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FUR SEAL INVESTIGATIONS
PRIBILOF ISLANDS, ALASKA, 1962

by

Alton Y. Roppel, Ancel M. Johnson, Richard D. Bauer,

Douglas G. Chapman, and Ford Wilke

ABSTRACT
From 2 July to 5 August and during various periods from 13 August to 19

September when female seals were killed, 43,203 male seals were taken on St. Paul

Island and 10,477 on St. George Island. The peak of the kill occurred from 22 to 26

July. Age classification in percent was: St. Paul, age 2-4, age 3-61, age 4-33, age

5-2; St. George, age 2-6, age 2-56, age 4-36, age 5-2. The kill was 15 to 20 percent

less than predicted for 1962. The forecast for 1963 is 59,000 males if the kill is

terminated 31 July and 72,000 if terminated 15 August. The pup population on the

Pribilof Islands for 1959 was estimated to be 838,000. Tag ratios from fall sampling
of pups produced a low estimate for 1962 (382,000). Harem and idle bulls counted

were 12,674 and 11,750, respectively. A total of 43,760 females were removed from
the herd. Fifty-five percent of the females taken in August were ages 3-5; in Sep-

tember these ages made up 24 percent. The percent of post partum females in-

creased when animals were taken on rookeries and when the proportion of older ani-

mals increased. A total of 3,718 tagged seals, including 2,417 with checkmarks only

and 20 tagged on Soviet islands, were recovered. Fifty thousand seal pups and 839

yearlings were tagged. Land pup mortality was 53,748. Untagged pups were heavier

than tagged pups from early September to late October. Weights were significantly

different in early September only. Pups gained 3.5-4.0 kilograms from early Sep-

tember to late October. Seal pups are infected with the intestinal phase of hookworm
by ingesting the parasite with milk. Seals of all ages harbor a tissue phase of hook-
worm in their belly blubber.

INTRODUCTION

Beginning in 1956 the Pribilof seal herd has

been subjected to a program designed to reduce

the number of pups produced annually with

the expectation that as the number was re-

duced the rate of survival would improve.

During the 7-year period, over 225,000 fe-

male seals have been taken on the Pribilof

Note. --Alton Y. Roppel, Ancel M. Johnson, Richard

D. Bauer, and Ford Wilke, Wildlife BtoZogists, Bureau of
Commercial Fisheries, Marine Mammal Biological

Laboratory, U.S. Fish and Wildlife Service, Seattle,

Washington; and Douglas G. Chapman, Laboratory of

Statistical Research, University of Washington, Seattle,

Washington.

Islands. Natural mortality, which was in-

creased in intensity in some of these years,

also reduced the number of females an addi-

tional indefinite amount. The combined effect

of these reductions appears to show: in aban-

doned rookery areas, in greater difficulty in

finding off-rookery groups of females, and in

the need for more effort to tag a specified

number of pups. These changes are somewhat
subjective and not readily measurable.

Estimates of the number of pups produced,

based on tag recoveries at ages 3 and 4 years

for seals born up to 1959, do not suggest that

up to that year a substantially reduced number
of pups were being produced.



The 3-year difference between the appear-

ance of a new year class of pups and the

estimate of its size, in addition to inflationary

errors in the estimate, tends to make it

difficult to understand the current situation.

An accurate estimate of the number of

pups now being produced is an essential

starting point for adjustments in manage-

ment measures. The adjustments would lead

to a closer approach to the point of maximum
sustained yield and to efficient use of surplus

females.

To obtain more accurate and more current

estimates of production, experiments are be-

ing carried on (1) to use a mark ratio to es-

timate the number of pups during their first

year and (2) to determine sources of bias in

estimates from tags and to measure their

effect.

The life history of the hookworm infecting

fur seals as brought out by recent research

illustrates again the futility of more than ex-

perimental management without some under-

standing of the biology of the species being

managed. The investigation of hookworm in-

fection is a beginning in a study that should

identify the causes of fur seal mortality, their

relative importance, how they operate, their

interrelationships, and how they are influenced

by population size.

When a start has been made in assembling

this kind of knowledge, forecasts of year-

class success can be based on more definite

relationships than those that now must be used.

The 1962 field season on the Pribilof Islands

extended from May to November. Arrivals,

departures, and affiliations of research work-

ers were as follows:

Name

William J. L. Sladen

Richard S. Peterson

Arrival and Departure

23 April to 4 June

15 May to November

Affiliation

Johns Hopkins

University

Bureau of Com-
mercial Fisheries

and Johns Hopkins

University

Work

Upper respiratory

infections in humans

Behavior of fur seals

Eugene T. Lyons

David Hopkins

Allen Cox

Edward Roth

20 May to 10 September Colorado State

University

18 June to 20 July U.S. Geological

Survey

Hookworm
infection of fur seals

Geology of Pribilof

Islands

Peter A. Dzikiewicz

'

Robert L. DeLong''"

Robert L. Rost
^

20 June to 10 September Bureau of Com-
mercial Fisheries

Fur seal research,

general

C. John Ralph 27 June to September

See footnote at end of listing.



iName Arrival ana uepariure Aiiiiiauun worn.

Alton Y. Roppel

O. W. Olsen

Kenneth E. Thompson

Richard K. Stroud
^

William G. Reeder

27 June to 4 September Bureau of Com-
mercial Fisheries

2 July to 30 July Colorado State

University

7 July to 17 September Bureau of Com-
mercial Fisheries

7 July to 10 September

9 July to 20 July University oi

Wisconsin

Fur seal research,

general

Hookworm infection

of fur seals

Fur seal research,

general

Mother-young com-
munication in seals

James Nybakken

Ancel M. Johnson 15 August to 17 September Bureau of Com-
mercial Fisheries

Population dynamics
of fur seals

Mark C. Keyes

Ford WUke

Richard D. Bauer

15 August to 10 September "

15 August to 17 September "

15 August to 15 October "

Mortality of fur seals

Fur seal research,

general

^Temporary employee.

Koji Nakamura spent the period from 23

July to 16 August on the Pribilof Islands

observing fur seal research and management.
Nakamura represents the Government of Japan

in the First Ocean Section, Production Divi-

sion, Fisheries Agency. He visited the Marine
Mammal Biological Laboratory in Seattle on

17 August.

Warren Garst, a graduate student at Colo-

rado State University and professional wild-

life photographer, made a film of wildlife

on St. Paul Island for Don Meier Television

Productions from 11 June to 23 July.

POPULATION
MALES

Age Classification

Age classification cf the male kill was
determined from a sample of 5,242 canine

teeth collected on St. Paul Island and from
1,290 collected on St. George Island. Sampling

was carried on throughout the male kill from
2 July to 5 August and from 13 to 18 and 20

to 24 August when an attempt was made to

take 4-year-old males during the female kill.

In 1962, length limits for taking males were
106.6 to 123.8 centimeters (42 to 48 3/4 inches),

measured from tip of nose to tip of tail. These
limits" correspond essentially to the 1961 Umits
of 104.1 to 121.2 centimeters (42 to 47 3/4 inches)

as measured from tip of nose to base of tail.

The daily and cumulative age classifications

of the male kill are given in appendix tables 7

and 8 for St. Paul Island and in 9 and 10 for

St. George Island. Age classification of the

male kill on Tolstoi and Luk-inin-Kitovi is

separated in appendix table 11. The peak of

the kill occurred during round 6 (22-26 July)

when 8,577 males were taken on St. Paul



Island. The pattern of the 1962 kiU followed

that of years before 1960 and 1961. In 1960

and 1961, 83 and 72 percent of the- kill on

St. Paul Island was comprised of 3-year-old

seals. This followed the general rule that kills

which draw on a relatively strong 3-year-old

class and are continued to 10 August or later

will have a peak later than round 6 (22-26 July).

Several occurrences during the 1962 male
kill pointed to the influence of weather on the

seals in their choice of when and where to

haul out. For example, the number (4,347)

of males killed during round 7 (27-31 July)

seemed abruptly low compared to the kill of

8,577 in round 6, although the latter was
assumed to be the peak at the time. Therefore,
part of the reduction was tentatively attributed

to an unusually severe and prolonged summer
storm which lasted from 27 July through 5

August. This assumption was proved correct
when the Tolstoi-Zapadni hauling grounds,
which were fully exposed to the storm's
force, produced 3,238 males in round 8 (1-5

August) as compared to only 1,262 animals
during round 7 (27-31 July). A total of 3,656
males were taken from the Tolstoi-Zapadni
hauling grounds during the most productive
round, round 6 (22-26 July).

Additional evidence of the storm's influence
was shown by the fact that 2,667 of 3,238
males taken from the Tolstoi-Zapadni hauling

80

60

grounds in round 8 were found on a protected

beach near Tolstoi Rookery.

During rounds 2 through 7, an average of

69 percent (range 43-90 percent) of the re-

turning 3-year-old seals tagged as pups on

the Zapadni Rookeries in 1959 were recovered
on the Zapadni hauling grounds. In round 8,

during the storm, the homing tendency of 3-

year-old seals tagged on the Zapadni Rookeries
was reduced to 26 percent, a figure 43 percent

below the average of preceding rounds. Many
of them were taken near Tolstoi Rookery.

