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ABSTRACT

Lensink, Calvin Jay. Ph.D., Purdue University,
January 1962. ZXhe History and Status of Soa Qtters in
Alaska. Major Professor: Charles N. Kirkpstriok.

The present .tudyvpmpoud 10 define the status of
sxisting ses otter populations by: 1) revieving historical
reoords to determine the size of aboriginal and post-exploi~
tation populations; 2) treocing ths growth and establishing
the size and distribution of existing populations; and 3) ine
vestigating those phases of blology vhich were of immediate
importance in indicating the future growth and welfare of
sxisting populations. Aéounto information on sea otter
bielogy and populations was lacking and results of this in-
vestigation could be expected to facllitate the sound plan-
aing of subsequent uwutmtiong and management progrems.

F1eld work in support of the odjectives included
observation of sea otters at Amchitka lsland sovering about
S months betveen 1954 and 1956, and doat or serial surveys
of all Alaskan habitats detween 1957 and 1959,

One hundred and seventy years of exploitation p -
exterminated the sea otter 1in most of its originmal range, A
but small groups survived in widely scattered areas. In the
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sggregats thelr survivors may have numbered bstween 200 and
500 individusls. Since 1911, when protection was extended
%0 sea otters, they appear to have increased at a rate which
may be near their maximum ocapacity for roomitnoaf.. The
population now numbers approximately 40,000 snimals.

The largest populations are found in the Rat,
Delarof, and Andreanct Island groups of the western Aleutilans,
but ssaller populations also occur in the Fox Islands, slong
the Alaska Peninsula, in the Kodisk Archipelago, and in
Prince ¥Williasm Sound,

¥e oan expect s repid expansion in numbers from
the Andreanof Islands eastward, Vest of the Andreanof Is-
" 1ande the haditat 1s limited, and the population may already
be near the oarrying capscity. Here, ses otters sre perhaps
as abundant as they were before sxploitation by the Russians,
On Amohitka Island, the evidencs indicates that a high pop~
ulation has resulted in inoreased mortality and a' lovered
reproductive rate.

) Both the historical and present distribution pat~
terns appear to indicate that the primary faotor in the sea
otter's haditat 1s the amount of shallow water available in
whieh they oan obtsin food. Beds of kelp are used exten-
sively by sea otters as resting and foreging ti'ou. but the
ooexistence of kelp and sea otters may bs at least partially
ooinoidental, both having similar depth requirements.

Sea urchins, mussels or other molluaks, orabs and
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fish appear to De most important food items in that order
for the Aleutian area, but say vary in other habdbitats. Thse
relative importance of 'pcrucuhr f004 items mey aleso vary
with the individual sea otter's age.

Daily aotivity patterns of sea otters involve
movesents between reating and nearby foraging areas or, as
ocoasion demands, to aress sheltered from storms. Seasonmal
mvesents exist, but their extent 1s not known, Streying of
individusls or migration of groups to new habitats seems
URSOMMOR, but movements of this sature may be sccelerated by
erowding and subsequent deteriorstion of osccupied habitat,

The percentage of pups im the total population
indicates & potantial roproduot;n rats in excess of 20 per—
cent, However, the rate of increase under optimum sonditlions
appears to be bDetween 10 and 15 percent. Ses otters have
fow ensmies and mortality is normslly low; but under crowded
conditions, such as occurs at Amchitka Island, lovered re-
sistance as a result of food shortage, vinter stormms, and
paresitisa contribute oumulative stress which resultis in many
deaths with typical symptoms of shock. The same factors
appear to have resulted in a lovered reproductive rate,

Sea otters are nov suffisiently mumerous to warrant
smnusal harvesting. Buch harvest may de essentlal to the
welfare of populations in the vestera Alsutians,
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INTRODUCTION

Almost s century before the Rocky Nountain
trappers roaned the American West in their search for beavers,
m sanadsnsis L., Russian fur hunters (promyshlenniki),
were sailling from Xamochatka in small unseavorthy vessels to-
ward the Aleutian Islands and Alasks in thelr search for ses
otters, Enhvdre lutris (L). Vhereas the exploits of the
Nountain Men im their explorstion of the west won thea last-
ing fame, the equally daring exploits of the Russians in
their explorstion of the Aleutians and the Northwest Coast
is virtually unknown, LEven less generslly known are the voy~
ages of Boston traders vho carried on s lucrative three-way
trede hinged on sea otter furs between New England, the
Borthwest Coast, and China bstveen the years 1785 and 1825,

The heyday of the sea otter trade hud ended by
1825, but remmants of the population ylelded the Russians
between 1,000 and 2,000 pelts annually. The acquisition of
Alaska in 1867 by the United States opened s nev ere of ses
otter hunting that ylelded enough skins in 40 years to ex-
eeed 1n value the §7,200,000 peid for Alsska, fThis inten~
sive hunting resulted in extersinstion of the see otter in
most of its renge.

we



After 1911, vhen hunting of sea otters wvas for—
bidden, they wers s0 rare and seldom seen that ﬁntlon of
them in the litersture, even to the present day, is mostly
in connection with vanishing species.

My interest in sea otters was aroused in 1953 dy
sonversations with David C. Hooper, then Assistant Manager
of the Aleutian Islands National Wildlife Refusge. As & re-
sult I seised upon the opportunity to visit the Aleutians
from Janusry to Nay 1954 as s member of the Refuge staff
that assisted Dr. Donald E. Stullken and Dr. Charles K.
Kirkpatrick of Purdue University in research conserned with

‘ox‘eouuo sortality among oaptive and wild ses otters on
Amohitka Island, In 1955, I scoo-p.nlod:“!}lh and Wildlife
Service expedition to the Aleutians, in charge of Ford ¥Wilke
and Karl ¥, Kenyon, which attempted to trensplant ssa otters
. to the Pribilof Islands., During this trip we visited the
M Islands early in March, and then proceeded to
_Amchitka Island where 29 animsls were caught for tremsport
to 8t, Psul Island, Only 19 of these animals survived to
the tisme of thelr release on April 9, and the chance for
survival of the remaining animals appsared negligible., I
remained on the Pridbllof Islands duriﬁs the summer to assist
with fur seal investigations, but left Alaska in Beptember
to begin graduate studlies at Purdue University,

The mortality investigations of 1954 hed been con-

ducted with no oonception of what proportion of the



population was involved; and the study of tranaplant possi-
bilities was conducted with no idea of how repidly the
existing populations amight be expected to expand into new
areas, although populstion data were necessary for the proper
planning and interpretation of results for both projects.
After many discussions with all persons who had perticlpated -
in sea otter studies, and on the basis of my own experience,
I was oconvinced that it was proper to begin with population
studles wvhioh bad thus far dbeen neglected,

Ths plan for research on ses otter proposed to
define the status of existing populations by: 1) reviewing
historical records to estimate the size of adoriginal and
post-sxploitation populations; 2) tracing the growth and
establishing the size and dlstribution of existing popu=
‘huon-; 3) investigating those phases of blology which were
of immediate importance in predicting the future growth of
existing populations,

Initial field work in support of the odjectives
was oonducted on Amchitka Island from June to September 1956,
In 1957, the Fish and Wildlife Service financed boat amd
aerial surveys of the Xodiak Archipelago, the Alsska
Peninsula, the Fox Islands, and part of the Andreanof Ialands
populations. In 1958, I examined Prince Willism Sound habdbi-
tats during the course of work on other marins mammals, and
in 1959 amd 1960 I mads asrial surveys in Prince ¥illiam
Sound, the Xodiak Archipelago, and along part of the Alaska
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Peninsula for the Alsska Department of Fish and Game. In
addition to my own field work, Xarl W. Kenyon has provided
Be with the results of his studies and surveys for the Fish
and Wildlife Services in the Aleutian Islands,

\ Although our present inforsation on ses otters 1
far from complete, 1t 1s adequate to provids a retional
evaluation of the status of existing populstions.




EXPLOITATION

The origimal distribution of ses otters + Jahrdrs
Jutris (L), included the coastal area of the North Pacific
Ocean and Bering Sea from Kamchatka south to the Kurile
Islands and Hokkaldo Island, thence eastward to the Commander,
Aleutian, and Pridilof Islands, and the North American coast
from the Alaska Peninsuls to southern California. The
longest gap in this diotri.imtion was the open water ares of
sbout 185 miles Detween the Near Islands and the Commander
Islands. The return of the Bering Expedition with 900 sea
otter pelts in 1742 (Golder, 1922: IX, 245) initiated a
period of sxploitation of the ses otter in the Aleutian
Islanis and along the Northvest Coast, which ended 170 years
later with the extersination of the ses otter throughout
most of its former range.

