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FUR SEAL INVESTIGATIONS, 1966

by

Bureau of Commercial Fisheries
Marine Mammal Biological Laboratory

Sand Point Naval Air Station
Seattle, Washington 98115

ABSTRACT

In 1966, 52,497 nnale and 391 female fur seals (Callorhinus ursinus ) were killed

on the Pribilof Islands.
Counts of dead fur seals included Z7,392 pups, 222 adult males, and 227 adult

fennales

.

Malnutrition, hookworm disease, infections, and bite wounds were the major
causes of death of 164 pups examined in 1966.

On the Pribilof Islands 9,948 harem and 6,856 idle males were counted in 1966.
Of the 51 4-year-old females examined, one was primiparous and post partum;

none of the 65 3-year-old females had been gravid.
Handling apparently causes pups to lose weight or slows their rate of weight

gain.

A total of 12,499 pups were tagged and checkmarked and 12,077 were marked.
Two tags were attached to 2,978 males older than pups on St. Paul Island. Recoveries
of seals marked in previous years included 4,418 marked as pups and 159 marked
at age 1 or older on the Pribilof Islands, and 30 seals marked as pups on the Soviet
Islands.

Pups tagged in late September apparently survive the effects of tagging better
than pups tagged in mid-August. On the basis of tag recoveries, the estimated
number of pups born decreased steadily from 643,000 in I960 to 440,000 in 1964.
The estimate of pups born in 1966 from marked-to-unmarked ratios was 380,000.
Estimates from marked-to-unmarked ratios were similar to total counts of pups
on three rookeries.

An estimated 78,000 males from each of two year classes (1961 and 1962)
survived to age 1.

The forecasted kill of 3- and 4-year old male seals on St. Paul Island in 1966
was 40,000; the actual kill was 37,669. The forcasted kill of males on the Pribilof
Islands in 1967 includes 4,000 of ages 2 and 5, 34,300 of age 3, and 17,900 of age 4.

The 249 adult males killed for study and the 157 adult males found dead had
similar age distributions. The annual replacement rate for males age 10 and older
is estimated as 0.38.

Sixty-six genital tracts from adult females were collected from 13 September
to 28 November. The first of 17 tracts with implantation chambers was collected
4 November; all 5 tracts taken on 28 November had implantation chambers.

In a test to determine accuracy in assigning the correct ages to fur seals from
canine teeth, the lowest errors were 2.5 to 3.9 percent for males in ages 2 to 5 and
3.8 to 21.3 percent for females in ages 3 to 7. Japanese and U.S. readers disagreed
on 18.2 percent of males in ages 1 to 4 and 36.5 percent of females in ages 1 to 7

in two other groups of teeth.
Succinylcholine apparently is unsafe for use in immobilizing adult male fur

seals.
Seal pups gained more weight when fed calciunn caseinate and fish flour than

when fed fish flour alone. Colostrum milk obtained immediately post partum has
much higher levels of albumin and globulin than does milk of later lactation.



Pelagic research was conducted off central and southern California from 21

January to 25 March 1966. Seal distribution was studied along transects extending

19 to 222 km. offshore between lat. 32° N. and 38° N. at 37-km. intervals. Seals

were usually found 37 to 130 km. offshore. The largest concentrations of seals were
usually near areas where abrupt changes in depths occur along the Continental Shelf

and over seavalleys and seamounts.
Of 2,704 seals sighted, 444 were collected, 78 were wounded and lost, and 67

sank after they were killed. Males formed only a small part of the population. Of
428 females taken, 52 percent were gravid; the youngest gravid female was a

primiparous 4-year-old.
A lanternfish (Myctophum californiense ), a sciaenid (species unknown), and a

squid ( Chiroteuthis veranyi ) were found in fur seal stomachs for the first time.
Northern anchovy ( Engraulis mordax). Pacific saury ( Cololabis saira). Pacific

hake ( Merluccius productus ). and squids were the principal food species of fur

seals off California.

INTRODUCTION

Annually the Bureau of Commercial Fish-
eries reports on its fur seal investigations on
the Pribilof Islands and at sea. Investigations
on the islands are directed mainly toward the

developnnent of a rational system for holding
the seal population at the level of maximum
productivity. At sea, the primary motivations
for research are the problems of fur seal
predation on commercially important fishes

and the intermingling of seals from the eastern
and western Pacific Ocean. It is unlikely that

unequivocal conclusions can be reached soon
on either problem. General understanding of

the pelagic life of fur seals, however, has
been greatly improved during the past 9 years
of research.

The object of this report is to provide re-
sults of research by the United States in 1966.
The North Pacific Fur Seal Commission has
recommended that each member Government
make such a report.

A summary of the research data collected
on the Pribilof Islands in 1966 is given in

Part I of the following report. Contributors
were Raymond E. Anas, Douglas G. Chapman
(Laboratory of Statistical Research, University
of Washington), Ancel M. Johnson, Mark C.

Keyes, Alton Y. Roppel, Victor B. Scheffer,
and Ford Wilke (appendix B). A description of

investigations of fur seals at sea off Cali-
fornia is given in Part II. Contributors were
Clifford H. Fiscus and Hiroshi Kajimura,

Part I. FUR SEAL INVESTIGATIONS, PRIBILOF ISLANDS, ALASKA

The two interdependent major efforts of fur
seal research have been to improve population
estimates and find the level of maximum yield.

No recorded experience allowed a timetable to

be prepared for this study of the population of

an animal that lives as long as 30 years.
Since 1954 we have been refining estimates

of the number of fur seals in the Pribilof
Islands population, and since 1956 we have
reduced the population in an attempt to bring
it near the level of maximum sustainable
yield. By 1965, progress in achieving the two
main objectives had reached the point where
we could manage the seal resource and con-
tinue population research with greater con-
fidence.

From 1955 to 1962, 50,000 to 60,000 pups
were tagged yearly to provide a basis for
population estimates and to make possible a

study of the intermingling of seals from the

eastern and western Pacific Ocean. We found,

however, that population estimates based on
the recovery of seals tagged as pups in those
years were inflated. Since 1963, the number
of pups tagged was reduced first to 25,000
and then to 12,500. Now we are also tagging
about 3,000 yearling and older seals to obtain
information on mortality between age groups
within each year class.

At the present population level, seal pup
mortality on land has declined to between one

-

third and one-half of the high losses of the



1950's. The reason for the decrease is not
clear because of uncertainties about the causes
of mortality at different sizes of the pup popu-
lation. To understand how mortality will change
as the size of the total pupulation changes, we
need to determiine the causes of death among
pups as the number of seals is allowed to
increase in successive steps.
We have found that handling and marking

seal pups retards growth and probably reduces
survival. We, therefore, face the problem of

how to get needed information without causing
unreasonable disturbance.

This part of the report discusses research
data collected on the Pribilof Islands in 1966,
methods of forecasting the kill of male seals
in 1967, and results of special studies. Terms
having special meanings in fur seal research
are described in the glossary at the end of
part I. The locations of rookeries and hauling
grounds on St. Paul and St. George Islands
are shown in figures 1 and 2,
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LITTLE POLOVINA

POLOVINA CLIFFS
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'REEF
ARDIGUEN^
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Figure l.--Locatlons of rookeries and hauling grounds, St. Paul Island.
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Figure 2.—Locationsof rookeries and hauling grounds, St. George Island.

AGE CLASSIFICATION AND NUMBER OF SEALS KILLED, BY SEX

Only male seals were purposely killed for
their skins in 1966. A few hundred females
were killed accidentally, or for research
purposes.

MALES

In 1966, male seals were killed daily from
7 July to 5 August on St, Paul Island and on
Mondays, Wednesdays, and Fridays on St.

George Island from 6 July to 5 August. Killing
began about 5 a.m. on St. Paul Island and
about 9 a.m. on St. George Island.

All available subadult males 42 inches
(106.7 cm.) long or longer from tip of nose
to tip of tail, but without manes, were taken.
From 22 through 26 July the lower length
limit was removed to allow a complete kill

of all available 2-year-old males for a con-
tinuing study of the relation of abundance of
a year class on land at age 2 to the number
of the same year class available for killing
at age 3. Additional data are needed to com-
plete the study.

To determine the age composition of the
kill, right upper canine teeth were collected
from 20 percent of the male seals killed each
day on St. Paul Island and 20 percent of the
kills in excess of 300 animals on St. George
Island. Kills of 300 or fewer on St. George
Island were sampled at the rate of 40 percent.

(The kills on St. Paul Island were rarely
fewer than 300.)

A total of 52,497 male seals killed on the

Pribilof Islands in 1966 included 42,104 in

ages 2 to 5 on St, Paul Island and 10,393 in

ages 2 to 6 on St. George Island (tables A-

1

to A-4). Three-year-olds dominated the kill

throughout the season on St, Paul Island
(fig, 3), but only after l6 July on St. George
Island (fig. 4).

The kills of male seals in year classes
1947-64 are given in table 1 for the Pribilof
Islands.
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Figure 3.— Kill of 3- and 4-year-old male seals, by 5-day

periods, St. Paul Island, 7 July to 5 August 1966.
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Figure 4.— Kill of 3- and 4-year-old male seals, by varying

periods, St. George Island, 6 July to 5 August 1966.

Table 1. --Kill of male seals,- by year class, Pribilot Islands, Alaska, 1947-64



FEMALES

The kill of female seals on the Pribilof

Islands in 1966 was 391; 61 were taken for

research and 330 were killed accidentally
during the kill of males. Canine teeth for
deternnining age were not collected from
females.

SURVEY DATA
Data collected in 1966 to followthe response

of population to changes in its size included:

(1) Counts of dead adults and pups; (2) counts of

living adult males; (3) major causes of mor-
tality of pups; (4) reproductive condition of

females; and (5) weights of live pups.

MORTALITY

This section includes data on pups that died
on the Pribilof Islands during most years
since 1941, and adults that died on St. Paul
Island in 1965-66 and on St. George Island in

1966.

Pups

Biologists have counted dead pups on the
Pribilof Islands about mid-August nearly every
year since 1941 (table A-5). Until 1966, only
the total numbers of dead pups were recorded
for each rookery. In 1966, we subdivided the
rookeries on St. Paul Island into sections that

contained about 100 harem males each in

mid-July, and counted the dead pups in each
section (table A-6). In future years, the mor-
tality of pups within each section will be
compared with the density of harem males and
other characteristics to determine if they are
related to mortality.

The causes of mortality of pups each day on
a selected sampling area of Reef Rookery were
also recorded.

Counts of dead pups . --The count of dead
pups in 1966 was 22,485 on St. Paul Island and
4,907 on St. George Island--or a total of 27,392
(the figures include a 5 percent addition for
overlooked pups). The count for St. Paul Island
was the lowest since 1941, but only slightly
lower than the count of 22,651 in 1964. The
count in 1966 on St. George Island was nnore
than double the number observed in 1964.

Estimates of mortality . --Counts of dead
pups are useful for showing changes in mor-
tality on land over short periods of time when
it can be assumed that the same number of pups
are born each year. Comparisons of mortality
over several years or between pup populations
on different rookeries, however, cannot be
made unless the fractions of the population
represented by the counts are known.

Estimates of the number of pups born based
on tag recoveries from 1956 to I960 cannot

be used with counts of dead pups to calculate
mortality by rookery, because the estimates
were inaccurate and highly variable from year
to year.

Estimates based on sampling for marked-to-
unmarked ratios in the year of birth became
available beginning in I960, By 1963, this

method was sufficiently improved to make the
estimates, in conjunction with complete counts
of live pups, reasonably accurate. To overcome
year-to-year variability due to sampling, the
means of the estimates from 4years (1963-66)
of marking and sampling were used to develop
estimates of mortality for St. Paul Island
(table 2). Live pups were first sheared and
sampled on St. George Island in 1966, and we
used the estimate of the number of pups born
to calculate mortality by rookery in 1966, and
also in 1963, 1964, and 1965 (table 2). We as-
sumed that the population was constant during
the 4-year period. Though the populations of

both islands rniay have changed somewhat,
sampling for marked-to-unnnarked ratios prob-
ably provides the best estimate of the pup
population on which to calculate annual mor-
tality by rookery.

Total mortality of pups varies considerably
fronn year to year, and the loss, in proportion
to the nunnber born, tends to be higher on
certain rookeries than on others. In addition,

the mortality of pups in 1963-65 was much
lower on St. George Island than on St. Paul
Island. A correlation coefficient of 0.90 be-
tween islands shows that even though mortality
on each followed the same trend (whether up
or down), the nnagnitude of the changes has
varied widely (fig. 5). This variation also held
for individual rookeries on each island.

Causes of pup mortality . --To determine the

relative importance of the nnajor causes of

pup mortality and relate these causes to

variations in the size of the total population,
an annual survey of pup mortality was begun
in 1966. This program was based on a study
of pup miortality made in 1964 when all dead
pups that could be reached from a catwalk
were removed daily with a 5 -mi. gaff and
autopsied (Keyes, 1965). The catwalk used in

1964 and 1966 is on the east shore of Reef
Rookery between tripods 5 and 6-7 (fig. 6)

and provides access to about 1,672 m.^ of
breeding space. The survey in 1966 was begun
on 28 June when the first dead pups were
found, and ended on 22 August, after which
very few pups die.



Table 2. --Estimated mortality of pups from birth to about 25 August, by rookery, year classes

1963-66, Pribilof Islands, Alaska

Island



Figure 6.— Pup mortality study area. Reef Rookery, St. Paul Island, 11 July 1966,

Table 3. --Primary causes of death among pups, Reef Rookery
study area, St. Paul Island, 28 June to 22 August 1966

Cause of death
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Figure 7.—Frequency of the most prevalent primary causes of death among pups, Reef Rookery study area, St.

Island, 28 June to 22 August 1966.

Paul

Table 4. --Distribution of primary causes of death among pups, by age,
Reef Rookery study area, St. Paul Island, 28 June to 22 August 1966



Table 5, --Primary causes of death among pups, Reef Rookery
study area, St. Paul Island, 9 July to 22 August 1964 and
1966

Cause of death
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Figure 11.— Pup mortality onReef Rookery study area, and weather on St. Paul Island, 27 June to 22 August 1966.

An increase in mortality of pups after
stormy weather on the Pribilof Islands has
been reported. •- Data associating weather and
mortality of pups in 1964 and 1966 (figs. 10 and
11) also show an increase in the number of

deaths following rains. It is not known whether
storms appreciably increase mortality or
create focal points for deaths that would occur
anyway.

Adults

In 1965, dead adult males found on the
rookeries and all other beaches on St. Paul
Island were counted, and upper canine teeth
still in the skulls were collected for deter-
mining age. This program was expanded in

1966 to include dead adult females on St. Paul
Island and dead adults of both sexes on St.