The male kill ended 5 August with a total

take on the Pribilof Islands of 49,039. At-

tempts to take 4-year-old males during the

10-day female kill beginning 13 August added

only 837 of this age class to the total, suggest-

ing that most males from the 1958 year class

had been killed. An additional 3,598 males,

made up of 1,303, 2,144, and 151 2-, 3-, and

5-year-old seals, respectively, were taken

during the female kill ending 24 August. In

September 206 unclassified males were killed.

Table 1 shows the kill of male seals, by year

class, for the years 1947 through 1960. Tables

2 and 3 illustrate the male kill at various

dates for 1954-62 and cumulative number of

males killed from 1955 to 1962, St. Paul

Island. The percent cumulative male kill,

by round, age, and island is shown in figure 1.

40
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TABLE 2.—J/kle kill at variovis dates, tiy age, St. Paul Island, 1954-62



TABLE 3. --Cumulative number of male seals killed, St. Paul Island, 1955-62^



—X— 3 -YEAR-OLD MALES
» 4-YEAR-OLD MALES x^

/ \

.
x' \ y

2 3
ROUND NUMBERS

Figure 2.--Kill of male seals, by age and round.

St. Paul Island, 1962.

unintentionally. Assuming that the field obser-

vations are correct in suggesting that at least

the same proportion of increase in the male
kill was possible for the period 1-15 August
1962 as in 1961, the estimate obtained is

given in table 4.

The total of all ages shown in table 4, 60,674,

is about 16 percent less than the 72,500 pre-
dicted. Table 5 compares the predicted and

actual kill of male seals in 1962.

Bull Counts

Figure 2 shows the number of male seals

killed, by age and round, on St. Paul Island,

In 1960 and 1961 the kill of 3-year-old

males was increased about 12 and 25 percent,

respectively, from 6 to 15 August. Similar

increases in 1962 would have provided 3,000

to 6,000 additional animals. Field observa-

tions, which are subjective in nature, suggest

that a larger number of 3-year-old males
could have been taken after 5 August. During
the first 3 days of the female kill beginning

13 August, 1,041 3-year-old males were taken

The 1962 bull counts are given in table 6 by
island and by rookery. All bull counts since

1910 are presented in appendix table 30.

Harem bulls on St. Paul Island decreased
by 7.4 percent of the 1961 count; those on

St. George Island decreased 17.5 percent. The
total number of harem bulls on the Pribilof

Islands was 90.5 percent of the 1961 count,

bringing the 1962 level down to that of 1960.

Idle bulls decreased by 17.6 percent of the

1961 count; St. Paul Island showed a decrease

Table A-.—Estimated increase in kill by extrapolation to
15 August, Pribilof Islands, Alaska, 1962



TABLE 5. —Predicted and actual kill of male seals, Pribilof Islands, Alaska,
1962



TABLE 6. —Harem and idle bull count, by rookery, Pribilof Islands, Alaska, 1962



skin-curing facilities. The smaller male kill

in 1957 allowed a kill of 47,413 females by

20 August, Some of the larger females were

allowed to escape. A minimum length of 104.1

centimeters (41 inches) and a maximum kill

of 50,000 animals were the only restrictions

on the taking of females in 1956 and 1957.

Because it was learned that many of the skins

from females age 6 and older were of low

quality, excessive numbers of large, scarred

females were avoided in 1958 by imposing

length limits of from 104.1 to 120.6 centimeters

(41 to 45 3/4 inches). Within these limits,

31,102 females were taken without difficulty

by 20 August. A compromise between the need

for obtaining commercially acceptable skins

and the need for herd reduction resulted in

the 1959 plan to take 50,000 females with as

many as possible to be less than 46 inches

in length. The actual kill was 28,064 by 20

August, of which 72 percent were less than

46 inches in length. A comparative figure of

58 percent less than 46 inches in length for

the reasonably unrestricted 1957 kill suggests

that several hundred additional females 46

inches and longer were available through 20

August 1959. Thus, an average of 32,314

females was taken by 20 August in each of

the first 4 years despite varying restrictions

and conditions that curtailed the kill to some
extent.

Partly because of an extremely low male

kill and partly because comparative photo-

graphs suggested significant decreases since

1949 in occupied rookery areas, a field deci-

sion was made in 1960 to limit the female kill

of that year to 350 per day for research pur-

poses. The resulting kill of only 4, 31 5 females

should have allowed substantial increases in

the availability of females in 1961 and 1962.

However, this was not the case. Although

established quotas of 43,750 females for each

of these years were fulfilled, September re-

duction kills from 9 to 10 days were necessary

in addition to the kill ending 15 August in 1961

and 24 August in 1962.

Methods Used in Current Studies

The female kill is sampled similarly to the

male kill except that age is correlated with the

reproductive condition of each female sampled.

As with males, age classification of the sample

is projected to the total kill of females to ob-

tain an estimate of the number taken from

each age class. With some variation, this

procedure was again followed in 1962. On
St. Paul Island, 8,161 of 15,639 females killed

in September were sampled for age and re-

productive condition. The remaining 7,478

females were sampled for age classification

only. During the kill ending 24 August, tagged

females only were examined for reproductive

condition. In addition, the tagged females

were weighed and their body lengths recorded.

Occasionally, during the female kill, the

females were aligned in rows of 20 animals.

The first 10 animals in each row included

females with black or mixed color (black

and white) vibrissae; the remaining 10 ani-

mals were made up of females with white

vibrissae. This method was intended to sep-

arate young (approximately ages 2 to 5) from

older (age 6 and older) females. The animals

were sampled as though there were 2 rows

of 10 animals each, i.e., animals 1 and 2 and

11 and 12 were sampled in the first row of

20, 2 and 3 and 12 and 13 were sampled in the

second row, etc. This method is intended to

minimize sampling bias if the workmen selec-

tively position certain sized seals in the row.

A behavior study begun in 1961 was con-

tinued in 1962.

Age Classification

The age compositions for the female kills

on the Pribilof Islands in 1962 are given in

appendix tables 12, 13, 14, and 15. Table 7

gives the year-class contributions to the female

kills on the Pribilof Islands.

Table 8 summarizes the age composition of

females sampled from the kills of 1958-62.

The reduced number of older females in the

1958 and 1959 samples is a result of the

maximum length limit imposed on the taking

of females in those years. Had there been no

length limit, the age composition of females

taken in 1958 and 1959 would have been com-

parable to those of 1960 through 1962. Because

the age composition of females sampled from

the July-August and September kills of 1961

11





TABLE 8.—Percent age composition of female seals sampled from the kills,

Pribilof Islands, Alaska, 1958-62

Year and



TABLE 9.--Summary of reproductive condition of tagged female seals sampled from the kill,

St. Paul Island. 13-17 and 20-24 August 1962

Reproductive

condition



TABLE 10.--Summary of reproductive condition of tagged female seals sampled from the kill,

St. George Island. 3, 5. 13-17, and 20-23 August 1962

Reproductive

condition

Age in years

10 10 +
Total

P oit partiim :

Primiparoui:
number................ - - 2 14

percent ......... ,.,... - - 2 28

Multiparoui:
number - - - 1

percent _;; ; ;
2

Total po«t partum

:

number - - 2 15

percent ............... - - 2 30

Nonpregnant ;

NuUiparoui

:

number 12 37 83 35

percent 100 100 98 70

PrimiparouB:
number ..„......, - - - -

percent ................ . - - -

MuLtiparous:
number „,„„„„,„„, . - - -

percent ..„..,.,....,... _^ ; ;
-

Total nonpregnant:
number 12 37 83 35

percent 100 100 98 70

Grand total ..........ocoo 12 37 85 50

Percent ....„..„.. „ 6 18 42 25

Sample size in percent of kill: 2.5

Sample size in percent of total tagged females: 100.0

females in 1962. A total of 3,718 tags were
recovered; 2,417 checkmarks from animals

that had lost their tags were recorded. Ap-

pendix tables 21 and 22 provide additional

details on tag recoveries.

Six females and fourteen males tagged on

the western Pacific breeding grounds were

recovered on the Pribilof Islands in 1962

(table 14).

Tagging— Pups

Fifty thousand tags of the 0-series were
attached to pups in 1962. Of these, 40,000

were used on St. Paul Island and 10,000 on

St. George Island. Tags were allotted to each

rookery according to the proportion of harem
bulls counted on that rookery. The rookeries

7



TABLE 11.--Summary of reproductive condition of female seals sampled

from the kill. St. Paul Island, 6. 7, and 11-14 September 1962

Reproductive



100

4-YEAR-OLD
[^5-YEAR-OLD

|6-YEAR-0LD
17-YEAR-OLD

SAMPLE SIZE
13-14

100

90

80

70

60

50

40

30

20

13 8 -YEAR-OLD^ 9-YEAR-OLD^ lO-YEAR-OLD

I I II YEARS AND OLDER

32 39

Is

147

SEPT 6-7
DATE

11-12

Figure 4.—Percent postpartum female seals sampled from the kill, by date and age, St.

6, 7. and 11-14 September 1962.

13-14

Paul Island,

In 1941, Wilke and Banner ' recovered and

collected information on 41 yearling males

and 6 yearling females tagged as pups in 1940.

Twenty-three animals selected and tagged as

yearlings in 1961 were recovered from the

kill in 1962 (table 16), but age determination

from the canine teeth revealed that only one

of these was a yearling when tagged. Thus,

body weight is apparently unreliable as an

indicator of age. However, the extent cannot

be measured until additional animals selected

and tagged as yearlings in 1961 are recovered

in 1963; seals that actually were yearlings in

1961 would normally be expected to return in

greater numbers at age 3 than at age 2. Body
length was used as the primary criterion for

selection of yearlings in 1962.