The history of the fur treds in the Aleutian
Islands and of the Northwest Coast 1s well dooumented. This
doocumentation fros the diologloal nnnilwtnt is in many re-
speots Detter tham that for the fur trade of the Rooky
iounum. although ssverul comprehemsive works (Irving, 1835
and 1843; Laut, 1923; Chittendon, 1935; DeVoto, 1947) have
oonsidered the latter in far greater detsail than do
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corresponding socounts for the maritime trade of the Russians,
The definite starting point of the Russian expansion into
the Paoifio with Bering's voyages, and the progressive sub-
division of sotivities &s nev islands were discovered or &s
voyages reached nev aress of the mainland coast, provide a
shronologioal besis for analysis of ths fur trade. 7The his~
torieal record, furthermore, oan 6!“; be verified by cheok~
ing the verious lists of ocargoes against the known distribu-
tion of the fur mammls whioch the Russian hunters or
promyshlenniki sought.

The earliest records of sea otters ﬁr the Alsutian
Islands are in the logbooks of Bering's ships, the Peter and
the Zaul, snd the jourmal of the expedition’s naturelist,
Goorg Vilhelm Steller. These records are murnd and have
" been made savailabdle in English by ths historiam, F. A. Golder
(1922). 1In 1776, information on the early explorstion of the
Aleutians by Russiam merchants vas published by an author
14entified only as J. L. 8. This anonysous msnuseript,
apparently based on logs, jourmels, and various conteaporary
documents from the Russian Central Archives (Nasterson and
Brover, 1948:7) provided an ascocunt of 24 voyages to the
Gommander and Aleutisn Islands, .

¥illiam Coxe {1780), in the first English sccount
of Russian dlsooveries, republished an almost intact trans-
1ation of the J. L. 8. manuscript in addition to abstreots
of various documents, among them the Jourmals of Krenitsin
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and Lavshev, commanders of an officlal naval expedition to
the Aleutian Islands in 1768 and 1769.

A third isportant mondim of activities in this
ers of exploration is provided in a series of papers by Peter
Simon Pallas pudblished between 1781 and 1786 and msde awvall-
able in English by Masterson and Browsr (1948)., These papers
inelwde & monograph on the geography of islands and coasts
of the North Pacific Ocean, remsrks on Coxe's work, snd ab-
strects or translations of the sccounts of seversl voy-so‘s
to the Aleutisns between 1755 and 1799. '

The most important of all historical works on the
early Russisn period is that of Vasili N. Berkh (1823),
whieh provides information on more than 140 voysges by the
Russians to the Aleutian Islands and the Northvest Cosst be-
tween 1745 and 1822, In preparing this aseount, Berkh had
available the publications of Coxe and Pallas; material from
the Russian Archivu at Okhotsk; various notes and papers of
the Shelikov-Golikov Company (later the Russisn-American
Company); reports of Biberisn governors; and verbal sccounts
from hunters and merchants who had participated in the trade,
ineluding Alexander Baranov, the first and most important of
the 4irectors of the Russian-imerican Oompany. Berkh be-
1ieved that information on at least 10 ahips is lacking, but
these ships vere mostly in the latter part of m period that
Berkh considers, snd sare relatively unimportant to amalysis
of the sea otter trade in the Aleutian Islands., Three of
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Berkh's tadles (I, II, IV} provide lists of furs taken by 83
ships salling for private companies betwesn 1745 and 1803,
for 7T ships of the Bhelikov-Golikov Company between 1785 and
1797, and 40 ships of the Russian-imerican Company between
1798 and 1822 respectively. These lists are of incomparable
value in analysis of the magnitude and trend of the Russian
fur trede in the Aleutians and on the Northwest Coast.

A series of papers by F. V. Howay (1930-1934) in-
oludes lists of ships for all matlionalitles known to have
traded on the Northwest Coast between 1785 and 1825, From
the blologloal standpoint these lists are not as important as
those of Berkh (1823) becauss in most instances records of
Sargoes are not given., EHowever, the long list of ships
{over 200), with cccasional record of cargoes and the addi-
$ional records from contesporary or near eoito-poury agoounts
such as Nears (1791), Perouse (1799), Sturgis (n.d., sbout
1805) , Berkh (1823), Xhlebnikov (1835) and Roquefeuil (1823},
provides substantial data on the magnitude and character of |
the maritime fur trsde to 1825,
| Khlebnikov {1861), who provides inforsation on
severa] Russian voysges between 1818 and 1825, leaves little
doubt that the prospsrity ths sea otter brought to the fur
trads was ended. The years between 1825 and 1867 are rela-
tively unimportant to the history of exploitation of sea
otters, but the purchase of Alaska by the United States in
1867 opensd a nev ers in the fur trede, and sgain the ses

#
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otter wvas of primary uport;.nco to commerce in Alsska,
Although numerous govermment publications documented the
resulting decline in sea otter populations (EKlliot, 1886;
Petroff, 1884; Booper, 1897; Jordan, 1898; and various

Bureau of Fisheries reports, 1906-1913), no adequate sotion
was taken to prevent their extinction untll socarcity of otters
in itself brought & virtual end to thelr exploitation,

Zhe Ruasian Tericd
The early Russian period of exploitation (1742-1799)

vas one of intense competition among many urchnnti. which
resulted in & rapid decline of sea otters throughout the
Aleutian Islands., In each hunting area the major portion of
the population was soon olnimtid. and trade in sea Otters
only endured beosuse nev areas for hunting were discovered,
Thus, from 1742 to 1755, at least 6,000 ses otters were taken
from the Comsander Islands, but in 1756 Adrean Tolstikh win-
tered the Adrean and Natalia on Bering Island and was unable
to obtain & single otter., The asctual number ¢f skins known
t0 have been sent to Kamchatka by 11 ships during this period
was 3,677, but there 1s no account availabdle for the cargo
of 3 of these ships or of furs lost in 3 ohiwfockn {Berkn,
1823)., Information supplied by Berkh also showa that bew
tween 1745 and 1762 approximately 18,000 sea otters were
taken fros the Near Islands, and that between 1786 and 1798
about 6,500 were taken from the Pridbillof Islands. A similar
pattern of swift destruction followed in other areas, and
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because of this characteristic of the trade we can reasonably
assuse that the total harvest from each area approximates the
size of the aboriginsl population.

- Although in many instances the records ars not
sufficient %o determine the precise origin of cargoes, we can
identify with reasonable ascuracy the expeditions which
bunted only in the Andresnof Islands and islands further west.
Red foxes, Yulpes yvulpes alescensis Merrilam, and their vari-
ous oolor phases were not found in this area, but invariably
were present in cargoes originating in the Fox Islands or .
other areas further east. Thus, by using both the accounts
of voyages and records of ;:srsool glven by Berkh {1823), 1t
is possidble to construot the following 1list whioh shows both
the magnitude and the decline in the sea cotter population
west of ths Fox Islands.

Years Number of Vessels Hunting Sea Otter Pelts Taken

17A7-56 8 10,525
1757~66 15 ' 26,119
1767-T6 8 15,706
17T71-86 p 1] —a823

M 58,573

. During the period ocovered by the above list, Berkh
1ists 4 ships that vere lost with all or a part of their
cargo, and the cargoes of at least four additional ships are
unknown. It is impossible also to aococount for furs on ships,
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such as those of Zalkov or Bragin sailing in the years 1770
to 1777 (Masterson and Brower, 1948), that hunted both the
Pox Islsnds and the outer Alsutians, If we take these voy-
ages into oonsidornuon; it appears that an estimate of
75,000 animals would be & conservative approximation of the
aboriginal population of sea otters in the area. The rapid
decline of the sea ottir population 1s 1llustrated by the
decreased number taken per ship in the latter decades, and is
emphasized by the faot that as the number of mea otters de-
elined the average duration of voyages increased, Thus, 15
ships sailing between 1757 and 1766 on sn aversge voyags
obtained 1,781 skins per ship in 2.7 years, but 8 ships aail-
ing between 1777 and 1786 obtained only 678 skins per ship
in 4.4 years. '

) The esstablishment of the Bhelikov-Golikov Company
in 1781 (Andreyev, 1952:10), which vas reorganized as the
Russian-American Company on July 8, 1799, brought a new effi-
eiency to the fur trade which smaller private companies

found diffiocult to continue because of intensified compe-
tition and ever lengthening voyages (Okun, 1951:22), This
inoressed efficisncy brought about an even more repid de-
struotion of sea otters. During 1788 and 1789, hunters on
Ihe Ihres Salnts obtained 5,500 skins in Cook Inlet; but, in
1795, Baranov wrots fhelikov that "close to Kodiak Island
and in the Kenal Inlet {Cook Inlet) the ses ottars are oom-
Pletely extinot and I had to sall with all our forces to
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Gﬁuanh Bay (Prince William Sound) where there are enocugh of
them."™ (Berkh, 1823). The sea otters were soon eliminated
in Prince Willilam Sound and at Yakutat also. Khlsbnlkor
{1835:27) says that more than 2,000 askins wers obtsined at
Yakutat in 1794 and that “the trading post established at
Yakutst was, in Barenov's opinion, the best for sea otter
skins on the whole northwest cosst of America.” However, in
1799, less than 300 sea otters were taken at Yakutat; and
Berkh (1_823) comments that "seeing the sea otter had dise
appeared in Yakutat too, Baranov had to think of a new
ssttlement.”

