). Snall seals the size of an average 2 year-old are
preferentially selected in the St. Paul Island subsistence
harvest. Wen 3- and 4-year-olds were killed (nmainly during the
first half of the harvest before |arge nunbers of 2-year-olds are
available), they tended to be small for their age. Therefore,
wei ght data collected from the subsistence ‘harvest probably
represents 2-year-olds as accurately as data from roundups, but
wei ghts of harvested 3- and 4-year-olds are probably biased.

We exam ned the weights of seals killed in the subsistence
harvest to determ ne whether there were differences between 1991
and 1992. Two-year-olds harvested-in 1991 weighed significantly
| ess than those harvested in 1992 (P = 0.033). Wights of 3- and
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Figure 23. --Mean weight of 2-4 year-old male northern fur
seal s wei ghed during roundups and the
subsi stence harvest.
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4-year-olds did not differ significantly between the 1991 and
1992 harvests (P=0.275 and P=0 389, respectively). It is unclear
whet her |arger 2-year-old seals were selected for harvest in 1992
than in 1991 or whether, overall, a-year-old seals were |arger
in 1992.
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TRENDS | N PUP PRODUCTI ON OF ROOKERI ES
ON ST. GEORGE | SLAND, ALASKA

by
Rolf R Ream GCeorge A Antonelis, and Jason D. Baker

Since 1912, northern fur seal (Callorhinus ursinus), pup
production has been estimated to indicate trends in popul ation
growth on St. Paul and St. Ceorge Islands, Alaska. Based on the
number of pups born, the St. Paul |sland popul ation exhibited a
rate of decline simlar to that of St. George Island from 1966 to
the early 1980s but has since shown no downward trend (York
1990). St. George Island, on the other hand, continued to
decline throughout the 1980s (York 1990). In this study, we
examne the decline on St. George Island by 1) describing
historical trends in numbers of pups born since 1914, 2)
eval uating the contribution of individual rookeries to the total
i sland pup production over time, and 3) conparing rates of change

in pup production at each rookery.
METHODS

Estimates of pups born for all rookeries on St. George
| sland were conpiled from Lander (1980) and annual Fur Seal
I nvestigations. From 1914 to 1916, and in 1922, these estimtes
were obtained by direct counts. The next reliable estimtes were
made in 1966, the first year the shear-sanpling nmethod (York and

Kozl of f 1987) was used on St. George Island. This technique was
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used in all subsequent years that pup production estinmates were
obtained on St; George Island. W cal culated the percent
contribution of each rookery to the island total pup production
for each year (between 1914 and 1992) that pup production
estimates were obtained for all rookeries. Average annual growh
rates of different rookeries were examned for the years 1966-92
using linear regression of the natural |log of pup production by
year. Separate slopes and intercepts were first fitted for each
rookery. Slopes for rookeries which did not differ significantly
were then conbined. Two periods, 1966-1981 and 1981-1992, were
al so anal yzed separately in order to investigate average annual
growh rates of different rookeries when St. CGeorge and St. Pau
Islands had simlar rates of decline (1966-81), and when St
CGeorge Island continued to decline while St. Paul |sland showed

no-trend (1981-92).
RESULTS

From 1914 to 1966, pup production on St. George Island
I ncreased by 55,564 (from 13,867 to 69,431) (Fig. 24). This
400. 7% i ncrease may be m sl eadi ng because of the lack of data
between 1922 and 1966, when the annual nunbers of pups born nay
have been greater than the 1966 estimate. After 1966, the nunber
of pups born dropped dramatically. The 1992 estinmate of 25, 160
pups (Antonelis et al., chapter 6, this volune) was 36.2% of the
1966 estimate.

The relative contribution of individual rookeries to total

pup production on St. George Island has changed over the years
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Figure 24.--The number of pups born on St. George Island, Alaska, from 1914 to 1992. Data
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(Fig. 25). The nunber of pups on Staraya Artil rookery declined
from 30. 9% of thepups bomin 1914 to 18% in 1970 and 8.0% in
1992. Sout h rookery, in contrast, has gone from 0% contribution
in 1914 to 16.8% of the pups born in 1992. Zapadni rookery al so
increased froma low of 3.3%in 1922 to 15.2% in 1992. North
East diffs, and East Reef rookeries showed distinct changes
during short tine intervals; however, over time, their
approximate |evels of contribution were naintained. Since 1981
notabl e trends occurred on East Ciffs, East Reef, and Zapadni
East Reef, for exanple, fell from 8.5% of the pups born in 1981
to 2.8%in 1988.

From 1966 to 1992, Staraya Artil (P = 0.001) and East Reef
(P = 0.023) rookeries showed rates of change that were
significantly different from all other rookeries (Fig. 26a).
Over this period, the average annual rate of growh was -6.7% for
Staraya Artil and -5.8%for East Reef. The rest of the rookeries
t oget her declined at an average annual rate of 3.9% (Fig. 26a).

During 1966 to 1981, East Reef was the only rookery that
exhibited a positive annual rate of growth. At |.O% this rate
was significantly different (P < 0.001) fromall other rookeries
whi ch averaged -3.9% growth per year (Fig. 26b). From 1981 to
1992, the average annual rate of growh of Staraya Artil
(P = 0.016) and East Reef (P < 0.001) were again significantly
different than all other rookeries. The average annual rate of
growth was -7.1% for Staraya Artil and -13.4% for East Reef. Al
ot her rookeries together grew at -2.4% per year from 1981 to 1992

(Fig. 26c).
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Figure 26. --Average annual rates of growh of rookeries on St.
George Island, Alaska, froma) 1966 to 1992; b) 1966
to 1981 and c) 1981 to 1992. ~ Approxi mate 95%
confidence intervals are shown.
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DI SCUSSI ON

After considerable growh during the first half of this
century, pup production on St. Ceorge |sland dropped
dramatically. The decline was probably precipitated by an
extensive harvest of females from 1956 to 1968 on the Pribil of
Islands (York and Hartley 1981). However, the fenale harvest can
not explain the continued decline of the St. George Island
popul ation, especially throughout the 198Cs, while pup production
on St. Paul Island seems to have stabilized. In addition to
bet ween-i sl and differences, individual rookeries on St. Ceorge
I sland have shown independent trends at various tines. The
relative contribution to the total Pribilof Island pup production
by individual rookeries has changed. Mst notably, the relative
contribution of South and Zapadni rookeries increased wile
Staraya Artil's contribution decreased. Furthernore, rates of
growmh of rookeries on St. George Island differed. Staraya Arti
and East Reef declined nore rapidly than the other rookeries from
1966 to 1992, and in particular during the period from1981 to
1992.

The trends observed on St. Ceorge |sland suggest
differential survival or reproductive success of rookery
popul ations, redistribution of females onto different rookeries
or islands, or both. The factors responsible for the trends
observed are unclear at this tine. Researchers are currently
investigating disease and nortality, foraging behavior, and noise

di sturbance fromvehicles, aircraft traffic, boats, and
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construction projects. Qher potential factors could include

m gration or changing prey resources, pathogens, conmerci al
fishing, or disturbance due to human activity on or near the
rookeries. Disturbance associated with human activity on or near
the rookeries may be the greatest on the two nost rapidly
declining rookeries, East Reef and Staraya Artil, because of
their accessibility and proximty to the village of St. George.
This circunstantial evidence is worthy of additional research.

It is inportant to identify factors contributing to the decline
so that appropriate mtigating actions can be taken for

protection of rapidly declining rookery areas.
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MALE- Bl ASED SECONDARY SEX RATI OS OF NORTHERN FUR SEALS
ON THE PRIBI LOF | SLANDS, ALASKA, 1989 and 1992

by
Ceorge A Antonelis, Tinmothy J. Ragen, and Nina J. Rooks

Variation in the sex ratio of neonates (secondary sex ratio)
has been the topic of nunmerous studies on many non-human
mammal i an species (dutton-Brock and lason 1986). Sonme of these
studi es have attenpted to denonstrate that within a species the
sex ratio varies with the cost or benefit of producing male or
femal e offspring and that this variability may be influenced by
availability of resources or quality of habitat. [If such
correlations are denonstrated for northern fur seals, the sex
rati o of neonates nmay be a useful indicator of the relationship
bet ween popul ation trends and carrying capacity of their habitat.

For northern fur seals, the assessnent of sex ratio has been
based primarily on exam nation of fetuses fromfemales collected
at sea from 1958 to 1974. An analysis of these data (n ~ 7,000)
indicated that the ratio of male to female fetuses was not
significantly different fromparity and did not change over tine
by month or year (York 1987a, and Trites 1991). However, Fow er
(in press) reports a slight but significant bias toward nal es
(50.65% n = 27,391) after conbining data collected from 1856 to
1983 from a variety of land and pelagic studies. Gentry and
Francis (1981) reported that the sex ratio of pups on St. Ceorge
I sland in 1980 was slightly skewed toward mal es (51:49,
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n = 1,064), and other authors have reported a possible nale bias
on the Pribilof Islands (Huber in press; York and Antonelis
1990a, 1990b; and York and Towel 1 1993). However, none included
both live and dead pups in the assessnent of the secondary sex
ratio.

In this study, we evaluate the sex ratio of northern fur
seal pups fromdata collected in 1989 and 1992 on the Pribil of
I'slands and address the follow ng questions: 1) Did the sex
ratio of live and dead pups differ indicating differential
mortality?; 2) Did the sex ratio of pups differ on St. Pau
Island between 1989 and 1992?; 3) Did the ratio differ between
St. George and St. Paul Island in 1992?; and 4) Wen data from
both islands and years are conbined, is the observed sex ratio

consistent with a hypothetical ratio of [:1?

VETHODS

The sex ratio of live and dead pups was eval uated during the
last 2 weeks of August when few if any births occur. In 1989
data were collected fromall St. Paul Island rookeries except
Vost ochni, Reef, Polovina diffs, and Little Pol ovina. In 1992,
data were collected fromall rookeries on St. CGeorge Island and
only on Vostochni, Tolstoi, Polovina diffs, and Reef rookeries
on St. Paul Island.

Dead pups were randomy sanpl ed during counts of dead pups
(Antonelis 1992). Gender was determned by visual inspection of
the genital area or by extraction and exam nation of the |ower
canine teeth (Huber in press) from excessively deconposed

carcasses. Approximately 11% and 20% of all dead pups were
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sanpled in 1989 and 1992, respectively.

Data for live pups were collected during pup tagging
activities in 1989 and pup condition studies in 1992. Goups of
50- 200 pups were herded into holding areas and each pup was
exam ned for gender, neasured, tagged (in 1989 only), and
rel eased (Antonelis 1992). Approximately 2% 4% of the total pups
born were sanpled on each rookery, but the sanple size was never
fewer than 100.

Log-likelihood Gtests and a heterogeneity analysis were used
to determne if the sex ratio differed for |live and dead pups (or
if differences occurred between islands or years?) and to
determne if the data sets (each year and island) were
honmogeneous (Zar 1984). A log-likelihood Gtest was al so used to
determne if the pooled sex ratio was different than 50:50 (Zar

1984) .

RESULTS
The sex ratio of live and dead pups born on St. Paul |sland

(Table 22) was not significantly different in 1989 (n = 5, 462,
P> 0.90, G=0.0062), 1992 (n = 1956, P > 0.50, G = 0.4185), or
on St. George Island in 1992 (n = 872, P > 0.5.0, G = 0.1294).
Data sets fromeach island and year were honogeneous (P > 0. 50,
G = 0.6053), and analysis of the three data sets conbined

i ndi cated no significant difference in the sex ratio of live and
dead pups (n = 8,290, P > 0.50, G = 0.2389). The sex ratio on
St. Paul Island was not significantly different in 1989 and 1992
(m = 7,418, P > 0.50, G = 0.6818), and the ratio was not

significantly different between St. George and St. Paul Islands



Table 22 .--Secondary sex ratio conparisons of live and dead northern fur seal pups born on St. Paul Island and
St. George Island in 1989 and 1992.

Live . Dead
Island Year Male Female 3 Male Male Female $ Male G-état 7 Significantly
‘ : diff. (P<0.05)
St. Paul! 1989 2,663 2,256 54.1 293 250 53.9 0.0062 . No
St. Paul? 1992 624 494 55;8 480 358 » 57.3 . 0.4185 No
St. George' 1992 343 291 54.1 132 106 55.5 0.1294 No
All Data 3630 3041 54.4 905. 714 55.8 0.6053 No

Y Al rookeries except Reef, Zzapadni Reef, and Polovina Ciffs.

2 Four rookeries (Polovina Ciffs, Reef, Tolstoi, and Vostochni).

® All rookeries.

LB
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in 1992 (m= 2,828, P > 0.50, G = 0.2057).

The sex ratio of all pups sanpled was skewed toward nal es
during both years and on both islands. On St. Paul Island, males
conprised 53.7% and 56.4% of the pups sanpled in 1989 and 1992,
respectively, and 54.4%on St. George Island in 1992. The
conbi ned data sets resulted in a male bias in sex ratio of 54.7%
which was significantly different fromthe predicted ratio of 50%

(n = 8,290, P < 0.001, G= 73.4983).

DI SCUSSI ON

Mal e- bi ased sex ratios of neonates on the Pribilof Islands
in 1989 and 1992 were higher than previous reports dating back to
1896 (Fowler in press). These earlier reports indicate that
historical sex ratios were highly variable, although sonme of the
di fferences may have been due to different sanpling techniques.
I n nost cases, however, variability in sex ratio appears to be
mal e- bi ased. Mal e fitness nmay be nore variable and nore strongly
i nfluenced by parental investnent than female fitness (Bateman
1948, Trivers and WIllard 1973). This could be especially true
for pol ygynous species such as the northern fur seal, where male
success and fitness are enhanced by |arge size (Barthol omew 1970)
and early growth of males is nore dependent on the anount of mlKk
obtained fromthe nother because mal es have hi gher energy
requirenents (Costa and Gentry 1986, dutton-Brock et al. 1981).
Therefore, the degree to which sex ratios are highly biased
toward mal es may be associated with the resources available to
their nothers during pre- and postnatal care (d utton-Brock and

lason 1986); One possible explanation for such biases is that
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males tend to grow faster and require nore food than femal es and
are nore likely to die during periods of depleted food resources
(Meyers 1978, Case 1978). If this is true, then conditions on
St. Paul and St. George Islands in 1989 and 1990 appear to favor
pup growt h because male and fenmale nortality rates were simlar
(indicated by live and dead sex ratio) and the sex ratio was
highly biased toward male offspring (54.7%.