'Ford Wilke and A.Henry Banner. 1941. Recoveryof
branded yearlings. Bureau of Commercial Fisheries,

Marine Mammal Biological Laboratory, U.S. Fish and

Wildlife Service, Seattle, Wash. [Typed manuscript.]

Preliminary surveys made 20 and 24 Sep-

tember on Polovina, Tolstoi, and Little Zapadni

Rookeries indicated that sufficient yearlings

were present to begin tagging. Six yearlings

tagged as pups in 1961 were measured, sexed,

and released during the surveys which totaled

3 hours in duration.

During 7.5 days from 26 September to 11

October, 839 animals were double tagged on

St. Paul Island within the series N-50,001 to

N-51,000, and 128 seals tagged as pups in 1961

were each given an additional tag.

Methods .—A five-man crew surrounded all

seals on a certain section of the rookery or

hauling ground (the only hauling grounds on

which known-age and selected yearlings were

found were Polovina Sands and Tolstoi Sands),

preventing their escape. A few seals at a time

were then allowed to proceed slowly toward

the sea so animals tentatively selected as

yearlings could easily be extracted from the

17



TABLE 12.—Annual variation in pregnancy rates of females sampled

from the kills ^ Pribilof Islands, Alaska, 1956-62

Island and



TABLE 13.- -Summary of tagged and tag-lost seals recovered from the kills, Pribilof Islands, Alaska,

July-August and September 1962

Series Age

Tagged seals

St. Paul

Island

St. George
Island

Combined
total

Tag-lost seals

St. Paul

Island

St. George
Island

Combined
total

Grand
total

Years
July-Auguat

Male
N



TABLE 14.—Soviet tags recovered from the kills, Pribilof Islands,
Alaska, 1962

Date
Tag

number
Age Sex

Island
of

tagging

Rookery
of

recovery-

Length Weight

19



TABLE 15.—Fur seal pup tagging, Pribilof Islands, Alaska, 1962

Date Rookery
Proportion
allotment

Number and
series allotment

Tags
spoiled

Pups

St. Paul Island



Series:

Tag location:

Check mark:

A - 1947

left front

flipper

1/4" hole in

hind left

flipper

Number tagged: 19183

Series: B - 1948

Tag location: left front

flipper

Check mark: none

Number tagged: 195 32

Series: CS - 1949

Tag location: left hind

flipper

Check mark: none

Number tagged: 19960

Series: D - 1951

Tag location: right hind
flipper

Check mark: none

Number tagged: 1000

Series: E - 1952

Tag location: right front

flipper

Check mark: tip of digit

on right hind

flipper sliced off

Number tagged: 19979

Series: F - 1953

Tag location: left front

flipper

Check mark: tip of left

front flipper

sliced off

Number tagged: 10388

G - 1953 70001-7400

Figure 5. --Tag and checkmark locations, fur seal pup tagging, Pribilof Islands, Alaska, 1947-62.
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Series: G - 1954

Tag location: right front

flipper

Check mark: "V" notch on

right front

flipper

Nximber tagged: 10000

Series: H - 1955

Tag location: left front

flipper

Check mark: tip of digit

on left hand
flipper sliced off

Number tagged: 49870 '^° letter

H-1955 l-foOOO 10001-50000

Series: I - 1956

Tag location: right front

flipper

Check mark: tip of right

front flipper

sliced off

Number tagged: 49794

Series: J - 1957

Tag location: left front

flipper

Check mark: "V" notch on

left front

flipper

Number tagged: 49842

Series: K - 1958

Tag location: right front

flipper

Check mark: "V" notch on
right front

flipper

Nunnber tagged: 49917

Series:

Tag location:

Check mark:

L - 1959

left front

flipper

tip of left

front flipper

sliced off

Number tagged: 49881

Figure 5.--Tag and checkmark locations, fur seal pup tagging, Pribilof Islands, Alaska, 1947 -62.--Continued
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Seriea:

Tag location:

Checkmark:

M - 1960

right front

flipper

tip of right

front flipper

sliced off

Number tagged: 59981

Series:

Tag location:

Checkmark:

N - 1961

left front

flipper

"V" notch on
left front

flipper

Number tagged: 49921

Series:

Tag location:

Checkmark:

O - 1962
right front

flipper

"V" notch on
right front

flipper

Number tagged: 49,908

Figure 5.--Tag and checkmark locations, fur seal pup tagging, Pribilof Islands, Alaska, 1947-62.--Continued
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TABLE 16.—Seals tagged as yearlings in 1961 and recovered from the kill,

St. Paul Island, 1962

M 68



Figure 6. --Measuring a "yearling" seal selected for tagging,

St. Paul Island. 1962.

Figure 7. --Tagging a seal selected as a yearling, St. Paul Island, 1962
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TABLE 17.—Number of seals selected for yearling tagging, by sex
and rookery, St. Paul Island, 1962

[Numbers in parenthesis indicate known-age yearlings]

Rookery
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Figure 8.- -Distribution of body lengths among

839 selected yearlings, St. Paul Island, 1962.
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TABLE 20.—Homing tendency of yearling

fur seals tagged as pups in 1961,

by rookery, St. Paul Island,

1962

Rookery Percent

Zapadni 86

Little Zapadni and
Zapadni Reef



TABLE 21,—Counts of dead pups on Polovina Flats and Little Polovina

before and after tagging, St. Paul Island, 1962

Total 1,821 46 89

Counts prior to tagging



Figure 11.--"V" notch checkmark made with veterinary ear-notching instrument.

^M^^S

04
Figure 12. --Variances in "V" notch checkmarks recovered from seals wearing tags.
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Figure 13.-- "V" notch checkmark placed too far from flipper tip.

Figure 14. --Slice type of checkmark.

Recovery of tags and checkmarks.—Infor-

mation developed from the carcass re-exami-

nation study begun in 1960" shows that few

(<0.5 percent) tags ?re overlooked, that con-

siderable numbers of checkmarks are over-

looked, and that the slice type of checkmark

(fig. 14) is more easily recognized by the men

10 See footnote 1, page 15.

recovering tags than is the "V" notch check-

mark. Carcass re-examination is now a per-

manent part of the tag and checkmark recovery

program.

A comparison of recovered and overlooked

checkmarks is made in table 22 for the years

1961 and 1962. Data for 1960 have been

omitted in the table because recoveries of
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overlooked checkmarks in that year were not

separated as to "V" notch or slice. Carcasses
were first re-examined on St. George Island

in 1962.

Table 23 shows the results of a preliminary

check on the number of tagged seals that are

without checkmarks. A larger sample will be

examined in 1963 to determine the significance

of this factor in inflation of population esti-

mates.

Results of Double Tagging

Tag loss estimated from double tagging

increased from 0.19 in 1961 to 0.34 in 1962.

Tag loss estimated from the recovery of

checkmarks and tags from 4-year-old males
tagged with only one tag was about the same
as the estimate from recovery of double

tags—0.34 compared to 0.37.

Homing Tendency

Homing tendency of tagged male and female
seals is shown in table 24 by age and in table

25 by rookery.

One hundred and fifty-seven of the five

thousand pups double tagged in 1958 were
examined during the 1962 kill. The tag re-

covery data are as follows:

Number

71

85

1

Condition

No loss of tags

Loss of one tag

Loss of two tags

MORTALITY

Mortality among fur seals is considered in

two phases, land and ocean. Including both

phases, up to 85 percent of the pups born

each year are lost prior to reaching age 3.

Land mortality, which is measured through

annual counts of the dead pups on all rookeries

accounts for about one-quarter of the deaths.

TABLE 22.—Checkmarks overlooked compared to the checkmarks available,
male seals, Pribilof Islands, Alaska, 1961-62

Year and



TABLE 2^4,—Homing tendency of male and female seals, by age,

Pribilof Islands, Alaska, 1962

Males



Ocean mortality, which accounts for the re-

maining three-quarters, can be measured
only by the return of survivors to the com-
mercial kill. It is now believed that each age

class suffers its heaviest mortality during

its first winter at sea.

An understanding of mortality factors and

a means of measuring their influence on sur-

vival of the year classes are needed for

making accurate kill forecasts. The approaches

to parts of this problem that have been tried

are given in other parts of the report.

Mark C. Keyes, a veterinarian, joined the

staff of the Marine Mammal Biological Lab-
oratory on 9 July 1962 to study mortality

causes in fur seals. He was on St. Paul

Island from 15 August to 10 September to (1)

become familiar with fur seal management
practices and their relation to mortality stud-

ies, (2) survey existing laboratory facilities

on St. Paul Island and determine what modi-
fications and supplies would be needed for con-

tinued research on mortality, (3) make post-

mortem examinations of recently dead or

moribund seal pups, (4) evaluate the influence

of tagging practices on pup mortality, (5) collect

specimen material from seals for histopath-

ologic study, and (6) become familiar with

hookworm biology investigations being carried

on by O. W. Olsen and E.T.Lyons of Colorado

State University. Some preliminary results

of work done in 1962 are given below and on

page 53. A detailed report on the results of

post-mortem examinations and on tagging

practices is on file at the Bureau of Com-
mercial Fisheries Marine Mammal Biological

Laboratory, Seattle.

