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Figure 1. --Location of rookeries and hauling grounds, St. Paul Island.
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Part I. MANAGEMENT AND MONITORING, PRIBILOF ISLLANDS

The objective of the management and monitoring phase of
the fur seal investigations is to provide information needed to
manage a harvested resource and to determine the level at which
the herd will produce a maximum sustainable yield.

Alton Y. Roppel
Patrick Kozloff

AGE CLASSIFICATION AND NUMBER OF SEALS
KILLED, BY SEX

A maximum length limit of 46 inches (116.8 cm) (tip of nose
to tip of tail) was prescribed for the commercial harvest of male
seals on St. Paul Island in 1973 to increase recruitment into the
breeding reserve through escapement. The limit in 1972 was 49
inches (124.5 cm). Female seals were not intentionally killed in
1973,

From 25 June to 28 July, the harvest began at 6 a. m. Monday
through Saturday of each week on St. Paul Island. Seals were not
harvested on St. George Island in 1973,

The seal harvest on St. Paul Island included 28, 457 males
in ages 2 to 6 years (tables A-1 and A-2) and 25 females, the ages
of which were not determined. Right upper canine teeth collected
from 20% of the males killed were used to determine the age
composition daily by rookery.

Figure 3 shows the trends in the availability of 3- and 4-year-
old males harvested on St. Paul Island in 1973. Males killed on
St. Paul Island from year classes 1959 to 1971 are given in figure 4
and table 1.

SURVEY DATA
Data collected in 1973 and evaluated as a way of measuring

the reaction of the fur seal herd to management techniques included
counts of living adult males and dead seals of both sexes and all ages.
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Figure 3. --Three- and four-year-old male seals killed, St. Paul Island, 25 June to 28 July 1973
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Table: 1. =~Kill of male seals; L/ by year class, S, Paul Isiand,
1959-71

Year Age When Killed

class 2 3 4 5 Total
1959 2,820 26, 456 14,184 1, 764 45,224
1960 1,619 14,310 10, 533 1,240 27, 702
1961 1,098 22,468 12, 046 1,270 36,882
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 2,200 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 e 26,147
19704 916 16,337 g . 17,253
19712/ 577 s - - BT
Total 22,537 237,726 134,331 13,547 408, 141
Mean 1,734 19,811 12.212 1,355  3/36,416

— Includes only 2-to 5-year-old seals taken during the kill of male seals.
From 1956 through 1971, 131 l-year-olds and 967 6-year-olds were harvested,
In addition, age was not determined for 4,919 males taken on St. Paul Island,

—" Incomplete returns,

=’ 1969, 1970 and 1971 year classes not included.



Living Adult Male Seals Counted

In 1973 the number of living adult males counted on St. Paul
Island increased slightly to 5,437 in June and an estimated 7,456
animals in July, whereas the total count in July on St. George Island
declined to 1, 250 animals (tables A-3 to A-8). The total number
of living adult males counted each year in June on St. Paul Island
since 1966 is presented in table A-9.

Dead Seals Counted That Were Older Than Pups

In 1973 the count of males and females found dead on the
Pribilof Islands totaled 68 and 95, respectively. Canine teeth were
collected from most of these seals for studies of age and mortality.
The number of dead seals counted each year since 1965 is listed
by sex and island in table 2.

Dead Pups Counted

The number of dead pups counted from 20 to 26 August in
1973 on all rookeries of St. George Island and on selected rookeries
of St. Paul Island totaled 2,611 and 9,908, respectively (table A-10).
On St. George Island, the number of dead pups counted was 103. 4%
of the count in 1972. The selected rookeries on St. Paul Island
showed a 7.2% increase in the number of dead pups counted on the
same rookeries in 1972, However, in 1973, the death rate of pups
on land was less than in 1970, the most recent year for which
comparative data on living and dead pups are available, Table A-11
summarizes the number of dead pups counted each year since 1964
plus an estimated 5% addition for animals overlooked.

MARKING
Estimates of year-class size and studies of growth, survival,
mortality, distribution at sea, homing tendency, and behavior are

based on data from recoveries of marked seals.

Application of Marks

Since 1941, several kinds of marks have been used on fur
seals of both sexes and at various ages. The number of pups marked
by cryogenic (freeze) branding from 1966 to 1970 is shown in table
A-12. Table A-13 also lists the number of pups given tags or other
marks since 1964. A record of male seals selected as 1- and
2-year-olds and given tags is shown in table A-14. Figures 5 and
6 illustrate examples of mark locations.



Table 2. --Dead seals counted that were older than pups, Pribilof Islands,
Alaska, 1965-73,

St. Paul Island St. George Island Total
Year Males Females Males Females Males Females
—mm - mmmmmm - -—--- Number-------- - e e
1965 158 No Count No Count No Count 158 No Count
1966 181 172 41 55 222 22T
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
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Pups

In mid-September 1973, 20,000 pups on St. Paul Island
and 5,000 pups on St. George Island were marked on the right and
left hind flipper, respectively, by removing the tip of the second
digit beyond the cartilage. Marking quotas were distributed among
the rookeries of their respective islands, according to the distribution
of class 3 males counted in mid-July of 1969 and 1970 on St. George
Island and of 1970 on St. Paul Island.