In addition to food availability, other factors may
i nfluence the redundant sex ratio of fur seal neonates, thereby
confounding the detection and interpretation of apparent trends
(Autton-Brock and lason 1986). Such factors include quality of
habitat, maternal condition, maternal age, conpetition for
resources, timng of insemnation, or parent-offspring conflict.
The challenge is to evaluate these possible relationships and the
mechani sn(s) by which they operate. It is also inportant that
all future studies assess the sex ratio of |live and dead pups to

detect possible changes in the- nortality rates of the two sexes.
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SURVEYS OF ENTANGLEMENT
AMONG ADULT FEMALE NORTHERN FUR SEALS, 1991-1992
by
Masashi Kiyota and Charles W Fow er

A significant factor in nortality for northern fur seals

(Callorhinus ursinus) on the Pribilof Islands, Al aska, may be

entangl enent in marine debris associated wth the comrerci al
fishing industry (Fow er 1982, 1987a, 1988; Fowl er et al. 1990a).
Studi es on entangl ement anmong fenales are reported by Bigg
(1979), Scordino and Fisher (1983), Scordino (1985), Delong
et al. (1988), and Scordino et al. (1988). In this study, we
assess the incidence of entanglenent of adult females (generally
ol der than 4 years) on- St. Paul Island in 1991 and 1992

The objectives of this work are 1) to nonitor the proportion
of adult fermale fur seals entangled, 2) to determ ne the nature
of entangling debris, and 3) to describe any wthin-season
changes in the incidence of entanglenment anong adult fenale

seal s.
VETHODS

| sl and-wi de surveys of entangl enent anong adult female
northern fur seals were conducted during the early breeding
season (10-14 July 1991 and 10-16 July 1992) while the fur seals
congregate on rookeries along the shoreline. This work was
conducted in conjunction with counts of adult nmales to avoid the

extra disturbance of a separate survey.
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Nunbers of entangled and non-entangl ed fenmal e seals were
counted using binoculars at sanple areas for each rookery.
Sanpl e areas were determ ned as areas visible fromvantage points
already used to count adult males. Only seals positioned so that
their necks were visible were counted. The total count and the
count of entangled animals were used to 'estimate the incidence of
entangl ement.  Characteristics of any wounds and the entangling
debris were recorded, including the color and type of debris,
when they could be determined. To obtain infornation regarding
possi bl e changes in incidence of entanglenent wthin season,
adult fenal es were surveyed three tines (11 and 22 July and

2 August) during 1992 on Reef rookery.

RESULTS

During femal e entangl enent surveys, 16,009 seals were
counted in 1991 and 25,089 were counted in 1992 (Tables 23 and
24). Seven entangled adult fenale seals were sighted: 4
(0.025% in 1991 and 3 (0.012% in 1992. Each year, 6 different
seals were seen with evidence (scars or wounds w thout visible
debris) of previous entanglenment. 'lIncluding the seals wth
evi dence of previous entanglement, the estimated incidence of.
entangl ement was 0.062% for 1991 and 0.036% for 1992. Entangling
debris on females, and the extent of any wounds (when visible),
are described in Table 25.

During the three surveys conducted on Reef rookery in 1992
there was an increase fromO0.021%to 0.155%in the incidence of

scarred seals observed over the season (Table 26). There was no



Table 23. --Results of adult fermale northern fur sea
I sland, Al aska, July 1991

survey, St. Paul

92

ent angl enent

No. of No. of
No. of females entangled females
Date Rookery counted females with scars

7/10 Gorbatch 1,627 1° 0°
Ardiguen 322 0 0

Reef 2,754 1 0

7/11 Tolstoi 2,844 0 1
7/12 Zapadni 759 0 1
Little Zapadni 1,468 0 0

Zapadni Reef 117 o] 0

7/13 Polovina - 127 0] 0
Polovina Cliffs 1,792 2 2

' Little Polovina 53 0 "+ 0
Lukanin 394 0 0

Kitovi 608 0 0

7/14 Morjovi 9203 o] 0
Vostochni 2,241 0 2

Total 16,009 4 6

*Ent angl ed debris invisible.

recently disentangled scar.

Tightly entangled |ine/band or



Table 24. --Results of adult female northern fur sea
| sl and, Al aska, July 1992.

survey, St. Paul

93

ent angl enent

No. of No. of
No. of females entangled females
Date Rookery counted females with scars
7/10 Lukanin 609 0 0
Kitovi 906 0 0
Little Zapadni 741 1 1
Zapadni Reef 276 0 0
7/11 Gorbatch 2,285 0 0
Ardiguen . 507 0 0
Reef 5,504 0 2
J
7/12 Polovina 314 0 0
Polovina Cliffs 2,288 0 0
Little Polovina 64 0 0
7/13 Zapadni 2,957 0 0
7/15 Morjovi 1,474 0 0
Vostochni 3,974 1 2
7/16 Tolstoi 3,190 1 1
Total 25,089 3 6
.Al'l the scars observed were around the neck region.
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Table 25. --Characteristics of observed entangl ement anong adul t
femal e northern fur seal seen during surveys conducted
on St. Paul Island, Al aska, July 1991 and 1992.

Date Rookery Position Notes
7/10/91 Gorbatch neck Entangled debris
invisible.

Tightly entangled
line/band, or recently
disentangled scar.

7/10/91 Reef ‘ neck | Blue-green trawl net,
small amount.

7/13/91  Polovina Cliffs abdomen " Entangled debris
invisible.

Deep scar into
abdominal muscle.

7/13/91 Polovina Cliffs neck Green trawl net. Small
amount.
7/10/92 Little Zapadni neck Narrow blue plastic
, band
7/15/92 Vostochni neck Bright green trawl net

7/16/92 Tolstoi neck Bright green trawl net
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Table 26. --Summary of seasonal changes observed in the incidence
of entangl enent anong adult ferale northern fur seal
seen during surveys conducted on Reef rookery, St
Paul Island, Al aska, July 1992.

Rate of Rate of

No. No. No. entangled scarred

females entangled scarred females females
Date ~ counted females females! (%) (%)
7/11 4,687 0 1 | 0 0.021
7/22 2,811 1? ' 1 0.036 0.036
8/02 2,561 0 4 0 , 0.156

L' Al the scars observed were around the neck.

° The femal e observed on 7/22 was entangled in a white packing
band. She was disentangled on the followi ng day. No
wound was observed.
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evi dence of a seasonal trend in the incidence of entangled seals
and the nunbers of observed seals with scars or debris were too

smal | for meaningful statistical analysis.

DI SCUSSI ON

The first information regarding the incidence of
entangl enent anong fenale fur seals-fromthe Pribilof Islands was
reported by Bigg (1979) from surveys conducted during |0-19 July,
1978. Bigg's work on St. Paul Island indicated (as does this
study) that a smaller fraction of adult femal es are entangl ed
conpared with juvenile nales. 'Omnng to the inability to
di stingui sh age anong females, and the |ow nunbers of juvenile
femal es that return to the breeding islands, little conparison
can be made between young fenal es and other groups within the
popul ation. Bigg reported that about 0.16% of the femal es
surveyed were entangl ed conpared with about 0.4% for juvenile
mal es from 1976 to 1986.

Scordi no and Fisher (1983) reported seeing one entangled
(presunably adult) femal e anong an estimated 5,166 (0.02% in a
survey conducted on St. Paul Island (Reef rookery) 21 July 1982
Scordino (1985) reported entangl enent involving | ess than 0.04%
of the fermales from surveys conducted on St. Paul Island from
June through August 1982-1984. In 1984, Scordino et al. (1988)
conducted surveys on two rookeries (with, four replicates on Reef
rookery). In that study the incidence of entanglenent (i.e.
those with observed debris) ranged fromO0.017%to 0.167%  The

i nci dence of entangl ement on Reef rookery appeared to increase
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over the season (0.032% 0.025% 0.083% and O167% for surveys
conducted on 7, 14, 25 and 29 July 1984). The nean inci dence
fromall sanples reported for 1984 by Scordino et al. (1988) was
0.04% (in the total count of 21,600 females). Surveys of female
entangl ement were conducted on St. Paul Island again in 1985
(DeLong et al. 1988). Incidence of entanglenment anmong adul t
femal es in 1985 averaged 0.140% for the three study rookeries
(range = 0.06% 0.23% in surveys conducted from July through
Sept enber .

Bigg (1979) did not consider seals wth scars as entangl ed
and the dates of his surveys correspond to those of this study
when restricted to females with observed debris. H's nethod for
estimating incidence of entanglenent (yielding 0.16% is
therefore conparable with the nethods of this study producing
i nci dences of 0.025% (1991) and 0.012% (1992) for seals with
observed debris. The incidence of entanglement in 1991-1992
appears to be lower than for 1978 as reported by Bigg (1979).
The incidence of entanglenment anong adult female northern fur
seals fromthe early 1980s (about 0.04% Scordino et al. 1988)
was | ess than observed by Bigg (1979) but was al so higher than
observed in 1991-1992.

Conpared with the incidence of entanglement for adul t
females in 1985 (as estimated by DeLong et al. 1988) the data for
1991 and 1992 al so show reduced |evels. The calculation of
i nci dence of entanglenent anong adult fermales in 1985 (DelLong
et al. 1988) included seals with evidence of previous

entangl enent.  These estinmates ranged from0.06%to 0.23%wth a
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mean of 0.14% The nean for 1991-1992 was 0.046% (al so including
seals with scars). The apparent reduction in entangl enent anong
females in recent years is consistent with the | ower incidence of
ent angl enent anong juvenile male seals (Fower et al. 1992).

Two sets of data indicate that there may be an increase in
t he incidence of entanglenent anong adult females within season
(Fig. 27). The data from Scordino et al. (1988) are for
entangl ed seals observed with debris in 1984. The data fromthis
study involve only scarred seals seen in 1992. Both studies are
for Reef rookery. These sets of data are not directly conparable
since one is for entangled seals and the other is for scarred
seals. Even though the nagnitudes of entanglenent rates can not
be compared, the parallel trends in rates over time are
indicative of increases. Any such increase is likely due to the
late arrival of young females (Bigg 1986) and higher rates of
ent angl enent anong these age groups (Fower 1987a). T h e
conbi nation of these factors would give rise to the increase in
observed incidence of entanglenent owing to the increasing
fraction of young females to be observed in the fenmale portion of
the population on land. Because of the snmall sanple sizes in
each case, further surveys are needed to verify the existence of

such trends.
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ENTANGLEMENT STUDI ES ON JUVEN LE MALE NORTHERN FUR SEALS,
ST. PAUL | SLAND, 1992
by
Charles W Fow er, Jason D. Baker, Rolf R Ream
Bruce W Robson, and Msashi Kiyota

Entangl enent in marine debris, specifically in plastics
associ ated wth the commercial fishing industry, has been

identified as a significant factor contributing to declining

popul ation trends observed for northern fur seals (Callorhinus
ursinus) on the Pribilof Islands, A aska (Fow er 1982, 1987a,
1988; Fowl er et al. 1990b). The effects of entanglenent on
northern fur seals have been exam ned at the popul ation | evel
(Fow er 1982, 1985b, 1987a) and at the |level of the individual
(Fow er 1988). Fur seal entanglenment has been studied since the
early 1980s by the National Marine Manmal - Laboratory, in
cooperation with the National Research Institute of Far Seas
Fi sheries of Japan (Fow er and Baba 1991, Fowl er et al. 1992).

Research objectives are 1) to determ ne the proportion of
the seal popul ation entangled; 2) to classify the entangling
debris; 3) to determne the effects of entanglement on nortality,
especially at the population level; 4) to remove debris from
entangled seals; and 5) to determne the effects of debris
removal on survival

This report presents the results of our research in 1992 on
the entangl enent of juvenile nmale (aged 2 to 5 years) northern

fur seals from St. Paul Island, Al aska. Studies in 1992 exam ned
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the incidence of entanglenent and its effects on survival,
characterized the entangling debris found on the seals, and
conpared the frequency of repeated sightings for entangled and

nonent angl ed seal s.

METHODS

Juvenile nmale northern fur seals were observed during
roundups as described in Fower et al. (1990a), Fow er and Ragen
(1990), and Fow er and Baba (1991). Seals were herded into a
group and al |l owed to pass between observers who watched for
animals with tags or entangling debris. \Wen an entangled or
tagged seal was sighted, the flow of seals was stopped while the
seal was captured and the relevant information (e.g.., tag nunber,
tag type, degree of wound, and type of debris) was recorded.
Entangl ed seals and control animals were tagged. Al work was
conducted during the breeding season when ani mals congregate near
breedi ng rookeries along the shoreline of the island.

Ent angl enent research focuses on juvenile (subadult) nale
seal s judged to be of the size historically taken in the
commercial harvest (approximately 105-125 cm in total |ength).
Unl ess indicated otherw se, data in this report apply to male
seals of this size. The total count and the count of entangled
animals are used to estimate the incidence of entanglenent.

As in all years since 1989, entangled seals were tagged and
entangling debris was renoved (prior to 1989; entangling debris
was |left on the animals). Characteristics of the entangling

debris, including the type, color, and weight were recorded. The
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mesh and twi ne size were determned for net fragnents and the
length of materials such as packing bands and ropes was recorded.
Sanples were retained for future analysis. Two nonentangl ed
seal s about the sane size as each entangl ed animal were also
tagged to serve as controls when conparing rates of return.

The renoval of debris was taken into account when conparing
results from studies conducted before and after 1989. This was
particularly inmportant in calculating the proportion of seals
entangled. Since we renoved debris from seals beginning in 1989,
the increased survival of these seals resulted in |larger nunbers
being resighted, thus artificially inflating the proportion
reported as entangled. To account for this, and to nmake the data
conparable, we used the estimated relative survival of seals
entangled in small debris (0.5 relative to controls from past
studies: Fow er 1984b, 1985b, 1987a; Fow er et al. 1989; Fow er
et al. 1990a; Fow er et al. 1990b; Fow er and Ragen 1990; Fow er
et al. 1992). The nunber of seals resighted after having had
debris renoved in 1991 was nultiplied by this value. 1In other
words, one-half of the resighted seals from which debris had been
renoved in 1991 were assuned to have been seals that would have
been resighted as entangled seals in 1992 and woul d thus
contribute to the observed proportion of the population
ent angl ed.

To calculate the entanglenent rate, the growh of seals was
al so taken into account, as sone of the surviving tagged seal s
were too large to neet the size criteria above. In 1992, the

size of seals tagged in 1989-1991 was recorded. Thus, the
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estimate for incidence of entanglenment only included tagged seals
within the designated size criteria in the count of entangled
seals. This differs fromprocedures for estimation of surviva
where seals that were previously tagged were cpunted regardl ess
of size (i.e., entangled seals and controls both grow and both
are recounted).