Post-mortem examinations of fur seal pups

were made from 15 August to 10 September
1962. During this period, pup mortality was
relatively light. Starvation was the primary
cause of death and enteritis, pneumonia, and

pediculosis were considered secondary causes.

Hookworm infestations had declined sharply

and could not be considered a significant

mortality factor.

Gross and microscopic examination of the

intestinal contents of a seal pup on St. Paul

Island and culture studies of a captive fur

seal in Seattle, Wash., indicate that the bac-

terium Clostridum perfringens is a likely agent

of enteritis among fur seal pups.

Pneumonia in pups was characterized by
mild inflammation, congestion and atelectasis

of the lungs, suggesting a virus as the etio-

logical agent. A virus may also be responsible

for the prevalence of excessive ophthalmic

exudate among fur seal pups.

Pediculosis is widespread among fur seal

pups on the rookeries. Because of their ability

to cause anemia and transmit disease, lice

may be an important factor in mortality.

Dead-pup Counts

Total counts .— Pup mortality in 1962 de-

creased by 22 percent of the 1961 count on

St. Paul Island and by 39 percent on St.

George Island. Counts for both islands are

given by rookery in table 26. Dead-pup counts

made since 1940 are presented in appendix

table 31.

Although records are kept of tagged pups

found dead on Pacific coast beaches (table 27),

the data are incomplete and are not usable for

estimating ocean mortality.

Counts on sample areas .—Counts on the

sample areas were contained in 1962 as a

part of the annual dead-pup count (tables 28

and 29).

Comparison of total dead-pup counts with

counts from sample areas, St. Paul Island.--

The data from 1956 to 1962 were analyzed to

determine how accurately the total number of

dead pups can be estimated from the count

on the sample areas. Two methods were used:

The first was based on the ratio of counts

from the- sample areas to the total count de-

termined from the 7 years of data; the second

was based on a regression equation. Table 30

shows that differences between the estimates

for each year and the actual counts are gen-

erally less than 5 percent of the latter. The
95 percent confidence limits for either of the

estimates are + 7,000 or less. Confidence

limits of estimates based on the regression

equation are generally less than those for
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TABLE 26.—Dead-pup counts, Pribilof Islands, Alaska 1962

Rookery Dead pups

St. Paul Island

Northeast Point
Mor jovi
Vostochni

Polovina
Little Polovina
Polovina Cliffs
Polovina

Reef
Ardiguen
Gorbatch
Reef
Sivutch

Kitovi, Lukanin, Tolstoi
Kitovi
Lukanin
Tolstoi

Zapadni
Little Zapadni
Zapadni Reef
Zapadni

^,881
8,565

2,121
2,957
1,880

225
1,373
7,897

2,081
660

3,00^

2,399
598

6,627

Total
5 percent addition

45,268
2,263

Estimated total 47,531

St. George Island

North
Zapadni
East
Staraya Artil

2,242
1,740

504

1,435

Total
5 percent addition

5,921
296

Estimated total 6,217

Summary - 1962

Grand total
5 percent addition

Estimated total

51,189
2,559

53,748

37



TABLE 27.—Tag recoveries from dead pups or yearlings reported
by the public along the Pacific coast, 1948-62

Year recovered Tag series Number

1948
1949
1950
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962

A
B
CS
E

F

GG
H
I

J

K
L
M
N

4
2

1

1

18
8
3

3

21
24
11

21
22

TABLE 28.—Dead-pup counts, sample areas, St. Paul Island, 1962

Rookery Dead pups

Northeast Point
Mor jovi
Vostochni

Polovina
Little Polovina
Polovina
Polovina Cliffs

Reef
Gorbatch
Reef, area 1 (north)
Reef, area 2 (south)

Tolstoi
Zapadni

Little Zapadni
Zapadni

Total

1,961
1,866

Not counted separately
1,485

Not counted separately

626
529

1,409
1,332

791
2,943

12,942

estimates based on the ratio of the count on

the sample areas to the total count.

The regression equation used in estimating

the total number of dead pups is:

Y = 3.3322X-6, 198

where

X = count from sample areas

Y = estimate of the total number of dead pups

The estimate based on the ratio can be

derived by multiplying the count from the

sample areas by 2.998.
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TABLE 29.--Percent of complete rookery dead-pup counts represented by sample-area counts,

St. Paul Island. 1956-62

Rookery 1956 1957 1958 1959 1960 1961 1962

Percent

Morjovi



Weather as a Mortality Factor POPULATION ESTIMATES

The mean air temperature for St. Paul

Island for the 12-month period, 1 July to 30

June, and the total count of dead pups in the

following August continue to show a signifi-

cant inverse relationship, r = -.757, P<.01
(fig. 15). This relationship cannot be ex-

plained.

Prior to the recent discovery that hookworm
larvae are transmitted from the female to

her pup through nursing within a short time

after birth, it was believed that an association

existed between air temperature and the sur-

vival of hookworm larvae in the soil. Since

the pups are apparently infected before larvae

can enter the female from the soil and migrate
to the milk, the influence, if any, of weather
on the severity and frequency of infection must
come in the preceding year or years. The
association between temperature and hook-

worm infection now seems less reasonable, or
at least, more involved. Possibly the air

temperature- mortality relationship is fortui-

tous. It will be necessary to analyze the data

more thoroughly and trace the apparent rela-

tionship for a longer period before making a

conclusion.

TEMPERATURE CC

I

Figure 15.--Pup mortality-air temperature relationship,

St. Paul Island.

The recovery of tags during the kill of seals

on land has provided data for estimating the

number of pups born annually beginning in

1947. Because estimates using this method
are necessarily delayed until tags can be
recovered 3 and 4 years after birth of the

pups, a program- to sample pups after tagging

was begun in 1961 to provide information on
the tagged to untagged ratio among pups in

the year of birth. Pup population estimates

from both sources of data are presented

in the following analysis, although the pup
sampling program is still in an early experi-

mental stage.

Estimates from Tagged Males

In 1960 and 1961 the observed tag lost to

tagged ratio was higher among animals re-

covered on St. Paul Island than it was among
those recovered on St. George Island. There-
fore, the St. Paul Island ratios were used to

correct the St. George Island ratios before

making the population estimates. Compara-
tive analysis of 1962 tag-recovery data showed
that a similar correction for this year was
unnecessary. The tag lost to tagged ratios

among marked male seals taken in 1960, 1961,

and 1962 are presented in table 31. Tables

31 and 32 show that the tag lost to tagged

ratio increases with age and that there has

been an increase in the ratio in each year

class since 1958. An increase in tag loss with

age is expected; however, reasons for the

increase are not clear. Several factors that

were involved are (1) efforts to identify

animals that have lost their tags have been

improved since 1959, (2) the "V" notch check-

mark used in 1958 is often quite difficult to

identify, (3) the more easily recognized slice

type of checkmark was used on pups tagged

in 1959 and 1960, and (4) numerous clinching

failures among tags used in 1960 probably

resulted in a higher rate of tag loss. Other

factors may also have contributed to the

increase.

Table 33 shows the population estimates

based on tag recoveries for year classes

1958 through 1960. The estimates were cal-

culated using Petersen's formula and treating
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TABLE 31.—Tag-lost to tagged ratio among male seals killed,

Pribilof Islands, Alaska, 1960-62

Island of recovery
and year

Year
class

Seals checked

St. Paul 1960

St. George 1960

St. Paul 1961
St. George 1961

St. Paul 1962
St. George 1962

St. Paul 1961
St. George 1961

St. Paul 1962
St. George 1962

St. Paul 1961
St. George 1961

St. Paul 1962
St. George 1962

St. Paul 1962

St. George 1962

1957

1958

1959

1960

With tag
lost

With
tag on

Ratio

461
48



TABLE 32.— Comparisons of tag-lost to tagged ratios, male seals,
Pribilof Islands, Alaska

Comparisons Significance
(P)

St. Paul Island vs. St. George Island, 1962
recoveries of the 1957 year class. (Tag loss of
4—year-old males greater on St. Paul.

)

31.2 -.001

1962 vs. 1961, recoveries of 1957 year class on
St. Paul Island. (Tag loss of 1957 year class
greater at age 5 than at age 4-.) 536 -.001

St. Paul Island vs. St. George Island, 1962
recoveries of 1958 year class. (No difference
in tag loss of 1958 year class on St. Paul and
St. George Islands in 1962.) 1.59

1962 vs. 1961 recoveries of 1958 year class on
St. Paul Island. (Tag loss of 1958 year class
greater at age A than at age 3.) 55.8

St. Paul Island vs. St. George Island, 1962
recoveries of 1959 year class. (No difference
in tag loss of 1959 year class on St. Paul and
St. George Islands in 1962 .

)

. 001

1962 vs. 1961 recoveries of 1959 year class on
St. Paul Island. (Tag loss of 1959 year class
greater at age 3 than at age 2.

)

20.