Marking and Recapture

Marked seals recovered in 1973 are listed in tables A-15 to
A-17. The incidence of tag loss, based on recovery of animals
given two tags at age 1 year or older, is shown in table 3. Pups
were last marked with metal tags in 1968. Seals tagged as pups
were also given a checkmark (fig. 6) so that the rate of tag loss
could be determined. In 1973, recoveries of animals given U-series
tags as pups included three with tags and seven without tags. One
seal which had lost a T-series tag was also recovered in 1973.

POPULATION ESTIMATES

Estimates of the number of pups born and the number of
males of ages 1, 2, and 3 years are calculated from data developed
from the recoveries of marked seals. Permanent marks have been
applied to fur seal pups nearly every year since 1947 as a basis for
estimating the number living at the time of marking. The method of
shearing temporary marks on a proportion of the living pups on
several or all rookeries, then sampling the total populations 1-2 weeks
later for sheared-to-unsheared ratios, has also been used to
estimate year class size. From 1961 to 1971, several thousand
male seals of ages 1-3 years were individually marked with two
tags in late September or October, and recovered in subsequent
fur seal harvests to provide estimates of the number of males for
these year classes.

In addition to the usual assumptions required for estimating
population abundance from mark-recapture data, we have assumed
that equal proportions of pups have been marked on St. Paul and
St. George Islands. Animals have been marked as pups on both

islands, but male seals were not harvested on St. George Island
in 1973,
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Table 3 .--Summary of tag loss for male seals tagged at age 1
or older, Fribilof Islands, Alaska

Time
elapsed Both tags One tag Incidence of
Tag since recovered lost tag loss
series tagging {nz) (ny) (p)l./
Years Number Number
1w 1 519 158 0..13
1w 2 630 254 Qi1
1w 3 48 36 0.27
Total 1,197 448 0.16
1Y 1 639 355 0.22
15 2 207 234 0.36
Total 846 589 0.26
l_/ p= =) ; where n] = number recovered with one tag lost;

2ny+n, n, = number recovered with no tag loss.
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The estimates based on recoveries on St. Paul Island from
males of ages 2-6 years in 1973 are for the total Pribilof Islands
population (table 4). Estimates of the size of several recent year
classes, based on pooled recoveries at ages 2 through 5, are
compared with estimates based on shearing and sampling in table 5,

Estimates of the seal pup population at the time of shearing
in 1973 on all rookeries of St. George Island and on selected
rookeries of St. Paul Island show increases of 13% and 32%,
respectively, since 1970 (table 6).

The mark-recapture data for the 1967-70 year classes are
summarized in table 7. Estimates of the number of males at ages
0, 1, 2, and 3 years are presented in table 8. The estimates for
ages 1, 2, and 3 years are for the number of males in the population
at the time of tagging, late September, which is after the harvest.
The estimates for ages 1 and 2 years for the 1968 and 1969 year
classes are inconsistent; the estimated number at age 2 is greater
than the estimate for age 1. An explanation for this inconsistency
is not obvious.
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e 4. --Estimates of the seal pup population, year classes 1967-71,
at time of marking from recoveries in 1973 of marked male
seals in ages 2 to 6, Pribilof Islands, Alaska

Estimate of
population at

Year Age Killed Marked Recovered time of rélf.rking -
class () (M) (R) (N)—
Years 3/

1967 6 22 512,472 1 143, 440
1968 5 721 1/11,675 10 766,370
1969 B 10, 800 —25,000 715 377,145
1970 3 16, 337 2525, 030 853 478,872
1971 2 577  2/24,995 49 288,954
1/ ; :
= Estimates do not include counts of dead pups.
2/ (C+1)(M+1)

TR+
3/ .
="  Marked by tagging.
4/

Marked by removing the tip of a hind digit.
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Table 5. --Estimates of the number of seal pups born, = year
classes 1961-71, from mark-recapture among
males ages 2 through 5 and from shearing and
sampling of live pups, Pribilof Islands, Alaska

Estimate from Estimates from
Year mark-recaptures shearing and sampling
class ages 2 through 5 of live pups
Number Number

1961 544, 000 438,000

1962 477, 000 362,000

1963 443, 000 343,000

1964 421, 000 370,000

1965 387, 000 _ 347,000

1966 432,000 388,000

1967 446,000 .

1968 555, 000 -—--

2/
1969 — 383,000 304,000
3/
1970 — 512,000 306,000
1971 /343,000 .

1/ Estimate includes counts of dead pups.
2/ Based on recoveries through age 4.
3/ Based on recoveries through age 3.

4/ Based on recoveries at age 2 only.