Because some animals are observed nore than once within a
season, both control and entangled seals are sanpled wth
replacement. This differs fromthe nmethod used in estimating the
i nci dence of entanglement fromthe comrercial harvest (prior to
1985) in which both entangled and nonentangled seals were killed.

Anal ytical nethods used to analyze resight data to estimate
the survival rate of entangled seals are from Fow er and Baba
(1991):

RESULTS AND DI SCUSSI ON

Roundups

Ni nety-four roundups of subadult nmale northern fur seals
were conpleted on St. Paul Island during July and early August of
1992 (Table 27). During these roundups, 17,630 male seals which
net the size historically taken in the conmercial harvest were
count ed.

In 1992, 22.2% of all sightings of entangled or contro
seal s were individuals that had al ready been seen during the sane
season (34 out of the total of 153). This estinate of repeat
sightings is slightly less than the values (25% 30% cal cuated

fromprevious years (Fow er et al. 1992). Thirty-nine entangled
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Table 27. --Summary of roundups of juvenile (subadult) northern
fur seal nales conducted on St. Paul |sland, Al aska,
during July and August of 1992, including the nunber
of both the control and entangled seals In the total

t agged.

Tagged Total
Total® in seals® seals

Date Location . roundup resighted tagged
7/3 Zapadni Reef Sands 82 6 0
7/3 Polovina 83 2 0
7/3 Zoltoi Sands 165 6 0
7/4 Zapadni Sands 349 11 0
7/5 Tolstoi , 126 . 11 0
7/5 Tolstoi 28 1 0
7/5 Lukanin 53 3 0
7/5 Kitovi 218 15 0
7/6 Morjovi 1 0 0
7/6 Morjovi 106 5 0
7/6 Morjovi 247 7 1
7/6 Morjovi ‘ 97 6 0
7/7 Vostochni 189 4 6
7/7 Vostochni 135 9 3
7/7 Vostochni 100 1 6
7/8 Vostochni 77 4 5
7/8 Vostochni 178 13 0
7/9 Gorbatch 237 10 6
7/9 Reef 127 5 0
7/9 Reef 36 1 0]
7/9 Reef 65 3 0]
7/9 Zapadni Reef Sands 587 27 3
7/10 Tolstoi 186 22 0
7/10 Tolstoi . 26 4 3
7/11 Zapadni 138 8 3
-7/11 Zapadni 212 7 0
7/11 Zapadni 221 11 3
7/12 Polovina 224 10 0
7/12 Polovina , 181 9 0
7/12 Zoltoi Sands 280 14 3
7/13 Lukanin 251 11 3
7/13 Kitovi 130 9 0
7/14 Morjovi 142 5 3
7/14 Morjovi 142 7 2
7/14 Vostochni - 187 8 0
7/14 Vostochni . 157 3 0
7/14 Vostochni 122 6 3
7/14 Vostochni 117 6 0
7/16 Gorbatch 284 16 "0
7/16 Reef 89 5 0]
7/16 Reef 105 8 0
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Tagged Total
Total® in seals® seals

Date Location roundup resighted tagged
7/17 Zapadni Reef Sands 252 13 0
7717 Tolstoi 159 9 3
7/18 Zoltoi Sands 321 17 0
7/18 Polovina 383 16 6
7/19 Lukanin 66 0 0
7/19 Kitovi 95 8 0]
7/20 Zapadni Sands 243 9 0
7/20 Zapadni 158 7 6
7/20 Little Zapadni 22 1 0
7/21 Morjovi 127 7 0
7/21 Morjovi 118 6 0
7/21 Vostochni 263 12 0
7/21 Morjovi 137 7 0
7/22 Vostochni 77 5 0
7/22 Vostochni 258 12 0
7/23 Gorbatch 229 9 2
7/23 Reef 178 10 4
7/23 Reef 45 3 0
7723 Reef 138 6 0
7/24 Zapadni Reef Sands 221 5 3
7/24 Zapadni Reef 295 13 1
7/24 Tolstoi 322 14 0
7/25 Zoltoli Sands 469 13 0
7/25 Polovina 117 6 0
7/26 Kitovi 306 16 3
7/26 Lukanin 104 5 0
7/27 Zapadni 251 14 0
7/27 . Zapadni 179 10 0
7/27 Zapadni 230 9 0
-7/28 Morjovi 136 9 0
7/28 Morjovi 84 4 3
7/28 Little Zapadni 128 5 3
7/29 Vostochni Sands 295 13 3
7/29 Vostochni 322 11 6
7/30 Zapadni Reef Sands 220 10 0
7/30 Tolstoi 229 14 3
7/30 Zapadni Reef 180 8 5
7/31 Gorbatch 139 7 0
7/31 Reef 278 11 0
7/31 Reef 120 5 0
7/31 Zoltoli Sands 429 17 3
8/1 Lukanin 152 7 3
8/1 Kitovi 176 13 0.
8/1 Polovina 174 6 6
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Tabl e 27. --Conti nued.

Tagged Total
Total® in seals® seals
Date Location - roundup resighted tagged

8/2 Morjovi 92 5 0
8/2 Northeast Point ‘ 39 6 0
8/3 Vostochni Sands 289 17 . o]
8/3 Vostochni 368 25 3
8/4 Zapadni Sands 297 26 0
8/4 Zapadni 382 12 0
8/5 Gorbatch ’ 363 18 0
8/5 Reef 244 12 0
8/5 Reef 251 12 0

Totals 17,630 854 118

%Seal s that are judged to be of the size that were taken in the
comrerci al harvest prior to 1985.

°Seal s which had any kind of tag (including nonel tags applied to
pups in 1987, 1988, or 1989, or in Russian research) in either
foreflipper and that were successfully restrained to read the
tag. Includes tags that were resighted nore than once this
year.
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subadult male seals judged to neet the size criteria were
captured and their debris was-renoved. These seals were then
doubl e-tagged with nunbered blue Allflex tags bearing the address
of the National Mrine Mammal Laboratory (Table 28). (ne
entangl ed seal tagged with a nonel tag (nunber A07073, not
replaced by an Allflex tag) was al so captured and rel eased after
removing the debris. E ghty simlarly sized control seals with

no entangling debris were also tagged (Table 28).

Tagged Seals from Previous Years

Si xty-seven seal s which had been tagged during entangl enent
research in previous years were resighted in 1992 (Table 29). Of
these, 7 had tags applied in 1985, 1986, and 1988. Six of the 7
resighted seals were tagged in previous years as controls. One
had been entangl ed when tagged and had subsequently lost its
entangling debris, which had been noted as being small (less than
an estimated 150 g) at the first sighting of the seal

Twenty-four male seals with 1991 tags were resighted. Over
70% of these seals (n = 17) had been tagged as controls and the
remai nder (n = 7) had been tagged after being disentangl ed.
Twenty-six seals were resighted with tags applied in 1990.
Ei ghteen of these (69.2% had been tagged as controls and 8 had
been tagged after being disentangled. Ten were resighted with
tags applied in 1989, the first year during which debris was
renoved. O these, 7 (70% had been tagged as controls and 3 had

been tagged after being disentangl ed.
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Tabl e 28.--List of blue broad-banded Allflex tags applied to
juvenile male northern fur seals during roundups
conducted on St. Paul Island, Al aska, 1992. Debris
was renoved from entangl ed seals prior to their being

rel eased.
Tag Entangled (e)
number Date Location Control (c)
1501 7/6 Morjovi e
1502 7/7 Vostochni e
1503 7/7 Vostochni e
1504 7/7 Vostochni c
1505 7/7 Vostochni c
1506 7/7 Vostochni c
1507 7/7 Vostochni c
1508 7/7 Vostochni c
1509 7/7 Vostochni e
1510 7/7 Vostochni c
1511 7/7 Vostochni c
1512 7/7 Vostochni c
1513 7/7 Vostochni - c
1514 7/7 Vostochni e
1515 7/7 Vostochni e
1516 7/7 Vostochni c
1517 7/8 Vostochni lo
1518 7/8 Vostochni c
1519 7/8 Vostochni c
1520 - 7/8 Vostochni c
1521 7/8 Vostochni e
1522 7/9 - Gorbatch e
1523 7/9 Gorbatch e
1524 7/9 Gorbatch c
1525 7/9 Gorbatch c
1526 - 7/9 Gorbatch c
1527 7/9 Gorbatch c
1528 7/9 Zapadni Reef Sands e
1529 7/9 Zapadni Reef Sands c
1530 7/9 Zapadni Reef Sands c
1531 _ 7/10 Tolstoi c
1532 7/10 Tolstoi e
1533 7/10 Tolstoi c
1534 7/11 Zapadni c
1535 7/11 Zapadni c
1536 7/11 Zapadni e
1537 7/11 Zapadni Cc
1538 7/11 Zapadni e
1539 7/11 Zapadni c
1540 7/12 Zoltoi Sands c
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-Entangled (e)

Tag

number Date Location Control (c)
1541 7/12 Zoltoi Sands c
1542 7712 Zoltoi Sands e
1543 7/13 Lukanin e
1544 7/13 Lukanin c
1545 7/13 Lukanin c
1546 7/14 Morjovi e
1547 7/14 Morjovi c
1548 7/14 Morjovi c
1549 7/14 Morjovi c
1550 7/14 Morjovi o
1551 7/14 Vostochni e
1552 7/14 Vostochni c
1553 7/14 Vostochni c
1554 7/17 Tolstoi e
1555 7/17 Tolstoi c
1556 7/17 Tolstoi c
1557 7/18 Polovina e
1558 7/18 Polovina e
1559 7/18 Polovina c
1560 7/18 Polovina o
1561 7/18 Polovina c
1562 7/18 Polovina c
1563 7/20 Zapadni e
1564 7/20 Zapadni c
1565 7/20 Zapadni e
1566 7/20 Zapadni c

- 1567 7/20 Zapadni c
1568 7/20 Zapadni - c
1569 7/23 Gorbatch e
1570 7/23 Gorbatch c
1571 7/23 Reef c
1572 7/23 Reef c
1573 7/23 Reef e
1574 7/23 Reef c
1575 7/24 Zapadni Reef Sands e
1576 7/24 Zapadni Reef Sands c
1577 7/24 Zapadni Reef Sands c
1578 7/24 Zapadni Reef e
1579 7/26 Kitovi e
1580 7/26 Kitovi c
1581 7/26 Kitovi (o]
1582 7/28 Morjovi e
1583 7/28 Morjovi c
1584 7/28 Morjovi c
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Tag Entangled (e)

nunber Date Location Control (c)
1585 7/28 Little Zapadni c
1586 7/28 Little Zapadni e
1587 7/28 Little Zapadni c
1588 7/29 Vostochni Sands c
1589 7/29 Vostochni Sands e
1590 7/29 Vostochni Sands c
1591 7/29 Vostochni e
1592 7/29 Vostochni e
1593 7/29 Vostochni c
1594 7/29 Vostochni c
1595 7/29 Vostochni c
1596 7/29 Vostochni c
1597 7/30 Tolstoi c
1598 7/30 Tolstoi c
1599 7/30 Tolstoi e
1600 7/30 Zapadni Reef c
1601 7/30 Zapadni Reef c
1602 7/30 Zapadni Reef c
1603 7/30 Zapadni Reef e
1604 7/30 Zapadni Reef c
1605 - 7/31 Zoltoi Sands e
1606 7/31 Zoltoi Sands c
1607 7/31 Zoltoi Sands c
1608 8/1 Lukanin c
1609 8/1 Lukanin c
1610 8/1 Lukanin e
1611 8/1 Polovina e
1612 ' 8/1 Polovina c
1613 8/1 Polovina c
1614 8/1 Polovina c
1615 8/1 Polovina c
1616 8/1 Polovina e
1617 8/3 Vostochni c
1618 8/3 Vostochni c
1619 8/3 Vostochni e




Table 29. --List of northern fur seals tagged with plastic tags as seen during juvenile
mal e roundups on St

foreflippers (where two nunbers are reported the first is on the left) unless

Paul

| sl and,

Jul y- August

1992.

Tags were seen on both

noted otherwise. Debris was renmoved from entangl ed seals. Mnel tagged seals
are to be reported el sewhere.
Tag Tag Tag Entanglement
Date Location number type color status’ Notes
7/3 Zoltoi Sands 1473 Allflex White c Tagged 29. July 1990 on Polovina.
7/5 Kitovi 0744 Allflex Orange cC The number 0745 was originally
: applied to the right side but not
seen at this sighting. Tagged 24
, Aug. 1986 on Kitovi.
7/5 Kitovi 1396 Allflex White e’ Tagged on 22 July 1990 on
' : Vostochni. Too large to count.
7/5 Tolstoi 017-018 Allflex Green c Tagged 11 July 1991 on Tolstoi.
7/5 Tolstoi- 1260 Allflex Orange cC Right tag was the only one
» sighted. Tagged 24 July 1989 on
Tolstoi.
7/6 Northeast Point 1331 Allflex White c Tagged on 13 July 1990 on
' Polovina.
7/7 Vostochni 059-060 Allflex Green o Tagged 20 July 1991 on Vostochni.
7/7 Vostochni 1320 Allflex White e' Tagged 11 July 1990 on 2apadni.
Too large to count.
7/8 Vostochni 1512 Allflex Blue c Tagged on Vostochni 7 July 1992.
7/8 Vostochni 1511 Allflex Blue c Tagged on Vostochni 7 July 1992,
7/8 Vostochni 1388 Allflex White ¢ Tagged 22 July 1990 on Vostochni.
7/8 Vostochni 1508 Allflex Blue c Tagged on Vostochni 7 July 1992.
7/9 Gorbatch 161-162 Allflex Green c Only one tag noted, there may have
. been two present. Tagged 29 July
1991 on Gorbatch.
7/9 Reef 157-158 Allflex Green e’ Countable size. Only one tag

noted, there may have been two

present.
Gorbatch.