George Island. The ages of males found dead
on St. Paul Island in 1965 have been used in a
study of adult males (see special studies
section of this report).

iCarl E. Abegglen, Alton Y. Roppel, and Ford Wilke.

1957. Alaska fur seal investigations, Pribilof Islands,

Alaska, report of field activities, June-October 1957.

Bureau of Commercial Fisheries Marine Mammal Bio-

logical Laboratory, Seattle, Wash. [Manuscript report.]

We counted 158 dead adult males in 1965
and 181 in 1966 on St. Paul Island, and 41 on
St, George Island in 1966.

In 1966 we counted 55 dead adult females
on St. George Island and 172 onSt, Paul Island.

COUNTS OF LIVING ADULT MALES

Harem and idle males have been counted
about mid-July nearly every year on the

Pribilof Islands since 1911; natural and arti-

ficial markers on the rookeries have been
used as section boundaries for aids in counting.
Boundaries were changed from time to time;
in recent years, the number of harem males
in the various sections has ranged from 2 to

over 200. Before counting the adult males on
St. Paul Island in 1966, we placed markers
(marine plywood 1.9 by 40.6 by 40.6 cm. (3/4
by 16 by 16 inches) with orange numerals on
a white background) on each rookery, spaced
so that the area between successive markers
contained about 100 harem males, (Counts
obtained in 1965 were used as a basis
for placing the markers.) Numbered sections
facilitate counting and will be useful for making
detailed comparisons of the populations of

harem and idle males from year to year.
The total number of adult males counted on

the Pribilof Islands in mid-July decreased for

12



the fifth successive year--from 28,286 in 1961

to 16,804 in 1966, Harem males on the rookeries

in 1966 approximated 71 percent of the number
counted in 1961, and idle males were 47 per-

cent. Counts of adult males are given in

tables A-lO to A-12.

REPRODUCTIVE CONDITION
OF FEMALES

The genital tracts of 65 3-year-old and 51

4-year-old females killed 23-27 August 1965

on St. Paul Island were examined for evidence

of parturition in 1965, and the ovaries were
sectioned to reveal developing corpora lutea

and other indicators of sexual maturity de-
scribed by Roppel, Johnson, and Chapman
(1965), Of the ll6 females examined, one

4-year-old was primiparous and recently post

partum; the remaining 4-year-olds and all of

the 3-year-olds were nuUiparous (table 7), If

we assume that a developing corpus luteum or

a Graafian follicle at least 5 mm, in diameter
indicates sexual maturity (Craig, 1964), then

46 percent of the 3-year-olds and 59 percent
of the 4-year-olds in the sample of 1 16 females
were mature.

WEIGHTS OF PUPS

Seal pups have been weighed on St. Paul
Island annually about 1 September since 1957
to determine if body weight in autumn is related

to survival. A consistent relation would be
useful for predicting the kill from a year class.

These data are discussed in the section on
forecasts.

Tagged and marked pups have weighed less
than untagged and unmarked pups 1 or 2 weeks
after tagging each year in 1957-65, In 1965,

pups that were marked by removing the tip of

the first digit on the right hind flipper also
weighed less than untagged and unmarked pups.

Information on the effect of handling was
obtained in 1966, We marked 800 pups on each
of two rookeries on St, Paul Island 17 august
by shearing a patch of fur from the rump. One
or two men prevented the pups from escaping
while three teams of two men each (one holder
and one shearer) worked on small groups of

pups driven into three-sided barricades from
the main group as needed. Samples of marked
and unmarked male and female pups were
weighed 13 days after marking. The mean
weights for each sex in each sample were less
for marked (handled) pups than for unmarked
(unhandled) pups (fig. 12 and table A- 13). A
combined probability test of sexes and rook-
eries showed that handled pups weighed sig-

nificantly less than unhandled pups (P<.05),
Tagging, marking, and handling, individually

or combined, causes a loss of weight or slows
the normal rate of weight gain. Loss of weight
may cause tagged or marked pups to die at a

greater rate than untagged and unmarked pups
during their first winter at sea, thus inflating

later estimates of the population based on re-
coveries of tagged and marked seals.

Table 7. --Ovarian activity of 3- and 4-year-old female seals, St. Paul Island, 1965

Age Postovulation— Preovulation2/ Active — Inactive — Total

Years Number Percent Number Percent Number Percent Number Percent Number

3 4
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Figure 12.—Mean weights of handled and unhandled pups,

by sex and rookery, St. Paul Island, 30 August 1966.

MARKING

Use of permanent marks on fur seals pro-
vides data for estimating the size of the popu-
lation and for studying age and growth, mor-
tality, distribution at sea, homing, and
commercial value of the pelts. Application and
recovery of marks are discussed in this

section.

APPLICATION

Monel cattle -ear tags have been used to

mark fur seal pups on the Pribilof Islands
since 1941 (table A-14) and, more recently, to

mark older seals. Because of evidence that

cattle-ear tags cause mortality when attached
to pups and because the pups tend to lose this

type of tag, other marks are being tested.

Marking in 1966

Pups of both sexes, yearling males, and 2-
to 4-year-old males were marked on the
Pribilof Islands in 1966.

Pups . --We attached single S-series tags to
10,000 pups on St. Paul Island and 2,499 pups
on St. George Island (tables A-15 and A-16).
On St. Paul Island, tags were attached to the
rear edge of the right front flipper at the
hairline, and the tip of the second digit of the
right hind flipper was removed as a check-
mark (fig. 13). On St, George Island, tags
were attached to the left front flipper at the
hairline, and the tip of the same flipper was
cut off (fig. 13). Seals that lose their tags can
be identified as to the year of birth by these
checkmarks.

Male yearlings . --We attached double IS-
series tags to 1,495 males selected as year-

DIGITS

FRONT FLIPPER
TAGS CLINCHED AT THE HAIRLINE AND BETWEEN THE FOURTH
AND THE FIFTH DIGIT

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

DIGITS

I

(BIG TOE)

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

Figure 13.—Examples of mark locations that have been

used on fur seals, Pribilof Islands, Alaska.

lings on St. Paul Island in 1966 (table A-17),
Of these, 132 had been tagged or marked as
pups on the Pribilof Islands and 4 had been
tagged on Medny Island, U.S.S.R. The tags
used on male yearlings were attached to the
rear edge of the front flippers at the hairline
(fig. 13),

Nylon hoop nets 35.5-45.7 cm. (14-18
inches) in diameter mounted on 2.4 m. (8 foot)
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wooden handles were used to capture the seals.

In other details, the methods used to select

and tag yearlings in 1966 were similar to those
described by Roppel, Johnson, and Chapman
(1965). The mean body length of males selected

as yearlings for tagging was 93.1 cm. (Males
less than 100.0 cm. long, tip of nose to tip

of tail, are considered yearlings.) Known-age
yearlings (tagged as pups) averaged 92.7 cm.
These mean body lengths are probably low
because many of the struggling seals could

not be stretched to full length. The distribution

of lengths was similar for known-age seals
and for seals selected as yearlings (fig. 14).

Figure 15 illustrates the method of meas-
uring a "yearling" seal before a tag is attached
to each front flipper.

Males ages 2 to 4 . --Double 2S-series tags
were attached to 1,483 male seals selected by
approxinnate body length as 2-, 3-, and 4-year-
olds on St. Paul Island in 1966 (table A-18). Of



these, 67 had been previously tagged as pups,
3 had been tagged as yearlings, and 1 had been
tagged as a pup and again as a yearling. A tag

was attached to the rear edge of each front

flipper at the hairline (fig, 1 3). Ideally, 2-year-
old males only would have been tagged. This
was not possible, however, because 2- to

4-year-old animals overlap in body length.

Age at the time of tagging, therefore, will be

determined from subsequent recoveries of

tags and canine teeth.

Body lengths of selected males were not
actually measured because of the extra time
required, a factor that contributed to distress
and some deaths from overheating, especially
on warm days.

Experimental Marks

Several tags and other kinds of marks have
been tried as substitutes for the cattle-ear tag.

Tags tested included coded wire, plastic roto,

button ear, Monel ear (size 4), and Monel
butt-end bird leg band (fig. 16). Cryogenic or
freeze branding was also tested. Other marks
tried included V-notches cut into the leading
edges of front flippers and excisions such as
removal of the tips of front flippers and of the

tips of various digits on hind flippers. Not all

of the tests were extensive, and quantitative
data are yet to be collected from those that

Figure 16.— Experimental tags used on pups, St, Paul

Island, 1964-65: plastic roto (A), small cattle ear (B),

button ear (C), bird leg band (D), and spaghetti (E).

were. The general effectiveness of each type
of mark, however, was examined.

Coded wire . --This tag, which has been used
for marking salmon (Jefferts, Bergman, and
Fiscus, 1963), was cut from type 302 stainless
steel wire of two sizes, 0.058 and 0.10 cm.
(0.023 and 0.04 inch). In 1963, five pups were
marked by using a hypodermic syringe to

implant tags 0.16 by 0.058 cm. (1/16 by 0.023
inch) next to the cartilage in the leading edge
of each front flipper, so that the tags were
perpendicular to the long axis of the flipper.

The syringe had been modified by attaching to

the plunger a wire of sufficient length to bring
it to the tip of the needle whenthe plunger was
fully depressed. In use, a wire tag was placed
in the tip of the needle, the needle was inserted
into the flipper, and the tag was implanted into

the cartilage by depressing the plunger. Six
days after tagging, only 6 of the 10 tags im-
planted could be found. The tissue did not react
to the tag.

Since the syringe as used in 1963 was un-
satisfactory, it was further modified in 1964
by attaching a larger diameter wire to the
plunger. Correspondingly larger wire tags,

0.32 by 0.10 cm. (1/8 by 0.04 inch), were
inserted into the flippers of 100 pups at the
same site used in 1963. Guard hair was sheared
from the head of each pup to permit later

identification. Twenty-three days after tagging,

48 of the 100 pups were found; tags were re-
covered from 18 by making a small incisionat
the tagging site (an unsatisfactory method of

recovery). The tags did not irritate the tissue.
Of the 30 pups from which tags were not re-
covered, some had obviously lost their tags
and others had either lost their tags or the
technique of application or recovery was at

fault. Though the wire was compatible with
seal tissues, development of a tag applicator
and detector would require considerable effort

and expense. A disadvantage of this type of tag
is that it cannot be seen externally.

Plastic roto rag . --This tag is usedprimarily
on domestic animals and is available in at

least two sizes. In 1965, 99 large and 100
small roto tags were fastened between the

second and third digits of the right hind flipper
just above the nails. These tags were easily
applied and seen, and caused no tissue reac-
tion. Many tags were lost within a month after
tagging but no quantitative data are available.

Button-ear tag . --This is an aluminum tag
used primarily on small domestic animals. In

1965, 158 pups were tagged betweenthe second
and third digit of the right hind flipper. These
tags were easily seen after attachment to the
animal but difficult to apply. Some were lost

within a month after application, but one found
on a male recovered during tagging of yearlings
in 1966 was in good condition. This tag will not

16



be practical for use on large numbers of seals

until an easier method of application is de-
veloped.

Monel ear tag (size 4 ). --This tag is a

smaller version of the Monel tag now used to

mark large numbers of pups. In 1 965, 1 95 pups
were tagged between the second and third digits

of the right hind flipper by making a slit in the

web perpendicular to the long axis of the

flipper and clinching the tag over the forward
edge of the slit. This tag was difficult to apply;

the metal was so flexible that many tags did

not clinch properly and were later lost.

Monel butt-end leg band. --This tag is nor-
mally used for banding birds. In 1965, two
territorial males were immobilized and
marked with this type of tag. In 1966, 99 size-
28 bands, modified by grinding one of the butt

ends to a beveled point, were applied around
the first digit of the right hind flipper of

2-year-old males that had been previously
tagged as pups. Use of an applicator designed
for attaching size-24 bands, however, per-
mitted the ends to slip past one another.
(Normally, the two ends of this tag butt

against each other.) This tag may be suitable

for marking older animals but seems too large
(and subject to tearing out) to consider foruse
on pups.

Other marks . --Since 1947, pups have been
marked by removing various parts of flippers
as well as by tagging, so that those that lose
their tags can be identified as to the year of

birth. These marks have been designated as
"checkmarks" when used with tags. Marking
without tagging was first tried in 1965 when a

V -notch was cut into the leading edge of the
right front flipper of each of 10,007 pups on
St. Paul Island (fig. 13). An additional 10,080
pups were marked in that year by removing
the tip of the first digit of the right hind flipper
at the web (fig. 13). In 1966, the tip of the third
digit of the right hind flipper was removed
from 9,578 pups on St. Paul Island, and the tip

of the second digit of the left hind flipper from
2,503 pups on St. George Island (fig. 13).

The advantages of marking without tagging
are several: It is done quickly, and effort can
be easily distributed throughout the rookeries.
In addition, we believe that mortality from
marking is much less than mortality from
tagging because the wound made by marking
is open and can drain while healing. We know
that fastening tags to seals causes some
deaths through infection that cannot drain.
Marking without tagging, however, does not
permit identification of individuals.

RECOVERIES

This section deals with the recovery of tags
and other marks from seals taken commer-

cially in 1966 and includes data on the homing
of male seals killed in 1954-66.

Recoveries in 1966

Tagged and marked animals taken in 1966
were within the length limits for killing untagged
seals, except for a few females taken for re-
search or killed accidentally during the kill

of males.
In the commercial kill, 4,620 tagged or

marked seals were taken. This number in-
cluded 4,418 that had been tagged and marked
as pups on the Pribilof Islands (table 8). Other
marked seals taken (all males ) were 1 72 that had
been selected as yearlings and double -tagged
on St. Paul Island in previous years (table 9)

and 28 tagged on the Commander Islands and
2 tagged on Robben Island by Soviet biologists
(table A-19),

Summary of Homing Data

Data on the tendency of fur seals of both
sexes and all ages to return (home) to the

rookery or vicinity of birth or to stray to

other areas have been included in annual re-
ports on fur seals by the Marine Mammal
Biological Laboratory since 1955, The data
given in this section form a summary of that

collected on the Pribilof Islands in past years
for males seals in ages 2 to 5 only. Homing
and straying were determined from the re-
capture of seals that were tagged as pups and
taken during a season that varied in length
within the period 27 June to 20 August.

Most male seals 2 to 5 years old return to

hauling grounds on the Pribilof Islands during
the summer (mid-June to mid-August and
later). The size and accessibility of a hauling

Table 8. --Summary oi tagged and lost-tag— seals recovered, by age and
sex, Pribilof Islands, Alaska. 6 July to 5 August 1966

Seal sex



Table 9. --Tag recoveries from male seals— that had been selected and
tagged as yearlings in previous years, Pribilol' Islands. Alaska, 6 July

to 5 August 1966

Year



Table



Table 11. --Tag recoveries from male seals, by island of birth, age, and year class,
Pribilof Islands, Alaska, 1958-66



related differences in loss of tags or mor-
tality) in the early and late groups in 1964.