The establishment 1n 1799 of the Russian-American
Company with charters granting 1t the exclusive right to the
Amerioan trade brought s measurs of ordsr to the exploitation
of sea otters, and even resulted in certain conservation
measures in the Aleutian and Kodiak areas, vhere the Company‘'a
oomplete éoiiutlon over the native population prevented com-
petition from foreign traders. Thus, during the second
charter (1821-1542) harvest quotas werse set for esch dis-
triot, attempts were made 1o harvest only males, and rules
were sstablished to prevent unnecessary disturdance of the
sea otter (Hooper, 1897). Although these measures were at
least partially successful in the Alcuf-unn, on the mainland
ooast oompetition from forelgn vesssls, primarily Boston
treders, resulted in sontinued ungoverned exploitation and
the virtual sxteruination of the sea otters there.
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Petroff (1884:61) reports that 260,790 otter skins were
shipped fros America by the Russians prior to 1867, but this
figure does not include skins from many ships known to have
ongaged in hunting for which there 1s no record of cargo,
wor does it include an. estimate of skins lost in shipwrecks.
In the 40 years between 1780 and 1820, British, French,
Spanish and (mostly) Aserican traders probebly obuimd
more furs than the Russians obtained during their entire
ocoupation of Alaska. Sturgis (n.d., about 1805) 1lists 26
Aserican ships that obtained 47,300 sea otter skins in the
yoars 1799-1802. Roquefeuil (1843:1I, 308) vuy- that in
1805 a total of 17,445 skins were taken on the Northwest
Coast and provides ths following llist of the numbers of ses
otter skins marketed in Canton between 1804 and 1818:

Yoars Sea Otter Pelts Marketed
1804-07 59,346
1808~-12 46,962
1813-17 18,827
In 1018 —2aB00
‘ 129,935

Bareanov, in & report Vt-o the Board of Governors of
the Bussian-imeriocan Company in 1803, estimated that Britisa
and Aserioan vesssls had obtained between 10,000 and 15,000
sen otter pelis annually for the previous 10 years
(Mmlebnikov, 1835:43). Sea otters decressed rapidly in the
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face of thls excessive exploitation; and, by 1825, the sea
otter trade of the Americans and British on the Northwest
Coast had practically cessed, and other items wers sought t.o
supplessnt cargoes. The Russians, bowever, continued to
obtain about 1,000 -~ 2,000 skins annually, smostly from Kodisk
and westward to ths Aleutian Islands; and in the last five
yoars of thelr oocupation of Alaska, the Ruuun-utriuny
Coxpany harvested 11,137 skins {(Petroff, 1884:61). The
following 1ist of the numbers of ses otters tsken by the
Russian-American co-pu.ny between 1644 and 1863 (Alaska
Historisal Documents, Vol. 4) indioates that the harvest was
regulated to maintain a sustained yield., The apparent re-
lazation of quotas im 1850 suggests further that the popu-
lation say even have been increasing slowly at that time,

Your Sea Otters Taken Year Sea Otters Taken

1844 756 1854 1,189
1845 600 18585 P
1846 600 1856 1,057
1847 500 1857 1,972
1848 353 1858 1,126
1849 200 1859 1,995
1850 1,352 1860 2,057
1851 1,740 1861 1,255
1852 1,523 1862 2,322

1853 1,162 1863 1,717
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It 1s impossidle to reconstrust the complete
history of maritime trade of the Northwest Coast and ‘Aloutian
Islands, but the records and approximations suxmarized below
indlcate that at least 600,000 sea otter skins were marketed
during the period of Russian occupstion, and that the total
number of sea otters that were pelted may have exceeded

800,000 animals,

Russlans, 1742-1867 (Berkh, 1823; Petroff, 1884) 264,800

Poreign traders, 1785-1798 (Xhlebnikov, 1835) 140,000
Americans 1799-1803 (Bturgls, n.d.) 47,800
Landed 1n Canton, 1804-1818 (Roquefeuil, 1823) 129,900
Hudson's Bay Company, 1825-1857 (Douglas, n.d.) —54400
' 587,900

Xhe American Period

The purchase of Alaska in 1867 by the United States
opened a nevw era of exploitation whioch centered in the Kodiak
Arohipelago, along the Alaska Peninsuls, and in the Alsutisn
Islands., Conservation measures vhich assured the Russians a
sustained yield of sea otter skins vere ignored; and during
the first four yoars after the transfer of Alaska to the
United Btates, American hunters took 12,208 ses otters or
more than the Russlans had taken during the 10 years from 1857
to 1867 (Petroff, 1884:61), The increased tempo of the
slaughter ocontinued over the next two decades (1871-1891),
whon 88,135 skins reachsd the market (Cobb, 1906). The
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following deosds, 1891-1900, showed the effect of the
excessive kill, and only §,143 sea otter skins were obtained
by the Alaska Commercial Company (Reedy, 1935), whioh by
then had nearly monopolized the Alaskan fur trade.

By the late 1890's, the end of the sea otter trade
was olearly indicated, Hooper (1897) reported that only an
occasional otter had beesn seen at Attu since 1882, and that
the American schooner Challeuge had hunted thers for 18 days
during 1896 without sesing l. single animal, At Buldir Island,
sss otters had not besn taken since 1774. Occasional otters
were fmmd at Tanags Pass, but Kisks and Amchitks, which
were once favorite hunting grounds, were abandoned by hunters,
Otters were still to be found on the Psciflc side of the Fox
Islands, and between Cape Lapin and Amak north of Unimak
Island, but were s0 soarce that most hunters fros these
aress vere brought to the Xodisk grounds. A few otters were
taken at Sanak Island and in the reefs sadjacent to the Alasks
Peninsulas between False Pass and the Shumagin Islands., Ungs
hunters killed 22 snimals in the outer Shumagin Islands for
one of the better records of the 1896 season.
| The 1906 regulatlons for hunting required that all
vessels had to clear as foreign voyages from sustoms and
hunt pot less than 9 miles from shore. This caused & re-
duotion in the fleet and only three Ameriocan vessels out-
fitted., Two schooners hunting the Fairveather grounds off
Yakutat Bay got 16 ses otters and the Challenge, hunting
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Amohitka I-M. obtained four animals. Prectically all
hunting after 1906 was in the portion of the Kodiak grounds
lying between the Trinity and Chirikof Islanda, and in the
Sanak sarea. In 1910, & orev of 40 Aleut hunters on the two
American vessels left in the ses otter trede obtained only
16 otters. Two British Columbia vesssls obtalned 7 otters,
and 11 others were killed or found dead on beaches for a
season’s total of only 34 animals (Marsh and Cobb, 1911).
In 1911, after hunting was no longsr profitable, sea otters
vere giroq protection by provisions of the Fur Seal Treaty
between the governsents of the United States, Great Britain,
Japan, and Russis conoiud»d at Washington on July 7. Thls
protestion was further extended with the establishment of
the Aleutian Islands Natlonal Wildlife Refuge by the exeou~
tive order of March 3, 1913.

Bureau of Fisheries reports by Cobb (1906) and
Marsh and Cobb {1907-1911) provide a sumsary of the number
of sea otters harvested 1n Alasksn vaters dstween 1867 and |
1911 which 1is given on the follovwing page. The total value
of the sea otter skins obtained during this period exseeded
the purchase price of Alaska,
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Years
1868-70
1871-80
1881-90
1891-00
1901~10

Sea Otters Harvested
12,208
40,283
47,842
6,067
—T2
107,372

18
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RECOVERY

In the first 20 years following the ban on hunting,
reported observations of sea otters wore‘-oanty a8 might be
sxpected considering the few remaining in remote areas, Dur-
ing the 1930's, reports of otters from widely soattered
points beocame increasingly frequent, and in the course of bi~
ologlioal surveys of the Aleutian Islands in 1936, Murie,

2% al. (1937) scoounted for nearly all population centers
that we now know to exist, ‘

Present information on ses otter numbers and dis-
tribution is derived from several sources. In 1954, I sur-
veyed portions of the Andreanof and the Delarof Islands by
alr, and in July and August of 1956, I surveyed Amchitka
Xsland haditats from headlands with a telescope., At the
same time, sample areas of Amchitka shores vers examined re-
peatedly to determine the dally rhythm of aotivity and the
’ effeot of storms on local distribution patterns (Lensink,

1956). In 1957, surveys by the Fish and Wildlife Service
employed bBoth boat and aerial observations, and covered the
area from Cook Inlet to the Islands of the Four ﬁountalnt in
the esstern Aleutlsns, and Adak and part of Xanaga Islsnd in
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the central Aleutians (Lensink, 1958). 1In 1959, the Fish
and Wildlife Service completed surveys 1n’ the Aleutian
Islands from the Islands of the Four Mountsins westward
(Xenyon and Bpencsr, 1960); and the Alasks Department of Fish
and Game surveyed Prince ¥William Bound and Cook Inlet, and
repeatsd surveys in the Kodiak Archipelago and along & por-
tion of the Alaska Peninsula (Lensink, 1959). To avoid con-
fusion, the various surveys will be subsequently cited by
date, method, and if necessary for olarity, by r.fcronoo‘to
the responsidble agency by which they were confuocted.