Tagged 29

July 1991 on

TTT
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Tag Tag Tag Entanglement
Date Location number type color status' Notes
7/9 Zapadni Reef Sands 54 Allflex Blue c Tagged on 20 July 1988, on
. Vostochni (with a radio tag).
7/9 Zapadni Reef Sands 075-076 Allflex Green c Only one tag noted, there were two
‘ present. Tagged 21 July 1991 on
Lukanin. '
7/9 - Zapadni Reef Sands 131-132 Allflex Green o Tagged 27 July 1991 on Zapadni
Reef Sands. :
7/9 Zapadni Reef Sands 077-078 Allflex Green e’ Only one tag noted, there may have
been two present. Tagged 21 July
1991 on Lukanin. Countable size.
7/9 Zapadni Reef Sands 007-008 Allflex Green c Tagged 7 July 1991 on Zapadni
Sands.
7/9 2Zapadni Reef Sands 1398 Allflex White C Only one tag noted, there may have
: been two present. Tagged 22 July
: ‘ 1990 on Vostochni.
7/10 Tolstoi 1525 Allflex Blue c Tagged 7 July 1992 on Gorbatch.
7/10 Tolstoi 171-172 Allflex Green e’ Tagged 30 July 1991 on Zapadni
Sands. Too large to count.
7/10 Tolstoi 029-030 Allflex Green c Tag number on left not read but
_tag was sighted. Tagged 15 July
1991 on Vostochni.
7/11 Zapadni 1198 Allflex Orange e’ Tagged 18 July 1989 on Morjovi.
Too large to count.
7/12 Zoltoi Sands 039-040 Allflex Green e' Countable size. Tagged 18 July
1991 on Polovina.
7/12 Zoltoi Sands 1528 Allflex Blue e’ Tagged on 9 July 1992 on Zapadni
Reef Sands. Too large to count.
7/12 Zoltoi Sands 1453 Allflex White c Tagged on 27 July 1990 on Reef.
Too large to count.
7/13 Lukanin 1528 Allflex Blue e Tagged on 9 July 1992 on Zapadni

Reef Sands.

cTT
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Tag Tag Tag Entanglement
Date Location number type color status’ Notes
7/13 Lukanin MH2742 Monel Russian tagged seal, weighed 70
1b.
7/13 Lukanin 081-082 Allflex Green c Tagged on 21 July 1991 on 2Zapadni
Reef Sands.
7/13 Kitovi "MH1456 Monel Russian tagged seal, weighed 58
1b.
7/13 Kitovi 0956-0957 Allflex Orange ¢ Tagged 8 Oct. 1986 on Morjovi.
7/14 Morjovi 1515 Allflex Blue e’ Tagged -7 July 1992 on Vostochni.
7/14 Morjovi 1354 Allflex White c Tagged 17 July 1990 on Morjovi.
7/14 Vostochni 1511 Allflex Blue c Tagged 7 July 1992 on Vostochni.
7/14 Vostochni 157-158 Allflex Green e’ Tagged 29 July 1991 on Gorbatch.
, Countable size.
7/14 Vostochni 1214 Allflex Orange ef Tagged 18 July 1989, on Vostochni
(Sands). Too large to count.
7/14 Vostochni bH88 Monel Russian tagged seal, weighed 72
1b.
7/14 Vostochni 1431 "Allflex White e’ Tagged 25 July 1990 on Morjovi.
» Too large to count. )
7/14 Vostochni 1521 Allflex Blue e’ Tagged 8 July 1992 on Vostochni.
7/14 Vostochni 1485 Allflex White c Tagged 2 August 1990 on Vostochni.
7/14 Vostochni 1513 Allflex Blue c Tagged 7 July 1992 on Vostochni.
7/14 Vostochni 1221 Allflex Orange c Tagged 19 July 1989 on Vostochni.
7/16 Gorbatch 1457 Allflex White c Tagged 27 July 27 1990 on Reef.
7/16 Reef 1438 Allflex White ¢ Tagged 26 July 1990 on Kitovi.
7/16 Reef 171-172 Allflex Green e’ Tagged 30 July 1991 on Zapadni
’ Sands. Too large to count.
7/16 Reef 021-022 Allflex Green e’ Tagged 13 July 1991 on Lukanin.
, . Too large to count. ‘
7/16 Reef 1198 Allflex Orange e Tagged 18 July 1990 on Morjovi.

Too large to count.

£TT



Tabl e. 29. --Conti nued.
Tag Tag Tag Entanglement

Date Location number type color status’ Notes

7/17 Tolstoi 027-028 Allflex Green c Tagged 15 July 1991 on Vostochni.
Too large to count.

7/19 Kitovi 1417 Allflex White c Tagged 6 July 1990 on Lukanin.

7/20 Zapadni Sands 1401 Allflex White ef Tagged 1 July 1990, on Tolstoi.

7/20 Zapadni 181-182 Allflex Green c Tagged 31 July 1991 on Little
Polovina.

7/20 Zapadni MH2451 Monel e’ Russian tag, weighed 62 1lbs.

7/20 Little Zapadni 1190 Allflex Orange e’ Tagged 16 July 1989 on Zapadni

- Sands. Very large animal.

7/21 Morjovi 1547 Allflex Blue c Tagged 14 July 1992 on Morjovi.

7/21 Morjovi PB8433 Monel e’ Russian tag.

7/21 Morjovi 79 Allflex Blue . ef Tagged 25 July 1988 on Tolstoi.

7/21 Vostochni 1552 Allflex Blue c Tagged 14 July 1992 on Vostochni.

7/21 Vostochni 1519 Allflex Blue c Tagged 8 July 1992 on Vostochni.

7/21 Morjovi 1448 Allflex White e’ Tagged 26 July 1990 on Zapadni.

~ 7/21 Morjovi 1215 Allflex Orange c Tagged 18 July 1989 on Vostochni.
7/22 Vostochni MH2659 Monel e Russian tag, missing right tag;
, weighed 67 1b.

7/22 Vostochni 059-060 ‘Allflex Green c Tagged 20 July 1991 on Vostochni.

7/23 Gorbatch 1456 Allflex White c Tagged on 27 July 1990 on Reef.
Too large to count.

7/23 Reef 171-172 Allflex Green ef Tagged 30 July 1991 on Zapadni

‘ ‘ Sands. Too large to count.

7/23 Reef 1505-1506 Allflex Blue c Tagged 7 July 1992 on Vostochni.

7/23 Reef 1449 Allflex White c Tagged on 26 July 1990 on Zapadni.
Too large to count.

7/24 Zapadni Reef 1350 Allflex White c Tagged on 16 July 1990 on
Vostochni Sands. Too large to

count.

PIT



Tabl e 29. --Conti nued.
: Tag Tag Tag Entanglement
Date Location number type color status’ Notes
7/24 Zapadni Reef 0466-0467 Allflex Orange c Tagged 24 Aug. 1986 on Zapadni.
7/24 Tolstoi 1486 Allflex White c Tagged on 2 Aug. 1990 on
Vostochni.
7/24 Tolstoi 199-200 Allflex Green e' Tagged 1 Aug. 1991 on Zapadni
' ' o Sands. Too large to count.
7/24 Tolstoi 1385 Allflex White e Tagged on 22 July 1990 on
: Vostochni.
7/25 Zoltoli Sands 209-210 Allflex Green c Tagged 3 Aug. 1991, on Gorbatch.
' Too large to count.
7/25 Zoltoi Sands 1570 Allflex Blue c Tagged 23 July 1992 on Gorbatch.
7/26 Lukanin 1476 Allflex White e’ Tagged 29 July 1990 on Polovina.
7/27 Zapadni 209-210 Allflex Green c Tagged 3 Aug. 1991 on Gorbatch.
Too large to count.
7/27 Zapadni 055-056 Allflex Green c Tagged 19 July 1991 on Zapadni
: Reef. Too large to count.
7/27 Zapadni 1577 Allflex Blue c Tagged 24 July 1992 on Zapadni
Reef Sands.
7/28 Morjovi 1352 Allflex White c Tagged on 17 July 1990 on
' ) "Vostochni.
7/28 Morjovi 1546 Allflex Blue e’ Tagged 14 July 1992 on Morjovi.
7/29 Vostochni Sands 21214 Allflex Orange ef Tagged 18 July 1989 on Vostochni
Sands after removing two pieces of
debris from two 360-degree wounds.
It was then noted as a stunted
animal and continued to appear so
in 1992 and showed scars from the
o “wounds.
7/30 Tolstoi 031-032 Allflex Green e’ Tagged 16 July 1991 on Gorbatch.
' Too large to count.
7/30 Tolstoi 081-082 Allflex Green c Tagged 21 July 1991, on Zapadni
: Reef Sands. Too large to count.
7/30 Tolstoi 1570 Allflex Blue Tagged 23 July 1992 on Gorbatch.

(]
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Tabl e 29. --Continued-.

Tag Tag Tag Entanglement
Date Location number type color status’ Notes
7/28 Little Zapadni 1586 Allflex Blue e Tagged 28 July 1992 on Little
Zapadni. :
7/30 Zapadni Reef 137-138 Allflex Green c Tagged 27 July 1991 on Zapadni
: Reef Sands. Too large to count.
7/30 Zapadni Reef 199-200 Allflex Green e’ Missing the right tag. Tagged 2
Aug. 1991 on Zapadni Reef Sands.
Too large to count.
7/30 Zapadni Reef MA778 " Monel e’ Russian tag. Weighed 54 1b.
7/31 Gorbatch 1524 Allflex Blue c Tagged 9 July 1992 on Gorbatch.
7/31 Gorbatch 1242 Allflex Orange c Tagged 23 July 1989 at Lukanin.
7/31 Reef 99-100 Allflex Green c Tagged 23 July 1991 on Reef. Too
. large to count.
7/31 Reef 1232 Allflex Orange ¢ Tagged 21 July 1989, at Reef.
7/31 Reef 1317 Allflex White e’ Tagged 11 July 1990, on Zapadni
Sands. Too large to count.
7/31 Reef 095-096 Allflex Green c Tagged 22 July 1991 on Reef. Too
' large to count.
7/30 Reef 1572 Allflex Blue ¢  Tagged 7 July 1992 on Reef.
7/31 Reef 22 Allflex Blue c Tagged on 17 July 1988, on Reef.
7/31 Zoltoi Sands 1576 Allflex Blue c Tagged 24 July 1992 on Zapadni
Reef Sands.
7/31 Zoltoi Sands 1428 Allflex White ¢ Tagged 25 July 1990 on Tolstoi
Sands.
7/31 Zoltoi Sands 1163 Allflex Orange c Tagged 15 July 1989 at Zoltoi
_ Sands. '
8/1 Kitovi 0956-0957 Allflex Orange cC Tagged 8 Oct. 1986 at Morjovi.
8/1 Kitovi 1549 Allflex Blue c Tagged 14 July 1992 at Morjovi.
8/1 Kitovi 1595 Allflex Blue o] Tagged 7 July 1992 one Vostochni.
8/1 Kitovi 1417 Allflex White C Tagged 6 July 1990 on Lukanin.
8/1 Kitovi 1598 Allflex Blue c Tagged 30 July 1992 on Tolstoi.

9Tt



Tabl e 29. --Conti nued.

Tag Tag Tag Entanglement
Date Location number type color status’ Notes
8/2 Morjovi 084-083 Allflex Green c Tagged 21 July 1991 on Zapadni
' : Reef Sands. Too large to count.
8/2 Morjovi 1584 Allflex Blue c Tagged 28 July 1992 on Morjovi.
8/3 . Vostochni Sands 084-083 Allflex Green c Tagged 21 July 1991 on Zapadni
Reef Sands. Too large to count.
8/3 Vostochni Sands 1221 Allflex Orange ¢ Tagged 19 July 1989 on Vostochni.
8/3 Vostochni Sands = 1486 Allflex White c Tagged on 2 Aug. 1990 on
‘ Vostochni.
8/3 Vostochni 1443 Allflex White c Tagged on 26 July 1990 on Zapadni
Sands.
8/3 Vostochni 1593 Allflex Blue c Tagged 29 July 1992 on Vostochni.
8/4 Zapadni Sands 141 Allflex Blue c Tagged on 30 July 1988 on Zapadni.
8/4 Zapadni Sands 1511 Allflex Blue c Tagged 7 July 1992 on Vostochni.
8/4 Zapadni 1419 Allflex White c Tagged 7 July 1990 on Vostochni
’ Sands.
8/4 Zapadni 1618 Allflex Blue c Tagged 3 Aug. 1992 on Vostochni.
8/4 2Zapadni 1619 Allflex Blue e’ Tagged 3 Aug. 1992 on Vostochni.
8/4 2Zapadni 039-040 Allflex Green e’ Countable size. Tagged 18 July
» : 1991 on Polovina.
8/4 Zapadni 1533 Allflex Blue c Tagged 10 July 1992 on Tolstoi.
8/5 Gorbatch 091-092 Allflex Green c Too large to count. Tagged
21 July 1991 on Zapadni Reef
Sands.
8/5 Gorbatch 1521 Allflex Blue e Tagged 8 July 1992 on Vostochni.
8/5 Gorbatch 1507 Allflex Blue c Tagged 7 July 1992 on Vostochni.
8/5 Reef 1182 Allflex Orange cC Right tag was the only one read,
: the left one was sighted. Tagged
15 July 1989 on Reef.
8/5 Reef 157-158 Allflex Green e’ Too large to count. Tagged
- 29 July 1991 on Gorbatch.
8/5 Reef 1554 Allflex Blue e' Tagged 17 July 1992 on Tolstoi.

LTT
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Tag Tag . Tag Entanglement
Date Location number type color status’ Notes
7/11 Zapadni 1198

Allflex Orange e Tagged 18 July 1989 on Morjovi.
Too large to count.

*c = seals that were controls when
earlier.

tagged, e" = seals fromwhich debris had been renoved

81T
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I nci dence of Entangl ement

W exam ned and disentangled 40 juvenile male seals in the
1992 roundups (370 seals were newy tagged, 1 was previously
tagged with a nonel tag that was left intact, and two were nonel -
tagged seals fromwhich the tags were renoved and replaced wth
blue Allflex tags). 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 Table 30.

O the 40 entangled seals examned, 19 (47.5% were in traw
webbing, 9 (22.5% were in plastic packing bands, and 7 (17.5%
were in string, small line, cords, or rope. The renaining 5
(12.5% were entangled in other debris.

The overall incidence of entanglenent is estimted by the
ratio of all (both initial and subsequent) entanglenent sightings
to the total nunber of seals exam ned (Bengtson et al. 1988,

Fowl er et al. 1990b). One-half of the harvestabl e-sized seals
resighted in 1992 after having debris renmoved in 1991 were
counted as entangled in 1992. Al seals from 1989 and 1990 were
too large to be included in the calculations. In all, 51.5
sightings were used to calculate-the incidence of entanglenent.
These observations included 1) seals of harvestable size observed
entangled (n = 40), 2) the repeated sightings of animals
disentangled in 1992 (n = 9), and 3) the seals resighted from
1991 after having had debris removed (n = 2.5). This value

(n = 2.5) was obtained as follows: first, we determ ned whether
the seals tagged in 1991 were of appropriate size. There were 13

observations of 7 individual seals tagged in 1991 after their



Table 30.--List of entangled juvenile male northern fur seals tagged during surveys
conducted in July and August

of 1992,

nature of the debris on each aninal.