Tags used in August were attached at the

hairline, whereas those used in September

were attached between the fourth and fifth

digits (fig. 13). Both groups of tags used in

1963 were attached to the rear edge of a front
flipper at the hairline.

POPULATION ESTIMATES

This section presents estin-iates of the size

of various segments of the population based on
the most recent data. Methods used and sources
of data have been described by Roppel, John-
son, Bauer, Chapman, and Wilke (1963); Roppel,
Johnson, and Chapman (1965); and Roppel,
Johnson, Anas, and Chapman (1965 and 1966).

NUMBER OF PUPS BORN

The size of each year class at birth is

estimated from recoveries of tagged and
marked seals and from marked-to-unmarked
ratios obtained in the year of birthby shearing
and sampling live pups.

Estimates Based on Tag Recoveries

Estimates of the pup population based on
tag recoveries (including seals that lost their

tags) from male seals are presented in tables

13, 14, and 15. The estimates based on tag
recoveries from 3- and 4-year-old males by
S-day periods were reasonably consistent
(table 13). The estimated number of pups born
has steadily decreased from 643,000 in I960
to 440,000 in 1964 (table 15).

The ratio of tagged to lost-tag seals re-
covered in 1966 was higher on St. Paul Island

than on St. George Island. An adjustment in the
number of lost-tags recovered on St. George
Island, however, was not made because of

uncertainty as to whether the difference was
real or was caused by incomplete recovery of
seals that had lost their tags.

Estimates Based on Shearing and
Sampling Live Pups

Fur seal pups have been marked on St. Paul
Island each year since 1963 by shearing a
patch of fur from the top of the head, and
groups of 25 pups have been later sampled to

obtain marked-to-unmarked ratios for esti-
mating the number of pups born. The program
was extended to St. George Island and Sea Lion
Rock in 1966. Tagged-to-untagged ratios for
estimating the number of pups born were
obtained on St. Paul Island in 1961 and 1962.
The sampling stations have been permanently
marked on St. Paul Island rookeries by
91.4-cm. (3-foot) steel stakes set 23.1 m.
(25 yards) apart in concrete or rock. On St.

George Island and Sea Lion Rock we selected
stations by pacing or by visually estimating
distances during sampling.
A total of 30,942 pups were marked by

shearing in 1966. The pup population on St.

Paul Island was sampled twice to obtain a

Table 13. --Estimates of the pup population based on tag recoveries from 3- and 4-year-old male
seals, by 5-day periods, year classes 1962-63, Pribilof Islands, Alaska

Ags 3 (year class 1963) Age 4 (year class 1962)

Population Population

Date Killed Tagged Tag estimate at Killed Tagged Tag estimate at

recoveries time of tagging recoveries time of tagging

Number Number Number
July

6-11 4,790 24,971 317

Number

376, 229

Number Number Number

4, 578 49, 908 605

Number

377, 118

12-16 3, 636 203 445, 212 2, 695 322 416, 578

17-21 5,515

22-26 5,437

27-31 6,399

Aug.
1-5 5,329

Total 31, 106

305



Table 14. --Estimates of the pup population based on tag
recoveries from male seals killed in 1966 from year classes
1961-64, Pribilof Islands, Alaska



Table 17. --Counts of pups on three rookeries compared to estimates based on shearing and
sampling, year class 1966, St. Paul Island



Pups per Harem Male

On the basis of annual counts of harenn males
in mid-July and estimates of the pup popula-
tions from shearing and sannpling, the average
number of pups per harenn male has been cal-

culated for year classes 1963-66 on St. Paul
Island and for year class 1966 on St. George
Island. (This ratio was called "average harem"
until 1947.) As shown in table 20, the number
of pups per harem male on St. Paul Island
increased in 1966.

Table 20. --Estimate of the number of pups per harem

male,— year classes 1963-66, Pribilof Islands,

Alaska

Year
Rookery



c. a regression of the percentage kill of

males at age 3 against median and
terminal dates of the kill of 3 -year-
old males.

Method 3. Forecast of the kill from a year
class at ages 3 and 4 based on:

a. a dead-pup count regression;

b. an annual mean air temperature;
c. the estimated number of yearlings, based

on tag recoveries at age 2.

Method 4. Forecast of the kill from a year
class at age 3 based on:

a. the kill of males at age 2 or some index
thereof;

b. a regression against the mean weight of

untagged pups.

When the total return of a year class is

forecast (method 1), it is necessary to de-
termine the proportion of the year class that

will escape the kill and be recruited into the

stock of breeding males. We have discarded
this method because we cannot estimate the

escapement of males accurately, and because:

1. We question estimates of the size of the

pup population based on tag recoveries, par-
ticularly those made for year classes 1953
through 1959.

2. Estimates based on tag recoveries at

age 2, which provided the only basis for using
this method to forecast the kill of 3-year-old
males, are extremely variable.

3. The validity of the population-return
equation for recent years is questionable be-
cause of probable bias in the population esti-

mates derived from tag recoveries from the

1953 to 1959 year classes.

No problem exists when the forecast yields
the total kill at ages 3 and 4, and the kill at

age 4 is to be forecasted after the kill at age 3

has been achieved. The kill at age 3 can be
estimated as 67 percent of the total kill from
the year class at ages 3 and 4 (an average of

67 percent of the males killed on St. Paul
Island from yearclasses 1947-62were 3-year-
olds). Although actual percentages have varied
from a low of 49 (1952 year class) to a high
of 81 (1953 and 1954 year classes), much of

the variation has been caused by changes in

the terminal date of the kill, and, to a lesser
extent, changes in the nnaximum body length
limit of seals taken. In recent years, both of

these factors have been stabilized and the

percentage taken at age 3 has been corre-
spondingly more stable.

Method 2a was discarded when we found that

estimates of total escapement were too low
and when postponement of the start of the

season had decreased the reliability of the

estimates of the postseason escapement. Esti-
mates of through-the -season escapennent of

undersized animals has been unsatisfactory
for some time.

Method 3a has also been eliminated from
current use. A study of methods of forecasting
in 1963 (Roppel, Johnson, and Chapman, 1965)
showed that data on annual mean tennperatures
provide forecasts that are as precise as those
based on data from the counts of dead pups.
Moreover, the counts of dead pups are definitely
weak as a forecasting tool because, as the total

population declines, the count of dead pups
also declines regardless of the condition of

the year class.
Method 4a was never satisfactory because

there has been alnnost no relation between
the kill at age 2 and the kill from the year
class in subsequent years, nor has it been
possible to improve on this approach by using
some index to measure the lateness of the

returns, such as the number taken during the

last 5 days of the kill.

To achieve the best forecast of the kill of

males, a reasonably accurate estimate of the

number of pups alive in autumn of the year of

birth is necessary, together with an estimate
of mortality at sea from 3 months to 3 years
of age. A recently developed method of esti-

mating the pup population from shearing and
sampling for marked-to-unmarked ratios pro-
vides reasonably accurate estimates of the pup
population. Since the causes of loss at sea
remain unknown, estimates of ocean mortality
are difficult to obtain.

Assuming that the variables of annual mean
air temperatures and mean weight of pups in

autunnn are related to causes of ocean mortality
or to viability of young seals, we believe re-
gressions based on data fromi these variables
are indirect measures of ocean mortality.

If, however, most of the variation in mortality
of pups at sea occurs during the first year of

life, and if the total number of yearlings can be
satisfactorily estimated from the tagging of

yearlings and subsequent tag recoveries at

age 2, then a satisfactory forecast can be
obtained sufficiently in advance of the kill at

age 3 to be useful. We have not yet accumulated
sufficient experience with these estimates to

rely on them alone. Thus, several methods
are now producing several estimates. The final

estimate is a weighted average of different

estimates with the weights being those sug-
gested by statistical theory, i.e., inversely
proportional to the variances of the estimates.

FORECAST OF THE KILL OF 4-YEAR-OLD
MALES ON ST. PAUL ISLAND

Three methods currently used to forecast
the kill of 4-year-old males are: (1) Regres-
sion of the kill of 4-year-old male seals on the

kill of 3-year-old male seals and the mean
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round of the kill of 3-year-old males seals;

(2) regression of returns at ages 3 and 4 on

mean air temperature; and (3) regression of

returns at ages 3 and 4 on estimated number
of yearlings.

Regression of the Kill of 4-year-old Male

Seals on the Kill of 3-year-old Male Seals and

the Mean Round of the Kill of 3-year-old

Male Seals

A regression was originally substituted for

the estimate of the kill of 4-year-old males

based on the estimated escapement of 3-year-

olds. One problem with this regression has

been variations in the terminal date of the kill

of 3-year-old males; many of the data had to

be "adjusted" accordingly. In the past, this

regression has been based on the kill to

31 July, the approximate terminal date in the

early l950's. In 1965, however, the mean
round^ of the kill of 3-year-old male seals fell

outside the range observed in past years.

Associated with this deviation was a forecast

that seemed unreasonable (the actual kill has

since proved that the forecasted kill of 25,000

4-year-old males was much too high). Foruse
in forecasting the kill of 4-year-old males in

1967, we have modified the method by using

only the data for the 195 3 and later year
classes and for the kill through 5 August each
year. This change has minimized the need for

adjusting the data; in only 2 years since 1956

has the kill of males ended before 5 August.

Additionally, to make the mean round calcula-

tions consistent throughout the series, all kills

before the round of 7-11 July have been pooled

with the kill for this round. Thus, the data for

all years have been made closely comparable.
The data for this regression are shown in

table 22.

The resulting regression is:

Table 22. --Data for regression of the kill of 4-year-old male
seals on the kill of 3-year-old male seals and mean round o:

the kill of 3-year-old male seals, year classes 1953-62,

St. Paul Island

? = -49,420 + 0.38Xi + 14,540X2 (1)

For the 1963year class: X^^ = 25,500X2 = 3.7

and hence Y = 14,100.

The standard error of the forecast, Y, is

1,800.
The coefficient of multiple correlation of Y

with Xi, X2 is 0.96 (R^ = 0.92), indicative of a

very strong relation.

Because of this very high correlation, there

can be no practical gain in making additional

regressions based on similar data; however,
we explored the possibility of replacing the

mean round with the median date of the kill of

3 -year-old males. The median date is also

unaffected by variations in the beginning date

of the kill, if we can safely assume that seals

arriving before this date are taken early in



a much smaller standard error, and since the

underlying data usedare essentially similar, it

seems inappropriate to use relation (2) and the
prediction derived from it.

Regression of Returns at Ages 3 and 4 on
Mean Air Temperature

The data for a regression of returns at

ages 3 and 4 on mean tennperature (table 23)
include as a predictive variable the annual
mean air temperature at St. Paul Island for
the 12-month period ending 30 June of the
year of birth of the year class in question.

The resulting regression equation is:

K = 15,800 + 10, SOOT (r = 0.80)

^ For the 1963 year class T = 2.8 and hence
K = 45,500.

The kill of 3-year-olds in 1966 was 25,500,
so this estimate implies a balance of 20,000
4-year-olds. The standard error of the pre-
dicted K is 9,700, which was also the standard
error of the forecast of the kill of 4-year-old
males in 1966 by this method.

Regression of Returns at Ages 3 and 4 on
Estimated Number of Yearlings

Since seals of the 1963 year class were not
tagged as yearlings in 1964, a forecast based
on tag recoveries from yearlings cannot be
made.

Table 23. --The kill ot 3- and 4-year-old male seals and meaii
air temperature, year classes 1950-62, St. Paul Island



Table 24. --Data on the mean weight of untagged pups and the
kill of male seals at ages 3 and 4 from the same year class
year classes 1957-63, St. Paul Island

it is reasonable to assume as a first approxi-
mation that:



The kill figures given in table 25 are those
for males from each year class at ages 2 to

5, The number of seals taken varies with the

survival success of the year class, with the

availability of seals on the hauling grounds,
and with whether the harvest is concentrated
on the larger (older) or smaller (younger)
animals.

The regression equation derived from these
data is:

Y = 24,000 - 690X (r^ = 0.765 r = 0,875)

where Y = percentage in harvest of the num-
ber of pups alive in autumn, i.e.,

IOOK/Nq-D referring to equa-
tion (3)

X = percentage that the dead pups rep-
resent of the original number of

pups, i.e., 100 ^ referring to

equation (3).

Before this equation is applied to the
forecasting problem, it is useful to review
the estimates of the number of pups born
(table 26).

The estimate for 1961 agrees closely with
the accumulative estimate given in table 25,
but the estimate for 1962 does not. Both
estimates, however, were based on shearing
and sampling, a method still in a develop-
mental stage at that time.

Application of the regression procedure to

estimates of the 1 963 year class (Nq =264,000,
D = 34,000) yields an estimated kill of 34,700
from the year class. This estimate seems
especially low because the kill from this year
class has already totaled 26,784. Sampling
errors may be associated with the regression,
or the estimate of the pup population in 1963
may have been lower than the number actually
born.

Application of the procedure to estimates
of the size of the 1964 year class (Nq = 285,000,
D = 23,000 so X = 11.3) yields a forecast of
the total kill of 48,200 from this year class.
If 3,000 of this number are 2- and 5-year-
olds and 67 percent of the rest are 3-year-olds,
we suggest a kill of 30,300 3-year-old males

Table 26.—Estimates of the total number of pups born,
based on shearing and sampling and on the counts of
dead pups, year classes 1961-65, St. Paul Island

in 1967. The standard error of the estimated
total kill is 5,500.

Combined Estimates

The estimates together with their standard
errors are:

1. From mean temperature regression
21,200 S.E. 9,700

2. From pup weight regression
24,700 S.E. 10,600

3. From dead-pup count regression
30,300 S.E. 5,500

The weighted mean estimate is 27,500.
The standard errors used here are those

of the total kill of 3- and 4 -year -olds, but
since all forecasts are derived from the total

kill at these ages by multiplying by the factor
0.67, the reciprocals of the standard errors
sequence are the correct weights. The mean
estimate has a larger standard error, how-
ever, because of the variability associated
with the proportions taken at age 3 and at

age 4 (i.e., the unreliability of the factor 0.67
used to convert an estimated total to a fore-
cast of the kill of 3-year-old males).

FORECAST OF THE TOTAL KILL ON
THE PRIBILOF ISLANDS

In 1966, the kill on St. Paul Island was
80.2 percent of the total, in almost perfect
agreement with long-term trends. This per-
centage has fluctuated in 1961-65 from a low
of 75.2 to a high of 82.7 percent. The 6 -year
average is 79.6 percent. Hence, the extrapola-
tion to the total for both islands by multiplying
the kill on St. Paul Island by about 1.25 is

justified, and is now the most reasonable
basis for extrapolation available.