Earlier surveys vhioh provide comparstive data
were made by the Fish and Wildlife Service in the Kodlak
Arehipelsgo {Cbhapados, 1951), the Shumagin Islands (Hooper,
1953a) , the Sandsan Reefs, and on Amchitka Island (Jones,
1951). Information on Amchitka Island is available also
from reports of Buresu of Fisheries wardens, stationed there
between 1936 and 1940, and from an serial survey conducted by
Refuge Mansager Frank L. Beals and Navy Pilot G. 2. Joynt in
1943 (Btiles, 1953). In addition to the various survey
reports, & record of miscellaneous observations has dbeen
maintained in the Fish and ¥Wildlife Service office at Junesu,
Specific oitations to much of this unpudlished material have
been kept to & minimum to avold burdening the reader vith
references not essily obtained.

Although the various surveys may 4iffer in their

agcuracy because of the time, weather conditions, or manner
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in vhieh they were made (Appendix A), vhen supplemented with
the many scattered observations they provide a reasonable
basis for estimating the size of the population and for
analysis of 1ts status and distribution, Sea otters are
found in seversl distinct population centers, which are con-
sidered by regions below, The approximate dlstribution of
sss otters within each population center 1s indicated on
charts (Figs. 2-12) which are orlented in the sea otter
renge on Pigure 1., Kach dot in Figures 2 to 12 npméenﬁ
the observatlon of about 25 sea otters at the approximate
locality indicated. Dots at the periphery of population
centers aay represent less than 25 animals. The estimates
for the various ses otter populations provided in the follow-
ing sections are based on evidence presented by Xenyon and
Bpencer (1950) that approximately 25 percent of all otters
say be submerged at any given tué while feeding, and con-
sequently are missed during aerial surveys., Other factors
oause more animals to be missed, and o;tmstol are predi~
cated on the bellef that no more than 50 to 75 percent of
all anisals wers observed, Where estimates deviate fronm
these limits, substantiating evidence 1s provided to show
Justification for changes. All locality estimates are
rounded to a sultiple of 25 and reglonal totals to the nearest
500 animals.
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Scutheastern Alasks

Several unverified reports of sea otters are
svallable for the vestern coasts of Prince of Wales and
Baranof Islands in southeastern Alaska; snd Kenyon (1957,
1959b) states that thers are unverified reports of ssa otters
on the west coast of Queen Charlotte Island in British
Columbisa, Although these areas vere important hunting
grounds, the pruoht reports must be considered invalid un=
t11 vorlr;od by observers faailiar with sea otters and other

sarine mamnals,

Eaxak_Island to the Konal Renlnsuls

Prinoce Willlam Sound, in the center of this ares
(rig. 2), has long been known to support an important ses
otter population. 7The skins from two sea otters kllled
11legally vere selized by the government at Seward as early
as 1924 (Thompson, 1949). Willlaas (1936) comments tbat
thers were reports of otters at Montague Island, and
Dufresne {1945) mentions that animals were reported from as
far south as Cape St, Klias., Observations of ses otters in
Prince William Bound and vicinity, reported by Fish and
Wildlife Service (FWS) or Alaska Departament of Fish and Game
(ADFG) personnel since 1949, are revieved below to proride s
comparison wlth recent surveys.

All reports involving large nuabers of animals in
Prince ¥illiam Sound are from MNontague Island, or adjacent
portions of Hinchinbrook, or Latouche and Elrington Islands.
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The first report of large concentrations was dy FWS Refuge
Supsrvisor David L. Spencer, who saw groups of 27 and 37
animals, respectively, at lLatouche and Elrington Islands in
Nay 1949. In March 1951, FWS Agent Frederiok C. Robards
observed more than 150 sea otters between Johnstone Polnt
sand Bear Cape, Hinchinbrook Island; and in December, Agent
Jay Stovall sav 14 animals st Port Etohes and 21 in
Constantine Harbor. In September 1952, Agent Stovall re-
ported 19 animals between Montague Mountain and Clear Point.
Dr, Archie 8, Mossman of the Alaska Department of Fish and
‘Game estimated that he saw about one sea otter per mile of
shoreline (175 - 200) on Montague Island in August 1955,
and ADFG Biologist James ¥, Brooks reported a year later
that a group of 25 to 30 animals frequented Patton Bay during
the two weeks that he spent there. Brooks observed only
three sea otters between Box and Zalkof Points to the sast
of Patton Bay. In April 1957, PWS Biologist David R, Klein
sounted 78 animals along the north shores of Montague Island.
Observations of smaller numbers ot( animsals within
Princs William Sound include one animal seen in Cance Fass,
Havkins Island, by F¥V8 Agent Robards in Narch ;1951. two in .
Berring Bay, Xnight Island, and one at Salmo Point, Hawkins
Island, by FVS Agent Neil T. Argy in October 1956, Dr.
Freancis Fay of the Arctic Health Research Center wrote me
that he sav a single otter between Storey and Fairmont
Islands in August 1959, and also reported that otters are
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seen here four or five times every suamer from an exsursion
boat traveling between Whittier and Valdezx,

Sea otters have also been seen on the sast coast
of the Kenal Peninsula adjacent to Prince William Sound. In
May 1951 a single animal was observed by FWS Agent
R. Reynoldson near Port Dick, 2 wers observed at Day Harbor
in 1952 by N8 Agent Doyle Cisney, 15 at Klizabeth Island in
August 1955 by Blake Kinnear of Port Grahsm, and 3 at Rugged
Island in May 1957 dy Cesll Rhode of Homer,

Although residents of Cordova know that sea otters
axisted in the Kayak-Wingham Island ares, fov records for
this population are available. ADFG Blologist James W,
Brooks sav a female and her pup st Wingham Island in August
1955, and reported that local fishermen had seen as many as
50 or 60 animals. In September 1958, I saw about 40 animals
in Controller Bay and about 25 at Wingham Island, but 414
not ‘loot for otters in the vioinity of Kayak Island at that
time.

Aerial surveys of Prince William Sound were flown
" in August 1959 by the author with ADFG Blologist Ralph
Pirtle assisting as observer, The survey was conducted
under nearly opiil\n conditions of visadility with a Cessna
180 at a flight speed of 85-120 miles per hour and an
altitude of 150 to 500 feet. This survey also repeated s
survey of the Xayak-Wingham Island area made in April 1959
with the same alrorsft. A total of 545 otters were oounted.
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in Prince William Sound. In the Kayak-¥ingham Island area,
138 aninsls vere seen in August surveys where only 93 had
been seen in April. V '

The survey results generally confirmed the dis-
tribution patterns and previous estimates of numbers sug-
gested by incidental observations. The western portion of
Prinoe ¥illiss Sound and most of the Xenai Peninsuls ares
have not besn completely surveyed but 1t is belleved that no
major concentrations were missed, Practically all animals
seen were found vhers there are extensive areas of shallow
water. Thus, more anisals have been reported on the Kensl
Peninsula, vhere much shallow water is avallable, than from
aress within Prince ¥illiam Sound much nearer to the senter
of ppulat;on. wvhere most shorelinss are precipltous, The
BRjor areas of sea otter concentration and estimates of the
mmbar of animals present are listed below,

Observations Estimates
Kayak-¥Wingham Island area 138 175 - 228
Hinchinbrook Islamd 58 75 - 100
Nontague Island ‘ 349 450 - 575
Gresn and Little Green Islands 42 5 - 100

Latouche and Elrington Islands 125 - 150

87
Other, inoluding unsurveyed areas 28 —_a00 = 200
702 1,000 = 1,500
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Eodisk Archivelaso

Observations of sea otters in the Kodiak Archi-
pelago (1;15-. 3 and 4) were rere prior to 1950. Eyderdanm
{1933) commented that he had seen four otters at Bhuysk in
1922, Nels Christianson of 0ld Harbor told me that he saw
two otters at Dark Island in 1928, and & single otter on
Tugidak Island in the Trinity Islands at about the same
time. In 1931, Capt. I. M. Hoffstead reported thes obser-
wvation of two otters at Sud Island in the Barren Islands.