St. Paul
Al

| sl and, Al aska; show ng the
tags were broad green Al flex

unl ess indicated otherwise. The entangling debris was renpved.
Description of debris
, Mesh Twine
Tag Location wt. Tight- Wound size size Foot~-

number! Date (Rookery name) Type (g) Color ness? (deg.) (cm) (mm) note
1501 7/6 Morjovi trawl 97.3 grey t 0 19.5 2

1502 7/7 Vostochni trawl 41.7 green vt 0 20 3

1503 7/7 Vostochni seine 214.5 orange vt 360 12 1

1509 7/7 Vostochni rope 16 grey vt 360 22.8 5

1514 7/7 Vostochni trawl 1050.2 mixed vt 0 22 5 3
1515 7/7 Vostochni trawl 737.8 green vt 0 22.2 3

A07073 7/8 Vostochni monofilament 3.4 - vt 270 10.5 <1 4
1521 7/8 Vostochni trawl 218.4 green vt 180 23 4 5
1522 7/9 Gorbatch packing band 2 Dblue vt 180 24.3 4

1523 7/9 Gorbatch packing band 2.7 blue t 0 21.1 12

1528 7/9 Zapadni Reef rope/twine 8.4 grey vt 90 28.3 2 6
1532 7/10 Tolstoi trawl 376.2 green vt 0 21.5 2

1536 7/11  Zapadni trawl 194.1 orange vt 300 18.5 5 7
1538 7/11 Zapadni seine? 15.4 blue vt o 22.2 1.

1542 7/12 Zoltoi Sands waxed twine 1.6 grey vt 360 21.3 1

1543 7/13 Lukanin trawl 43.9 grey t 0 19.5 2

1546 7/14 Morjovi packing band 0.5 yellow t 0 20.8 5

1551 7/14 Vostochni packing band 2.4 yellow vt 0 22 15 8
1554 7/17 Tolstoi packing band <1 black ¢t 0 22.4 5

0cCT



Tabl e 30. --Conti nued.

Description of debris

Mesh Twine
Tag Location Wt. Tight- Wound size  size Foot-
number' Date (Rookery name) Type (9) Color ness?! (deg.) (cm) (mm) note
1557 7/18 Polovina trawl 318 blue t 0 23.5 3.5
1558 7/18 Polovina string <1 white t 360 24. -
1563 7/20 Zapadni twine 2.5 green vt 180 21 1 9
1565 7/20 Zapadni trawl 137.4 yellow vt -0 21 3
1569 7/23 Gorbatch trawl 67.8 green t ' 0 21 3
1573 7723 Reef cord 3.9 green vt 360 22.3 4
1575 7/24 Zapadni Reef twine , 1.3 green vt 360 23.1 2 10
1578 7/24 Zapadni Reef packing band 0.7 blue t 0 23.9 9
1579 7/26 - Kitovi trawl 103.9 green vt 150 23 2
1582 _7/28 Morjovi trawl 77 dgreen t (0] .21 3
1586 7/28 Little Zapadni trawl 13.4 mixed vt 180 21 7 11
1589 7/29 Vostochni trawl 18 green ¢t 0 22.4 3
- 1591 7/29 Vostochni trawl 1.5 grey t 60 23.4 2
1592 7/29 Vostochni rubber ring 5 black 1 15 21.2 4
1599 7/30 Tolstoi trawl 76.5 grey t 240 20.3 2
1603 7/30 Zapadni Reef packing band 1.8 yellow t 0 21.2 14
1605 7/31 Zoltoi Sands packing band 1.5 black 1 0 26.1 11
1610 8/1 Lukanin trawl 3.5 green 1 0 22.2 1.5
1611 8/1 Polovina trawl 59.6 orange 1 0 20.8 4

2T



Tabl e 30. --Conti nued.

Description of debris

Mesh Twine

Tag , Location wt. Tight- Wound size size Foot-~
number' Date (Rookery name) Type (g) Color ness? (degq.) (cm) {mm) note
1616 8/1 Polovina plastic ring 14.8 white t 360 37 9
1619 8/3 Vostochni packing band 3.5 blue t _ o 22.1 13

;Tag number for tag placed on both flippers (See Table 30).
ol = | oose, t = tight, vt = very tight. _
,Debris was a conbination of white with some blue repair twne.

Thi s nonel -tagged seal was entangled but not retagged with Allflex tags. Its weight was

svery light for a 5-year-old animal (57 Ib = 25.9 kg?. _ _
On this seal there was a 6-inch wound behind the left foreflipper where the debris had
;worn into the skin and the flipper had become wapped in mesh.

Wien captured, this seal was tagged with nonel nunber A22457; the nonel tag was repl aced

with an Allflex tag nunbered as indicated. _ _ o
The twine of this webbing was flat with the maxi num wi dth about 5 nm and the m ni num

gabout 3 mm _
This seal appeared to have just recently become entangl ed.
had been 360 degrees but was grown over the debris in a few spots,

*The wound on this sea
.J.eaving an open wound with a total of only about 180 degrees.
11The wound on this seal was very deep.
Wien captured, this seal was tagged with nonel nunber A22303; the nonel tag was repl aced

with an Allflex tag nunbered as indicated

cctT
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debris had been renoved, including the repeated sightings of
these same seals in 1992. Five of these observations were of
seals that met the size criteria. O these five, we assuned a
50% survival rate if the seals had remained entangled, yielding a
total of 2.5.

The incidence of entanglenent for 1992 was cal cul ated as
0.29% (51.5/17,630), an estimate that is subject to slight upward
bias as it assunes that the seals fromwhich debris was renoved
woul d not have lost their debris. Thus, the 1992 incidence of
entanglement is within the range observed from 1988 to 1991,
although it is higher than last year's value of 0.21% (Table 31,
Fig. 28). This reduction is continuing evidence of a decline in
t he observed incidence of entanglement fromthe 0.4% observed
between 1976 and 1985 (Fig. 28; Table 31). However, no trend is
evident in the period since 1988.

Compared with 1976-86, the |ower incidence of entanglenment
anong juvenile male seals is attributable to a reduction in the
fraction entangled in traw webbing. During 1982-86, the nean
percent of seals entangled in trawl webbing was 0.27% (Fow er
et al. 1990b). In 1988, the percent entangled in traw webbing
dropped to 0.15% a reduction of 56% (Fow er et al. 1990b). This
proportion renained [ow in 1989 and 1990 and becane even |ower in
1991 (0.06% Table 32). In 1992, however, the rate of
entangl enent in trawl webbing was higher than in 1991 but renains

at about 50% of the |evels observed for between 1982 and 1986.
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Table 31. --The percenta?e of juvenile male northern fur seals
fromSt. Paul Island, Al aska, entangled in marine
debris as recorded from 1967 to 1984 during the
comerci al harvest (data from Kozl off et al. 1986) and
from 1985 to 1992 during roundups (data updated from
Fow er et al. 1992).

Year Percent entangl ed
1967 0.15
1968 ' 0.16
1969 . ©0.20
1970 0.28
1971 0.41
1972 | 0.43
1973 0.48
1974 » 0.58
1975 0.71
1976 : 0.42
1977 0.35
1978 - 0.46
1979 0.40
1980 0.49
1981 ‘ 0.43
1982 0.41
1983 0.43
1984 0.39
1985 0.51
1986 0.42
1987 -
1988 0.28
1989 0.29
1990 0.32
1991 . 0.21

1992 ‘ 0.29
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Figure 28. --The percentage of juvenile nale northern fur seals
found entangled in the commercial harvest from 1967
to 1984 and in research roundups from 1985 to 1992 on
St. Paul Island, Alaska (updated from Fow er et al.
1992).
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Table 32. --Debris found on juvenile male northern fur seals from
St. Paul Island, Al aska, 1981-92, expressed as the
i nci dence of entangl enment (observed percent) anong
juvenile nal es entangl ed by debris category (data for
1981-91 from Fowl er and Ragen 1990, Fowl er and Baba
1991, and Fow er et al. 1992).

Trawl net Packing Cord, rope, Monofilament Msc. Sanple

Year fragnents bands and string net fragnents itens si ze'
1981 0.29 0.08 0.04 0.00 0.03 102
1982 0.24 0.10 0.04 0.01 0.01 102
1983  0.30 0.07 0.02 0.01 0.03 112
1984 0.22 0.09 0.05 0.02 0.01 87
1985 0.36 0.05 0.08 0.01 0.01 76
1986 0.27 0.06 0.07 0.01 0.01 70
1988 0.15 0.07 ' 0.05 0.00 0.01 53
1989  0.12 0.10 0.06 0.02 0.01 47
1990 0.11 0.11 0.07 0.01 0.03 71
1991 0.06 0.08 0.06 0.01 0.00 38
1992 = 0.14 0.07 0.05 0.01 0.03 .40

'SanPIe si zes occasionally include debris fromseals larger than
woul d be counted for determning the proportion of juvenile
mal es that are entangl ed.
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Resi ghtings and Surviva

A summary of the nunber of tags applied to juvenile nales
and the nunber resighted in each subsequent year is shown in
Table 33 for each year since 1985. No roundups were conducted in
1987. A total of 102 seals judged to be of harvestable size were
tagged and released in 1991. O these, 68 were controls and 34
were entangled when captured. In 1992, 17 of these controls
(25.0% were resighted. Seven (20.6% seals tagged follow ng
renoval of debris in 1991 (n = 34) were resighted in 1992. This
inplies that the resighting rate for disentangled seals after
1 year was 82.4% of that for the controls (20.6/25.0 = 0.824).
This is not significantly different froma 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
entangl ed seals from previ ous years (Chi-square test, P < 0.05).

In 1992, 3 of the 279 "control" seals (1.1% tagged in 1986
were resighted, whereas none of the group of 128 ani mals tagged
as entangled in 1986 was resighted. O the four seals resighted
in 1992 and tagged in 1988, one had been originally tagged as an
entangl ed seal.

Rati os of the portion of entangled seals resighted each year
to that of controls are shown in Figure 29 (updated from Fow er
et al. 1992). An increase in the survival rate attributable to

removing debris is shown in data plotted for seals tagged in 1989
and 1991 (stars in Fig. 29). However, the conbined data for

1989-92 indicate that seals freed of their debris may have a
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Tabl e 33. --Conparison of nunbers of tags applied (in parentheses)
and resighted (percent resighted shown in brackets
bel ow t he nunbers resighted) by year for entangl ed and
nonent angl ed mal e northern fur seals from 1985 t hrough
1992 (none tagged in 1987). Each row corresponds to
the tags released in the first year for that row.

Year

1985 1986 1988 1989 1990 1991 1992

(172) 37 13 8 7 4 0

[21.5] ([7.6] ([4.7] [4.1] [2.3) (0]

(279) 40 32 25 5 3

[14.3] [11.5] [9.0] [1.8]) [1.1]

(104) 20 11 11 3

[19.2) [10.6] [10.6] [2.9]

CONTROLS (86) 26 14 7
(nonentangled) [30.2] [16.3] [8.1]
(114) 39 18

[34.2) [15.8)]

(68) 17

[25.0)

(80)

(85) 12 1 0 0 0 0

[14.1] [1.2] (0] (o] . [0] (0]

(128) 6 4 1 0 )

[(4.7]. [3.1] [0.8] (0] [0]

(52) 5 2 1 1

[9.6] [3.8] [1.9] [1.9]

- ENTANGLED (43) 11 4 3
(disentangled gfter 1988) [25.6] [9.3] [7.0]
(57) 21 8

[36.8] [14.0]

(34) 7

[20.6]

(40)

‘Updated from Fowler et al. (1992).
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Figure 29. --Relative rates of return for entangled juvenile male

northern fur seals conpared with controls

(nonent angl ed tagged seals) for var?/l ng time
intervals (Updated from FOV\A er et al. 1992, with the
data fromthis report). [Each data point represents
the fraction of entangled seals resighted divided by
the fraction of controls resighted (both from Tabl e
3-5) for the corresponding tinme interval (for exanple,
there are three data points for 3 years corresponding
to the 1985-88, 1986-89, and 1988-1991 intervals).
The stars correspond to the relative return rate for
seals with debris renoved.
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| ower survival rate than that of controls. The weighted nean
annual survival rate of disentangled seals for the data
accunul ated since 1989 is 0.93 of that for controls.

The approach of Fow er and Baba (1991; a wei ghted nean,
assum ng that the probability of resighting is the same for both
categories of seals and that survival fromentanglenent in small
debris is the same fromyear to year) may be used for estimating
survival of entangled seals conpared with controls. Using only,
the ratios for the 1992 resight data for seals tagged during
1985-1988 (Fig. 29), the estimated survival of entangled seals is
0.53 that of controls. Using juvenile male seals tagged, w thout
renmoving debris, in 1985, 1986, and 1988 as resighted in all
years through 1992, the estimated annual survival is also 0.53.
This is to be conpared with the 0.55 from Fow er and Baba (1991).

Thus, the results from 1992, as well as the cumulative data,
as presented in Table 33 and Figure 29, continue to show that the
probability of survival for seals entangled in snall debris is
about one-half of what it would be without the debris (Fow er et

al. 1990b) .

Characteristics of Entangling Debris
Wi ghts and nesh sizes of debris renoved fromseals in 1992
are listed in Table 30. The data for traw net fragnents are
shown by size category in Table 34 and indicate that debris
distributions are very sinilar to those seen in previous studies.

For the conbi ned data since 1983, about 74% of the trawl debris
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Tabl e 34. --Annual percentage frequency distribution of the size
of nmeasured trawl debris from entangl ed nal e northern
fur seals that were tagged and rel eased (updated from
Fowl er and Ragen 1990 and Fow er et al. 1992).

Year n <150 g (%) 150-500 g (%)  >500 g (%)
1983 . 84 53(63) 19(23) ‘ 12(14)
1984 57 46 (81) 7(12) 4(7)
1985 78 56 (72) 16 (20) | 6(8)
1986 | 128 92(72) 27(21) - 9(7)
1988 53 . 38(72) '8(15) ©7(13)
1989 43 ‘ 34(79) 7(16) 2(5)
1990 71 59(83) 10(14) : 2(3)
1991 11 9(82) 2(18) 0(0)
1992 19 . . 13(68) ; 4(21) 2(11)

Total 544 - 400 (74) 100(18) - a4(8) .
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found on seal s wei ghed between 0 g and 150 g, about 18% of the
debris wei ghed between 150 g and 500 g, and about 8% of the
debris wei ghed over 500 g (Table 34).

Wt hi n-Season Resighting Rate
Al t hough the collective data from 1985 to 1992 indicate
simlar intraseasonal resighting rates, there is a great deal of
year-to-year variability (Table 35). Also, there is a |ower

I ntraseasonal resighting rate for entangled (or disentangled)
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Table 36. --Mal e northern fur seals fromwhich entangling debris
was renmoved in 1992 during roundups. These seals were
| arger than could be included in calculating
entangl enent rates; some were full adult size.