17

Table 6. --Estimates of the seal pup population, year class 1973,

at time of shearing, Pribilof Islands, Alaska

Estimated number

Number Counted of pups at ti.m?
Island and of pups 1/ of shearingé
rookery sheared Sample— Sheared Total (IQ)
————————————————————— Number---cc-ccccmcmmc e e e ceceee
St. Paul Island3/
Zapadni 4,408 213 698 5,325 33,628
Zapadni Reef 1,056 48 164 1, 200 T, 727
Little Zapadni 2,488 120 3217 3,000 22,826
Tolstoi 4,704 191 637 4,775 35,262
Total 99, 443
St. George Island
East Reef 220 34 64 850 2,922
FEast Cliffs 580 66 93 1, 650 10,290
North 1,360 184 313 4,600 19,987
Staraya Artil 490 63 118 1,575 6,540
Zapadni 665 96 234 2,400 6,821
South 1,060 91 216 2,275 11, 164
Total 57,724

1/ Each sample contained 25 pups.

MC

1o

/ N

———— ; where
R

M
C
R

number of pups sheared;

total number of pups counted in samples;
number of sheared pups counted in samples.

3/ Pups sheared on selected rookeries only.
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Table 7. -- Summary of mark recapture data for year classes 1967-1970,
Pribilof Islands, Alaska

Yaas Statistics l/

class i M; C; Roi Rii R Ra:

1967
0 12, 472 0 - = = -
1 489 0 - - - -
2 2, 805 3, 051 108 35 - -
3 166 25,092 733 132 963 -
4 0 15, 020 427 41 491 55
5 0 2,744 67 2 85 22

1968
0 11, 675 0 - - - -
1 269 0 - - - -
2 3,093 1,823 45 32 - -
3 593 14, 344 303 75 674 -
4 0 17, 057 398 38 779 233
5 0 721 10 0 34 15

1969
0 25,000 0 - - - -
1 409 0 - - - -
2 2,971 355 56 10 - ~
3 0 16, 466 1, 108 131 809 -
4 0 10, 800 715 50 399 -

1970
0 25,030 0 - - - -
1 148 0 - - - -
2 0 973 25 T - -
3 0 16, 337 853 49 - -

1/ Definition of symbols:
i = age in years
M; = number effectively marked at age i. For i greater than
0 the number effectively marked has been corrected for
double-tag loss.
Ci = number of males harvested at age i.
Rpi» R1i» R2i, R3j; = number of males marked at age 0, 1,
2, 3, respectively, recovered at age i.
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Table 8. --Number of male fur seals ages 0 to 3 years estimated
from mark-recapture data, year classes _l/ 1967-70,
Pribilof Islands, Alaska

Year class

Age 1967 1968 1969 1970
02/ 223,000 278,000 192,000 256,000
- - 152, 000 153, 000
3/
| 106, 898 61, 636 59, 147 45, 748
3/
- 78,110 66,815 67, 059
3
3 —'/ 38,296 42, 509
1/ All estimates not available for some year classes.
2/ Number of pups born in table , divided by 2;
first value from mark-recapture estimate and second
from shearing and sampling.
A T A
3/ N; = MGy ; where Nj = estimated number of males at
1 age i; Mi = number of males effectively
& marked at age i;
Ci = total kill of males from year
class after age i;
r? = total number of recaptured of

M;j.
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GLOSSARY

The following terms used in fur seal research and management on
the Pribilof Islands have special meaning 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 ensure later recognition of an animal that
has lost its tag. See mark and lost tag.

Drive The act of surrounding and moving groups of seals on land from
one location to another.

Escapement Seals that were not killed because they were too old, too
large, or were not available.

Flipper mark See mark.

Hauling Ground An area, usually near a rookery, on which nonbreeding
seals congregate. See rookery.

Haul Out The act of seals moving from the sea to a rookery or hauling
ground on shore.

Known-age Refers to a seal whose age is known because the animal
bears an inscribed tag or has a certain combination of tag-scar and
checkmark.

Lost-tag Refers to a seal known to have been tagged as a pup because
it bears a checkmark.
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Male Seals, Adult Class 1 Shoreline - Full-grown males about
age 10 and older without females but apparently with established
territories at the high-tide mark.

Class 2 Territorial without females - Full-grown males about
age 10 and older without females but with established territories
on the rookery.

Class 3 Territorial with females - Full-grown males about age
10 and older with females and established territories on the
rookery.

Class 4 Back fringe - Full-grown and partly grown males about
age 7 and older without females and territories that are along the
inland fringe of the rookery.

Class 5 Hauling ground - Full-grown and partly grown males
about age 7 and older without females that are on traditional
hauling grounds.

Mark Examples of marks are the tip of a digit from a hind flipper
removed, a V-notch cut into the leading edge of a front flipper
near the tip, or the tip of a front flipper sliced off.

Rookery An area on which breeding seals congregate.

Round The sequence in which hauling grounds on St. Paul Island are
visited to harvest seals. When used, a circuit or round of the
hauling grounds is completed in 5 days and the procedure is
repeated throughout the kill of males. The mean round of the kill
is calculated by multiplying the round number by the number killed
in that round and dividing the cumulative product by the cumulative
kill.

Tagged Describes a seal having an inscribed metal tag or tags
attached to one or more of its flippers.

Tag Recoveries Includes tags recovered, marked seals recovered,
and seals identified from checkmarks as having lost their tags.
See checkmark, marked, and lost tag.