In 1933, the govermment confiscated 12 sea otter skins said
t0 have been found in an o1l drum floating among the Barren
Islands, t.nd eight skins vere confiscated from residents of
Kodisk in 1935, but in neither instance 1s the exact locality
known fros vhich the skins vere taken (Thompson, 1949).
¥illiams (1936) mentions unconfirmed reports, by local resi~
dents, of otters among the Latax Rooks north of Shuyak
Island, FV¥S Refuge Manager Frank Beals (1949) confirmed the
pressnse of sea otters 1in the latax Rooks arsa during aserial
surveys msde in 1948, but aotually observed only three ani-
mals, Beals (1950) also reported unconfirmed observations
of sea otters in the Barren Islands, in the Trinity Islands,
at Chirikof Island, and at Sea Otter Island. Bob J. Logan
of Cordova told me that hs savw otters tuquontl; on the
southwest side of Chirikof Island and at the Lighthouse
Rocks between Chirikof and the Semidi I.ia.ndn in the 1940's,
8ince 1951, reports of otters in t.ho' northern
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Figure 3., Ses Otter Observations in the Northern Part of

the Xodiak Archipelago. (Sosle: 1
approxisately 16 miles, contours in

inch =
fathoms. )
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Pigure 4, Sea Otter Observations in the Trinity Islands.
(Bcale: 1 inch = approximately 16 miles,
eontours in tathom.y
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fhuyak area havs become increasingly fmquont.. FW¥3 Refuge
Kanager Psul Chapados (1951) and Refuge Supervisor David L.
Spencer counted 15 animals on Sea Otter Island and 67 among
the Latax Rocks during July 1951 serial surveys, but saw

none in the Barren Islands, Trinity Islands, or at Chirikof
Island, Seversl reliable reports from various points such as.
Sea Lion Roocks, Marmot Island, Perenosa Bay, and even as far
south as Bhuyak Straits indicated the growih and dispersal

of the population. Additional observations were reported
also for the Barren and Trinity Islands.

' The first complete survey of the Kodiak Archipelago,
wade from a boat in May and June 1957, revealed that the -
population was considerably larger than the 1951 survey or
the various reports had indieated (Lensink, 1958). The
largest concentration was in the Barren Islands where 117
animals were counted, Eighty~nine were counted in the north-
erm Shuyak ares, and 5 on the eastern side of Shuyak Island,
but none were found in the Trinity Islandas.

Beoause 1t was believed that the boat surveys were
inadequate, the survey of the Geese Channel = Trinity Island
ares was repeated on June 6 by air from & Piper Super-Cud
with Lensink as observer, and the Shuyak - Barren Islands
area on June 7T with F¥3 R;'tuso Manager ¥Willard A. Troyer as
observer, Troyesr observed a total of 515 scimsls 1n the
Shuysk = Barren Islands area, whioh included 75 on Ses Otter
Island, 75 east of Point Banka, 12 on east shore of Shuyak
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Island, 119 in the northern Shuyak - Latax Rocks ares, and
234 in the Barrsn Islands. I did not see any in the Trinity
. Islands, although Flsharies Research Institute Biologist
Ronald Lopp saw 15 otters there during serial surveys of ses
1ion rookeries in Ssptemdber. The total count obtained by
combining the results of both boat and alr surveys was 620
anisals,

An serisl survey of the Shuyak area by Refuge
Nanager Troyer in August 1958 resulted in a count of 581
sninals, Because this count was over twice that of June
1957 for the same area, it seemed probadble that thers had
been & movement of animals fro- the Barren Islands to Shuyak.
Weather conditions prevented a survey of the Barren Islands
in 1957 to check this possidility. Conseguently, serial
surveys of the entire Xodisk Archipelago wers repeated in
July 1959. On this survey, 395 animals were seen in the
Shuyak aresa and 272 in the Barren Islands for a total oount
of 667 animals. The dlsorepancy Vbot.vun the counts for the
1957, 1958, and 1959 serisl surveys of the Shuyak ares
(281, 591, and 365) etrongly suggzests the existence of
movements by sea otters between Shuyak Island and the Parren
Islands, a distance of 14 miles. If movements do not cause
the disorepancy, our surveys are sonsiderably less acourate
than we suppose.

No otters vers seen in the Trinity Islands during
the 1959 aerial surveys. However, neither Chirikof Island
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nor the vast area of ahallow’vater'botvoon Chirikef Island
and the Trinity Islands has been surveyed, and I have no
doubt as to the validity of Lopp's observation of 15 animals
at Bitkinak Island in 1957. John Norton of Kodiak, one of
the fow sea otter hunters still living, told me in 1957 that
otters were hunted in this area up to 15 or more miles from
shore, Our surveys cover only the narrov shoreline zone,
and ws oould sasily fall to encounter even a sizable popu-
lation in offshore waters. An estimate of the number of
animals in this population is entirely conjectural, but it
is unlikely that any distinet population ocould consist of
less than 100 animsls after 50 years without molestation and
I suspesot that it numbers considersbly more.

Estimates for the animals in varicus segments of
Kodiak Archipelago population are listed below, These esti-
mates neceasarily give a wids renge between the minimus and
misun sizte of population to account for the possibility
of either movement or laock of movement between the Barren
Islands and Shuyak Island areas, and for the uncertalnty of
observations on the Trinity Islands and Chirikof Island

populations,

Observations Estinates
Shuyak Island 581 500 ~ 1,000
Barren Islands 272 350 - A50

frinity and Chirikof Islsnds  _1& 100 - A0
681 1,000 - 2,000
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Alaska Peninsulse

Four distinct population ocenters are found on the
Alaska Peninsula: Augustine Island in Cook Inlet (Fig. 3),
Butwik Island (Pig. 5), the outer Shumagin Islands (Fig. 6),
and the Sanak-Sandman Reefs (!‘15.‘ 7). These areas were the
last of the productive hunting grounds and as late as 1880
the Sanak sres yielded over 2,000 skins annuslly (Petroff,
1884). ‘

In 1948, a group of about 50 sea otters was re-
ported at Augustine Island. Since then smaller groups have
besn reported from adjacent aress of the mainland ooast ﬁvn
Shav_ Isiand to Tuxednl Bay. Refuge Supervisor David L.
Spsncer counted 40 animals at Augustine Island and saw s
single otter at Shav Island during 1957 surveys. We counted
52 sea otters om aerizl surveys during Aiasuat. 1959, but 414
not sheck areas of the mainland shore vhere they are oocoa«
sionally seen. A boat had preceded the survey flight around
the island causing a socattering of animals which may have
resulted 1n & Jow aerisl ocount. It is Delieved that there
Ay be As many aa 100 anluli, but probably not more than
150 in the pliunt popul@tion.

B0 otters were seen in the 160-mile long area from
Cape Donslu to Cape Providence, wvhich separates the margins
of the Augustine Island and the Butwik Island populations,
on either the 1957 boat survey or 1959 asrial survey. How~
over, several sites in this area appeared to be favorable
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habitat, and considering recent trends in adj)acent popula-
tions, establishment of ruidont populations should ocour
within & few yeare.

Verified reports of sea otters in the Sutwik ares
(F1g. 5) have been avallable since 1936, but it vas not un~
%11 the 1951 surveys by Refuge Manager Robert D. Jonit. Jr,
that the sighting of 388 anisals established the approximate
distribution and size of the population. During the aerial
surveys of 1957, 894 otters were counted, the grestest num-
ber of them being between Sutwik Island and Cape Kumliun,

The farthest west that animals were observed was at Katmal
Reef off Cape Xumliun and the farthest east was in Chiginagsk
Bay. However, reliable reports indicate that a fevw animals
are present to the west as far as Castle Bay. All personnel
participating in the survey agreed that many animals were
misssd. My estimate for this population is between 1,200

and 1,500 anisals.

The Shumsgin Islands (Fig. 6) population is the
largest that presently exists in the Alaska Peninsula area.
Occasional reports are available from the 1930's; but
Mr. Petsr Grundholt, & resident of the Shumagins for 80 years,
says otters were seldom seen there before 1940, Recently,
hovever, observations have bééou frequent, even smong the
morthern 1slands. FVS Blologist Viotor B. Scheffer (1947)
estimated the population at Simeonol Island to bs 500 anlmals,
Asaistant Refuge Manager David €. Hooper (1953a) counted
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633 otters on aerial surveys of Simeonof and Little Koniuji
" Islands in 1953, and on the basis of this count and his
observations on other islands, estimated the total Shumagin
population to be 1,000 animals. In the saerial surveys of
1957, 1,831 otters were soen and the total population was
considersd to be bstween 2,000 and 2,500 animals (Lensink,
1958). Nearly all animals observed were in the vicinity of
the outermost islands. A single ges otter was observed st
Klephant Point on the Alaska Peninsula, and two near
Wosnesenskl Island in the Popof Islands, but these ars as
1likely to have originated in the Mk-&nﬁun Reefs group
as in the Shumagins. Revision of the 1958 estimates in the
manner suggested by Kenyon {1959a) indicates a population of
2,450 to 3,050 animals in the Shumagin Islands,

A distance of adout 50 miles separates the
Sanak~Bandman Reef population from that in the Shumagins,
but strays, most of thes probably from the Sandman Reef pop-
ulation (Fig. 7), have been observed at various points be-
tween, The history of this area provides an salmost spectag~
ular example of the reestablishment of otter pbpuht.icns. A
diary that I examined of the late Axel Bendickson, who lived
on Cherni Island in the Sandmsn Reefs in the late 1920's,
was oomplets to the extent that dally entries included
weather records and observations on birds and animals--yet
0o comment u'. found on sea otters although they might be
sonsidered to have been sspecially interesting. Mike Uttecht
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of King Cove, who hunted harbor seals in the Sandmean Reefs
between 1923 sand 1936, saw no sea otters there until 1942,
As early as 1922, hovever, Sanak residents reported otters
anong reefs north 'of that island (MeCracken, 1957). Two
1llegal skins weres seized from residents of Sanak in 1926,
In 1948, Uttecht reported a group of 27 otters at Chernl
Island, These animals may have come from one of the 1so-
lated islets in the Sandman Reefs, but are more likely to
have come from the Sanak ares. In 1951. Refuge Manager
Jones surveysd the entire Sansk-Sandsan Reef area by alr,
and oounted 65 otters 1n the Sanak Reefs and 97 otters in the
Bandusn Reefs. Between 1951 and 1957, reports from fisher-
men indicated an increasing number of otters in the Sandman
Reel area and sven on adjacent pbruon- of the Alasks
Peninsula, These obssrvations were fully corroborsted in
the 1957 serial surveys vhen 508 otters were counted in the
Sandman Reefs and 251 in the Sanak Reefs. In the entire
Sansk~-Sandsan Reef ares the population is probably between
1,050 and 1,325 animals.

