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Table 1l.--Kill of male seals,— by year class, St. Paul Island,

1962-74.

Year Age when killed

class 2 3 4 5 Total
1962 2,539 19,009 12,156 1,287 34,991
1963 1,264 25,535 11,785 1,542 40,126
1964 3,143 26,991 13,279 1,469 .44,882
1965 2,220 18,706 10,565 731 32,202
1966 1,673 17,826 11,548 1,338 32,385
1967 2,640 22,176 12,503 2,185 39,504
1968 1,725 12,888 14,932 721 30,266
1969 323 15,024 10,800 1,631 27,778
1970 916 16,337 15,533 1,402 34,188
1971 577 14,652 10,768 722 26,719
19722/ 1,025 15,186 8,050 - 24,261
19732/ 1,642 13,397 - - 15,039
19742/ 893 - - - 893
Total 20,560 207,723 131,919 13,028 383,234
Mean 1,582 18,144 11,993 1,303  3/34,304

1/ Includes only 2- to 5-year-old seals taken during the kill of
male seals. From 1956 through 1974, 131 one-year-olds and 1,216
six-year-olds were harvested. In addition, age was not determined
for 4,919 males taken on St. Paul Island. '

2/ Incomplete returns.

3/ 1972, 1973, and 1974 year classes not included.



Table 2.--Age classification of male seals killed, Pribilof Islands, Alaska, 1967-76

St. Paul Island St. George Island
Estimated seals killed Estimated seals killed
Year of from each age group from each age group . Total both
harvest 2 3 4 5 6 Total 2 3 4 5 6 - Total islands
- Number
1967 2,200 26,991 11,785 1,287 96 42,359 740 7,622 3,738 392 40 12,532 54,891
1968 1,673 18,706 13,279 1,542 92 35,292 433 4,443 3,680 406 38 9,000 44,292
1969 2,640 17,826 10,565 1,469 121 32,621 411 2,645 2,204 680 117 6,057 38,678 '
1970 1,725 22,176 - 11,548 731 17 36,197 98 2,916 2,274 547 89 5,924 42,121 '
1971 323 12,888 12,503 1,338 190 27,242 32 1,456 2,517 467 81 4,553 31,795
1972 916 15,024 14,932 2,185 53 33,110 57 1,442 2,125 559 21 4,204 37,314 o
1973/ 577 16,337 10,800 721 22 28,457 - - - - - - 28,457
1974/ 1,025 14,652 15,533 1,631 135 32,976 - - - - - - 32,976
19751/ 1,642 15,186 10,768 1,402 95 29,093 - - - - - - 29,093
19763/ 893 13,397 8,050 722 19 23,081 - - - - - - 23,081

1/ No commercial fur seal harvest on St. George Island.
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The ages of 15 females killed unintentionally during
the male harvest were not determined.

Two hundred male seals of ages 2 through 5 years were
taken on the west hauling ground of North Rookery, St. George
Island for local subsistence purposes with no restrictions as
to age or size. Forty seals were harvested each Tuesday from
29 June through 27 July, and maxillary canine teeth were
collected from each for determination of age (Table A-2).

Living Adult Male Seals Counted

2/

Counts of living adult males of all classes — totaled
8,673 on St. Paul Island and 1,214 on St. George Island in June
and 9,365 and 2,089, respectively, in July (Tables A-3 to A-8).
An estimate of 375 living adult males on Sea Lion Rock was
obtained from averaging counts of 361 and 389 taken there on
1 July (Table A-4). The count may be low because it was made
from a skiff. The relative locations of the classes of adult
males on a rookery are shown in Figure 6.

Dead Seals Counted That Were Older Than Pups

In 1976, 110 dead fur seals older than pups (46 males and
64 females) were counted on the rookeries and hauling grounds
of St. Paul Island (Table 3). Canine teeth were collected from
these animals for studies of age and mortality.

Dead Pups Counted

In 1976, 23,676 dead seal pups were counted on St. Paul
Island and 2,289 on St. George Island (Tables A-9 and A-10).
All of sSst. Paul Island's fourteen fur seal rookeries were
censused 19 to 26 August, whereas on St. George Island five
rookeries were censused 23 to 24 August and one on 21 September.

In 1976, estimates (Table 4) were made of the number of
living pups on Vostochni, Polovina Cliffs, and Zapadni Reef
rookeries of St. Paul Island. The death rates for pups on these
three rookeries in that year were 0.074, 0.080, and 0.080,
respectively, and in 1975 were 0.073, 0.058, and 0.066.