The forecast of the kill of male seals on
the Pribilof Islands for 1967 is given in

table 27. The total forecast for 1967 is very
close to that for 1966, the most accurate yet
obtained (table 28).

Table 27. --Forecast of the kill of male seals in 1967. by age.

Pribilof Islands, Alaska

Year



Table 28. --Forecasted and actual kill of male seals,
Pribilof Islands, Alaska, 1966



SPECIAL STUDIES

This section includes short-term and other
studies of various aspects of fur seal biology
that are carried on in addition to the con-
tinuing studies described in the main body of

this report.

AGE COMPOSITION, MEASUREMENTS,
AND MORTALITY OF TERRITORIAL

MALE FUR SEALS

Biologists and managers working with fur
seals have frequently discussed the number
of male seals that must be spared in the kill

to nnaintain the breeding population. The fol-

lowing report on a study of 250 territorial
males killed in 1965 gives evidence of the

current age connposition, annual mortality,
and rate of replacement of these territorial
males (Johnson, 1968).

Territorial males used for this study were
collected from two areas on each of two
rookeries on St. Paul Island; the testes of all

(250) were collected for studies of reproduc-
tion, and the bacula from 250 and canine teeth
from 249 of the males were saved for studies
of age and growth.

Age Composition of Territorial Males

The age composition of territorial males
collected from the four areas and that of

157 males found dead on St. Paul Island were

similar (table 30). The high value (0.3<P<0.5)
of P in a Chi square test indicated that the
samples could have come from the same
population. The territorial males were 7 to

17 years old and 71 percent were 10 to 1

3

years old; the dominant age was 10 years.

Estimate of Annual Mortality of

Territorial Males

The rate of replacement (a) was estimated
by using the equation of Chapman-Robson
(I960):

a = l-x/(l+x-l/n)

where n = number of animals in the sample
X = mean age; ages coded beginning

with age of full recruitment as
zero

If age 10, the most frequently assigned age
among the samples, is considered as the age
of full recruitment, the estimated annual
replacement based on all males 10 years old
and older is 0.38.
An additional estimate was calculated by

regressing the natural logarithm of the num-
ber in each age on age. This method, which
required neither constant recruitment nor
constant survival, produced an estimate of

replacement of 0.37.
The annual estimated replacement of ter-

ritorial males (0.38) agrees with an estimate

Table 30. --Age composition of territorial male seals killed for study and mature male seals

found dead, St. Paul Island, 1965

Age



Table 31. --Rate at which territories were re-established in

areas where territorial male seals were killed, St. Paul,

1965

Days after
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Figure 23.— Genital tract of female fur seal showing implantation chamber (IC), right ovary (RO), left ovary (LO),and
OS cervix (OC). Specimen no. 66, 28 November 1965, age 17; ventral aspect of freshly thawed tract; scale = 5 cm.
(Photo VBS 6177.)

IMPLANTATION OF THE BLASTOCYST
IN FUR SEALS

In I960, Douglas G. Chapman estimated the
mean date of implantation of the blastocyst in

fur seals as early November. He based his

conclusion on extrapolation of the weights of

398 fetuses collected at sea from January to

June (In Scheffer, 1962).
In 1965, the genital tracts of 70 adult, white

-

whiskered females on St. Paul Island were
collected for a study of implantation. The
tracts were collected at about 6 -day intervals
from 13 September to 28 November, and
placed in a freezer within 1 hour after death.
In March 1966 they were thawed and examined.
The external diameter of each uterine horn
at its midpoint was measured, and each horn
was examined for the presence of a placental
scar (fig. 23). Each ovary was sliced by
scalpel, and the presence of a corpus luteum
or a corpus albicans was noted.

General Conditions of Genital Tracts

The right ovary of one tract was lost on the
killing field. Of the remaining 69 tracts, 66
(96 percent) had a normal corpus luteum and
were assumed to be pregnant (table 33). Data
for the three tracts showing no evidence of

parturition follow:

Diameter

of uterine

horns

Age Right Left Remarks
Years Mm . Mm .

'

4 10 10 Immature?

17 11 14 Corpus luteum small, regressing (?)

13 21 25 Corpus albicans in each ovary; cyst

on right ovary
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Time of Implantation

Seventeen tracts contained an implantation
chamber (table 33). The earliest was collected

on 4 November; in the last collection on

Z8 November all of the five tracts had im-
plantation chambers. In this small sample,
no relation between time of implantation and
age of seal was evident (table 34).

Embryos

Five embryos were identified in tracts

collected during the 19-day period 9-28 Novem-
ber. They ranged from 8 to 19 mm. in crown-
rump length, as follows:

Date

9 Nov.
23 Nov.
23 Nov.
28 Nov.
28 Nov.

Crown-rump length
of embryo

8? (broken)
10

14
19

Table 33. --Percentage of genital tracts with a corpus

luteum and with an implantation chamber, by date of

collection

Collection
date

Tracts with
corpus luteum

Tracts with
implantation

chamber

Number Percent

13 Sept.

22
28 "

6 Oct.

13 "

20 "

24 "

29 "

4 Nov.

9 "

14 "

19 "

23 "

28 "

Total.

Number Percent

4



Table 35.—Accuracy of identification of placental soar^



Table 37. --Errors in assigning ages of male fur seals from
from whole canine teeth



Table 40.



teeth for females ^6 years old and the errors
for the conference reading from sectioned
teeth for females > 7 years old could be used.

Intuitively, the errors for other readers could

be substituted if Reader A should stop de-
termining ages of fur seals,

COMPARISON OF AGES ASSIGNED TO
FUR SEALS BY JAPANESE AND U. S.

BIOLOGISTS

Dissimilar criteria and methods used by
biologists from Japan and the United States

to determine the ages of fur seals from
laminations on canine teeth could lead to

errors in interpreting biological data. Age
compositions and pregnancy rates of groups
of seals are examples of data that could be
affected.

To test the possibility that the methods of

determining age have differed, biologists of

each country determined ages from the canine
teeth of seals collected at sea in 1964. Col-
lections of teeth were exchanged, and ages
determined by each country were compared.
The true ages of most of the seals in each
san-iple were unknown because only a few of
the animals had been tagged as pups.

Sample of Teeth Collected and Prepared
Dy Japan

Teeth collected from seals taken in the
western Pacific Ocean by Japan were pre-
pared by cutting a thin longitudinal section
from the center of each tooth. The surfaces
of each section were not polished. Thin sec-
tions allow laminations used to determine
age to appear as dark lines on a white field

when the tooth is viewed by transmitted light.

Japanese biologists assigned a single age
to each tooth, and U.S. biologists assigned
ages on two occasions separated by several
months. The results from each reading by
the United States are compared with the single
reading provided by the Japanese, and the two
readings by the United States are compared.
The data for each sex are discussed sep-
arately.

Males , --Japanese and U.S. readers dis-
agreed on an average of 3.8 percent of the
teeth from males in ages 1 to 4 (range--0-8.3
percent) for the first reading. The percentage
disagreement increased markedly for the small
sannple of 5-year-old males (25 percent error
for 12 seals tested).
For the second reading, the two countries

disagreed on an average of 3,3 percent
(range--0-6,8 percent) of the males in ages
1 to 4, and percentage differences again in-
creased at age 5,

Differences in determining ages were less
between the first and second readings of U,S,

biologists than between readings made by
U,S. and Japanese biologists. Also, the dif-

ference between the first and second readings
of U.S. biologists was slight for 5-year-olds.

Females . --An increase in differences was
apparent between ages 5 and 6 for the Japanese
and first U.S. readings (from 5.0 to 28.6 per-
cent). For the Japanese and second U.S. read-
ings, and the two U.S. readings, the increase
occurred between ages 6 and 7.

For ages 8 and older, the disagreement was
40.0 percent for the Japanese and first U.S.
readings, 42.2 percent for the Japanese and
second U.S. readings, and 41.1 percent for
both U.S. readings.

Sample of Teeth Collected and Prepared
by the United States

Teeth collected from seals taken in the
eastern Pacific Ocean were preparedby cutting
each longitudinally but slightly off center fronn
the apex of the root to the tip of the crown,
ground to expose the root canal, and polished
on the cut surface. The exposed laminations
used to determine age appear as white inter-
vals with a dark space between each,

U,S, readers determined ages for all the
teeth in the sample, Japanese biologists were
unable to read all the teeth from female
seals. Ages were determined for only 2,2 per-
cent of females age 9 years old and older by
Japan, Each sex is discussed separately.

Males - - Differences between the two coun-
tries of over 20 percent are indicated in

determining the ages of male seals, though
sample sizes were too small to prove con-
clusively that the differences are meaning-
ful.

Females . --Japanese and U,S, biologists dif-

fered on 36,5 percent of the teeth from
females. Where differences occurred, ages
assigned by the United States were always
older than those assigned by the Japanese,
These differences affect calculated pregnancy
rates. For example, if ages determined by
Japanese biologists are used, the pregnancy
rate for the small sample of 5-year-olds
included in the collection was 76,0 percent.
On the basis of ages obtained for the sample
by U.S. biologists, the pregnancy rate was
45.5 percent (table 42). The reason for the

large disagreement between Japanese and
U,S, biologists for determining ages for

5-year-olds (68.0 percent) is not known. To
test possible differences in pregnancy rates
due to reader error, larger sample sizes of

canine teeth should be read twice by U.S.
biologists, first whole, then sectioned. The
same sample of teeth should then be sent to

Japan to be prepared and read by Japanese
biologists, because they section canine teeth
much thinner than do U,S, biologists.
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Table 42, --Pregnancy rates determined from Japanese and United States

age determinations of fur seal teeth, by age. United States pelagic
collection, 1964



Table 43. --Immobilizing trials with succinylcholine, St. Paul Island, 1966

Adult

male
seals

Estimated
weight

Actual
weight Dosage Effect

Total time
from injection

to full

Latent Period of recovery
period immobilization or death

Number Lb.

1 400

2

3

4

5

6

7

8

9

182

400 182

400 182

450-500 205-227 400 182

500-600 227-273 460 209

400 182

400 182

400 182

400 182

Lb. Kg^ Mg.

60

60

60

80

80

50

50

50

60

Minutes

Immobilized

do.

do.

Lethal

--do. -

Incomplete

---do. ---

No effect

Lethal

Minutes

19

20

11

Minutes

24

34-

25

29

23

20

Figure 24.— Pup enclosure showing position of sea-water tank, slatboard racks, heat

lamps (L), and thermometer (T), St. Paul Island, 1965.

NUTRITION OF PUPS

Two variations of a formula were fed for
5 weeks to two groups of four newborn pups.

Housing and Preparation

The pup enclosure (fig. 24) used in 1966
was identical to that used by the end of the

first month of trials in 1965 (Wilson, 1966*),
Eight newborn (1-3 days old) pups presumed
to have nursed^ were weighed, bathed, had

* T. M. Wilson. 1966. Behavior and husbandry methods

for captive northern fur seal pups. Master's thesis, Dept.

Conserv., Cornell Univ., Ithaca, N.Y. vii f 38 pp.
"^ Pup number 4 was taken from his mother before he

had nursed.
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Table 44. --General formula and Ingredients for

artificial seal milk, St. Paul Island, 1 July to 4
August 1966

Component Percent

Protein . .^
8.4-12.4

Calcium caseinate (85 percent protein)

Fish flour t fine grind for animal use^,

73 percent protein)

Fat 30.0-40.0
Whale oil, ( baleen, bleached tri-

glyceride) ^

Water 45.0-57.0

Supplements 0.81

BO-SE (R) ( selenium'' .00001

and vitamin E) .0075

DL methionine'"' • ^

Glycerin' ^

Additives .11

Antioxidant-Ethoxyquin (Santoquin [R])* .01

Eraulsifier- lecithin (soybean, oil not

removed) ^ .1

'' Nutritional Bioohemicals Corp., Cleveland, Ohio.
^ VioBin Corp., Monticello, 111.
^ Del Monte Fishing Co. , San Francisco, Calif, and

Bureau of Commerical Fisheries Technological Labora-

tory, Seattle, Wash.
* Haver Lockhart, Kansas City, Mo.
' Colgate-Palmolive Co., New York, N.Y.
* Monsanto Chemical Co., St. Louis, Mo.

their umbilical cords disinfected, and were
marked b'y clipping nunnerals from 1 to 7 in

the guard hairs of the head; the 8th pup was
not nnarked. On the 8th da'y the'/ were treated
for lice and on the 17th da'y for possible
hookworm infestation.

Supplements . --Diets high in polyunsaturated
fats require relativel'y high levels of vitannin
E. Selenium and methionine reduce the re-
quirement for vitamin E (Witting and Horwitt,
1964). Glycerin enables some aninnals to

utilize free fatt'y acids in a carboh'ydrate-
free diet (Renner, 1964).

Additives. --Ethoxyquin prevents oxidation
of fat and potentiates vitamin E. The emul-
sifier lecithin was used to keep the oil in

suspension. (Separation of the oil after inges-
tion ma-y lead to oil inhalation and foreign
bod'y pneumonia.)

Because of the high vitamin and mineral
content of fish flour and whale oil, no supple-
ment was added. Antibiotics ma'y have been
beneficial in 1963 and 1964, when the experi-
mental diet and methods of care were inade-
quate, but they showed no observable benefit
in 1965; therefore, the'y were not given to pups
in 1966.

Experimental Design

Changes in number of feedings and announts
fed of two variations of a formula (C and F)
were tried (table A-25). Formula C contained
equal parts of fish flour and calcium caseinate;
formula F was identical except that it con-
tained no calcium caseinate. Four pups (num-
bers 1 to 4) were fed formula C and four
(numbers 5 to 8) were fed formula F. Each
lot contained two females (numbers 1, 3, 5,

and 7) and two males (numbers 2, 4, 6, and
8).

Preparation of Formula

Composition of Formula

The general formula and ingredients, based
on analysis of five samples of fur seal nnilk

(Ashworth, Ramaiah, and Keyes, 1966), are
given in table 44.

Rationale for ingredients . --Most ingredi-
ents were selected because they gave the
best results of those tested in 1965 (Keyes,
1966).

Protein. --Calcium caseinate was used in

place of casein because it is more soluble
and forms a more stable suspension.

Fats . --Whale oil, found superior to men-
haden oil, was bleached^ to remiove impurities
but not distilled as in the past because dis-
tillation removes oil-soluble vitamins.

^ The oil was mixed with clay and charcoal, and agitated

under vacuum at 60° to70°C., at the Bureau of Commercial
Fisheries Technological Laboratory, Seattle, Wash.

The formula, which was prepared just before
each feeding, and the ingredients were kept
at room temperature. Dry ingredients and
water, and fat and emulsifier had to be
blended separately before they could be mixed
together. Because calcium caseinate required
excess water to make a fluid suspension with
the other ingredients, numerous modifica-
tions of the original formula and amounts fed
were made to make formula C and F alike in

total solids (table A-25).