Number Date Location Notes
(July)
3 17 Zapadni Reef Sands

1 23 Reef

2 24 Zapadni Reef Sands

1 25  Pol ovi na This seal was about 7 years
old with two very deep wounds
which bled significantly. The
debris was a large piece of
green traw webbi ng.

3 26 Ki t ovi One of these seals was only

slightly larger than would
have been counted for

entangl ement studies. O the
other two, one nmay have been
6-7 years old, the other 8-9
years ol d.
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SUMVARY AND CONCLUSI ONS

Al though the 1992 estimate of the incidence of entanglenent
was higher than that for 1991 (the | owest since the late 1960s),
the incidence of entanglement estimated for 1992 is consistent
with those for 1988 through 1990. The conbi ned set of data
continue to indicate that a decline occurred in the incidence of
entangl ement following 1986. The reduction for this period of
time is attributable to | ess entanglenment in traw webbing, wth
that for 1991 being the | owest observed since 1982. An
expl anation for such a change can not be conclusively established
at this tine. However, the difference between the incidence of
entangl enent for 1988-92 and that of previous years may be a
result of changes in the rate of |oss and discard of net
fragnments from fishing vessels. Consistent with the data for
debris on northern fur seals, the abundance of traw webbing
debris observed on sanpl ed beaches of several Al aska islands has
also declined in recent years (Johnson 1990). Various
educati onal prograns at the national and international |evel have
been in place for several years, and international regulations
prohibit the discard of such debris. Qher studies are necessary
to determne if less debris is actually entering the narine
envi ronment .

Ent angl enent research on juvenile males in 1992

denonst r at ed:
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1) A continued reduction of the overall incidence of

ent angl enent from about 0.4% (1975-86) to 0.32% or |ess
from 1988 through 1992;

2) The rate of entanglenent in trawl webbing in 1992 was
hi gher than observed in 1991 but remains about one-half
of entangl ement |evels observed for this kind of debris
In previous years (1981-86), and very simlar to that
observed during 1988-90;

3) Relative rates of return of entangled seals fromyears in
whi ch debris was not renoved continued, to indicate that
annual survival of entangled seals that is about one-
hal f that of nonentangled seals; and

4) There is continuing evidence fromthe 1992 studies that
the rate of return of tagged seals fromwhich debris is.
removed is significantly higher than for tagged,

entangl ed seals but not as high as for controls.
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POPULATI ON MONI TORI NG OF NORTHERN FUR SEALS
ON SAN M GUEL | SLAND, CALIFORNI A

by
Sharon R Melin and Robert L. DelLong

Popul ation nonitoring studies of northern fur seals on San
M guel Island were conducted between 20 May and 4 Septenber, 1992
Efforts to resight tagged individuals for studies on survival
were conducted throughout the breeding season. Once each week,
counts of adult males were conducted froma blind overlooking the
Adans Cove rookery. These counts provide an index of the trend
in the population growth. In late July, live and dead pup counts
were conducted as an additional index of the health and growh of
t he popul ati on.

Adult nales began to establish territories after 15 May.
The maxi mum nunber of adult males holding territories was 72 on
8 July and 59 of those nales held territories with females. The
first female was sighted on 1 June and gave birth to the first
pup later that day.

Two live pup counts were conducted in Adanms Cove yi el ding
counts of 1,124 pups and 965 on 29 July and 5 August,
respectively. On Castle Rock, 466 |ive pups were counted on
8 August. A dead pup count conducted in Adans Cove on 11 August
yi el ded 274 dead pups. No dead pup count was conducted at Castle
Rock.

One hundred and fifty fur seal pups were tagged with pink
plastic roto tags on 27 Septenber and another 150 on 1 Novenber
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(Appendi x Tables DI and D2) to continue studies. on' survival of
individuals. The two tagging periods provide two different age
groups of tagged pups. The pups are part of a |ong-term study,
initiated in 1988, on the relation between survival and age at
tagging. At this time sufficient data is not available to
determne if a relationship exists.

In 1992, tag resighting efforts resulted in sightings of 62
i ndi vidual animals including sightings of 17 tagged females in
breeding groups. The ol dest female sighted with a pup was
17 years old. In addition, a female pup tagged in 1990 at San
M guel Island was recovered in the H gh Seas Driftnet fishery in
the North Pacific Ccean of 3 July 1991 at 42° 00 N lat. and
161° 04 Wlong. (Hobbs and Jones 1991), providing the first data
on md-Pacific novenents of pups born on San M guel Island.

In January of 1992, an El N o event which began in Novenber
1991 in the equatorial Pacific Ccean reached the Southern
California Bight and El N fio conditions prevailed along the
California, Oegon, and Washington coasts throughout the year
For fur seals on San Mguel Island, El N fio events can have
detrimental effects on pup and adult survival (DeLong and
Antonelis 1991). Pup production declined dramatically (60%in
1983) during the 1982-83 El N fio event and mean pup wei ghts at
3 nmonths were significantly [ower fromnmean wei ghts in non-
EL N fio years (DeLong and Antonelis 1991). Follow ng the 1982-83
El N fio, pup weights increased and reached normal mean pup
wei ghts in 1985. Pup production slowmy but steadily increased

and reached 1,011 pups in 1991, an estimate simlar to pre-
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1982-83 EI N fio pup estimates. The slow recovery was attributed
to low adult female and pup survival during the winter of 1983
and possible emgration of fenmales to other popul ations (DelLong
and Antonelis 1991).

The effects of the 1992 El N o on the fur seal population
at San Mguel Island were different than those observed during
the 1982-83 El N fio. Fur seals on San Mguel Island did not
experience a decline in pups born, however the 274 dead pups
counted in August represent 24%of total nunmber of pups born in
1992. Since there was only one dead pup survey, it is probable
that the actual nortality exceeded 24%

Mean pup weights for 1992 (fenmales, x = 8.6 kg, SD = 1.79;
males, x = 9.5 kg, SD = 1.70) were significantly |ower (ANOVA
p <- 001) than nean weights of pups for all non-El N fio years
from 1977 through 1991 (females, x = 10.4 kg, SD = 2.10; males
x = 11.8 kg, SD = 2.42). However, the mean weights in 1992 for
both sexes are significantly greater than weights in the 1982-83
El N fio year (ANOVA, P < .0d). Although the pelagic
di stribution of adult females from San M guel Island is unknown,
it is probable that they spend the pel agi c phase of their annual
cycle in the offshore waters of central and northern California
and probably O egon and Washi ngton where they join adult fenales
mgrating southward fromthe Pribilof Islands, Al aska (Dohl et
al. 1983, Bonnell 1985, York 1980). Fenmles return to San M guel
| sland for parturition and are confined to the outer Southern
California Bight and offshore central California waters for

foraging during the breeding season due to nursing schedul es.
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The high pup production in 1992 indicates that adult females
foraged efficiently in winter feeding areas. However, the high
nortality and | ow weani ng wei ghts of pups suggests that females
had difficulty obtaining adequate forage resources during the
breedi ng season (DeLong and Antonelis 1991), nost certainly a
result of changes in prey availability in the Southern California
Bi ght and coastal California due to the 1992 El N flo event.

The effects of the 1992 EIl N fio on the fur seal population
on San Mguel Island show that timng of environnental changes
relative to the annual cycle of fur seals is as inportant as the
severity of the environnental change itself. The 1992 El N fo
did not inpact the fur seal population at San Mguel Island as
severely as the 1982-83 EI Nifio even though many of the
oceanogr aphi ¢ changes were simlar during the two events
(Sout hwest Fisheries Science Center NOAA El N fio watch 1992
unpub.; MGowan 1985). This is probably because the onset of the
1992 EI Niflo in the Southern California Bight occurred later in
the winter of 1992 than the 1982-83 El N fio. The onset of the
1982-83 EIl N o occurred in Cctober 1982, during or shortly after
femal es wean their pups at San Mguel Island. Wen females |eft
San M guel Island in Novenber 1982, they were faced with
decreased prey availability and abundance along the California
coast. These changes in prey availability apparently increased
female nortality which resulted in the subsequent decline in pup
production in 1983 (DeLong and Antonelis 1991).

Since adult fenales had departed San M guel Island for the

pel agi ¢ phase of their annual cycle before the onset of the 1992
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El Nifio event, females had a few nonths of foraging to replace
energy stores used during lactation before changes in prey
availability occurred. In addition, fenales were apparently able
to find adequate forage resources during the winter and spring
whi ch al | owned adequate accunul ati on of energy reserves for
survival of fenales and successful pup production in the sumer
of 1992. However, the survival and health of the 1992 cohort was
conprom sed (high nortality and | ow weani ng wei ghts) by the
difficulty adult feral es encountered in obtaining adequate forage
resources in the Southern California Bight and central California
waters during the 4-5 nonth lactation period.

The 1992 El N fiio event continued into the winter of 1993 and
may have affected the survival of the 1992 cohort which went to
sea already conpronised by |ow weaning weights. Survival of the
1992 cohort will not be known until the pups return as juveniles
in 1994 or 1995.

El N fio events, while not predictable are a periodic.
phenonenon along the California coast and clearly affect the
growh of the San Mguel Island northern fur seal colony. The
popul ati on dynam cs of the northern fur seal population at San
M guel Island provide a unique opportunity to study both density
dependent (survival, growth) and non-density dependent (El N fio
events) regulatory mechanisns of a population living at the

extreme of its range.
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APPENDI X A

d ossary

The followng ternms used in fur seal research and nanagenent on
the Pribilof I|slands, Bogoslof |sland, San M guel Island, and
Castl e Rock have special neanings or are not readily found, in
standard dictionaries.

Bachel or Young nal e seals of age 2-5 years.

Cassifications of adult male fur seals

Gass 1 Ful | -grown mal es apparent|y attached
(shoreline) to "territories" spaced along the

water's edge at intervals of 10-15 m
Most of these aninmals are wet or

partly wet, and sone acquire harens of
one to four females between 10 and 20
July. They would then becalled harem
males (Cass 3). Cdass 1 nales should
not be confused with Cass 2 aninals,
whi ch have definite territories,
whereas the shoreline males appear to
be attached to such sites but may not
be in all cases.

Gass 2 Ful' | -grown nales that have no fenales,
(territorial but are actively defending
W t hout femal es) territories. Most of these aninmals

are located on the inland fringe of a
rookery: some are between Cass 1
(shoreline) and Cass 3 (territorial
wth females) nales, and a few are
conpletely surrounded by Cass 3 nales
and their harens.

A ass 3 Full -grown nales actively defending
(territorial territories and females. Mst Cass 3
with fenales) mal es and their harens conbine to form
a conpact mass of animals. Isolated

individuals, wusually with snall

harems, may be observed at each end of
a rookery, on sandy beaches, and in
corridors leading to inland hauling
grounds. Sone territorial males have
as few as one or two females.  Shoul d
these femal es be absent during the
counts, their pups are used as a basis
for putting the adult male into O ass
3 rather than dass 2.
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G ass 4 Ful I - and partly grown males on the
(back fringe) inland fringe of a rookery. A few
animal s too young and too small to
include in the count may be found
here Though sone C ass 4 nmal es may
Fear to be holding territories, nost

W fl ee when approached or when
prodded with a pole.

Cass 5 The haul ing grounds contain males from
(haul i ng May to late July and a m xture of
ground) 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
adul t. Mal es included in this count
a{g approximately 7 years of age and
ol der.

Prior to 1966, Cass 3 nales were
called harem bulls, and dasses 1, 2,4,
and 5 were collectively called idle
bul | s. From 1966 through 1974, the
adult male seals were classified into
five groups (Gasses 1, 2, 3, 4, and
? . Beginning in 1975, Casses 1 and

were conbined and designated as
Cass 2, dass 3 rennined the sane,
and Cd asses 4 and 5 were conbi ned and
designated as d ass 5.

Drive The act of surrounding and noving
groups of seals fromone |ocation to
anot her.

Haul i ng An area, usually near a rookery, on

ground whi ch nonbreedlng seal s congregate.
See Rookery.

Haul out The act of seals noving fromthe sea

onto shore at either a rookery or
haul i ng ground.

Kl ept ogyny The act of an adult male seal o
prlnar|I¥ classes 1, 2, or 3) seizing
e

an adul t mal e fromanother nale's
territory.
Known- age Refers to a seal whose age is known

because the aninmal bears an inscribed
tag or other type of nark.




Mar ked

Mark
recoveries

Rookery

Roundup

Vi bri ssae
(facial
whi skers)
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Descri bes a seal that has been marked
br attaching an inscribed netal or
plastic tag to one or nore of its
flippers,- by hair clipping, or by

bl eaching.

Recovery (sighting) of a seal that has
been nmarked by one of several nethods.

See marked.

An area on which breeding seals

congregate. See Hauling ground.

Bi ol ogi sts surround and herd juvenile
male tur seals close to the location

they haul out.

To determne the relative age
structure of fermales in a popul ation
the color of their whiskers are used.
Facial vibrissae are black at birth
and remain black through age 3 years;
becone m xed (bl ack and white) at ages
4 and 5 years; and by age 7, the
vibrissae usually are entirely white.
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APPENDI X B

of northern fur seal tag data collected on the

Pribilof Islands, A aska, and on San Mguel Island, California,,

during 1992.

Tabl e B-1

Tabl e B-2.

Tabl e B-3.

Tabl e B-4.

Tabl e B-5.

Nunber of adult male northern fur seals
counted by class and rookery section

St. Paul Island, Al aska, 10-16 July 1992.......

Nurmber of harem and idle males, pups born,
nunber of northern fur seal rookeries

sanpl ed, standard devi ation (Sﬁ% of the
nunber of pups born and the nunmber of dead
pups on the Pribilof Islands, Al aska,

1975-92. .

Nunber of northern fur seal pups sheared on

each rookery of St. Paul Island, Al aska, 1992....

Nunber of dead northern fur seal pups counted
by section on the rookeries of St. Paul |[sland,

aska, 1992 ... ...

Nunber of dead northern fur seals counted
that were older than pups, Pribilof Islands,
Al aska, 1965-92. Teeth (usually canines)

were collected from nost of these seals.........
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Table B-1.--Number of adult: male northern fur seals counted, by class® and rookery section, St. Paul Island,

Alaska, 10-16 July 1992. A dash indicates no numbered sections. ) '

Rookery and Section
class of male 1 2 3 4 5 6 7 8 9 10 11 12 13 1 Total
Lukanin

2 28 43 - - - - - - - - - - - - 7

3 51 68 - - - - - - - - - - - - 119

5 207 17 - - - - - - - - - - - - 224
Kitovi’

2 19¢(11) 5 33 36 22 - - - - - - - - - } 126

3 50(18) 16 77 89 63 - - - - - - - - - 313

5 30¢109) 4 8 12 267 - - - - - - - - - 430
Reef

2. 23 19 33 24 16 22 18 29 15 23 5 - .- - 227

3 54 73 62 46 46 75 16 67 50 39 8 - - - 536

5 21 37 103 67 170 18 135 103 30 66 9 - - - 841
Gorbatch :

‘2 46 27 15 0o 18 17 - - - - - - - - 123

3 124 87 85 0 88 8 - - - - - - - - 468

5 607 29 29 222 13 37 - - - - - - - - 937
Ardiguen !