8

1958 vs. 1959 year class recoveries on St. Paul
Island in 1961 and 1962. (Tag loss of 1959 year
class at age 3 greater than tag loss of 1958
year class at age 3.) 14-7

St. Paul Island vs. St. George Island, 1962
recoveries of 1960 year class. (No difference
in tag loss of 1960 year class on St. Paul and
St. George Islands.) .02

.23

<.001

>.90

<.001

< .001

.90

1959 vs. 1960 year class recoveries on St. Paul
Island in 1961 and 1962. (Tag loss of 1960 year
class at age 2 greater than tag loss of 1959
year class at age 2.) 5.07 .02
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TABLE 33.—Estimates of fall pup population from male tag recoveries,

Pribilof Islands, Alaska, year classes 1958-60

Year
class



TABLE 34-.—Pup population estimates and dead-pup covmts, Pribilof Islands,
Alaska, year classes 1953-60

Year
class



TABLE 36.- -Estimates of fall pup populations from female kill, Pribilof Islands, Alaska, 13-24 August 1962

Age
Year

class
Tagged Killed Recovered

i

Population

estimate

Years



do untagged pups. The first factor was believed

to be eliminated by experience in counting.

At least it can be measured in future years.

The second factor is more serious and is the

most difficult to eliminate. At the time of

tagging, some of the pups are resident at the

water's edge or are spending most of their

time in the water. When pups are rounded

up for tagging, those near or in the water

escape and are not tagged. Pups that escape

tagging subsequently escape inclusion in the

sample counts. Thus, pups available for tagging

are the pups counted for determining tag

ratios.

SEAL-PUP WEIGHTS

Beginning in 1957, seal pups have been

weighed annually on St. Paul Island approxi-

mately one week after tagging. Table 38 lists

the mean weights in kilograms of tagged and

untagged males and females from 1957 through

1962. Appendix tables 26, 27, and 28 list the

tag numbers and corresponding weights of the

tagged pups, by rookery and by sex.

The main objective of the weighing program
is to determine if there is a relationship

between mean weights of pups and returns of

the year class. An additional 3 to 5 years of

data are necessary before this relationship

can be determined. However, data through

1961 showed that the mean weight of tagged

pups generally was less than that of untagged

pups. Consequently, the weighing program was
modified in 1962 to include three weighing a

month apart, the first about 1 week after

tagging. The purpose of additional weighings

was to determine if differences in weights of

tagged and untagged animals changed by the

time pups leave the island.

The data from 1962 (table 39) show that the

mean weight of untagged pups for each weighing

period is greater than that of tagged pups. The
mean weight of untagged pups was significantly

greater than that of tagged pups for seven of

the eight comparisons within rookeries at the

TABLE 38.—Mean seal-pup weights-'- approximately one week after tagging,
St. Paul Island, 1957-62

[In Kilograms]

Group



TABLE 39. --Mean seal-pup weights, St. Paul Island, 1962



TABLE 4-0.—Probability of no differences in weights of tagged
and \intagged pups, St. Paul Island, 1962

[in kilograms]

NEP REEF ZAP POL Combination '

First weighing
(2-3 September)

Males

Females

.OA <.01

.10

.03

<.01

<.01

<.01

<.01

<.01

Second weighing
(2-3 October):

Males



TABLE 4-1.— Increases in mean weights of pups in September and October,
St. Paul Island, 1962



TABLE 42.—Live-pxip counts, St. Paul Island, 1959-62



PELAGE STUDIES

A report "Pelage and surface topography of

the northern fur seal" (Scheffer, 1962)" was
published in February 1962. Another report

"Molt in the northern fur seal" (Scheffer and

Johnson, 1963)" contains a quantative analysis

of the timing of molt by age and sex.

EYE-LENS WEIGHT AS AN INDICATOR OF
AGE

The eye lens in mammals is believed to

grow throughout life. Since 1959, a number of

zoologists have published growth curves for

lens weight. One of the most extensive studies

is one on rabbits made by the Illinois Natural

History Survey. In 1962, a collection of lenses

from known-age seals (pups to age 17) was
saved for the purpose of testing the relation-

ship of age to lens weight. While the lens

weight method may not prove useful, a small

exploratory study of it will be made.

HOOKWORM STUDIES

Research on hookworm infection of fur seal

pups was carried on through a cooperative

agreement with Colorado State University from
1959 to 1962. The principal investigator, O. W.
Olsen also made studies on hookworms of fur

seals from 1951 to 1955. He was assisted by

graduate students C. F. Dixon in 1953-54

and E. T. Lyons in 1960-62.

In each of the years 1953-55, hookworm
larvae were found to live over winter in the

soil. It seemed apparent at first that seal

pups were infected through their skin by

contact with larvae in the rookery soil.

As a result, experimental treatment of the

rookery soil with salt, creosol solutions, and

other chemicals was tried as a way of elimi-

nating the larvae. The rate of infection among

" Victor B. Scheffer. 1962. Pelage and surface top-

ography of the northern fur seal. U.S. Fish and Wildlife

Service, North American Fauna 64, 206 p.

M Victor B. Scheffer and Ancel M. Johnson. 1963.

Molt in the northern fur seal. U.S. Fish and Wildlife

Service, Special Scientific Report--Fisheries No. 450.

In press.

pups on treated areas did not differ from that

of pups on untreated areas.

From 1959 to 1962 larvae apparently did

not live over winter but infection of pups by

hookworms continued much as in years when
the larvae did survive. If larvae are not reg-

ularly in the soil until August, seal pups must
receive their intestinal infections in some
other way. No evidence of prenatal infection

could be found in various experiments with

pups taken by Caesarean section.

In 1961 several pregnant females were
moved and allowed to bear their pups on an

area isolated from hookworm infested soil.

Their pups became infected. The source of

the infection was traced to larvae in the milk.

These larvae develop to maturity in the in-

testines of pups, and eggs are passed with

fecal material in about 2 weeks. Free-living,

third-stage larvae begin hatching in late

August. The free-living larvae penetrate the

skin of seals of all ages and migrate to the

belly blubber. They grow slightly from the

time they enter the skin until they are ingested

with milk by a pup. Larvae in the blubber of

males and nonpregnant females cannot escape

and do not infect pups.

Twenty of twenty- six pregnant females taken

at sea in Unimak Pass before they reached

the Pribilof Islands contained hookworm larvae

in their belly blubber and mammary tissue.

Milk samples from seven of eight pregnant

females contained larvae. Larvae are in the

milk of females for only a short time after

parturition; the pups are evidently infected

with larvae when they first nurse. The infec-

tion rate is very high. Superinfections are

possible but do not normally occur because

of the short period when infective larvae are

in the milk. The conditioning factor that causes

part of the larvae from the blubber of a

female to migrate to the milk and become
infective is not known. Pregnancy hormones
are suspected.

Infections of fur seal pups by larvae from
the belly blubber of male sea lions were not

obtained but would not be expected in the light

of present knowledge. Infections of fur seal

pups by larvae from a pregnant female sea
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lion are considered possible. Larvae reach

the belly blubber of pups 4 to 6 days after

entering the pups' flippers. The route of

migration may be subcutaneous since none

have been found in the blood.

OTHER WILDLIFE SPECIES

SEA LIONS

Sea lion pups were not tagged on Walrus
Island in 1962. No recoveries have been made
from 100 pups tagged in 1959 and from 530

tagged in 1960.

WHALES

Three dead whales drifted ashore on the

Pribilof Islands in 1962, a humpback whale

(Megaptera novaeangliae) and little piked or

minke whale (Balaenoptera acutorostrata) on St.

George Island and a little piked whale on St.

Paul Island.

WALRUS

In 1962, five walruses (Odobenus rosmams
divergens) were found dead on beaches of the

Pribilof Islands, as follows:

Island

St. Paul

St, Paul

St. Paul

St. Paul

Sex Age

juvenile

adult

adult

adult

Date

2 July

7 July

16 August

29 July

Location

Lukanin Bay
Polovina Sands

East Landing

Zapadni Reef

St. George c? adult 3 September Garden Cove

SEA OTTER

Donald Boggs, sighted what he iden-

tified as a sea otter (Enhydra lutns) swimming
on its back off Southwest Point, St. Paul

Island several times during March, April, and

May 1962, If the record is authentic, the animal
presumably is one of seven sea otters trans-

planted to St. Paul Island from Amchitka
Island in 1959,

A party of about 20 individuals visited Otter

Island in 1 July. No sea otters were observed.

REINDEER

A thorough search of the island on 9 August

yielded a total estimate of 726 reindeer, of

which 700 were together north of Fox Hill at

its base. A single bull was sighted on Ridge

Wall, another on the flat south of Crater Hill,

and 24 reindeer were located on the flat 300

yards south of Tsammana Lake. The estimate

of 726 agrees with a count of 707 obtained

1 July as the reindeer grazed or rested in the

approach to the corral on Lake Hill.

The southwest portion of St. Paul Island is

showing the effect of overgrazing by the

rapidly increasing reindeer herd. A more de-

tailed report on the reindeer herd will be

filed by management officials following the

autumn harvest which will supply a large

amount of meat and keep the size of the

reindeer herd at a level where range damage
is minimized.

COOPERATIVE STUDIES

The following summaries of work done by

cooperators were partially prepared by the

cooperator or from information furnished by

him.

William G. Reeder and James W.
Nybakken from the University of Wisconsin,

spent the period 7 to 20 July on St. Paul

Island making a preliminary study of fur

seal vocal patterns, particularly those con-

tributing to mother-young recognition. Using

recording equipment with satisfactory fre-

quency response from about 50 to 15,000

cycles per second, initial recordings were
made of the miscellaneous vocalizations typical

within the harem; these included sounds asso-

ciated with male aggression, herding, copula-

tion, female aggression, supplication of male,

and pup calling. During the latter part of the

study three pregnant females were held in

field cages. When two of these gave birth,

recordings were made of the vocalization of

the female just before parturition, and, more
importantly, the mutual calling of mother and

young immediately after birth. It was hypothe-

sized that individual patterns and quality of

vocalizations were mutually learned at this
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time and that knowledge of these patterns

contributes to recognition ability during the

period when female and pup are associated

on a rookery. It is granted that olfactory or

other cues may contribute to this recognition.