Feeding

The method of feeding was that described
by Wilson (1966).' One new feeding instru-
ment was used- -a toy plastic syringe which
would deliver up to 230 cc. Amounts of

formula fed to each pup daily are given in

table A-26.

See footnote 6.
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FORMULA C

FORMULA F Figure 25.— Relation between birthwelghts and subsequent

weights of eight captive pups, by formula, St. Paul Island,

1 July to 4 August 1966. Pup no. 3 died on 25 July and no.

8 on 22 July.

Evaluation of Formula

The rate of gain in weight was the primary
criterion for evaluating and comparing for-

mulas C and F. The relation between individual

and group average birthweights and subsequent
weights of the eight pups, by formula, is

shown in figure 25. Weekly weights, in kilo-

grams, are shown in table A-27.
The combination of calcium caseinate and

fish flour in formula C appeared to produce
greater and more rapid weight gains than

formula F with fish flour alone as the protein.

Pups Z and 4 were ten-iporarily dehydrated
from vomiting (possibly because of overfeed-
ing) when weighed on 28 July. Before the

trials ended, one pup in each group died fronn

undetermined causes.
Figure 26 shows the progress of pup care

and feeding trials represented by the best

individual records of captive pups from 1963

to 1966. Weight gains by rookery pups for a

similar period are included for comparison.
In 1964, rookery pups gained at the rate of

about 0.5 kg. per week (females 0.42; males
0.52) for the first 5 weeks. Four of six captive

pups in 1966 equalled or surpassed this rate

during the 4th and 5th week, although they lost

weight during the first 2 weeks. Several
factors probably contributed to failure of the

pups to make adequate gains the first 3 weeks:
Excess water used to make the formula fluid

prevented pups from getting sufficient solids

until they were able to digest greater volumes.
Time was required for the digestive system
of pups to adjust to the differences between
formula and seal milk; normal digestion was
hampered by overfeeding, leading to weight

loss from diarrhea which may have been
aggravated by treatment for parasites; pups

did not receive a natural measure of passive

immunity to infectious microbes before they

were captured; and pups were under the stress

of being held in captivity (separation from
their mothers, and handling and force feeding

by humans).

Disposition of Captive Pups

At the end of the feeding trials (35 days)

the six surviving pups were shipped by air to

the Stanford Research Institute where arti-

ficial rearing was continued. Pup number 5

died on route, and pup number 1 died when a

feeding tube was mistakenly passed down the

trachea. From 5 August to 11 November the

weight of pup number 2 increased from 6.5

to 9.9 kg.; pup number 6, 5.7 to 9.9 kg.; and

pup number 7, 5.9 to 8.4 kg. Each was fed a

formula similar to formula C.

Pup number 4 was transferred to the San

Jose Zoo where its diet was changed to blended

fresh mackerel fingerlings, whale oil, and

water on 17 August. Its daily intake was 0.57 kg.

(20 oz.) of mackerel, 0.20 kg. (7 oz.) of whale

oil, 0.34 kg. (12 oz.) of water, and a multi-

vitamin capsule. -^^ By 12 October, the pup

was spending half its time in water, where it

learned to swallow whole mackerel (about

10.2 cm. (4 inches) long). Just before its

death from a strangulated umbilical hernia

on 1 December, this pup was eating about

1.6 kg. (3,5 lb.) of fresh mackerel per day.

10 Theragran, Squibb.
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Figure 26.— Best individual growth records of captive pups fed artificial diets during each of 4 years, St. Paul

Island, 1963-66. Average weights of samples of naturally fed rookery pups in 1964 (numerals indicate number of

pups weighed) and of one rookery pup in 1963 are shown for comparison. The solid horizontal line indicates 100

percent of birthweight.

ANALYSIS OF FUR SEAL MILK

Since 1963, six samples of fur seal milk
taken at different stages of lactation have been
analyzed for gross composition, fatty and
amino acids, and nitrogen distribution by the
Department of Dairy Sciences, Washington
State University.

In July 1965 a sample was collected im-
mediately post partum to test for colostrunn
milk, which contains high levels of albumin
and globulin. The level of these components
was 50 percent higher than in milk from later
lactation (Ashworth, Keyes, and Ramiah, 1966).
In another sample of colostrum milk obtained
in July 1966, the values for albumin and
globulin were 150 percent higher than in

samples collected later in lactation (table 45).
High levels are presumed to indicate antibody
transfer through the milk.

Table 45. --Distribution of nitrogenous compounds in fur seal
milk by percentage of total nitrogeni.'



Table 46. --Gross composition of fur seal milk, average
of six samples collected in 1963-66, St. Paul Island

Component
Percentage
of total

Total solids

Fat

Protein

Reducing sugars

Ash

Calcium and magnesium

Phosphorus

Chlorine

63. 5

51.6

9.6

0. 11

. 51

.054

. 50

. 124

pH - 6. 1

CRYOGENIC MARKING

Cryogenic or "freeze" branding is a rela-
tively new-*--"^ method of marking animals. When
extreme cold is applied to skin from which
the hair has been shaved to reduce insulation,

melanocytes (pigment cells) of the hair fol-

licles and dermis are selectively destroyed
without damage to the skin. Hair follicles so
treated produce only white hairs. In the sum-
mer of 1966, cryogenically induced white
hair had persisted for 10 months through two
shedding and regrowth periods in dairy cows
(Farrell et al., 1966). 12 Reversion to pig-

mented hair is not expected because hair that

turns white, for whatever reason--old age,
saddle sores in horses, and X-irradiation in

other animals--persists for life.

Freeze branding has several advantages
over hot branding. Hot branding is painful
and causes inflammation, swelling, and scar-
ring which distorts the marks and restricts
their size. Freeze branding is relatively
painless and causes very little inflammation,
swelling, or scarring so that legible figures
as small as 1 cm. high and 2 mm. wide can
be produced. Wounds caused by hot brands
have a greater tendency to beconne infected
than wounds caused by freeze brands. White
hair marks produced by freeze branding are

The first legible mark made on any animal by this

process was a 1.9-cm. high letter H formed from white

hairs produced by a superchilled, copper, horn branding

instrument applied to the hind limb of a dog by R. Keith

Farrell on 5 May 1965 (Farrell, Koger. and Winward,

1966).

"^By 1968, when this manuscript was edited, the white

hair had persisted for 3-1/2 years and through seven

shedding and regrowth periods.

legible at greater distances than hot brands,
depending on the size and the degree of con-
trast achieved.

Disadvantages of freeze branding are: The
refrigerants are dangerous to personnel if

carelessly handled; "runs" may result if

too much refrigerant remains on the branding
instrument as it is applied; smears or blurs
may result from an animal's movement; and
contact may be incomplete when the surfaces
to be marked are uneven (Farrell et al., 1966).

After preliminary tests by R. Keith Farrell
on black swine and a captive elephant seal,

cryogenic marking of fur seal pups was
tested on St. Paul Island in 1966. A round-
faced copper instrument in the form of an "S"
was chilled to -70° C. in a mixture of absolute
isopropyl alcohol and dry ice and applied to

both the naturally bare skin of the front
flipper, and the furred skin of the forearm.
The naturally bare or shaved surfaces were
first wet with alcohol. The struggling move-
ments of the pups during the process seemed
to be random attempts to get free and did not

necessarily coincide with application of the

instrument. From this we concluded that the

process was not painful. Exposure times
tested were 15, 20, 25, and 30 seconds. By
positioning the brands differently in relation

to the axis of either the right or left flipper,

we were able to distinguish the marks made
at each exposure time, during observations
of the pups from 13 July to 14 November.
We applied brands to the dorsal surface of

either the left or right front flipper (manus)
of each of 40 pups on Zapadni Reef Rookery
13 July. The results are illustrated in figure
27. The frozen impression left on the skin

was visible for only a few minutes. An "S"-
shaped blister formed in 8 days, then peeled,

exposing a light pink "S" on the 13th day.

Healing was complete by the 22d day, but

partial or complete repigmentation was evi-

dent on the 41st day. We concluded that

cryogenic marking of the naturally bare skin

of the flipper is unsatisfactory because de-

pigmentation is not permanent.
On 14 July, brands were applied to the

furred forearms (antebrachiums) of an addi-

tional 40 pups on Zapadni Reef Rookery. A
small patch of fur was first removed from
each marking site with electric clippers. The
results are illustrated in figure 28, One day
after branding there was some barely recog-
nizable "S"-shaped erythema and edema, but

initial scab formation produced legible marks
by the 7th day. The legibility of the marks
changed little between the 12th and 41st days.

During this time the scab and hairs exfoliated

and epithelium healed. White hair began to

show on the 41st day. Twenty seconds of ex-

posure produced the most distinct marks.

""^^ Refrigerant runs off the instrument and freezes

skin next to the brand.
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8 days after 30-second exposure 13 days after 30-second exposure

22 days after 20- second exposure 41 days after 20- second exposure

Figure 27.—Changes in cryogenic brands of the naturally oare flipper skin of fur seal pups, Zapadni Reef
Rookery, St. Paul Island, 13 July to 23 August 1966.

Some 15- second brands were satisfactory,
but white hair growth was not dense. Many of

the 25- and 30-second brands were contracted,
and some 30-second brands destroyed the
hair follicles.

Standardization of the technique to that

which produced satisfactory marks in these

trials should result in an excellent method
for pernrianently marking fur seals. Branded
seals must be observed for several years,
however, to be certain that depigmentation
of the treated follicles is permanent. Errors
in chilling the marking instrument, timing
the exposure, and achieving uniform contact

48



12 days after 15-second exposure 35 days after 20-second exposure

72 days after 25-second exposure 4 months after 15-second exposure

Figure 28.—Changes in cryogenic brands of the forearm pelage of fur seal pups, Zapadni Reef Rookery, St. Paul

Island, 14 July to 14 November 1966.

with the skin affect the uniformity of results.
We estimate that one thousand pups could be
marked per 8-hour day by using two men
for catching, two for restraining, one for
clipping, and one for branding. The use of

six marking instruments would make a pre-
chilled instrument always available, and bat-

tery powered animal clippers could be used
in place of a gasoline generator.
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SUMMARY

AGE CLASSIFICATION AND NUMBER OF
SEALS KILLED, BY SEX

Males

Of 52,497 male seals killed on the Pribilof
Islands in 1966, 42,104 were taken on St. Paul
Island and 10,393 on St. George Island. Male
seals from 42 inches (106.7 cn-i.), tip of nose
to tip of tail, up to but not including those
having a mane were killed.

Females

The kill of female seals on the Pribilof
Islands in 1966 was 391, including 61 taken
for research and 330 killed accidentally during
the kill of males.

MARKING

Pups

SURVEY DATA

Mortality

Pups .-- The count of dead pups on the
Pribilof Islands was 27,392.

The major causes of death among 164 pups
collected through the season in 1966 were
apparent malnutrition (42 percent), hookworm
disease (18 percent), infections (10 percent),
and bite wounds (9 percent). Miscellaneous
and undetermined causes of death accounted
for 15 percent; 6 percent of the pups collected
were not examined because of deconnposition.

Adults . --On St. Paul Island the number of
dead adult seals counted was 158 males in

1965 (females were not counted) and 181
males and 172 females in 1966. On St. George
Island, 41 males and 55 females were counted
in 1966.

Counts of Living Adult Males

Harem nnales coionted on the Pribilof Islands
in mid-July of 1966 decreased for the fifth

consecutive year, to 71 percent of the number
counted in 1961; idle males equaled 47 per-
cent of the count in 1961.

Reproductive Condition of Females

Of the 65 3-year-old females exan-iined,

none had ever been gravid. One of the 51
4-year-olds was primiparous and recently
postpartum.

Weights of Pups

An experiment in 1966 indicated that handl-
ing causes pups to lose weight or retards
their growth.

Single S-series tags were attached to the
right front flippers of 10,000 pups on St. Paul
Island, and the tip of the second digit of the
right hind flipper was removed as a check-
nnark. On St. George Island, single S-series
tags were attached to the left front flipper of

2,499 pups and the tip of the same flipper was
removed as a checkmark.

Small numbers of pups have been marked
experimentally since 1963 with coded wire,
plastic roto tags, button ear tags, "spaghetti"
tags, snaall cattle-ear tags, and butt-end leg
bands. Additional pups have been marked by
cryogenic ("freeze") branding. In 1966, 9,578
pups on St. Paul Island were nnarked by re-
moving the tip of the third digit of the right

hind flipper and 2,503 on St. George Island
were marked by removing the tip of the
second digit of the left hind flipper.

Male Yearlings

Double IS-series tags were attached to the
front flippers of 1,495 males selected as
yearlings.

Males Ages 2 to 4

Double 2S- series tags were attached to the
front flippers of 1,483 males selected as 2-,

3-, and 4-year-olds.

TAG RECOVERIES

Recoveries of seals on the Pribilof Islands
included 4,418 marked as pups--2,685 with
tags and 1,733 with checkmarks--and 159
males tagged as yearlings on St. Paul Island
in previous years. A total of 30 Soviet-tagged
seals were killed- -28 of Commander Islands
origin and 2 from Robben Island.

Recoveries of tags since 1954 have shown
that the tendency of fur seals to return to

their rookery of birth increases as the animals
become older, that homing tendency is more
pronounced for seals born on St. Paul Island
than for those born on St. George Island, and
that seals from some rookeries have higher
rates of homing than do seals from other
rookeries.

To test the possibility that older pups nnay
survive the effects of tagging better than pups
tagged earlier in summer, one group of pups
was tagged in mid-August and another in late
September in each of 2 years (1963 and 1964).
Data collected in 1966 indicated a higher rate
of recovery from the late than from the early
group.
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POPULATION ESTIMATES

The number of pups born on the Pribilof
Islands, estimated from tag recoveries, has
steadily decreased irom 643,000 in I960 to

440,000 in 1964.
Shearing of live pups and later sampling

for marked-to-unmarked ratios yielded an
estimate of 380,000 pups born on the Pribilof
Islands in 1966. The estimates and total counts
of pups on three rookeries were similar.

On the basis of tagged seals taken in 1963-
66, an estimated 78,000 males from each of

two year classes (1961 and 1962) survived to

age 1.

FORECAST OF THE KILL OF MALES

The predicted kill of males on St. Paul
Island by 5 August 1966 included 26,000 of

age 3 and 14,000 of age 4; actual kills were
25,520 and 12,149.

The forecasted kill of male seals on the
Pribilof Islands in 1967 includes 4,000 of ages
2 and 5, 34,300 of age 3, and 17,900 of age 4,

SPECIAL STUDIES

Age Composition, Measurements, and
Mortality of Territorial Male Fur Seals

The age compositions of 249 territorial males
killed for study and 157 adult males found
dead were similar. The territorial males
were 7 to 17 years old; 71 percent were in

ages 10 through 13; the predominant age was
10.