In susmary, for the Alasks Peninsuls, four sepa-
rats sea otter populations appear to have incressed rapidly
in sige during the last deoads, and nov numbdar between 5,000
and 6,000 animals as indicated on the folloving page.
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Observations Estimates
Augustine Island 52 100 - 150
Sutwik Island 894 1,200 - 1,500
Shumagin Islands 1,85 2,450 ~ 3,050
Sanak-Bandman Reefs 159 1.050 ~ 1,325
3,536 5,000 = 6,000
Iox Ialands

Only four reports of sea otters were found for
Fox Islands (Figs. 7-9) prior to the July 1957 surveys, and
in sach case the observations wers of only & few animals
{Lensink, 1958). During the 1957 serial survey of Unimak
Island, 786 otters were encountered at a distance of 2 to &
miles from shore between Cape Mordvinof and Bechevin Bay,
thus oonfirming the earlier reports. No otters were od-
served near shors., Crev members of the X/V Deep Ses also
reported seeing this group at about the same location during
susser months, In Octodber 1957, Refuge Mansager Jones
attempted to nlobato this group of snimals, but was unable
%0 do 80 although he extended his aerial search to a dis-
tance of 6 miles from 1and. A few days before Jones'
flight, I had seen only nine otters along the shorelines 'of
the islands to the west as far as Herbert Island, .In late
Maroh 1958, Jones sav 20 otters in a cove at Cape liordvinot.
about 75 at Sennett Point in Unimak Pass, and 12 in the
Krenitsin Islands, V¥e can be reasonably certain that the
group at Cape Mordvinof belongs to the jopﬁhtzon north of



Unimak, but the group at Sennett Polnt may belong to the
Ssndmsn Reef population because at the time they were ob~
served, significantly fewver animals wvere 'pnunt in the
Sandman Reefs than were present in the summer. In 1949, Nike
Uttecht reported that he had seen thres to five otters on
etoh of seversl summer trips along the north shore of Unimak
But that he had not seen them on winter trips. His obser-
vations agree in general with the results of recent surveys.
Avallsble observations indlcate that this group of ses otters
spends a considerable part of the year farther from shore
than is believed usual for sea otters in genersl., Offshore
movement of this populstion is possible because of extensive
aress of shzllovw water north of Unimak, where otters can
obtain food. However, & westward movesent in winter to the
Krenitsin lIslands is 2lso a possidility, as reported obser-
wvations and our partial surveys are not in complete agree-
ment. Nore observations are needed to sscertain the seasonal
movements of this group in inshore and c;ft‘hon areas,

Early in September 1957, Fisheries Research
Institute Bilologist Ronald Lopp observed 40 sea otters in the
vicinity of Amak Island, Later, I accompanied Lopp on an
serial survey of ses lions, Rumetopias Jubsts (Bchreber),
Between 00ld Bay and Herbert Island in the Islands of the
Four Nountains; although this flight was not entirely sde~
quate as & sea otter survey, ve sxamined most of the fuoe
diate shoreline area. Five otters were seen in the Xrenitszin
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Islands, ons at the sast end of Unalasks Island, and three
near the west end of Unimak Island., Nooe were found in the
Islands of the Four Mountains, nor were otters seen luro
during the 1959 serial surveys by the Fish and ¥Wildlife
Service. vloit.hor the 1957 nor the 1959 surveys, hovever,
were complete 1_n this area, and the reported observation of
15 to 20 otters here in 1945 by R. Logan of Cordova is con-
sidered wvalid, Reports which we have received since the
~ survey fros residents olf Akutan Village in the Krenitiin
Islands indicate that there were more otters than we dis-
soversd. Ths group seen by lLopp at Amak Island probabdly
~ belongs to the offshore group seen north of Unimak Island
but the animals in the Krenitsin Islands may fors s distinct
population,

Since the vast sres of shallow water north of
Unisak has not been adequately surveyed, 1t is difficult to
84y hov many animals vers slssed; but I suspeoct that the
otters there wvere grouped and that we encountered most of
them. Ky estimate for the combined populations is 1,100 ~
1,500 animals. Interestingly, a range sap for sea otter
4istribution in 1880 prepared by Petroff (1884) corresponds
exsctly vith the present distribution for this area.

Adsquate surveys are also lacking in the other
Yox Islands, and since extensive movements of otters be-
tveen aresas seem to ocour, population estimates for various

looalities are conjectural, However, the estimates listed
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below will serve as & rough gulde to the supposed distribu~

uon.v.
Observations Estimates

Unimak Offshore areas 781 1,050 - 1,300
Unimsk Shoreline areas 95 150 - 200
Krenitsin Islands 12 50 - 100
Unalaska Island 1 5 - 100
Uanak Island 3 5 - 100
Islands of the Four Mountains a5 —_—0 - 100

907 1,500 « 2,000

Adndreanof Islsnds

fSes otters are present at Atka, Amlia, and Seguan
Islands in the eastern Andreancfs (Flg., 10); a few animals
have been reported in the vicinity of Great Bitkin and Usak
Islands in the central Andreanofs (Fig. 11), and large num-
bers of otters are found on Adak, Xanaga, snd Tanaga Islands
in the western Andreancfs (Fig. 11). V¥Willlams (1936) re-
ported the presence of sea otters at the eastern end of Amiis
and at Seguam on the basis of lnronsuoyn reselved from res-
idents of Atka. In 1939, Commander Tison of the USCGS M/V
Bxplorsy confirmed the presence of animals st Beguam, Otters
are ooccasionslly seen in Amlia Pass by ruidagts of Atka,
dut they have not been reported along the ocoasts of Atka
Island. However, during ths 1959 surveys, 33 otters were
found sosttersd around Atka, 83 were counted at Amlia and 13
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at Seguam. Xenyon and Spencer (1960) estimated that the
population on the three islands was between 175 and 260 in-
dividuals. I find it diffioult to believe that a population
so long established and widely dispersed oould be much dif-
ferent from other populations in respest to numbers., It
seems, therefore, that one or more isportant concentretion
points were missed, and a figure of 200 - 500 lniula is
suggested as & nev estimate, preserving a conservative lower
sargin but permitting greater latitude fdr error by increasing
the upper limit. A

It is doubtful that any significant group of
animals exists among the small islands between Atke and Adak,
although in 1933 the saptain of the Buresu of Fisheries
%/Y Crane reported the observation of sbout 40 animals near
Great Sitkin Island, and ¥Williams (1936) mentions that mem~
bers of the 1936 Aleutian Expedition saw otters at Umak
Island. Allan EBartt, diologist for the North Pacific Salmon
Investigation, reported the observation of s single otter at
Umak Island in 1956. In 1954, I sccompanisd a naval patrol
flight that circled Umak and Great 3itkin Islands, but saw
no ses otters. During the 1959 F¥S serial surveys, only one
sea Otter was observed at nsglun Island, although the
entire shorelines of XKagalasks and Gresat 3itkin Islands were
examined. Other 1slands in the centrel Andreanofs bave not
been adequately surveyed. On rether uncertain bases, there-
fore, an estimate of 50 = 300 animals 1s given for the



population in the central Andreanof Islands. »

On Tanaga and Xanaga, esstimates of otter numbers
are on safer grounds. Sea otters were observed on bdoth
1slands in 1935, and MNurie, ot al. (1937) estimated the pop-
ulation at Cape Amagalik on Tansga Island st 200 animals.
Assistant Refuge Manager Hooper (1953a) counted 571 otters
on the southwestern third of Xanaga and about 1,000 botv‘on
Cape Sasmik and Tanaga Bay on Tanaga Island. Both of these
oounts were made fros the shoreline with b;noeuhrl. In
1954, I sccompanied & Navy trailning f115h£ on which it was
possible to examine most of the shorelines of Xanaga and
Tanaga. Although my ocounts were low, 471 on Eanags and 324
on Tanaga, my general impression during the flight was that
otters vere about as numerous as they were on Aschitka
Island, To indicate the general sbundance of otters, Jones
{(1951a) oalls ths wvestern Andreancfs, the Delarofs, and the
Rat Islands the "ses otter belt.” During the 1957 surveys
nade from a dory (Lensink, 1959, 1950), 568 otters were
ocounted in a 19-mlle sample area on the south side of Kanaga,
The populstion on the sastern side of Kanaga, vwhich was ex-
‘amined under less favorable conditions, appaxﬁd to bde fully
as hrs‘o. The F¥S 1959 aerial surveys included both Tanags
and Xanaga Islands, but population estimates based on
records and surveys up to 1957 are of interest and will bde
oonsidered first,