Mother-young mutual calling as the former
returned from feeding atsea was also recorded

on tape. Preliminary indications show that

both male and female fur seals respond

positively to play back of certain charac-

teristic calls, thus giving hope that a series

of carefully planned observations may allow

the determination of the relative extent to

which olfactory and auditory cues contribute

to recognition between individuals living within

the elaborate fur seal social structure. The
recordings made this summer are to be used

in preparing test tapes to be played to isolated

seals in a later series of experiments.

Reeder is also conducting a study to deter-

mine age of fur seals from calcium and

phosphorous depositions. Skulls, baculae, and

flippers were collected and sent to Reeder for

this purpose.

Tongues and larynxes from fur seals of

several age classes, from fetuses to age 21

years, were collected and sent to Jean A.

Pierard, Department of Anatomy, New York
State Veterinary College, Cornell University.

Pierard is performing a comparative study of

tongues and larynxes from animals in the or-

der Carnivora.

An experiment in internal marking of fur

seals through fixation of tetracycline antibiotic

(terramycin) in the bones and teeth was con-

ducted in 1962. This marking method has been

successfully used by fishery biologists in

studies of age and of growth rates.

Two female pups were injected peritoneally

on 8 July with 145 milligrams of tetracycline

per kilogram of body weight, made up by

dissolving 45 milligrams of the solid per

cubic centimeter of sterile distilled water.

The animals were killed on 18 July and

frozen. Douglas Weber of the serology section

of the Seattle Biological Laboratory will

examine the pups for antibiotic fixation.

SUMMARY

Males

1. Beginning on 2 July a total of 53,680

male seals were taken on the Pribilof Islands

in 1962; 43,203 were taken on St. Paul Island

and 10,477 on St. George Island. Except for

efforts to take 4-year-old males during the

female kill 13-24 August, the male kill was
terminated 5 August. Age classification of the

kill in percent was: St. Paul Island, 4, 61, 33,

and 2, ages 2-5, respectively; St. George Island,

6, 56, 36, and 2, ages 2-5, respectively.

2. The peak of the kill occurred during

round 6 (22-26 July) when 8,577 males were
taken on St. Paul Island. The 1962 kill pattern

followed that of years before 1960 and 1961.

Kills which draw on a relatively strong 3-

year-old class, as in 1960 and 1961, have a

late peak round.

3. Probably, at least the same proportion

of increase in the male kill was possible for

the period 1-15 August 1962 as in 1961. If

this assumption is correct and the kill had

been extended from 5 to 15 August, the total

of all ages would have been 60,674, a figure

16 percent less than the 72,500 predicted

for 1962.

4. No change has been detected In the

return of males that is known to be a result

of the removal of females.

5. The pup population, estimated from tag

recoveries from males, for the Pribilof Islands

for 1958 and 1959 was 729,000 and 838,000,

respectively. Estimates based on tagged males
were much higher than those based on tagged

females. Results of the fall pup sampling pro-

gram showed that additional development of

this technique is necessary before it will pro-

vide a reliable estimate of the pup population.

The tag lost to tagged ratio increased in 1962

for the 1957 through 1959 year classes. The
ratio for the 1960 year class was the highest

ever recorded for recoveries of tags made
from 2-year-old males.

6. The number of bulls counted decreased

from 14,006 harem and 14,280 idle in 1961 to

12,674 harem and 11,759 idle in 1962.
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Females

1. Population estimates through the 1959

year class indicate that the female herd ex-

ceeds the level necessary for optimum pro-

duction. However, scarcity of females on the

hauling grounds in 1961 and 1962 suggests

that the combined effects of natural mortality

and commercial killing have achieved a sub-

stantial reduction. As many as 47,413 females

were easily taken by 20 August~(1957); Sep-

tember reduction kills of from 9 to 10 days

duration were necessary in 1961 and 1962 to

achieve quotas of 43,750. The September kills

were in addition to kills ending 15 August in

1961 and 24 August in 1962.

2. From 2 July to 5 August and from 13

to 17 and 20 to 24 August, 28,121 females

were killed on the Pribilof Islands in 1962;

an additional 15,639 females were killed in

September on St. Paul Island.

3. Selective killing for young females in

August and old females in September was
reflected in the age composition of animals

taken on St. Paul Island. In August, 3-, 4-,

and 5-year-old females accounted for 55 per-

cent of the kill; in September these ages

made up only 24 percent.

4. A progressive increase during the Sep-

tember kill of the proportion of post partum

females was attributed to a gradual shift

from killing females from the hauling grounds

to killing animals taken from rookery fringes

or from rookeries.

Tag Recoveries and Tagging

1. Totals of 3,718 tagged seals and 2,417

with checkmarks only were recovered. An ad-

ditional 20 tags attached to fur seals by Soviet

investigators were recovered on the Pribilof

Islands.

2. Fifty thousand seal pups were tagged on

the right fore flipper with 0-series tags and

a "V" notch checkmark was cut into the leading

edge near the tip of each tagged flipper.

3. A total of 839 seals was tagged as year-

lings in 1962; 128 that had been tagged as

pups in 1961 were each given an additional

tag. Sex ratios for selected and known-age
yearlings were 171c?(?::100$? and 325d'd::100 V$

respectively. Distribution of body lengths for

selected and known-age males and females

were similar. Twenty-three animals tagged

as yearlings in 1961 were recovered from the

kill in 1962; age determination from canine

teeth revealed thatonly one was a yearling when

tagged.

Mortality

The 1962 pup mortality decreased to 53,748

from 71,011 in 1961.

Seal-pup Weights

Data collected through 1961 showed that the

mean weight of tagged pups was less than that

of untagged pups. Three weighings, a month

apart, the first 1 week after tagging, were
carried out in 1962 to assess the permanency
of lighter weight among tagged pups. The data

showed that untagged pups were significantly

heavier than tagged pups in early September.

Untagged pups were still heavier than tagged

pups in October but the difference was sig-

nificant only for males early in the month.

The weight of pups increased by 3.5-4.0 kilo-

grams from early September to late October.

The rate of gain tended to be greater in Sep-

tember than in October.

Related Studies

The current phase of hookworm research

was completed with the 1962 field season and

a subsequent report by the contract investi-

gator. It now seems apparent that all fur

seals harbor a free-living stage of the para-

site in their belly blubber, that the adult

seals probably carry the tissue Infection

throughout their lives, and that pups receive

intestinal infections by ingestion with milk.

ACKNOWLEDGMENTS

The research staff acknowledges with ap-

preciation the cooperation given to them by

C. Howard Baltzo, Program Director; Roy D,

Hurd, St. Paul Island Manager; A. R. Williams,

St. George Island Manager; and Stuart Davey,

Wildlife Management Biologist, Pribilof
Islands.

54



GLOSSARY

The following terms used in fur seal re-

search and management on the Pribilof Islands

have special meanings or are not readily

found in standard dictionaries.

checkmark a notch, slit, hole, or other

mark made on a seal flipper when a tag

is applied, to insure later recognition of

an animal which has lost its tag.

clinch or clinching The device or action

by which metal tags applied to seal flip-

pers are fastened. A metal point is bent

over a narrow band in order to form a

closed ring.

drive The act of surrounding and moving
groups of seals on land from one location

to another.

harems, where parturition and impreg-

nation usually take place, and where
females nurse their young until autumn.

round The sequence in which hauling grounds

on the Pribilof Islands are visited in

order to collect seals for harvest. Current
practice is to make a complete circuit

or round of the hauling grounds in 5 days.

round-up The act of surrounding and col-

lecting seals to be driven for harvest,

tagging, or other purposes.

tagged Describes a seal having an in-

scribed metal tag or tags attached to one

or more of its flippers.

hauling grounds An area, usually near a

rookery, on which nonbreeding animals

congregate.

haul out The act of seals moving from the

sea to a rookery or hauling grounds on

shore.

homing tendency The inclinitation of

seals to return to the rookery where they

were born. It is expressed as a per-

centage by comparing the number of

tagged seals in a specific group that were

found on their natal rookery with the

number that were found on some other

rookery or island.

known-age Applied to seals for which age
is definitely known because they bear an

inscribed tag or have a certain com-
bination of tag scar and checkmark.

rookery Breeding ground and nursery
where adult males and females form

tag- lost A term applied to a seal that is

known to have been tagged because of a

checkmark and, in some cases, a tag

scar but no longer has a tag.

tag scar a hole or torn area near the

usual tag site on a seal's flipper. Tags
fall out because of poor clinching or

wear and are torn out by catching in

rock crevices or driftwood. Possibly some
are torn out by the tagged seal.

tagged to untagged ratio The number of

tagged seals compared to the number of

untagged seals, usually expressed as a

decimal fraction. Example, 5:20, ratio

= .25.

tag lost to tag ratio The number of seals

that have lost tags as compared with the

number retaining tags. Usually expressed

as a decimal fraction.
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APPENDIX A

PREDICTION OF 1963 MALE RETURNS AND KILL

Douglas G. Chapman
31 October 1962

ESTIMATES OF ESCAPEMENT, 1962

The usual method has been followed, i.e.,

the estimation of the tail of the normal curve

from the kill, by round, of both 3- and 4-year-

old male seals on each island. The results

are shown in appendix table 1.