The annual replacement rate for territorial
males age 10 and older is estimated as 0.38.
Body length and weight of the baculum, testes,
and body showed no relation to age, nor was
there a relation between weights of the baculum
and testes. Body length and baculum weight
may be related.

Implantation of the Blastocyst in Fur Seals

Of 70 genital tracts of adult females collected
at about 6-day intervals from 13 September
to 28 November 1965, 17 contained an implan-
tation chamber. The earliest was observed
4 November; all five tracts collected on 28
November had implantation chambers.

Errors in Determining Ages of Fur Seals
from Canine Teeth

Canine teeth collected from seals of known
age were examined by four readers. For whole
teeth from males in ages 2 to 5, the lowest
reader error ranged from 2.5 to 3.9 percent;
for sectioned male teeth, the lowest error
was 0.0 to 6.7 percent. The lowest error in

determining the ages of females from whole
teeth in ages 3 to 7 was 3.8 to 21.3 percent.
A conference reading by four readers of sec-
tioned teeth from females in ages 2 to 1 1 pro-
duced errors ranging from 3.3 to 66.7 percent.

Comparison of Ages Assigned to Fur Seals
by Japanese and U.S. Biologists

Possible differences between Japan and the

United States in determining the ages of seals

were tested by exchanging samples of canine
teeth each had collected from seals taken at

sea in 1964. For teeth prepared by the Japa-
nese, readers from the two countries dis-

agreed on about 3.5 percent of 128 males in

ages 1 to 4 and on 4.4 percent of 204 females
in ages 1 to 7. For teeth prepared by U.S.

biologists, the readers disagreed on 2 of 1

1

males in ages 2 to 3 and on 36.5 percent of

91 females in ages 1 to 7.

Drug Immobilization of Fur Seals

Succinylcholine was found to be too iinpre-

dictable in its effect on adult male fur seals

for safe use.

Nutrition of Fur Seal Pups

Two variations of an articial formula were
fed for 5 weeks to two groups of four newborn
pups. The use of a combination of calcium
caseinate and fish flour as the source of

protein produced greater and more rapid
weight gains than did fish flour alone.

Analysis of Fur Seal Milk

Six samples of fur seal milk from different

stages of lactation were analyzed for gross
composition, fatty and amino acids, and nitro-

gen distribution. Colostrum milk obtained
immediately post partum contained much
higher levels of albumin and globulin than did

milk collected later in lactation. High levels

of albumin and globulin are presumed to in-

dicate antibody transfer through the milk.
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GLOSSARY

The following terms used in fur seal research and nraanagement 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 ap-

plied, to ensure later recognition of an

animal that has lost its tag. See marked

and lost tag.

Drive The act of surrounding and moving

groups of seals on land fromone location

to another.
Escapement Seals that were not killed be-

cause they were too old, too large, or not

available.

Female kill That part of the annual harvest

devoted principally to the kill of female

seals, usually in August. See male kill.

Handling The act of driving, holding, and re-

straining seals for marking.

Hauling ground An area, usually near a rook-

ery, on which nonbreeding seals con-

gregate. See rookery.

Haul out The act of seals moving from the

sea to a rookery or hauling ground on

shore.

Homing tendency The inclination of seals to

return to the rookery where they were

born.
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.

Lost -tag Applied to a seal known to have been

tagged because of a checkmark.

Lost-tag-to-tag ratio The number of seals

that have lost tags as compared with the

number retaining tags.

Male kill That part of the annual harvest

devoted principally to the kill of male

seals, usually in late June, in July, and

in early August. See female kill.

Mane Long, silver- colored guard hairs on the

shoulders and on back of the neck--a

secondary sex characteristic of males.

The mane appears on some males at age

5, on most at age 6, and on all at age 7

and older.

Marked Seals that have been tagged or sheared

so that they can be identified. Removing

a digit from a flipper, cutting a V-notch

in the leading edge of a front flipper near

the tip. or slicing off the tip of a front

flipper are also examples of marking.

These marks, when applied to seals m
conjunction with tags, are considered

checkmarks. See checkmark and lost-tag.

Marked -to-unmarked ratio The number of

marked seals compared with the number

of unmarked seals.

Pregnancy rate Percentage of females that

were carrying or had borne pups in the

year of exannination.

Rookery An area on which breeding seals

congregate.
Round The sequence in which hauling grounds

on St. Paul Island are visited to collect

seals for harvest. When used, a circuit

or round of the hauling grounds is com-

pleted in 5 days and the procedure is

repeated throughout the kill of males.

Calculate the mean round of the kill by

multiplying the round number by the num-

ber killed in that round and dividing the

cumulative product by the cumulative kill.

Round-up The act of surrounding and collect-

ing seals to be driven for harvesting,

tagging, or other purposes.

Tagged Describes a seal having an inscribed

metal tag or tags attached to one or more

of its flippers.

Tae recoveries includes tags recovered,
marked seals recovered, and seals iden-

tified from checkmarks as having lost

their tags. See checkmark, marked, and

lost-tag.
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Part II: PELAGIC FUR SEAL INVESTIGATIONS, 1966

Pelagic fur seal research in 1966 was
carried out from 21 January to 25 March off

the coast of central and southern California,

one of the major fur seal wintering grounds
in the eastern North Pacific. Primary objec-
tives of the research were to study the dis-

tribution of fur seals by nnaking a systennatic

survey of the area at a time of maximunn
abundance and to collect a representative
sample of fur seals for studies of food habits,

age, sex, size, and reproductive condition. The
survey and collections of fur seals extended
our coverage of the area south to lat. 32° N.

and offshore in most places to a distance of at

least 185 km. (100 miles). This was the 9th
year of research under the terms of the In-

terim Convention on Conservation of North
Pacific Fur Seals.

This part of the report summarizes re-
search data obtained at sea in 1966 and relates
it to information collected in other years. The
distribution of fur seals in 1965 and 1966 are
compared. Also given are the results of
food habits studies for several years and
observed changes in the feeding habits of fur
seals.

EQUIPMENT, METHODS, AND PERSONNEL

In the past, 21 - to 24-m. (70- to 80-foot)
fishing vessels (purse seiner type) have been
satisfactory for collecting the large numbers
of seals needed to fulfill requirements of the
Convention. Since 1963 the Commission has put
less emphasis on collecting a large number of

seals but requires that research effort beheld
at about the same level. This requirement has
caused studies of distribution to be expanded.
The distribution studies require larger vessels.
Two relatively large vessels were used for

pelagic research in 1966. The M/V Pribilof• "^

was used primarily for survey work and
secondarily for collecting seals. The height of

the bridge above the water was an advantage
for observing seals during studies of distribu-

tion, and the large size of the Pribilof allowed
her to work safely far offshore and to remain
there during storms. A vessel's usefulness for

collecting seals, however, decreases as its

size increases. The Pribilof, for exannple,
could not be used to chase seals, because most
would easily escape if not collected on the first

pa ss. A smaller but more naaneuverable vessel,
the M/V Lynnann,"""^ a whale catcher, was char-
tered primarily for collecting seals in 1966.

The Pribilof and the Lynnann were satis-
factory for the work in 1966. Dories launched
from these vessels (when weather permitted)
were useful supplements for hunting seals.

M/V Pribilof : Bureau of Comrnsrcial Fisheries Pri-

bilof Islands supply vessel; registered length 64 m. (210

feet), 3,398 m.^ (1,200 gross tons), 14,000 horsepower,

cruising speed 22.2 km. per hour (12 knots),

"^M/V Lynnann ; registered length 38.3 m. (125.5 feet),

736 m.-' (260 gross tons),l,000 horsepower, cruising speed

18.5 km. (10 knots).

Equipment and methods, now standardized,
have been described by Fiscus, Baines, and
Wilke (1964), and by Fiscus and Kajimura
(1967). Twoobservers equipped with binoculars
were continuously on duty while the vessel
cruised transects for studies of distribution.

From their respective stations on either side

of the bridge, the observers recorded all seals
sighted, time observed, estimated distance
from the vessel when abeam of the seal, and
behavior of each (i.e., sleeping, resting, swim-
ming, feeding, etc.). The position of the vessel
was plotted hourly on a chart by the mate of

the watch. The location of each seal observed
was also plotted.

Seals were shot with 12-gauge shotguns
loaded with 00 buckshot, weighed, measured,
and examined for tags, marks, scars, general
condition, barnacles, and algae. Stomachs,
reproductive tracts, and upper canine teeth
were collected and taken to our laboratory in

Seattle at the end of the season. Here, stomach
contents were identified, reproductive con-
ditions were recorded, and teeth were sec-
tioned for determining age. The data were
recorded on punch cards and processed.

Because records for eight seals were in-

complete, these animals are represented only
in the sections on distribution of seals by date

and locality, and relative abundance and size

of groups.
Biologists aboard the vessels and in the

Seattle laboratory were: Richard K. Stroud--
M/V Lynnann ; Clifford H. Fiscus and Hiroshi
Kajimura-- M/V Pribilof . Assistants aboard
the vessels and in the laboratory were David
Harcombe, Roger E. Paul, and Donald E. Ross.
Milton E. Timmes assisted in the laboratory.
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RESEARCH IN 1966

Pelagic investigations were nnade off Cali-
fornia fronn 21 January to 25 March. The
vessel Pribilof sailed from Seattle on 18

January and the Lynnann from San Francisco
on 21 January.

Observation watches aboard the Pribilof
were nnaintained while the vessel cruised south
167 to 185 km. (90 to 100 miles) offshore from
Cape Flattery, Wash., to central California and
on the return trip when it traveled 9 to 111 km.
(5 to 60 miles) offshore. Dates, areas, dis-

tances traveled, and number of seals seen were
as follows:





Figure 30.—Number of seals seen per hour of effort, in each square (areal unit) occupied by a research vessel in

January 1966, off California. The sides of each square measure 18.52 km. (10 nautical miles). See table C-1.

seals observed April to June 1965 were single
animals (Fiscus and Kajimura, 1967). The re-
maining percentages in all 3 years included
groups of 2 to 20 seals.

Of 2,704 seals sighted in 1966, 444 were
collected, 78 were wounded and lost, and 67
were killed and lost.

DISTRIBUTION BY AGE AND SEX

The age and sex of seals taken off California
in 1966 are shown by month in table 47. More
females age 8 and younger and fewer females

age 9 and older were taken in 1966 than in 1961
(North Pacific Fur Seal Commission, 1965).
This difference may reflect the kill of adult
females age 10 and older on the Pribilof
Islands in 1956-63 (Roppel, Johnson, Anas, and
Chapman, 1965), rather than an actual change
in distribution by age.

The age and sex of seals collected off Cali-
fornia in January to June since 1958 are shown
in table 48. Females 5 years old or older were
dominant in the area in all months, although
their numbers decreased by late March, when
they began to n-iigrate northward. Departure of
the older females had the effect of increasing

56



39

38

37

36

35

34

33

32

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

15

14

13

12

II

10

_9

8

7

6

5

4

3

2

1



39

38

37

36

35

34

33

32

31

30

29

28

27

26

25

24

23

22

21

20



c
0)

u
h
0)

—i^-tr^LTiLnoOOO'^f^irirOfMr^r^—<—hOOO

Pm

o
H o

0,

CO
IN]

o o o
lD LT) O 1 I I 1 I I I

f\] rsj irt

I I I I I I I I I

O

D

J3

u

a

o

6
zl

c
0)

u
;-i

0)

IX

zl

c

u

(X

rvarg-rpiiiiiiiiiiiiiii,! 00

-Hf\jLrioocoo~^OOLr>(N]iri-H.—(-HrnofM—'O i

—irOrO-H^—1—.-H |00

O I O I I I I
< > < I ' '

Psjimiiiiiiiiiiiiiiiii lti

Uh

c
o

E

>.

x"

a;

en

-O
C

oo

<;

u

3
o
u
1)

u

c
oi

C
0)

U

0)

CI

I O O I I I 1 I I I I

LTi in
t I I I I I I I

—<r-<||||||l||l|ll|lll (M

•—irsirjrsjromoOrgr^arNjO—<

I I'^r^OOCO'^^'^rOOOCOCOrsJvD i i i i i

I O I I I > I I I I I I I t I I

H

o\
I —I I I I 1 I 1 I I 1 I I I t I I I I I -H

^HrsjrO'^fmsOr^ooO^O--'

59



Table <;8. —Age and sex of fur seals collected pelagically by the U.S.A. Dff California by month-'-

[Combined data for 1958, 1959, 1961, 1964, 1965, and 1966]

Month
Seals

collected Males

^

Females
Females

Ages l-<; ?es 5-20+



pregnancy rates. They are also used to deter-
mine if the distribution of female seals differs

according to reproductive condition.

Reproductive Condition

The youngest pregnant female collected in

1966 was a primiparous 4-year-old (1.5 per-
cent of the 4-year-olds collected). Four multi-
parous 5-year-olds (6 percent of the 5-year-
olds collected) were taken. These five females
conceived at age 3 and produced or would have
produced pups at age 4. Of the 5-year-old
fennales taken, 21.2 percent were primiparous.

The reproductive conditions of 428 fennales
collected off California in 1966 are given in

table C-14.

Pregnancy Rate

The number of female seals (and percentage
pregnant) taken in the eastern Pacific from
1958 to 1966 is shown in table 50; those taken
off California in 1966 are listed by month in

table C-15. One- and two-year-old females
were not included because none had been
pregnant. Between ages 7 and 15, there was
less than a 9-percent difference in the preg-
nancy rate of the total seals in an age class.
The percentage of pregnant females taken
during their productive years (ages 6-26) from
1958 to 1966 ranged from 73.4 in 1965 to

86.0 in 1963. In 1965 seals were collected from
April to June off California and Washington;
in 1963 they were collected in the Bering Sea
from July to September.

Uterine Horn of Conception, Twinning, and
Fetal Sex Ratio

The uterus of the fur seal is bicornuate,
and the gestation period is nearly a year.
Normally, conception alternates from one horn
to the other; however, both ovaries may
ovulate and a conceptus may develop in each
uterine horn simultaneously when neither horn
has supported a full-term fetus. Of 4,604
pregnant females collected at sea since 1958,
6 carried twins, 2 sets of which were in

separate horns. Arseniev reported twin
fetuses in separate uterine horns of a seal
collected in the Sea of Japan in 1964.

There is no record of both twins surviving
until weaned. Peterson and Reeder (1966) ob-
served the birth of three pairs of twins on the
Pribilof Islands; in each case, at least one died.

Only 0.1 percent of the pregnant seals col-
lected at sea since 1958 were carrying twin
fetuses.

^°V. A. Arseniev. Report on U.S.S.R. fur seal in-

vestigations in 1964. All-Union Research Institute of

Marine Fisheries and Oceanography (VNIRO), Moscow,
101 pp. [Processed.]