The 1957 survey estissates for the population on
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Kanaga were derived in three ways: extrapolation of the
19-mile sample ares figures to the entire 1lsland indicated
‘s population of 3,430 animals; correction of the 1954 aerial
survey figures on the basis of the 1957 surveys indicated a
population of 3,600 anhali. and application of density
figures from Amchitka on the basis of square miles of vater
sres less than 50 fathoms indicated a population of 4,000
animals, Beosuse sll these estimates were similar, it was
believed they were close to the sorrect figure, Our records
‘indicated that the Tanaga population vas similar té that on
Kanaga, and that we ocould use the same methods for 1its esti-~
mation, In round numbers, the estimate of the number of
otters on Tanaga was 2,700 - 4,500, and on Kanags 3,000 =~
' 5,000 (Lensink, 1960).

During the 1959 aerial surveys, %902 sea otters
were ocounted on Tanaga and 1,879 on Kanaga., On the basis of
these ocounts, Kenyon and Spencer (1960) gave estimates of
1,200 = 1,800 and 2,400 - 3,600 animals, respsctively, for
the two 1slands. In comparing these results with those of
previous counts, we find that only 236 otters were counted on
Tanaga Detween Cape Sajaks and the eastern base of Cape .
Sasmik, vhereas, Hooper (1953a) estimated over 1,000 animals
for the same area., On Xanaga, ths 1959 surveys accounted
for 450 animals at Cape Chunu, where Hooper ocounted 571
animals from the shorelire vith binoculsrs. Between Round
Point and Kanags Bay, 200 oiton weres counted during the 1959
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surveys, vhere 568 otters wers counted on a survey by dory
vi.n 1957. Because we know that since 1957 more than 1,000
sea otters have emigrated from Xanaga to Adak (ses below),
the lover count on Kanaga 1s explainsble, particularly as
the easternmost area reflects the greatest change. No sim-
$1lar explanation is avallable for the sven greater dscrease
in the Tanaga count, snd it appsars that ons or more major
concentrations were missed by the 1959 survey. A charscter—
istic of otter populations is that approximately half of all
animsls counted are in large groups varying from 50 to over
400 individuals; e.g., at Eanaga, the proportion was 58
percent; Adak, 60 percent; and Semisopochnol, 48 percent.
On Tanaga in 1959 only 23 percent of all animals counted
were found in such soncentrations. Were the expected con-
oentrations merely missed during the 1959 survey? My esti-
mates of 1,500 = 3,000 aninals for Tanaga and 2,500 -~ 4,000
tor Eanags , based primarily on the 1959 aerial survey, per-
mit somevhat greater latitude for error than thoss of Xenyon
and Bpencer {1960). Ky estimates are considerably reduced,
however, from those based on the 1957 surveys (Lensink,
1960},

The first report of ses otters from the vicinity
of Adak Island was of 14 animals in the straits between
Adak qnd Xanaga 1in 1943, Refuge Manager R. D. Jones, how-
ever, 4di1d not observs any otters during dory -ufuyn of the
west side of Adak in 1951 and of the entire island in 1952,
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In 1954, I sav 48 animals on the west slde of Adak; and 1in
surveys by dory with Jones in 1957, we counted 399 animals,
and in addition found animals scattered across Adak 3traits.
Nearly all anisals seen were on the western end of the is-
land , and only one small group was found in Kulak Bay on the
eastern side. During the 1959 serial surveys by the Fish
and Wildlife Service, 1,707 otters wers counted, These were
fairly well distributed on all sides of the island although
largest concentrations were on the west and south shores.
The nbid increase of sea otters on Adak ocan have ooccurred
only as a result of immigration from Xanaga. Kenyon's and
Spencer's estimate of 2,300 - 3,450 sanimals for this popu-
lation has not besn altered,

Overall estimates for the Andreanof Islands are
susmarized below.

Obasrvations Estimates
Segusm, Amlia and Atka Islands 130 200 - 500
Kagalaska Island to Oglodak Island 2 50 - 300
Adak 1,Mn8 2,300 - 3,500
Esnags | 1,822 2,500 - 4,000
Bobrot 57 75 - 125
Tanags V 202 1500 = 3,000

A,6351 7,000 ~ 12,000

Relarel Islands
The 11 smsll islands in the Delarofs (Fig. 1ll) are
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remote and so seldom visited that records of sea otters from
this reglon ars scarce. Murie, st al. {1937) reported ob-
ssrvations of ses otters on all 1slands in this group with
the exception of Amatignak and Garelol Islands. Joynt (1956)
saw otters on all islands during naval patrol flights in
1943, Both Murie snd Joynt observed large groups of animals
{50 -~ 150) at Ogliuga and Kavalga Islands. On a partial
aerial survey of the Delarofs in 1954; I sav at least 325
sea otters. The largest concentration was at mtisnak
Island, vhere or;o group numbsred between 150 and 250 animsals,
A total of 1,356 sea otters were counted among
the Delarofs during the 1959 serial surveys of the Fish and
¥11411fe Service (Kenyon and Bpencer, 1960}. The report of
this survey indicates that largest conocentrations were found
st Ogliuga and Skagul Islands (393), Ulak Island (352), and
Kavalga Island (275). Only 102 sea otters wers observed at
Amatignak Island, mu‘ I saw 150 ~ 250 animals in 1954,
Observations and estimates given by Xenyon and Spencer are
listed on the following page with only minor changes, These
estimates appear to be a ebnnmuvo svaluation of the

present dlstribution and size of the population.
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Observations Estimates
Garelol ) 41 50 - 100
Unalga 51 7 - 100
Kavalga 275 375 - 550
Ogliuga 112 150 - 225
Skagul-Tag-Ugidak 281 3715 - 575
Gremp Rock 134 175 - 275
Ilak A9 %5 - 100
Ulak 352 475 - 700
Amatignakx —02 _J25- 300

1,397 2,000 - 3,000

Bat Islands
Sea otter populations in the Rat Islands (Fig. 12)

have long been regarded as the largest extant (Jones, 195la),
llthoush recent surveys indiocate that the population in the
Andresnof Islands has become equally as large. The small
renote 1slands of this group are seldom visited, but the
record of observations on Amchitka frovido & mOore complete
history than is availabdle for any other populluon.‘ In 1931,
Bureau of Blological Survey Warden Frank Dufﬁ-no estimated
sea otter populations aggregating about 1,000 animals on
both Amchitka and Kiska Islands. Lt. Howard B, Hutchison
(1933) of the USCGS Aleutian Islands Burvey Expedition made
an identical estimate of 1,000 animals for the Amchitka
population,

In 1936, Lt. Comdr. 8. P. Swicegood, USCG, and a
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party of men surveysd a 24-mile section of the south shore
of Amchitks and counted 804 animals (Stiles, 1953). Ob-
servations of the men conduoting this survey led Swicegood
to sstinate that in the area they had covered there wers
1,600 snimals, and that there were 3,000 sea otters on the
oouth side of the island. Swicegood's party also observed
10 sea otters in Kirilof Bay, and at least 100 anisals else-
whers on the north side of Amchitka, but they made no esti-
®ste of the total population. BSwicegood's estimate for the
south shore 1s possibly excessive, but even 1f the actual
sount of the 24-mile ares is extrapolated to the entire
south shore, and only half their count to north shore where
otters were fewer, we arrive at a figure of about 3,000
snissls which would appear to be & conservative estimate of
the pupulation for that time.

Murie, ot al. (1937), apparently unaware of
previous counts, estimated the 1936 population for Amchitka
at only 1,000 animals, but 41d not make an estimate of the
number of sea otters on Kiska and s.nlaopoehxioi Islands
where they also snocountered several animals.