The pattern of the kill by round was more
irregular than usual in 1962; this casts doubt

on use of the method to estimate the post-

season escapement. Evidence of unreliability

is seen in the large difference in percentage

escapements estimated for St. Paul Island and

for St. George Island. The estimate for St.

Paul Island appears particularly low.

The escapement of undersized seals is es-

timated from the length distribution (appendix

table 25) among 3-year-old males sampled

from the kill on St. Paul Island. It appears

there is underrepresentation of animals < 41

inches in length. Fitting a truncated normal
curve to the observations >42 inches yields

an estimate of escapement (due to size) of

5.0 percent.

Considering the escapement of undersized

seals and making the usual adjustment of

17 percent in the escapement estimate for

downward bias, the estimated total escape-

ment of 3-year-old males on St, Paul Island

in 1962 is 8,726. Correspondingly, the returns

from the 1959 year class at age 3 are estimated

as 35,182. As noted, this estimate is probably

low.

ESTIMATE OF RETURNS FROM DEAD-PUP
COUNTS

The relationship between the return of

males at age 3 and dead-pup counts is again

recalculated, using the corrected 1958 figure.

The basic data are given in appendix table 2.

APPENDIX TABLE 1.—^Postseason escapement of male seals, Pribilof Islands,
Alaska, 1962

Island
Age
class

Male kill
2 July

to
2U August

Estimated
total

in killable
sizes

Postseason escapement



APPENDIX TABLE 2.—The return of male seals and the dead-pup counts,

St. Paul Island, year classes 1950-51 and 1953-58

Year class



APPENDIX TABLE 4-.—^The rettjrn of male seals and the estimated
number of pups born, St. Paul Island

Year class



The forecast of returns from the 1959 year
class is very similar using either relationship.

Substituting E = 672 (the present estimate of

the 1959 year class on St. Paul Island) in

equation (1), it is seen that Nm = 45.4. Using

equation (2), the estimated Nm is 46.0.

FORECAST OF THE KILL OF 4-YEAR-OLD
MALES IN 1963

Three forecasts of the kill of 4-year-old

males in 1963 are available. They are de-

rived from the estimated escapement of

3-year-old males in 1962, from the pup popu-

lation-return relationship, and from the dead-

pup count-return relationship. Allowing for

a 10 percent overwinter mortality and a 5

percent escapement in 1963, the resulting

estimates are:

(1) 1962 escapement = 85 percent

of 8,726 7,400

(2) Pup population-return relationship

Estimated total return 46,700 (average

of two methods)

1961 and 1962 kill 29,300

85 percent of balance 14,800

(3) Dead-pup count-return relationship

Estimated total return 67,300

1961 and 1962 kill 29,300

85 percent of balance 32,300

Since (1) and (3) appear less reliable, the

median estimate of 14,800 is probably the best

available.

FORECAST OF THE KILL OF 3-YEAR-OLD
MALES IN 1963

The forecast can be based on (1) the dead-

pup count-return relationship and (2) the pup

population-return relationship (in this case

the estimate has to be based on the recover-

ies of tagged 2-year-olds).

The returns of the 1960 year class based on

(1) were estimated above as 52,100. The esti-

mate of the 1960 pup population on St. Paul

Island based on tag recoveries in 1962 is

415,000. However, the estimates based on re-

coveries of tags from 2-year-old males have

been unsatisfactory. The estimates, the corre-

sponding estimated returns from equation (2)

above, and the actual returns are shown in

appendix table 5. The correlation between the

estimate and the actual return is -0.4 2.

This is inadequate as a basis for predic-

tion.

An alternative approach has been based on

the pup population estimate of the 1959 year
class which, for St. Paul Island, is 672,000.

In 1959, the kill of females on St. Paul Island

totaled 24,000. This should be accompanied
by a decline in the number of pups born of

about 15,000 (.6 x 24,000). If the 1960 pup
population is approximately 657,000, the es-

timated return is 48,100.

The average of this estimate and the estimate

from the dead-pup count is 50,100. As done

previously, the actual kill of 3-year-old males
may be estimated as 60 percent of 50,100 for

31 July termination, and 80 percent for 15

August termination. The resulting estimates

are 30,000 and 40,000, respectively. The total

kill will also include some 2- and 5-year-old

males. In the past 5 years, the kill has

included an average of 2,400 males of these

ages.

Hence, the total male kill for St. Paul Island

is forcasted as follows:

Age

2+5
Total

31 July termination 2,000 30,000 15,000 47,000

15 August termination 3,000 40,000 15,000 58,000

If this is 80 percent of the total kill for the

Pribilof Islands, the corresponding forecast

for both islands is:

31 July termination 59,000

15 August termination 72,000
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APPENDIX TABLE 5.—Estimates of the pup population, returns
estimated from these estimates, and actual returns of

3-year-old male seals, St. Paul Island, year classes 1952-58

Year
class



APPENDIX B

APPENDIX TABLE 7.—Age classification of male seals killed, St. Paul lsland»

2 July to 5 August. 13-17 and 20-24 August 1962



APPENDIX TABLE 8.-- Cumulative age classification of male seals killed, St. Paul Island,

2 July to 5 August. 13-17 and 20-24 August 1962



APPENDIX TABLE 9.—Age classification of male seals killed. St. George Island,

2 July to 5 August, 13-17 and 20-23 August 1962



APPENDIX TABLE 10.-- Cumulative age classification of male seals killed, St. George Island,

2 July to 5 August, 13-17 and 20-23 August 1962



APPENDIX TABLE 11.—Age classification of male seals killed, Tolstoi and Lukanin-Kitovi

Rookeries, St. Paul Island, 1959-62
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APPENDIX TABLE 16.—Reproductive condition of tagged female seals

sampled from the kiU, St. Paul Island. 13-17 and 20-24 August 1962

Age in years

24 Au£uit
Nonpregnant
nulliparous

1 3 Aujput
Post partum
multiparouB ----11--21 5

Nonpregnant
nulliparous - 5 8 4 - . _ _ _ _ 17
primiparouB ------l.__ i

multiparous -----I-I-3 5
14 August
Post partum
primiparouB --2-l4____ f
multiparous ---19--31 t4

Nonpregnant
nulliparous -7 32 64---__ 49
pr inniparouB -----l--__ i

multiparous -•---2--1. 3
15 August
Post partum
primiparous --3716---. 17
multiparous ----482--1 15

Nonpregnant
nulliparous 1 16 41 1

7

3 - - - - . 79
primiparous --11---. ._ 2
multiparous ----33--J_ 7

16 August
Post partum
primiparous ---41----_ 5
multiparous ----121111 7

Nonpregnant
nulliparous 1 613 4 - - - . - _ 24
primiparous -----2---- 2
multiparous -----2---1 3

17 August
Post partum
primiparous ---342---- 9
multiparous -----2--1- 3

Nonpregnant
nulliparous 421 22 1) 1 - - - - . 59
primiparous - -*- - 1 - - - _ _ [

multiparous -----l--_i 2
2O Augus t

Post partum
primiparous ---2-1---- 1

multiparous ----12-_-3 l

Nonpregnant
nulliparous - 414 6 1 - - - - _ 25
primiparous -----I--.. 1

niultiparous ----.i_-_2 J
21 Auffjat

Post partum
primiparous -.-3-1..-. 4
multiparous -----3__i_ 4

Nonpregnant
nulliparous 15 14 83----- 31

prinniparous --.-,i_--. 1

multiparous ---.__-ii- 2
22 August
Post partum
primiparous ---21----- 3

multiparous ----121--1 5

Nonpregnant
nulliparous 4 16 33 17 1 2 - - - - 73

primiparous - - - - 1 - - - - -*
1

multiparous -----il--l 3

23 August ,

Post partum
primiparous _--2------ 2

multiparous _-__i4---- 5

Nonpregnant
nulliparous 11823 1 - - - - - - 43

primiparous ___11----- 2

multiparous .__-.l---- 1
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APPENDIX TABLE 17.—Reproductive condition of female seals sampled from the kill.

St. Paul Island. 6, 7, and 11-14 September 1962

Age in yearg
10 10+ Total

6 September
Post partum

primiparous - - 2

multiparous . - -

Nonpregnant
nulLiparous 4 10 36

primiparous . . -

multiparous - - 1

7 September
Post partum

primiparous - - - 2 2 3 1

multiparous - - - 3 4 3 4

Nonpregnant
nulliparous - 1 913 2

primiparous

12



APPENDIX TABLE 18.—Reproductive condition of tagged female seals sampled from the kill.