Pregnancy occurs in the left and right uterine
horn with about equal frequency. Of 5,281
pregnant and postparturient females, 51 per-
cent had conceived in the left uterine horn
(1958-66).

The sex; ratio among fetuses is also about
equal. Of 4,592 fetuses examined since 1958,
5 1 percent were fennales and 49 percent were
males.

ATTACHED ORGANISMS (COMMENSALS)

Algae and gooseneck barnacles attached
to the guard hairs of seals were noted by
Scheffer (1962), who reported several hundred
barnacles on one seal. Since 1958, when the
current pelagic research program began, algae
and gooseneck barnacles have been observed
on seals at various times of the year through-
out their range. Algae that have been identified

from samples found on fur seals are Ectocarpus
sp. (Scheffer, 1962; Fiscus and Kajimura, 1965)
and Erythrocladia sp. (Scheffer, 1962). Three
species of gooseneck barnacles have been
identified: Lepas anatifera and L. pectinata
pacifica (Fiscus and Kajimura, 1965i 1967),

and L. hiHi (Scheffer, 1962).

No attempt was made to record all observa-
tions until 1964, when 98 of 343 fur seals col-

lected between 19 May and 1 June off Cali-

fornia, Oregon, and Washington were examined.
Algae were attached to the guard hairs of 21

seals, and gooseneck barnacles to 6 seals

(Fiscus and Kajimura, 1965). In 1965, all fur

seals taken off California from April through
June were exannined for algae and barnacles
(Fiscus and Kajimura, 1967). Exanninations
were resumed off California in 1966 from
January through March, completing a survey
during the time (January to June) when the

largest numbers of seals are found on this

wintering ground. Algae were found on 17.4

percent of the seals collected and barnacles
on 14.0 percent (table 51). Algae grew most
frequently on the throat, nape, and back. The
extent of algal growth varied from a few spots

to almost complete coverage of the haired part

of the body. Gooseneck barnacles were most
frequently attached to guard hairs on the ear
pinna, nape, and back, although they have been
found on most parts of the body, except for

hairless skin. Gooseneck barnacles collected

in 1965 and 1966 varied in capitulum size

from 1 to 15 mm.; 42 were counted on one seal.

In 1966, Lepas pectinata pacifica was found on
eight seals, and Lepas sp. on one seal.

FOOD

Fur seals feed mainly on fish and cephalopods
throughout their range in the eastern North
Pacific Ocean and Bering Sea. A report on the

food and feeding habits of fur seals was given
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Table 50. --Number of female seals collected pelagically by the U.S.A. in the eastern Pacific and (in

parentheses) percentage pregnant, 1958-66



Table 51.--Nuraber and percentage of fur seals collected pelagically by the U.S.A. off California
in 1965 and 1966 with algae or barnacles growing on guard hairs'-

Month Year
Seals

collected Algae Barnacles
Both algae
and barnacles

Jan
Feb
Mar
Apr
May
June . . . .

Total.
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Table 52. --Stomach contents of fu r seals collected pelagically by the U.S.A. off California, 1966
1/

Food

Fish
Engraulis mordax
Magnisudis barysoma
Tarletonbeania crenularis

Myctophum californiense

Cololabis saira

Merluccius productus

Trachipteridae

Trachurus symmetricus
Sciaenidae
Sebastodes spp.

Pleuronectidae

Unidentified



Sciaenidae. One small juvenile fish from
this family was found in a stomach collected in

lat. 37° 20'N., long. 123° 39' W.^^ This specimen
is the first sciaenid found in a fur seal stomach.

Sebastodes spp. Rockfishes have been of

minor importance as fur seal food off Cali-
fornia. One seal taken in lat. 37° 00' N., long.

1 22° 37' W. contained the remains of one rock-
fish.

Pleuronectidae. Flatfishes of this family
were in a stonnach collected in lat. 37° 45' N.,

long. 122058' W. Flatfishes have beenofnegli-
gible innportance as fur seal food.

Tremoctopus sp. The remains of this small
pelagic octopus were found in the stomach of

a seal taken in lat. 34° 04' N., long. 121° 04' W.
Previously this octopus occurred in 28 seal
stomachs in 1961 and I in 1965.

Squids. Squids are a major food item of fur
seals in all areas in which seals range, in-

cluding the eastern and western North Pacific
Ocean, Bering Sea, Sea of Japan, and the Sea
of Okhotsk. Off California squids are one of the
most important foods of fur seals. Squid beaks
and pens remain in the stomach long after the

soft bodies are digested. These beaks and pens
are listed as trace announts when no body
fragments are found.

The following squids were found in stomachs
in 1966: Loligo opalescens , Onychoteuthis
sp.,^-* Moroteuthis robusta , Abraliopsis sp.,

and Gonatus fabricii . The remains of another
squid, Chiroteuthis veranyi , were found loose
in a barrel of stomachs and had probably
dropped out of a stomach before the col-
lection was fixed by formaldehyde. This oc-
currence of C_. veranyi in fur seal stomachs
is the first fronn the eastern Pacific Ocean,
although the species was found in stomachs
of fur seals taken in the western Pacific
Ocean in 1959 (North Pacific Fur Seal Com-
mission, 1965).

Loligo opalescens ranked fourth in fre-
quency of occurrence and fifth in total volume
of food in 1966. Although the total food volunne
of L. opalescens was low in 1966, the 70 oc-
currences (fig. C-5) are comparable to the
number of occurrences in 1964 and 1965. The
dorsal mantle length of two specimens was 67
and 90 ram. One stomach had the remains
(pens and beaks) of 65 L. opalescens.

Onychoteuthis sp. ranked third in frequency
(71 occurrences) and fourth in total volume.
Onychoteuthis sp. were found throughout the
collection area in 1966 (fig. C-6). One stomach
had the remains of 34 squids, mainly beaks and
pens.

^^Identification was made by A. D. Welander, College

of Fisheries. University of Washington, Seattle, Wash.
^^ Onychoteuthis banksli and O. borealijaponlcus were

until recently considered synonymous. Recent evidence

Indicates that both may be valid species. Until this ques-

tion is resolved, these specimens can only be identified to

geiius.

Moroteuthis robusta is probably not com-
monly eaten because of its large size. The re-
mains of the cartilaginous end cones of M.
robusta were found in two stomachs--one col-

lected in lat. 3404O' N., long. 121031'W. and
one in lat. 35047' N., long. 1220l6'W. This
record is the third and fourth occurrence of

this species in seal stomachs since 1958; the

other two also were off California, one in I96I

and one in 1965.
Abraliopsis sp. has been a minor food item

of fur seals collected off California. In 1966
this squid was found in four seals taken be-
tween Monterey and the Farallon Islands (fig.

C-4). It was found in a few seal stomachs from
the same general area in I96I and 1965.

Gonatus fabricii . This species was noted in

stomachs of 23 fur seals collected in 1966
(fig. C-2). G. fabricii was also a minor food
species of seals off California in 1964 and 1965.

Squids from 28 seals were identified only to

the family Gonatidae and those from 13 were
unidentified.

Miscellaneous. A small sea bird, Ptycho-
ramphus aleutica (Cassin's Auklet), was found
in a stomach of a fur seal taken near the

Farallon Islands. Other items were a piece of

wood in 1 stomach and 17 parasitic isopods,
Rocinella belliceps, in another.

RELATION OF FUR SEALS TO
COMMERCIAL FISHERIES

The effects of fur seal predation on com-
mercially important food species cannot be
accurately appraised with present knowledge
of the ocean environment and ecology. Data
collected to date indicate, however, that the
food of seals is governed by abundance and
availability of the prey species, and that

predation on important comnnercial species is

negligible.
An indication of the extent to which fur seals

eat commercial food species can be gained by
comparing the species eaten by seals with
those taken commercially. The 10 leading
commercial species (in order of pounds landed)
taken from California waters in 1964 (Cali-

fornia Fish and Game, 1965) were: Trachurus
symmetricus (jack mackerel), Thunnus ala-
lunga (albacore). Scomber diego (Pacific mack-
erel), Loligo opalescens (squid), Sardinops
caerulea (sardine), Oncorhynchus tshawytscha
and O. kisutch (king and silver salmon), Mi-
crostomus pacificus (Dover sole), all species
of Sebastodes and Sebastolobus (rockfish),

Engraulis mordax (northern anchovy), and
Parophrys vetulus (English sole). Four spe-
cies, jack mackerel, squid, rockfish, and
anchovy, were found in both fur seal stomachs
and in the list of 10 leading commercial
species. Jack mackerel and rockfish, how-
ever, occurred only once in seal ston-iachs in

1966.
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Northern anchovy, which contributed 74 per-
cent of the total volun-ie of food of fur seals,

ranked ninth commercially in total tonnage
landed in 1964 (2,257 metric tons). This catch,

however, probably represents only a fraction
of the total possible yield for the species.
During the latest comn-iercial anchovy season
in California, which ended 30 April 1966, the
total landings (15,344 metric tons) fell well
below the 68,038-metric ton quota granted by
the California Fish and Game Comnnission
(Pacific Fishermen, 1966). This low catch was
not due to a scarcity of anchovies, but to the
reluctance of vessel owners to invest new
equipn^ent in an uncertain anchovy fishery.

The food species that ranked second in im-
portance was Pacific hake, which contributed
19.8 percent of the total food volume. This
species is of negligible commercial impor-
tance off California (50.8 metric tons landed in

1964). Pacific saury is not fished commercially
off California. The present commercial har-
vest of Loligo opalescens (which ranked fifth

in total seal food volume off California)
probably represents only a small fraction
of the possible yield.
Damage by fur seals to fishing gear is prac-

tically nonexistent, because seals usually re-
main well offshore where no commercial fish-

ing operations are in progress.

SUMMARY

The 9th year of pelagic fur seal research
under terms of the Interim Convention of North
Pacific Fur Seals was conducted off California
from 21 January to 25 March 1966.

The Bureau of Commercial Fisheries Pri-
bilof Islands supply vessel, M/V Pribilof . and
the chartered whale catcher, M/V Lynnann,
were used in the research.

Distribution of seals was studied along
transect lines extending offshore 19 to 222 km.
(10 to 120 miles) at 37-km. (20-mile) intervals
between latitudes 32° N. and 38° N. Seal con-
centrations were usually found 37 to 130 km.
(20 to 70 miles) offshore over areas where
abrupt changes in depths occur along the Con-
tinental Shelf and over seavalleys and sea-
mounts.
From 21 January to 25 March, an average of

42.9 seals were seen per boat-hunting day.
Single seals made up 31 percent of the total

number seen. Of 2,704 seals sighted, 444 were
collected. Females 5 years old or older were
dominant in the area during January to March;
males formed only a small part of the popula-
tion. Twenty- seven seals tagged on the Pribilof
Islands were recovered at sea.

The following information on reproduction
was obtained. Fifty-two percent of the female
seals collected were gravid; the youngest was
a primiparous 4-year-old. Between ages 7 and
15 the pregnancy rate of seals varied by less
than 9 percent in a sample of 202 females.
Pregnancy occurred in the left and right

uterine horn with about equal frequency (51

percent in left horn) in 5,281 pregnant and
postparturient females (1958-66). Fifty-one
percent of 4,592 fetuses examined since 1958
were females.
Fewer occurrences of algae and gooseneck

barnacles were noted on seals in 1966 than in

1965.
A lanternfish (

Myctophum californiense ), a

sciaenid, and a squid
(
Chiroteuthis veranyi )

were recorded as seal food for the first time.
The northern anchovy, Ejigraulis mordax, was
the major food species (by volume) eaten by
seals off California.

Predation by seals on commercialy im-
portant species appears negligible. Damage to

fishing gear is nonexistent because seals are
found well offshore where there is no com-
mercial fishing.
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Appendix A

Table A-1. --Age classification of male seals killed on St. Paul Island,

7 July to 5 August 1966

Date Rookery

July

7

7

8

9

10

11

11

12

12

13

14

15

15

16

17

17

18

19

20

20

21

22

22

23

24

25

26

26

27

27

28

29

30

31

31

Aug.
1

1

2

3

4

4

5

1/
Males
killed-'

Tooth
sample

Seals in each age

group of sample

-Number-

NEP(east)
NEP(west)
TZR
POL
ZAP
REEF
L-K
NEP(east)
NEP(west)
TZR
ZAP
REEF
L-K
POL
NEP(east)
NEP(west)
TZR
ZAP
REEF
L-K
POL
NEP(east)
NEP(west)
TZR
ZAP
REEF
L-K
POL
NEP(east)
NEP(west)
TZR
ZAP
REEF
POL
L-K

NEP(east)
NEP(west)
TZR
ZAP
REEF
L-K
POL

1, 244
562

2, 155

669
1, 166

1, 077

653

860

570

917

2, 045

466

249
384

1, 131

57 3

566

2, 703

967

914
582

573

799

1, 507

1, 151

2, 349

678

412

909

1, 170

1, 500

1, 968

1, 038

611

931

861

541

1, 207

1, 823

560

406

6 57

188

113

480

159

211

191

113

154

99
168

325

77

28

56

198

117

125

578

196

182

105

114

160

301

229
467

145

82

180

231

300

395

205
122

183

175

107

244
364

113

80

128

- - Percent

2. 4

1.6

6.2

4. 5

5.

2. 4

4.6

7. 1

1. 8

8.6

2.6

1.6

4. 3

3.6

12.6

4. 8

7.

9.4

6.

8. 7

15.

10. 3

15,8

11. 1

13.9

11.

8. 9

10. 2

19. 7

20. 2

10. 3

23. 4

6. 1

7. 7

6.2

15.

1. 6

53.8

64. 6

52. 7

36. 5

48. 8

46. 1

54.

57.2

69. 7

50.

55. 1

46. 7

64. 3

60. 7

58. 1

60. 7

50.4
63. 5

54. 6

64. 9

66. 7

64.

66.2

57. 8

53. 3

61.7
70. 4

59. 8

65.

74.

64.

71. 1

56. 1

63. 1

62. 9

71. 4

62. 6

73.8
63.7
66.4
75.

75. 8

40. 4

31.

42. 5

54.7

46. 4

47. 6

38.

36. 4

25. 3

44. 6

36. 3

44. 2

25.

33. 9

29. 8

35.

45. 6

29. 6

35.7

19. 8

25. 7

26.4
23.8

32. 6

32,

21,

11

17

22

11

23

18

29. 3

13. 9

14. 2

17.7

14.

17.6

26. 1

22. 1

10.

19. 5

3.7

0. 9

3. 3

7. 5

2. 4

4.7

1. 8

1. 9

3.

4.

9. 1

3. 6

3.6

3. 5

1. 7

2. 4

2. 6

6. 1

2. 7

2. 8

2.6
0.6

3.6

5. 7

2. 3

7.6

7. 3

1. 1

0. 9

2.