2 16 - - - - - - - - - - - - - 16

3 77 - - - - - - - - - - - - - 7

5 . 17 - - - - - - - - - - - -. - 17
Morjovi®

2 15¢11) 13 31 13 38 17 - - - - - - - - 138

3 58(36) 55 69 53 135 59 - - - - - - - - 465

5 240(23) 30 103 13 25 272 - - - - - - - - 706
Vostochni ‘

2 : - 13 10 28 27 10 59 50 33 24 18 22 21 49 25 389

3 50 22 51 60 39 141 65 74 51 19 50 86 142 86 936

5 21 78 9 144 169 155 62 27 118 8 3 111 140 171 1301
Little Polovina

2 7 - - - - - - - - - - - - - 7

3 ‘ 18 - - - - - - - - - - - - - 18

5 - 407 - - - - - - - - - - - - - 407
Polovina ‘

2 18 4 - - - - - - - - - - - - 22

3 46 20 - - - - - - - - - - - - 66

5 160 181 - - - - - - - - - - - - 341
Polovina Cliffs .
2 17 10 15 26 27 19 14 - - - - - - - 128

3 49 48 29 66 121 78 1M1 - - - - - - - 502

5 : 80 42 22 30 42 41 47 - - - - - - - 304
Tolstoi

2 21 16 30 10 44 36 53 33 - - - - - - 243

3 I£] 80 77 93 124 124 120 99 - - - - - - 790

5 1 20 29 16 30 85 38 613 - - - - - - 1875
Zapadni Reef

2 89 27 - - - - - - - - - - - - 116

3 119 40 - - - - - - - - - - - - 159

5 142 463 - - - - - - - - - - - - 605
Little Zapadni .

2 3 . 2 3% 39 25 39 - - - - - - - - - 164

3 12 45 7% 70 69 T - - - - - - - - 342

5 3 47 5% 45 35 357 - - - - - - - - 566
Zapadni*

2 15¢0) 23 22 34 3 31 28 3 - - - - - - 191

3 51(¢0) 93 91 110 91 115 103 15 - - - - - -. 669

5 29(¢251) 64 60 115 146 55 S6 681 - - - - - - 1458

* see glossery for a description of the classes of adult male seals.

® Numbers in parentheses are the adult males counted in Kitovi Amphitheater.

° Numbers in parentheses are the adult males counted on the second point south of Sea Lion Neck.
¢ Numbers in parentheses are the adult males counted on Zapadni Point Reef.



Table B-2. --Number of harem and idle males, pups born, number of northern fur seal rookeries sampled, standard deviation (SD) of the
of the number of pups born and the number of dead pups on the Pribilof Islands, Alaska, 1975-92. A dash indicates no data.
St. Paul St. George

Harem Idle Pups Rookeries Dead Harem Idle Pups Rookeries Dead
Year - bulls bulls born sampl ed SD pups bulls bulls born sampled SD pups
1975 5,018 3,535 278,261 14 8,620 20,625 877 1,427 -- -- -- 3,289
1976 5,324 4,061 291,000 2 11,108 23,676 1,093 996 -- -- -- 2,289
1977 6,457 3,845 -- -- -- 14,083 1,610 899 43,407 6 748 1,2b8
1978 6,496 3,908 -- -- .- 8,073 1,590 1,220 47,248 1,009 2,518
1979 6,242 4,457 245,932 14 9,464 6,444 1,716 1,942 -- -- -- 2,191
1980 5,490 4,248 203,825 4 11,672 7,859 1,563 1,795 -- -- -- 2,385
1981 5,120 4,003 179,444 4 5,876 6,798 1,472 1,646 38,152 6 1,581 2,025
1982 5,767 4,009 203,581 4 3,482 7,301 1,410 1,319 -- -- -- 1,600
1983 4,827 4,242 165,941 4 6,034 5,997 -- -- 31,440 6 2,930 903
1984 4,803 3,977 173,274 5 8,117 6,115 1,473 1,452 -- -- -- --
1985 4,372 3,363 182,258 7 7,997 5,266 1,286 1,601 28,869 6 2,297 806
1986 4,603 1,865 167,656 4 5,086 - 7,771 1,394 1,342 -- -- -- --
1987 3,636 1,892 171,610 13 3,218 7,757 1,303 1,283 -- .- -- --
1988 3,585 3,201 202,229 4 3,751 7,199 1,259 1,258 24,819 6 827 1,211
1989 4,297 6,400 171,534 4 25,867 9,096 1,241 1,163 -- -- -- --
1990 4,430 7,629 201,305 13 3,724 9,136 909 1,666 23,397 6 2,054 928
1991. 4,729 9,453 -- -- -- -- 736 1,271 -- -- -- --
1992 5,460 10,940 192,468" 13 8,918 8,556 1,028 1,834 25,160 6 707 806

"This estimate includes approximately 10,000 pups counted on Sea Lion Rock (Kajimura and Sinclair 1992; NMFS 1993).

69T



Table B-3:.Number

of northern fur seal pups sheared on each rookery of St.

Paul Island, Alaska, 1992.

Section .
Rookery Date 1 2 3 4 5 6 7 8 9 10 " 12 13 14 Total
Ardiquen 16 Aug. 290 - 290
Gorbatch 15 Aug. 470 280 366 0 120 466 1,702
Kitovi 16 Aug. 265° 44 242 267 238 1,056
Little Zapadni 9 Aug. 70 21 450 404 346 339 7 1,820
Lukanin 16 Aug. 267 234 501
Morjovi 6 Aug. 218° 213 170 171 381 174 1,327
Polovina 8 Aug. 167 91 258
Polovina Cliffs 8 Aug. 186 166 164 222 429 220 559 1,946
Reef 11 Aug. 230 453 305 214 231 373 33 228 309 179 36 2,591
Tolstoi 12 Aug. 302 361 261 309 497 465 446 266 i 2,907
Vostochni 7,9 Aug. 164 40 202 194 119 323 314 272 206 109 120 295 642 336 3,336
Zapadni 14 Aug. 312 395 472 386 364 439 329 69 2,766
Zapadni Reef 10 Aug. 478 186 664
Total 21,164

® Includes 72 pups sheared at Kitovi Amphitheater.
®Includes 70 pups sheared at Second Point South of Sea lion Neck.
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Table B-4.--Number of dead northern fur seal pups counted by section on the rookeries of St. Paul Island, Alaska, 1992

Section
Rookery Date 1 2 3 4 5 6 7 8 9 10 1N 12 13 14 Total
Ardiguen 22 Aug. 85 ‘ ' ' 85
Gorbatch ° 19 Aug. 224 172 226 145 ' 767
Kitovi ® 24 Aug. 30 5 52 59 75 ' 221
Little Zapadni 19 Aug. 14 60 109 133 136 180 - 632
Lukanin 24 Aug. 99 105 - 204
Morjovi °© 17 Aug. 188 83 51 142 50 514
Polovina T 22 Aug. 46 3 ' 49
Polovina Cliffs 22 Aug. 80 . 39 54 174 55 60 92 - 554
Reef * 21,22 Aug. 102 139 122 122 109 440° 84 90 34 5 1,247
Tolstoi ' 18 Aug. 130 159 53 209 372 244 242 1,409
Vostochni 20 Aug. 29 13 42 61 35 202 131° 54 12 1" 27 96 146 90 949
Zapadni Reef 17 Aug. 315 87 : ' 402
Zapadni 23 Aug. 55 156 274 315 219 225 204 47 ) - 1,495
Total . ' ' 8,428
% Dead pups for sections 3, 4, and 5 were not separated.
® pead pups from Kitovi Amphitheater (7) are not included in section 1.
¢ Dead pups for sections 1 and 2 were not separated. Dead pups from Second Point South of Sea Lion Reck are also included in section 2.
Y Dead pups for sections 6 and 7 were not separated.
® Includes 166 pups taken for necropsies.
gf Dead pups for sections 4 and 5 were not sepatated.

Includes 61 pups taken for necropsies.

TLT
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Table B-5. --Nunber of dead northern fur seals counted that were ol der
than pups, Pribilof Islands, A aska, 1965-92. Teeth
(usuall'y canines) were collected from nost of these seals.
A dash indicates no data.

St. Paul Island St. George Island Total

Year Males Females Males Females Males Females
1965 158 - - - 158 -
1966 181 172 41 55 222 227
1967 108 157 41 28 149 185
1968 98 141 33 22 131 163
1969 94 141 22 29 116 170
1970 52 124 4 ‘53 56 177
1971 39 91 5 37 44 128
1972 46 111 22 30 68 141
1973 61 65 7 30 68 95
1974 33 30 4 15 . . 37 45
1975 92 99 - - 92 99
1976 46 64 . - - 46 64
1977 60 69 - - 60 69
1978 57 87 - - 57 87
1979 56 66 - - 56 . 66
1980 102 117 - 14 65 116 182
1981 44 83 12 61 56 144
1982 47 117 - - 47 117
1983 ‘ 57 66 - - 57 66
1984 66 72 - - ‘ 66 72
1985 5 34 17 35 : 22 69
1986 24 67 - - 24 67
1987 20 90" - - 20 9gb
1988 56 112 21 29 , 77 141
1989 55 162 - - 55 162
1990 97 151 13 31 110 182
1992 97 265 7 19 104 284

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

I'ncl udes 10 dead fur seals of unknown sex.
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APPENDI X C

Li st of nonel tagged northern fur
seal s resighted on St. Paul Island,
Al aska, 1992 . ... ...



174

Appendi x Table C|. --List of nonel tagged northern fur seals
resighted on St. Paul Island, Al aska, 1992.

5 year olds

A00055 - A04888

A00232 A04949
A00242 A05169
A00343 A05372
A00345 A05388
AQ00373 A05992
A00389 A06013
A00532 A06113
A00601 A06153
A0Q0983 " A06155
A0l029 A06157
A01126 A06211
A01224 A06225
A01228 A06226
AQ01353 A06426
A01380 A06490
A01407 A06505
A01595 A06611
A0l61le6 A06710
A02252 A06717
A02273 A06721
A02676 A06785
A02883 A06812
AQ2973 A06831
A03070 A06997
A03181 A07005
A03188 A07073
A03215 A07121
A03263 AQ7308
A03272 A07521
AQ3354 A07543
A03472 A07648
A03593 A07654
A03612 A07672
A03645

A03648

AQ3752

A04051

A0O4136

A04193

A04297

A04380

A04582

A04600

A04604

AO4668

AQ4731
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4 year olds

A08071 A09098 Al0687

A08107 A09134 A10723
A08187 A09135 A10725
A08197 AQ9137 A10964
208226 A09175 All1l1le
A08227 209178 A11133
A08241 A09254 Al11145
A08280 A09287 Al11171
A08284 . A09338 A11190
A08293 A09350 Al11197 .
A08296 A09425 Al11211
A08299 A09445 Al11224
A08453 A09484 A11232
A08455 209494 A11282
A08474 A09543 ~Al11315
A08492 A09547 Al1361
A08499 A09600 Al11405
A08519 A09624 Al11415
208523 A09629 A11454
A08535 A09643 Al11511
A08561 A09671 A11555
A08563 A09708 All561
A08564 A09710 A11591
A08566 A09729 A11629
A08586 A09741 A11887
A08604 A09747 Al11914
A08608 A09771 Al12150
A08624 A09838 Al2160
A08637 A09889 Al12222
A08638 A09988 Al12225
A08669 A10001 212230
A08676 Al10201 A12327
A08702 Al10254 A12379
208703 Al10306 Al12392
A08735 A10312 Al12475
A08757 A10318 A12477
A08782 A10344 A12487
A08805 A10377 A12520
A08833 A10393 Al2541
A08862 210413 A12554
208866 Al0416 A12587.
A08992 Al10439 " A12604
A09008 A10449 A12670
A09016 A10460 A12713
A09024 210482 A12773
A09039 A10513 A12825
A09042 A10539 212837

A090e61 Al10544 Al2852

Al12855
Al12872
Al12885

. Al12891

Al12938
A12950
Al12966
Al2969
Al2994
Al13013
Al13031
A13077
Al3132
Al13187
Al13209
Al13214
Al3215
Al3218
Al3278
Al3301
Al13305
Al3326
Al13349
Al3356
Al3384
Al3453
Al3458
Al3477
Al13571
Al3572
Al13620
Al13665
Al3671
Al13724
Al3731
Al13760
Al3825
Al13863
Al13877
A13885
Al3934
Al13993
Al4048
Al4049
Al4061
Al4143
Al4171
Al4193

Al4194
Al4219
Al14255
Al14270
Al4312
Al14333
Al4369
Al4379
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3 year olds

A14390
Al4426
Al4428
Al4442
Al14456
Al4464
Al4465
Al4485
Al4497
Al4501
Al14520
Al14535
Al4536
Al14541
Al14554
Al14560
Al14563
Al4581
Al14591
Al4594
Al14595
Al4596
Al4612
Al4626
Al4629
Al4656
Al4659
Al4680
Al4685
Al4694
Al14720
Al4724
Al4731
Al4755
Al4764
Al476°9
Al4798
Al4805
"A14823
Al4832
Al4849
Al4908
Al14909
Al4923
Al14928
Al4959
Al15000
Al5008

A15026
A15034
A15067
A15098
A15100
A15106
A15122
A15137
A15150
A15188
A15199
A15206
A15207
A15215
A15301
A15329
A15359
A15361
A15378
A15439
A15447
A15489
A15502
A15531
A15547
A15557
A15559
A15588
A15605
A15624
A15626
A15639
A15642
A15650
A15700
A15736
A15768
A15801
A15809
A15830
A15849
215851
A15856
A15880
A15895
A15897
A15928
A15946

A15985
Al15990
Al16003
Al16006
Al6023
Al6031
A16060
Al6061
Al16089
Al6099
Al6111
Al16119

Al6142

Al16147
A16150
Al6161
Al6171
Ale184
Al6198
Al6201
Al16207
Al6218
Al16236
Al6254
Al6278
Al6294
Al6316
Al6328
Al6364
Al6376
Al6394
Al16396
Al6449
Al16459
Ale472
Al6480
Al16492
Al16499
A16525
Al6530
Al6610
Al6620
Ale668
Al6684
Al6719
Ale741
Al6756
Al6783

A16814
216822
A16824
216839
216890
A16907
A16943
A17015
A17022
A17043
A17055
A17066
A17111
17126
A17134
A17151
A17166
A17172
A17180
A17191
A17212
A17217
A17219
A17230
A17231
A17245
A17259
A17286
A17294
A17301
A17322
A17341
A17363
A17366

Al17369

Al7373
Al17375
Al7392
A17395
Al7399
Al7435
Al7455
Al7474
Al7482
A17483
Al7498
Al7499
Al17505

Al17506
Al17528
Al7536

Al7539 .