St. George Island, 3, 5. 13-17. and 20-23 August 1962

Age in years
10 10+ Total

3 August
Nonpregnant
nulliparous

5 August
Nonpregnant
nuUiparoua

13 August
Post partum
primiparous

Nonpregnant
nulliparous

14 August
Post partum
primiparous

Nonpregnant
' nulliparous

15 August
Post partum
multiparous

Nonpregnant
nulliparous

16 August
Post partum
primparous

Nonpregnant
nulliparous

1

7

Augu St

Post partum
multiparous

Nonpregnant
nulliparous

20 August
Post partum
primiparous
multiparous

Nonpregnant
nulliparous

multiparous
21 August
Post partum
primiparous

Nonpregnant
nulliparous

ZZ August
Post partum
primiparous

Nonpregnant
nulliparous

23 August
Post partum
primiparous

Nonpregnant
nulliparous

1



APPENDIX TABLE 19.—Number postpartum and nonpregnant among tagged and untagged seals 4 or more years old

and 5 or more years old sampled from the kill, St. Paul Island, 13-17,20-24 August, 6, 7, and 11-14 September 1962



APPENDIX TABLE 21.—Recovery location of tagged seals killed, by age and rookery,

Pribilof Islands, Alaska, 1962

Rookery



APPENDIX TABLE 21.—Recovery location of tagged seals killed, by age and rookery,

Pribilof Islands, Alaska, 1962—Continued

Rookery



APPENDIX TABLE 21.—Recovery location of tagged seals killed, by age and rookery.

Pribilof Islands, Alaska, 1962—Continued

Rookery



APPENDIX TABLE 22.—Recovery location of tagged seals killed, by age, rookery and round,

Pribilof Islands, Alaska, 1962

ZAP -1

POL
EAST
Tag* lo(t

Total

Rookery



APPENDIX TABLE 22.—Recovery location of tagged seals killed, by age, rookery and round,

Pribilof Islands. Alaska, 1962—Continued

Rookery
oi

tagging

ZAP-1
TOL
L-K
REEF
POL
NBP
NOR
EAST
STAR
Tags Lost

Total

ZAP-1
TOL
L-K
REEF
POL
NEP
NOR
EAST
STAR
ZAP-2
Tags lost

Total

St Paul Island

Rookery of recovery
St. George Isla

ZAP-1 TOL L-K REEF POL NEP Total ZAP-Z NOR EAST STAR Total

Round 8 - 2-year-old seals, males

Craiid

total

1



APPENDIX TABLE '22.--Uccovcry Uxmuoh oi t.iaged seals killed, by age, rookery and round,

Pribilof Islands, Ahiska, I%2—Continued

Rookary



APPENDIX TABLE 22.—Recovery location of t.iHB<jJ seals killed, by aRe. rookery and round,

Pribilof Islands, Alaska, iyO'2- -Continued

Rookery



APPENDIX TABLE 22.—Recovery location of tagged seals killed, by age, rookery and round.

Pribilof Islands, Alaska, 1962- -Continued

Rookery



APPENDIX TABLE 22.—Recovery location of tagged seals killed, by age. rookery and round,

Pribilof Islands, Alaska, 1962—Continued

Raalwry
of

ZAP-1
TOL
L-K
REEF
POL
NEP
NOR
EAST
ZAP-2
Tag* lost

Total

ZAP-1
TOL
L-K
REEF
POL
NEP
NOR
EAST
STAR
ZAP-2
Tagi lost

Total

St. Paul Island

Rookery at r«coT«ry
St. George Island

ZA»-1 TOL L-K 'REEF POL NEP Total ZAP-Z NOR EAST STAR Total

ZAP-1
L-K
POL
Tags lost

Total

17

11

11

ZAP-1



APPENDIX TABLE 22.--Recovery location of tagged seals killed, by age, rooksry and round,

Pribilof Islands, Alaska, 1962- Continued

Rookery



APPENDIX TABLE 22.—Recovery location of tagged seals killed, by age, rookery and round,

Pribilof Islands, Alaska, 1962—Continued

Rookery



APPENDIX TABLE 22.—Recovery location of tagged seals killed, by age, rookery and round,

Pribilof Islands, Alaska, 1962—Continued

Rookery



APPENDIX TABLE 22.—Recovery location of tagged seals killed, by age, rookery and round,

Pribilof Islands, Alaska, 1962—Continued

Rookery



APPENDIX TABLE 22.-

Rookery
of

tagging ZAP-1 TOL

-Recovery location of tagged seals killed, by age, rookery and round,

Pribilof Islands, Alaska, 1962—Continued

St. Paul Iiland

Rookery of recovery
St. George Island

L-K REEF POL NEP Total ZAP-2 NOR EAST STAR Total

ZAP-1
TOL
L-K
REEF
POL
NEP
NOR
EAST
ZAP-2
Tags lost

Total

ZAP-1

NEP

NEP

REEF
POL
Tags lost

Total

11

1

2

16

32

ZAP-1



APPENDIX TABLE 22,—Recovery location of tagged seals killed, by age, rookery and round,

Pribilof Islands, Alaska, 1962- Continued

Rookery



APPENDIX TABLE 22.—Recovery location of tagged seals killed, by age, rookery and round,

Pribilof Islands, Alaska, 1962—Continued

R ooke ry



APPENDIX TABLE 22.—Recovery location of tagged seals killed, by age, rookery and round,

PribUof Islands, Alaska, 1962--Continued

Rookery



APPENDIX TABLE 23.—Length classes of untagged 3-year-old male seals

sampled from the kill, by rookery and round, St. Paul Island, 1962

Rookery



APPENDIX TABLE 24.—Length classes of untagged 4-year-old male seals

sampled from the kill, by rookery and round, St. Paul Island, 1962

Rookery



APPENDIX TABLE 25.--Summary of length classes of untagged 3- and
4-year-old male seals sampled fronn the kill, by rookery,

St. Paul Island, 1962

Length



APPENDIX TABLE 26.—Tag numbers (O-series) and weights of live male and female fiir seal pups,

by rookery, St. Paul Island, 2 and 3 September 1962

T.,
Dumber



APPENDIX TABLE 27.—Tag numbers (0-series) and weights of live male and female fur seal pups,

by rookery, St. Paul Island, 2 and 3 October 1962

T.g
number



APPENDIX TABLE 28.—Tag numbers (O-series) and weights of live male and female
fur seal pups, by rookery, St. Paul Island, 24 and 25 October 1962

Tag
number



APPENDIX TABLE 28.—Tag numbers (0-series) and weights of live male and female

fur seal pups, by rookery, St. Paul Island, 24- and 25 October 1962

—

Continued

Tag
number



APPENDIX TABLE 28.—Tag numbers (0-series) and weights of live male and female

fur seal pups, by rookery, St. Paul Island, 24 and 25 October 1962

—

Continued

Tag
number



APPENDIX TABLE 28.—Tag numbers (O-series) and weights of live male and female
fur seal pups, by rookery, St. Paul Island, 24- and 25 October 1962

—

Continued

Tag
niimber



APPENDIX TABLE 29.—Record of fur seal pups tagged, Pribilof Islands, Alaska, 1941,

1945. 1947-49, and 1951-62

Year Series

St. Paul
Island

St. George
Island LocatLon of tag Checknnarks

1941 USA 1-10000; 10000

USA 1-1000 and 1000

USA 5001-6000 1000

1945 10001-11000 973

(no letter prefix)

1947 A 1-20000 19183

1948 B 1-19673 19532

1949 CS 1-20000 19963

1961 D 1-1000 1000

1952 E 1-20000

1953 F 1-10000

G 7001-7400

1954 G 1-7000

G 7401-10400

1955 H 1-10000
10001-5000

(no letter prefix)

1966 I 1-10000

I 10001-50000

1957 J 1-10000

J 10001-50000

1968 K 1-10000

K 10001-50000

K 10001-16000

19979

9990

398

7000

3000

49870

39900

39870

39923

5000

1969 L 1-10000

L 10001-50000 39901

1960 M 1-12000

M 12001-60000 47989

1961 N 1-10000

N 10001-50000 39933

9894

9972

9994

9980

11992

9988

Front flipper Branded, nape of neck

rfrf right front and Double tagged, branded
hind flippers; $$ left nape of neck
front and hind flippers

Left front flipper None

Left front flipper

Left front flipper

Left hind flipper

Right hind flipper

Right front flipper

Left front flipper

1/4" hole between 1st and
2nd digits left hind flipper

None

None

1/2 left ear on 100 tagged
pups removed

Tip of Ist digit on right hind

flipper sliced off

Tip of left front flipper

sliced off

Right front flipper "V* notch near tip right

front flipper

Left front flipper

Right front flipper

Left front flipper

Right front flipper

Right and left front

flippers

Left front flipper

Tip of 1st digit on left hind

flipper sliced off

Tip of right front flipper

sliced off

"V" notch near tip left front

flipper

"V" notch near tip right

front flipper

Double tagging plus check-

mark

Tip of left front flipper

sliced off

Right front flipper Tip of right front flipper

sliced off

Left front flipper "V" notch near tip left front

flipper

1962 O 1-10000

O 10001-50000 39928

9980 Right front flipper "V" notch near tip right front

flipper

99



APPENDIX TABLE 30.—Bull counts. Pribilof Islands, Alaska, 1911-41 and 1943-62
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Created in 1849, the U.S. Department of the Interior is

concerned with the management, conservation, and develop-

ment of the Nation's water, fish, wildlife, mineral, forest,

and park and recreational resources. It also has major re-

sponsibilities for Indian and Territorial affairs.

As the Nation's principal conservation agency, the Depart-

ment works to assure that nonrenewable resources are de-

veloped and used wisely, that park and recreational resources

are conserved for the future, and that renewable resources

make their full contribution to the progress, prosperity, and

security of the United States—now and in the future.