Mark Recoveries

In 1976, 1,433 seals given permanent marks as pups on St.
Paul and St. George Islands by removing about 3/4 inch (1.9 cm)
of the cartilagenous tip from a digit on the right or left hind

2/ See Table A-3 or glossary for a description of the classes
of adult males.
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CLASSES OF BULLS

2. TERRITORIAL WITHOUT FEMALES R
3. TERRITORIAL WITH FEMALES
5. HAULING GROUND [IIm

BERING SEA

Figure 6. --General composition of a typical fur seal rookery.
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Table 3.--Dead seals counted that were older than pups, Pribilof

Islands, Alaska, 1965-76.
St. Paul Island St. George Island Total
Year Males Females Males Females Males Females
= -=—=Number
1965 158 No count No count No count 158 No count
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 92 299 No count No count 92 99
1976 46 64 No count No count 46 64
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flipper were recovered at ages 2 through 6 years during the
male seal harvest on St. Paul Island (Table A-11). Three seals
marked with tags as pups on Bering Island, USSR were also
recovered in the harvest (Table A-12).

Types of marks applied to fur seals in recent years, and
their locations, are illustrated in Figure 7 and listed and
described in Tables A-13 and A-14.

Alton Y. Roppel

Patrick Kozloff
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FRONT FLIPPER
TAGS CLINCHED AT THE HAIRLINE AND BETWEEN THE FOQURTH

AND THE FIFTH DIGIT.
MARKS MADE BY CUTTING A V-NOTCH AND REMOVING THE TIP

DIGITS
| (BIG TOE)

e AN e

TN o

-
————

HIND FLIPPER
MARK MADE BY REMOVING THE TIP OF THE FIRST DIGIT.

Figure 7. -- Examples of marks used on northern fur seals
and their locations on the flippers, Pribilof
Islands, Alaska.
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Number of Pups Born

A total of 291,000 pups were born on St. Paul Island in 1976
as estimated from shearing and sampling. The accuracy of the
shearing and sampling method of estimation was determined by
estimating the number of pups born on Zapadni Reef Rookery of
St. Paul Island using this technique, and comparing the results
with an actual count of the total. The 1976 estimate is 5% higher
than the 1975 estimate of 278,300 and 26% above the 1970 estimate
of 230,400 (Table 13 of Marine Mammal Division, 1976).

The estimate of 291,000 pups born on St. Paul Island is based
on (1) dead pups counts and shearing/sampling data collected on
two rookeries (Vostochni and Polovina Cliffs), and (2) regression
equations developed in 1975 which show that errors in the estimated
total number of pups born on the islands are lower when based on
data from these two rookeries than on data from all other rookeries
(Table 12 of Marine Mammal Division, 1976). 1In particular, the
data and estimates for 1976 in Table 4 of Vostochni and Polovina
Cliffs Rookeries are used with the regression equations for these
rookeries in Table 11 of Marine Mammal Division, 1976. The mean
of the estimates from both rookeries is the estimate for St. Paul
Island as shown below (all values in thousands of pups born):

Vostochni Rookery: Q = 82.982 + (4.324) (51.796) = 306.95

Polovina Cliffs Rookery: Q = 90.009 + (7.908) (23.378) = 274.88

Mean, both rookeries = 290.9

On St. George Island the count of about 5,800 pups born on
South Rookery (280 dead and 5,528 alive, the latter counted during
the last week in July 1976) was much lower than the estimate of
13,900 born there in 1975 (Table 3, Marine Mammal Division, 1976).
The count of 5,800 pups in 1976 agrees with the strong indication
in last year's report (page 13 of Marine Mammal Division, 1976)
that the 1975 estimate of pups born on all rookeries of St. George
Island was too high. 1In 1977 and 1978, therefore, we plan to
estimate or count the numbers of pups born on all rookeries of
St. George Island in order to eliminate the uncertainty, which
has existed since 1973, concerning annual pup production there.

As mentioned previously, living and dead pups were also
counted on Zapadni Reef Rookery of St. Paul Island in 1976, and
a shearing/sampling estimate made of the living pups. The
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estimated and counted numbers of pups born differed by 7%,
as shown by the data in Table 4. This difference is within
the approximate limits of error, + 10%, previously determined

for estimates based on the shearing/sampling technique (Chapman
and Johnson, 1968).

Patrick Kozloff

R. H. Lander
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Table 4.--Estimated numbers of seal pups in 1976 at times
of shearing and birth on three rookeries of St.
Paul Island, Alaska, and numbers counted on one
of the same rookeries. Pups were sheared 1-3
August; sampling periods 1 and 2 were 10 August
and 17-18 August, respectively. Live pups on
Zapadni Reef Rookery were counted 11 August.