Al17576
Al17585
Al17593
Al7615
Al7618
Al7631
Al17634
Al7647
Al17665
Al7691
Al7692
A17727
Al7732
Al7734
Al7737
Al7743

Al7841

Al7856
Al7864
Al17910
Al17934
Al17937
Al17945
Al17988
Al8012
Al8056
Al8068

Al18104

Al18134
A18152
Al18153
Al8196
Al18230
Al18257
Al18300
A18305
Al8315
Alg326
Al8330
Al8335
218342
Al18347
A18360
Al18386

Al8418
Al8425
Al18449
Al18451
Al18474
Al18475
A18506
Al18530
Al8531
A18535
A18552
Al8564
A18593
Al18621
Al18631
218643
Al8649
Al18657
Algé661
Al18676
Algeg?
Al18691
A18698
Al8719
A18737
Al18770
A18793
A18804
Al18818
Al8819
Al8834
Al8874
A18878
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2 year olds

A18952
A18966
A18968
A18970
Al19035
A19070
A19087
A19109
Al19118
Al19128
A19129
Al19150
Al19160
A19309 .
A19312
A19318
Al19324
Al19336
A19352
A19380
Al19421
A19479
Al19486
A19515
Al19617
A19713
A19779
A19810
Al19811
A19936
A19976
A20428
A20529
A20718
A21091
-A21402
A21455
A21526
A21579
221680
- A21696
A21773
A21870
A21928
222126
A22152
A22208
A22245

A22291
A22303
A22340
A22352
A22445
A22457
A22556
A22682
A22702
A22835
A22928
A22977
A23053
A23123
A23131

~A23217

A23224
A23270
A23273
A23347
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Appendi x Table D-1. --Northern fur seal pups
tagged with pink plastic
rota tags at Adans Cove,
San M guel |sland,
California, 27 Septenber 1992

Left Tag Right Tag Sex Weight (kg)
21501 A1501 M 9.6
Al1502 A1502 M 8.5
A1503 21503 F 8.8
Al1504 21504 M 12.5
Al1505 A1505 F 8.0
21506 Al1506 M 8.0
Al1507 A1507 M 11.6
A1508 A1508 F 9.0
A1509 A1509 F 9.2
Al510 'Al510 F 6.5
Al1511 Al511 M 9.0
Al1512 ' Al1512 M 10.5"
Al1513 Al1513 F 9.2
Al514 Al1514 M 7.0
Al1515 Al1515 M 8.0
Al516 Al516 F 13.2
Al1517 Al1517 F 10.0
Al1518 Al1518 M 10.2
Al1519 Al1519 F 11.4
Al1520 Al1520 U 9.0
Al1521 Al521 F 8.0
Al1522 Al1522 M 10.0
Al1523 A1523 M 10.2
Al1524 Al524 F 10.3
Al1525 A1525 F 6.4
Al1526 Al1526 M 10.8
Al1527 A1527 M 9.8
Al1528 A1528 F 7.2
Al1529 Al1529 M 9.8
Al530 A1530 F 9.8
Al1531 Al1531 F 7.5
A1532 Al1532 M 10.0
Al1533 Al1533 M 7.2
Al1534 Al1534 M 9.4
Al1535 A1535 F 8.4
Al1536 Al1536 F 7.0
Al1537 A1537 M 9.2
Al1538 Al1538 F 10.0
A1539 A1539 M 9.8
Al1540 Al1540 F 6.0
Al1541 Al1541 F 8.6
Al1542 Al1542 F 9.4
Al1543 Al1543 F 10.6
Al1544 Al544 M 10.8
Al1545 A1545 F 9.0
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Appendi x Table D-1.--Continued.

Left Tag - - Right Tag Sex Weight (kg)
Al546 - A1546 F 10.6
Al1547 Al1547 F 6.0
A1548 A1548 F "10.0
A1549 Al1549 M 8.0
A1550 A1550 F 8.0
Al1551 Al1551 F 7.8
Al1552 A1552 M 9.4
A1553 A1553 F 10.8
21554 A1554 M 11.0
A1555 A1555 F 9.8
A1556 A1556 M 8.2
Al1557 A1557 M 9.8
A1558 A1558 F. 7.2
A1559 A1559 F 6.2
A1560 A1560 M 11.4
A1561 Al1561 M 9.0
A1562 Al1562 M 6.0
‘A1563 A1563 M 6.8
Al1564 Al1564 F 8.8
Al1565 Al1565 F 9.4
21566 Al566 M 14.4
Al1567 A1567 F 10.8
Al1568" A1568 F 9.2
A1569 A1569 M 7.2
A1570 Al1570 F 7.0
Al1571 Al1571 M 9.0
A1572 Al1572 F 9.4
A1573 A1573 M 8.2
A1574 Al1574 M 9.0
A1575 A1575 F 5.0
Al1576 Al1576 F 7.0
Al1577 A1577 F 7.2
Al1578 . A1578 M 8.2
A1579 A1579 M. 10.3
A1580 A1580 F 6.5
A1581 A1581 F 8.2
A1582 A1582 F 5.2
A1583 A1583 F 9.0
A1584 A1584 F 9.8
A1585 A1585 M 15.0
A1586 o A1586 M 12.2°
A1587 A1587 M 13.0
A1588 A1588 M 7.8
A1589 A1589 F 5.8
A1590 A1590 M 11.5
A1591 A1591 M 10.8
A1592 A1592 M 9.5
A1593 A1593 M 10.8
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Left Tag Ri ght Tag Sex Wi ght (kg)
21594 21594 M 8.8
Al1595 A1595 F 12.2
Al1596 Al1596 F 10.5
A1597 A1597 M 6.8
A1598 Al1598 M 10.0
A1599 A1599 M 8.4
A1600 A1600 M 10.5
Al1601 21601 M 8.5
Al1602 A1602 F 9.4
Al603 A1603 M 11.6
Al604 A1604 F 7.2
Al1605 A1605 M 6.2
Al1606 A1606 M 9.6
Al1607 A1607 F 6.2
Al608 A1608 F 9.6
-A1609 A1609 M 9.4
Al1610 Al610 F 10.8
Al611 Al611 M 8.2
21612 Al612 F 10.2
Al613 Al1613 M 10.8
Al614 Al614 F 7.4
21615 A1615 M 9.8
Al616 Al1616 F 11.0
Al617 Al617 M 8.0
Al618 Al618 M 9.2
A1619 Al619 M 8.5
Al1620 Al1620 F 10.2
Al621 Ale21 F 6.8
"Al1622 Al622 M 10.6
A1623 Al623 M ‘9.6
Al624 21624 M 9.8
Al1625 21625 M 9.2
Al1626 A1626 F 8.2
Al627 Al1627 F 7.0
Al1628 21628 F 6.2
A1629 A1629 F 9.2
A1630 Al630 M 9.2
Al1631 Al631 M 11.0
Al1632 21632 F 10.0
Al1633 A1633 M 10.8
Al1634 Al634 F 8.0
Al1635 A1635 M 7.5
Al636 21636 M 11.6
A1637 A1637 M 6.8
Al1638 A1638 M 8.8
A1639 A1639 F 7.8
Al1640 Al1640 F 7.5
Ale41 Ale41 M 8.0
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Appendi x Table D-1.--Continued.

Left Tag Right Tag Sex Weight (kg)

Alé42 Al642 M 10.8
Al643 Al643 M 8.8
Alé644 Al644 F 11.8
Al645 . Ale645 M 8.0
Al646 Alé646 - F 7.8
Al647 Ale47 F 2.0
Alé648 Ale4s F 11.6
Al649 Al649 M 8.5
Al650 Al650 M 10.2
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Appendi x Table D-2. --Northern fur seal pups tagged
with pink plastic roto tags
at Adams Cove, San M guel
| sl and, California,

1 Novenber 1992.

Left Tag Right Tag Sex . Weight (kg)
Al651 Ale651 F 5.6
Al652 Al652 M 12.5
Al653 Al653 'F 9.2
Al654 Al654 F 10.5
Al655 Al655 F 7.5
Al656 Al656 M 10.9
Al1657 Al1657 F 8.0
Al658 Al658 F 9.6
Al659 Al659 F 8.0
Al660 Al660 F 8.8
Al661 Al661 F 10.5
Al662 Al662 F 9.6
Al663 Al663 F 11.0
Al664 Al664 M 9.9
Al665 Al665 F 9.5
Al666 Al666 F 8.0
Al667 Al667 F 11.0
Al668 Al668 M 10.5
Al669 Al669 F 10.0
Al670 Al670 M 11.5
Ale71 - Ale71 M 7.0
Al672 Ale672 M 8.0
Al673 Ale73 F 8.8
Ale74 Al6e74 F 8.3
Al1675 Al675 F 9.2
. Al1676 Al676 F 10.0
Al677 Al677 M 8.6
Al678 Al678 F 9.1
Al679 Al679 F 7.8
Al680 A1680 M 9.8
Al681 Ales81 M 14.2
Ale82 Al682 . M 8.0
Al683 Al683 F 7.8
Ale84 Al684 F 6.9
Ale8S Alé685 F 8.2
Al686 Al686 F 11.3
Al687 Ale687 M 11.6
Al688 Ale89 F 6.2
Ale89 Aléss F 6.6
Al1690 Al690 F 8.4
Al691 Al691 F 10.6
Ale92 Al1692 F 8.6
Al1693 Al1693 F 9.2
Al694 Al694 M 12.9
A1695 Al695 F 6.8
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Appendi x Table D-2.--Continued.

Left Tag Ri ght Tag Sex Wi ght (kg)
21696 A1696 F 8.3
Al1697 A1697 M 11.6
Al698 A1698 F 9.4
A1699 A1699 F 7.0
A1700 A1700 F 10.0
Al1701 A1701 M 10.0
A1702 A1702 F 8.4
A1703 A1703 M 12.1
A1704 Al1704 F 8.5
A1705 A1705 F 11.8
Al706 A1706 M 7.2
A1707 A1707 F 7.6
Al1708 A1708 F 11.5
A1709 A1709 M 10.2
A1710 A1710 F 7.7
Al1711 Al1711 F 5.8
A1712 A1712 F 8.8
Al1713 A1713 F 8.2
Al714 Al1714 M 10.7
21715 Al1715 M 11.5
Al716 Al1716 M 11.5
A1717 A1717 F 6.8
Al1718 Al1718 F 7.2
A1719 Al1719 F 8.7
Al1720 A1720 F 8.8
Al721 A1721 M 8.1
Al1722 Al1722 M 11.2
A1723 A1723 M 11.6
Al1724 A1724 F 8.4
Al1725 Al1725 F 6.3
Al726 Al1726 F 11.2
A1727 Al1727 F 7.6
A1728 A1728 F 11.4
A1729 A1729 F 6.5
21730 A1730 F 10.6
Al1731 A1731 F 9.0
Al1732 A1732 M 10.2
Al1733 A1733 F 9.3
Al1734 Al1734 F 10.6
A1735 A1735 M 9.5
A1736 A1736 M 9.2
A1737 A1737 M 10.3
A1738 A1738 M 7.8
Al1739 A1739 M 10.2
Al1740 A1740 F 7.6
A1741 A1741 M 12.0
Al1742 Al1742 F 9.0
A1743 A1743 M 8.0
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Left Tag R ght Tag Sex Wi ght (kg)
Al1744 Al1744 M 9.8
A1745 Al745 F 9.2
Al1746 Al1746 M 13.2
A1747 Al747 F 7.2
‘A1748 Al1748 F 12.2
A1749 A1749 M - 10.8
A1750 Al1750 F 7.7
Al1751 21751 F 10.2
Al1752 A1752 F 8.2
A1753 A1753 M 10.6
A1754 Al1754 M 10.0
A1755 A1755 F 9.4
Al756 Al1756 M 10.0
A1757 A1757 M 11.0
Al1758 A1758 M 11.0
A1759 A1759 F 6.0
A1760 Al1760 F 11.0
Al761 Al761 M 9.4
Al1762 Al1762 M 9.0
Al1763 21763 F 9.6
Al764 Al1764 F 11.0
Al1765 - Al1765 M 8.3
A1766 21766 M 10.2
Al1767 Al1767 M 11.0 -
A1768 Al1768 F 6.4
A1769 Al1769 M 11.4
Al1770 A1770 M 8.0
A1771 A1771 F 9.0
A1772 A1772 M 9.0
A1773 A1773 M 10.8
A1774 Al1774 F 7.4
A1775 Al1775 M 9.2
Al776 Al1776 F 7.0
A1777 A1777 F 10.8
A1778 21778 F 9.0
A1779 Al779 F 8.8
A1780 A1780 M 9.0
A1781 A1781 M 8.7
A1782 A1782 F 9.8
A1783 A1783 F 6.2
A1784 A1784 F 7.8
A1785 A1785 M 8.2
A1786 Al1786 F 11.8
A1787 A1787 M 9.4
A1788 Al788 F 7.2
21789 21789 M 10.7
A1790 A1790 F 8.3
21791 A1791. M 11.6
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Left Tag Ri ght Tag Sex Wi ght (kg)
A1792 A1792 F 7.1
A1793 A1793 M 8.0
21794 A1794 F 7.9
A1795 A1795 F 9.7
A1796 A1796 F 8.1
21797 A1797 'F 5.5
21798 A1798 F 10.8
A1799. A1799 F 7.5
A1800 A1800 M 10.3
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Appendi x E. --Conti nued.
Affiliation Code

CSP - Gty of St. Paul, St. Paul Island, Al aska
vl - Canbridge Veterinary School, London, England
EH - Ei hme University, Matsuyama, Japan

NMMVL-  National Mrine Manmal Laboratory, Seattle, Washington

NMES -  National Marine Fisheries Service Regional Ofice,
Juneau, Al aska

NRI FS - National Research Institute of Far Seas Fisheries,
Shim zu, Japan

UAF - Uni versity of Al aska, Fairbanks, Al aska

ucD - University of California, Davis, California

WPl - Wl dlife Pathology International, Boul der, Colorado
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