1. 8

4. 4

3. 3

2. 7

0.6

2. 5

2. 5

5. 3

3. 1

Estimated seals killed

f rom each age group

3

-Number

26

20

32

9

28

17

40

39

29

22

94

18

7

97

15

9

116

35

115

28

40

75

90

100

352

70

65

101

163

165

175

106

120

188

89

127

74

140

35

61

11

669
363

1, 136

244

569

496

353

492

397

458

1, 127

218

160

233

657

348

285

1, 717

528

593

388

367

529

872

613

1, 450

477

246

591

866

960

1,400

582

386

586

615

339

890

1, 161

372

304

498

503

174

916

366

541

513

248

313

144

409
742
206

62

130

337

200
2 58

800

345
181

150

151

190

491

372

493

79

71

207

131

345
358

304

85

132

152

75

213

476

124

41

128

Season total 42. 104 8, 188 3, 143 25, 535 12, 156

46

5

71

50

28

51

12

16

28

82

42

9

14

40

10

14

70

59

25

16

15

5

54

66

54

52

30

10

10

30

35

46

20

25

30

46

29

20

1, 270

1/ NEP(east) = east or Morjovi side of Northeast Point; NEP(west)=west or Vostochn.^side of N^^^^^^

Point; T-ZR = Tolstoi. Zapadni Reef, and Little Zapadni; POL-Polovtna and Little Polovxna, ZAP-Zapadn.,

REEF=Reef. Gorbatch. and Ardiguen; L-K = Lukanin and Kitovi.

2/ Includes experimental and rejected skins.
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Table A-Z. --Cumulative age classification of male seals killed on St. Paul Island,

7 July to 5 August 1966



Table A-3. --Age classification of male seals killed on St. George Island,

6 July to 5 August 1966
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Table A-8. --Length and weight of dead fur seal pups by cause of death, Reef
Rookery study area, St. Paul Island, 1966

Cause of



Table A- 10. --Counts of harem and idle males, by rookery,

Pribilof Islands, Alaska, 1966

Adult males
Date Rookery Harem Idle Total

Number
St. Paul Island

9 July Polovina 188

Polovina Cliffs 619
Little Polovina 218

11 July Gorbatch 607

Ardiguen 92

Reef 1, 070

12 July Morjovi 645

Vostochni 1, 449

13 July Tolstoi 819

Lukanin 152

Kitovi 413

14 July Zapadni 957

Little Zapadni 542

Zapadni Reef 203

Number

405

295
312

521

97

678

534

970

441

108

194

847

227

210

Number



Table A- 11. --Counts of harem and idle males, by island,

Pribilof Islands, Alaska, 191 1 -41 and 1943-66



Table A-12. --Counts of harem and idle males, by rookery sections, St. Paul Island, 1966

Males, date,



Table A- 13. --Mean weights of handled and unhandled pups,

St. Paul Island, 30 August 1966

[The



Table A- 14. --Pups tagged and marked, Pribilof Islands, Alaska,

1941, 1945, 1947-49, and 1951-66

Year
St. Paul
Island
Number

St. George
Island
Number

Location of tag Checkmarks or marks

1941

1945

1947

1948

1949

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

USA 1-10000;



Table A-15.--Pups tagged and marked, St. Paul Island, 15 September
to 3 October 1966



Table A-l6.--Pups tagged and marked, St. George Island,

25-26 August 1966



0)



Table A-19. --Soviet tags receovered in the U dted States kill of fur seals, Pribilof Islands, Alaska, 6 July to

5 August 1966

Island and

date
Tag number Age Sex

Island
of

tagging

Rookery
of

recovery''

Years

St. Paul Island

28



Table A-20. --Tag recoveries from male seals of year classes 1952-64, by rookery and age,
Pribilof Islands, Alaska, 1953-66

[Numbers in parentheses



A-20. --Tag recoveries from male
Pribilof Islands, Al;

seals of year classes 1952-64,

ska, 1953-66--Contlnued
by rookery and age.

Rookery of

birth and
year class 2_

Recovery for ag

1957 year class

St. Paul Island

POL

NEP

REEF

TOL

St. George Island

NOR

EAST

STAR

(11)

(2)

(1)

(6)

1958 year



able A-ZO. --Tag recoveries from male seals of year classes 1952-64, by rookery and age,
Pribilof Islands, Alaska, 1953-66- -Continued

Rookery of

birth and
year class 2

Recovery for age
Rookery of

birth and
year class

Recovery for age

1960 year class

St. Paul Island

1961 year class

St. Paul Island

ZAP

POL

NEP

REEF

TOL

-Percent -Percent-

ZAP



Table A-20. --Tag recoveries from male seals of year classes 1952-64, by rookery and age,

Pribilof Islands, Alaska, 1 953-66--Continued

Rookery of



Table A-21. --Errors in assigning ages of male fur seals from whole canine teeth

Correct



Table A-22. --Errors in assigning ages of male fur seals from sectioned canine teeth

Correct Sample
age Reader Reading size 2

Assigned age (years)

8 Errors
Years No. Number ------- No. Percent

D

30

30

30

30

30

30

30

30

28

28

29
26

28

26

27
28

2

2

1

4

2

4

3

2

2

2

1

4

2

4

3

2

6.7

6.7

2. 3

13. 3

6.7
13. 3

10.

6.7

D

30

30

30

30

30

30

30

30

3

3

3

4

1

2

29
28

24
25

23

20

25
23

1

2

3

2

4

6

4

5

1

2

6

5

7

10

5

7

3. 3

6.7
20.

16.7

23. 3

33. 3

16.7

23. 3

30

30

30

30

30

30

30

30

30

30

26

26

21

21

27

28

0.

0.

13. 3

13. 3

30.

30.

10.

6. 7

30

30

30

30

30

30

30

30

2

4

30

30

28

26

24
22

29
30

2

4

6

8

1

0.

0.

6.7

13. 3

20.

26. 7

3. 3

0.

91



Table A-23. --Errors in assigning ages of female fur seals from whole canine teeth

Correct Sample
age Reader Reading size 2 3 4 5 6 7_

Assigned age (years)

Error
Years No. -Number- No. Percent

D

120

120

120

120

120

120

120

120

112

115

107

106

108

110

112

112

6

5

12

12

9

10

7

5

5

13

14

12

10

8

6.7

4. 2

10. 8

11. 7

10.

8. 3

6.7

6.7

D

107

107

107

107

107

107

107

107

1 101

1 105

1 100
- 95

8 89

1 91

1 97

Z 101

5

1

6

12

7

13

7

4

6

2

7

12

18

16

10

6

5.6

1. 9

6. 5

11.2

16. 8

15.

9. 3

5.6

B

99

99
99

99
99

99

99

99

95

93

93

93

87

89

91

93

4

6

6

6

12

10

8

6

4.

6. 1

6. 1

6. 1

12. 1

10. 1

8. 1

6. 1

D

100

100

100

100

100

100

100

100

9

3

20

12

8

6

11

11

86

90

74
83

83

87

80

81

14

10

26

17

17

13

20

19

14.

10.

26.

17.

17.

13.

20.

19.

D

101

101

101

101

101

101

101

101

26

11

27

23

23

15

29

29

70

89

69
77

70

83

71

71

31

12

32

24

31

18

30

30

30. 7

11. 9

31. 7

23.8

30.7

17.8

29.7
29. 7

92



Table A-24. --Errors in assigning ages of female fur seals from sectioned canine teeth

Years

3

Sample
Reading size

Assigned age

B

C

D

" A~

B

C

D

A

B

C

D
___

B

C

D

~A~

B

C

D

a"

B

C

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30
30"

30

30

30

30

30

30

30
"

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

30

24
24
30

30

30

30
13"

13

12

12

13

13

13

13

28

28

25
25
26

22

27

26

No^

2

2

4 1

5



Table A-25. --Formulas for artificial fur seal milk, St. Paul
Island, 1 July to 4 August 1966



0|c



Table A-27. --Weights of captive pups fed formula, St. Paul Island,
1 July to 4 August 1966

Formula
and pup

identification July August
number 1 7 14 21 28 4

_ - -Kg.

Formula C
i 5.7 5.4 5.4 5.8 6.2 6.8

2 6. 8 6. 2 6.4 6. 6 5.6 7. 1

3



Appendix B

PERSONS ENGAGED IN FUR SEAL RESEARCH ON
THE PRIBILOF ISLANDS IN 1966

The 1966 field season on the Pribilof Islands extended from June
to October. Dates of arrival and departure, and affiliations of research
workers were:

Name

Alton Y. Roppel

Mark C. Keyes

Arrival Departure Affiliation

Permanent emiployees

22 June 4 Aug.

Work

27 June 3 Aug.

Ancel M. Johnson 27 July 17 Aug.
21 Sept. 13 Oct.

Raymond E. Anas 27 July 31 Aug.
FordWilke 14 Sept. 13 Oct.

Bureau of Commercial Seal research,

Fisheries general

do. Seal research,

mortality

do. Seal research,

general
-- do.

do.

Do.

Do.

Tennporary employees

Daniel K. Odell 15 June 31 Aug.

Kenneth L. Johnston 22 June 31 Aug.

Patrick Kozloff 23 June 31 Aug.
Stewart Oden'hal 27 June 31 Aug.

Jerry A. Whorton 6 July 31 Aug.
Lavrenty Stepetin 23 June 13 Oct,

Dionsey Bourdukofsky 7 July 19 Aug.
Benjamin Misiken 22 July 17 Aug.
Agafon Krukoff 22 July 31 Aug.
Innokenty C. 20 June 29 Aug.
Lestenkof

Student, Cornell U.



Appendix C

Table C-1. --List of chart squares occupied by research vessels

off California in January 1966, showing: hours in

square, seals seen per hour, and number of seals

seen and collected w



Table C-1. --List of chart squares occupied by resea.'ch vesselr.

off California in January 1966, showing: hours in square,

seals seen per hour, and numbei of seals seen and

collected 1 / --Continued



Table C-1. --List of chart squares occupied by research vessels
off California in January 1966, showing: hours in square,

seals seen per hour, and number of seals seen and
collected 1/ --Continued



Table C-2. --List of chart squares occupied by research vessels

off California in February 1966, showing: hours in

square, seals seen per hour, and number of sealt.

seen and collected 1/



Table C-2.. --List of chart squares occupied by research vessels

off California in February 1966, showing: hours in square,

seals seen per hour, and nunnber of seals seen and

collected 1 / --Continued



Table C-2. --List of chart squares occupied by research vessels

off California in February 1966, showing: hours in square,

seals seen per hour, and number of seals seen and

collected i/ --Continued

1/ See footnote at end of table.



Table C-2. --List of chart squares— occupied by research vessels

off California in February 1966, showing: hours in square,

seals seen per hour, and number of seals seen and
collected 1 / --Continued



Table C -2. --List of chart squares occupied by research vesseib

off California in February 1966, showing hours in square,

seals seen per hour, and number of seals seen 3i;d

collected ]J - -Continued



Table C-2. --List of chart squares— occupied by research vessels

off California in February 1966, showing hours in square,

seals seen per hour, and nuinber of seals seen and
collected 1 / --Continued



Table C-2. --List of chart squares occupied by research vessels
off California in February 1966, showing hours in square,

seals seen per hour, and number of seals seen and
collected 1 /--Continued



Table C-3. --List of chart squares occupied by research vessels
off California in March 1966, showing: hours in square,

seals seen per hour, and number of seals seen and
collected 1/



Table C-3. --List of chart squares occupied by research vessels
off California in March 1966, showing: hours in square,

seals seen per hour, and number of seals seen and
collected 1 /--Continued



Table C-3. --List of chart squares occupied by research vessels

off California in March 1966, showing hours in square,

seals seen per hour, and number of seals seen and

collected 1/ --Continued



Table C-4. --Number and relative abundance of seals seen, by
10-day periods, off California, 20 January to 25 March 1966



Table C-6. --Number of seals per group among 2, 704 seals

sighted off California, 20 January to 2 5 March 1966

Number of

seals in Groups Seals

group
Number Number Percent

1



Table C-7. --Monthly mean lengths of pregnant female fur seals collected pelagically

by the U. S, A, off California in 1966

January
Age

February March January -March

Seals

Mean
length Seals

Mean
length Seals

Mean
length Seals

Mean
length

Standard
deviation

Years Number

4

5

6

7

8

9

10

U
12

13

14

15

16

17

19

Cm.

119. 5

117.0

124. 5

124.8

120.0

125.0

132.7

123.2

128. 5

119.

125. 3

Number

1

7

12

16

12

9

6

8

10

5

9

6

3

Cm.

108.0

117.4
118. 5

118.9

123.6

121.4

123. 5

126. 1

122. 3

128.8

128. 3

125.5

124.3

Number

9

12

16

17

10

4

6

2

3

2

5

1

2

1

Cm.

114.7

118,7

123. 1

122.6
122. 3

127. 5

130. 3

122.

128

127

125

131

134

3

5

6

5

129.

Number



Tabic C-9. --Monthly mean lengths of nonpregnant female fur seals collected pelagically

by the U.S.A. off California in 1966



Table C-H. --Monthly mean lengths of male fur seals collected pelagically by the U.S.A.

off California in 1966



Table C-14. -Reproductive condition of female fur seals collected pelagically by the U.S.A.
off California, in 1966
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-35"N

©^ \P\. Sur

%°%
_ o ^Pt. Piedras Blancas
fir

125*

o ENGRAULiS MORDAX

120'W
I

Figure C-1.--Locations where fur seal stomachs collected off California in 1966 contained Engraulis

mordax (180 occurrences).
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FARALLON IS,

-35»N

125"

^ \,Pt. Piedras Blancas

o

o MERLUCCIUS PRODUCTUS

-I

Figure C-3,—Locations where fur seal stomachs collected off California in 1966 contained Merluccius

productus (56 occurrences).
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FARALLON IS.

&

A «/MONTEREY
• ^ Pt. Sur

Pt. Piedras Bloncas

-35»N

125"

A TRACHIPTERIDAE

• ABRALIOPSIS SR

20»W
J

Figure C-4.—Locations where fur seal stomachs collected off California in 1966 contained Trachip-

teridae (4 occurrences) and Abraliopsis sp. (4 occurrences).
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o o ^

-SS'N

Pt. Piedras Blancas

125*

o ONYCHOTEUTHIS SP.

I20'W

Figure C-6.—Locations where fur seal stomachs collected off California in 1966 contained Onychote-

uthls sp. (71 occurrances).
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As the Nation's principal conservation agency, the Depart-
ment of the Interior has basic responsibilities for water,

fish, wildlife, mineral, land, park, and recreational re-

sources. Indian and Territorial affairs are other major
concerns of America's "Department of Natural Resources."
The Department works to assure the wisest choice in

managing all our resources so each will make its full

contribution to a better United States -- now and in the future.
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