Polovina Zapadni

Vostochni Cliffs Reef

Item Rookery Rookery Rookery
No. pups sheared 5,400 2,692 819
No. 25-pup samples

Period 1 234 123 51

Period 2 225 133 50
No. sheared pups counted

Period 1 687 371 137

Period 2 608 432 143
Total no. pups countedl/

Period 1 5,850 3,075 1,275

Period 2 5,625 3,325 1,250
Estimated no. live pupsgf

Period 1 sampling 45,982 22,312 75622

Period 2 sampling 49,959 20,720 17159

Mean, both periods 47,970 21,516 7,390
Counted no. pups

Dead 3,826 1,862 638

Live - - 6,874
No. pups borng/

Estimated 51,796 23,378 8,028

Counted - - FLAT 2

1/ Number of samples x 25 = total number of sheared and
unsheared pups. 2

2/ Estimated from N = MC/R(M = number sheared, C = total
no. pups counted, and R = count of sheared pups.

3/ Sum of dead pups and pups alive at time of sampling.
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Other Population Parameters

The analysis with Canada of data collected at sea (1958-74)
is still at an early stage (see Section V of this report);
therefore, new information about population parameters is not
yet available from this source. Estimates of ocean mortality

to 2 years of age are given in the section of this report on
"Environmental Factors".

Tagging and recovery data (1958-68 year classes) from the
Pribilof Islands, Commander Islands, and Robben Island were
intensively analyzed in a further effort to provide reliable
estimates of the intermixture of seals from these three origins
(Lander and Worlund, 1976). The analysis provided further
evidence in support of a conclusion submitted at the 1976 annual
meeting of NPFSC that permanent identification of seals on the
Pribilof Islands should be suspended because tagging or flipper
marking, if conducted as in the past, would only repeat the

present uncertainty concerning the true rates of intermixture
(Lander, 1976).

YIELD MODEL

Further studies on the form of the stock-recruit relation-
ship are presently being done (by D. G. Chapman, University of
Washington). Results are expected during 1977.

ENVIRONMENTAL FACTORS

Estimates were made of the rate of natural mortality of
young male seals of the 1950-70 year classes from St. Paul
Island during their first 20 months at sea. Also estimated for
these seals were rates of pup mortality on land and rates of
average annual natural mortality (nearly all of which occurs at
sea) which occur between the end of the kill at 2 years of age
and the start of the kill at 5 years of age. The three sets of
estimates are in Table 5.

Within the limitations of the data and estimating proce-
dures, the study concluded that 82% of the annual variations in
yield at 3 years of age could be explained by variations in (1)
numbers of pups migrating to sea (after mortality on land) and
(2) natural mortality during the first 20 months at sea. An
attempt is being made, therefore, to develop a numerical index
of the frequency, duration, and intensity of winter storms
between the Pribilof Islands and the Washington-British Columbia
coastline. This index would cover the first winter at sea in
the life of the young seals, and possibly could assist to (1)
predict the ocean mortality rate during the first 20 months of
ocean life and (2) improve the accuracy of predictions of the
kill of 3-year-old male seals.
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Table 5, Estimated natural survival of male fur seals from St., Paul

Island, Alaska in three stages from birth to the start of the
commercial kill at age 5 years, 1950-70 year classes,

First 20 months at Annual average from end
sea until start of of kill at age 2 years to
Year class On land kill at age 2 years start of kill at age 5 years
1950 0. 88 0. 41 0. 85
1951 0. 84 0,42 0. 87
1952 0.91 0. 46 0. 92
1953 0. 82 0. 38 0. 80
1954 - 0.79 0. 30 0.74
1955 0. 84 0,33 U, 79
1956 0.78 0.18 0. 63
1957 0. 85 0. 37 0. 85
1958 0.92 0.49 0. 88
1959 0. 88 0.43 0.87
1960 0. 81 0. 34 0. 84
1961 0. 83 0. 39 0. 86
1962 0. 84 0.43 0.88
1963 0.88 0. 47 0.89
1964 0. 92 0,47 0. 89
1965 0. 85 0. 41 0. 87
1966 0.92 0. 36 0. 84
1967 0.95 0. 42 0.87
1968 0. 89 0.42 0,91
1969 0.94 0. 38 0. 86

1970 0. 21 0. 46 0.92




ALTERNATE HARVESTING STRATEGIES

A computer model is being developed (by T. D. Smith,
University of Hawaii) to simulate the numerical response of
the Pribilof Islands' population to different age- and sex-
specific rates of natural mortality, pregnancy, and exploita-
tion. The model will be used to evaluate the effect of
alternatives to the present method of harvesting in which only
males are purposely killed at 2-5 years of age.

The effects of killing females will be evaluated initially.
For example, the expected increase in the yield of males did
not occur when females were killed commercially on land starting
in 1956. A prediction of the effects of female kills is needed
before future decisions with respect to harvesting females can
be made. Results of this population modeling are expected
during 1977.

R. L. Lander
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Part II. PHYSIOLOGY AND MEDICINE

Even as man is beset with a host of infectious disease
epidemics, so also are animals beset with epizootics of infec-
tious disease that take a toll of lives and energy that can
and do exceed losses from simple starvation, predation, injury,
and weather.

This situation is true whether the animals are wild or
domestic, aquatic or terrestrial; however, we recognize that
epizootics are less apparent, usually, in wild populations
because the population, as a whole, through repeated exposure
to the infectious agents, has become largely resistant through
the production of antibodies by individuals that survived par-
ticular attacks, and by the transfer of these specific anti-
bodies from mother to young via the milk or placenta.

Then, on a cyclical basis, the immunity diminishes grad-
ually so that part of the population becomes susceptible again.
Or, the entire population becomes susceptible because the
organism has changed its specific proteins so that the old
antibodies are no longer effective. We have been watching
both of these phenomena take place in the fur seal population
with respect to the agents of leptospirosis and vesicular
exanthema.

This helps us to realize that the great population of
northern fur seals is no exception, and that there must be
several highly fatal viruses, bacteria, and other microscopic
parasites, as well as macroscopic parasites, operating within
the herd via cycles that involve fish and other aquatic life,
and probably marine birds, as well as other marine mammals.

Pathology--St. Paul Island

From 29 June through 15 August, M. C. Keyes, C. R. Forhan,
ans S. W. Keyes collected 242 dead fur seal pups from under
catwalks on study areas at Reef and Northeast Point Rookeries
as described by the Marine Mammal Biological Laboratory, 1970.
Of these 242 pups, 210 were necropsied and 32 were discarded
as unsuitable for examination because of advanced postmortem
degeneration.

Tabulation of the primary diagnoses for pups necropsied
shows that the main causes of death were hookworm disease and
emaciation syndrome, which together accounted for 66.1% of the
deaths. Infectious disease was next at 7.5%, and trauma and
miscellaneous causes were less important (7.0%). Undetermined
causes and pups unsuitable for examination accounted for 19.4%
of the sample. 1In most of these cases it was possible to rule
out hookworm disease or emaciation syndrome as the cause of
death (Tables 6 and A-15).



Table 6.--Primary diagnoses for causes of death among seal pups, three mortality study areas,
St. Paul Island, 29 June to 15 August 1976

Study areas

Reef Rookery Northeast Point
Area 1 Area 2 Area 3
Primary diagnoses Dead pups Dead pups Dead pups Total
Number Percent Number Percent Number Percent Number Percent
Emaciation syndrome 27 40.9 9 33.3 30 20.1 66 27.3
Hookworm disease 9 13.6 8 29.6 77 5.1 94 38.8
Microbial infection 3 4.5 3 10.1 12 8i1 18 7.5
Peritonitis - - (1) (3.7 (3) (2.0) (4) (1.7)
Navel (1) (1.5) - - (1) (0.7) (2) (0.8)
Enteritis - - (1) (3.7) (4) {2:7) (5) (2:1)
Abscess ; - - - - (1) (0.7) (1) (0.4)
Leptospirosis
(perinatal complex) (2) (3.0) (1) (3.7) (3) (2.0) (6) (2.5)
Trauma 2 2.0 - - i § 0.7 3 1.2
Bite wounds (1) (1.5) - - - - (1) (0.4)
Organ rupture (1) (1.5) - - (1) (0.7) (2) (0.8)
Miscellaneous 6 9.0 - - 8 5.3 14 5.8
Stillborn (2) {3.0) - - (2) (X.3) (4) 1.7)
Retained meconium (2) (3.0) - - (2) (2.3) (4) (1.7
Nonhookworm anemia (1) {1.5) - - (1) (0.7) £2) (0.8)
Meningitis - - - - (1) (0.7) (1) (0.4)
Dystocia (1) (L5} - - - - (1) (0.4)
Lung edema - - - - (2) (1.3) (2) (0.8)
Undetermined 9 13.6 1 37 5 3.4 15 6.2
Unsuitable for examination 10 15.2 6 22.2 16 10.7 32 13:2

Total 66 100.0 27 100.0 149 100.0 242 100.0

(A