Annual counts of sea otters were made between
1937 and 1940 by Bureau of Fisherles wardens stationed on
Amchitka. These surveys were made from the shoreline and
from small boats. Binoculars wers probably availadle to the
wvardens, but it is unlikely that telescopes were used, Sam-
ple censuses conducted on Amchitka 1in 1956 indicated that



counts made with & 20-%0 power telescope were larger than
those made only with binoculars by a ratio of about 1.7:1
(Lensink, 1956). Thus, the varlous counts cited below can
perhaps be safely increased by at least 50 percenmt. In 1938,
Carl L. Loy (1940) and Oke A. Frieden counted 1,321 otters on
about two-thirds of the 1sland between July 11 and September
1, and extrapolated this count to the entire island to arrive
at their estimste of 1,761 animsls. In 1939, Loy and George
Hewitt counted only 1,030 sanimals; but in 1939, Loy counted
1,355 animals {all counts exclusive of pups) and belleved
the population to nuibor about 1,700 animals, or with pups
ineluded, 1,870, This estimste is olose to that of FW8
Blologist Viotor B. Scheffer (Stiles, 1953) who, the same
yoar, placed the population at 2,000 animals. A map of ob-
servations prepared by Loy for his 1938 counts shows that the
distribution of sea otters at that time, particularly of con-
sentration points for males, was almost ldentical with the
present pattern of distribution. The south side of the is-
land, however, had & significantly larger number of animals
than the north side, whereas, in 1956 sea otters were falrly
evenly distributed about the sniire island. In June 1940,
J. B, ¥angan and Grant Ritter (1940) conducted surveys and
sstimated the Amchitka population at 1,650 animals inoluding
69 pups.

On June 24, 1943, Refuge Nsnager Frank Beals and
U. 8. Navy Pilot G, 7. Joynt conducted an asrial survey of
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u_ohitn snd Rat Islands with slow-flying reconnatassance
type alroraft, Both men were experienced observers and
' their results may be considered highly reliadle. On Amchitka
they counted 3,420 animals and on Rat Island 720 animals,
considerably larger figures than obdbtained on any previous
survey. A

In 1945, Refuge Manager Douglas Gray sounted 365

tnl.nls‘ from various check points and bellieved that otters

‘ had increased since previous shoreline counts, but felt that
his observations d1d not justify an estimate for the entire
population., ¥hen leaving Amchitks in September, Gray saw
60 animals deyond the first seaward mile which were unob-
servable from shore. Ro;:ort'- from military observers at
this time indicated substantial increases in the population
in the vicinity of Rat, Kisks, and Ogliugs Islands (Stiles,
1953).

Refuge Manager Robart D. Jones, Jr., assisted by
John Ball and ¥inston A. Elkins of the Fish and Wildlife
Service conducted aerial surveys of Amchitka and Rat Islands
in August 1949, but counted only 1,087 ses otters on Amchitka
and 234 on Rat Island, These counis appear low in view of
all previous observations., They may result from & lack of
previous sxpsrience in surveys by participating personnsl,
or a disadvantage in type of airoraft used (Grumman Widgeon)
as compared to the noomiuuncc aircraft used by Beals
and Joynt in 1943,
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In 1956, curvayu' were completed on about half of
the Amchitka shoreline with binoculars and telescope
(Lensink, 1956). The total count of adults and sub-sdults
was 2,184, and of pups was 384, for a grsnd totsl of 2,568
animals of all ages., 3Spot checks on unsurveyed parts of the
island indicated that the survey figures could be extrapo~-
lated to the entire 1sland. The extrapolation based on
number of otters (15.7) per squars mile of water area shal-
lower than 50 fathoms indicated a total population of 5,637

" anlmals.

Kenyon snd Spencer (1960) report that in serial
surveys conducted by the Fish and W1ildlife Service in 1959
only 1,560 animals were oounted on Amchitka and 270 on Rat
Island, Although Kenyon believed that his shoreline obser-
vations indicated a smaller number of anisals pfount than
in recent years, I belleve that their survey counts of 1959
may have missed many animals., Although I have used Kenyon's
sounts and most of his estimates for the summary of the Rat
Islands' populations giﬁn on the following page, I have
substituted my own estimates for Amchitka and Rat Islands,
and have been more genercus in providing upper limits for

some other looalitiles.



61

Observations Estinates
Kiska 894 1,200 - 3,000
Little Kiska 83 150 - 500
Tanadak 150 200 - 300
Seguls A7 75 - 100
Pyramid-Davidot : 3 50 - 100
Little Sitkin 50 7 - 100
Rat Island 27 500 - 1,000
Amchitka (eastern half) 2,568 4,000 = 7,000
Semisopochnol -3 —00 = 800

4,448 7,000 - 12,000

Near Islands

By 1880, the once large ses otter population in
the Near Islands (Fig. 13) was virtuslly extersinmated, and
the last-known record of sea otters there is of two killed
by natives in 1895 (Hooper, 1897). Williams (1936) says
that the natives of Attu reported that otters were still on
Attu and Agattu, but their presence there novw seems very
unlikely bscause Attu has been cosupled since the war and
not & single animal has besn observed, A transplant of six
snimale to Attu was attempted in 1956 by Rotus‘ Manager
Jones, but is belleved t¢c have besn unsuccessful. No otters
were observed in the Near Islands during the 1959 F¥WE serial

surveys.
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2ridilef Islsnde

] The last otter vanished from the Pribilof Islands
(rig. 14) before 1900 (Hanna, 1923). A transplant of 16
animals wvas made in 1955, dbut no survivors were located, and
1t is assumed that the transplant was not successful, A ‘
sscond transplant attempt, made with seven sub-adult animals
during the summer of 1959, appears to have been successful
(Xenyon and Spencer, 1960).

Summary
This section bhas trsced the growth of sea otter

populations in Alasks since 1911 when hunting was banned,
and bas provided estimates of the present population. I
have not found observations of sea otters recordsd between
1911 and 1920, but by the 1920's a fev animals vere seen in
widely sepearsted locslities. By 1936, sea otters had been
observed 1in nearly all populstion centers that we know now.
The reappearance of sea otters in these widely ssparsted
loocations suggests that s fn survivors had remained in each ‘
looality, and that emigration to form nev c¢olonles has not
genarally occurred., )

Regionsl estimates for existing populations are
provided in Table 1. Most of these estimates are believed
10 be eonnmtlvo.Aand in the Aleutian Islands the actual
population may in some loocalliles excesd sven the upper
1inits that our 4ata suggest., However, until we have better
means of evaluating our present censuses the conservative

estimate may be favored.
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Figure 14,

Pribilof Islands. (Scale: 1 inch =
approxirately 16 miles, contours in fathoas,)




*(096T *aeousdg puv wokusy) njeseoons
useq eavy 07 saweddw G6T UT SPUYISI JOTIQAIIL OU3I O3 810330 wes ) Jo -jueidsuway v /2

*INJEEGOOTISUN DEASTTOQ T emaa. Ul SPUVIST J¥el o3I 0% #I0330 wes ¢ jo juwidsuway v /T

000° 0% =~ 000°G2 THo* 1 IR0

euou suou SPUWINI JOTIQILL
suou suou 7 SPUWIST JWoN
00021 -~ 000'L 1go'€ 7t SPUNINI 1wy
000*¢ =~ 000°2 1661 SPUTST Joawreq
000*2Y -~ 000'L €9’y SPUPIST Jouwelpuy
000°2 = 006'T 106 spuwIs: xo04
000°9 =~ 000'S 9€G' ¢ wneuiueg WY
000'2 ~ 000'T1 189 _oZwredIyody XWIpox
005'T - 000°T 20L wInsuyued [wuey eqi 03 puvyel xwiwy
euou suou ATV WIeysveuINog

serEIIeR oaou:mmmmmmmmmﬂo weg uovan

*eXSvIY uy

SUOTININAOZ 20310 O J0F $EIPNTANE DUV SUCTITAINNQO juscey JO. Alwemng L eyqwy



BIOLOGY

Steller (1751) provided the most significant con-
tribution to the baslio knowledge of the sea otter's blology
until Barebash-Kikiforov {1935, 1938, 1947) published the
results of studiss in the Qonnndor Islands, Subsequently,
a fov papers huo‘di.lcmngl the food habits and behavior of
sea otters (VWilliass, 1938; Fisher, 1939, 1940; Nurle, 1940a)
£rom observations of Californisn or Aleutian populstions,
but these reports are in general based on fregmentary data
and are 1lnconclusive.

The first serilous study of sea otters in llun
during February, March, and April 1954, focused attention on
physiological factors, which were belleved to contribute to
the excessive mortality of both ﬁptlvi snd wild animals on
Amchitka Island that had been observed dy Refuge Manager
Robert D, Jones, Jr. (Stullken and Kirkpatrick, 1955;
Xirkpatrick, st sl.» 1955). An ilmportant result of this
study was to drew attention to the scarcity of basic infor-
mation about sea otters with respect to population size, dis-
tribution and status, and the fundamental aspects of their
biology. This provided the impetus and direction for
initistion of ocurrent investigations by the Figh and Wildlife
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8ervice (Xenyon and Wilke, 1956; Kenyon, 1957, 1959a, b;
Kenyon and Spencer, 1960), the Purdue Research Foundation
Lensink, 1956, 1960), and the Alaska Department of Flsh and
Geme {Lensink, 1959). Although the studies by Kenyon have
eoncentrated chiefly on the care and transportation of
captive animals, and my own on the distribution and size of
sea Otter populations, much incidental information on the
1ife history of sea otters hé. been obtained.' Because such
inforaation 1s essential %0 an understanding of populatlon
status, 1t 1s dlscussed under appropriste headings below.

fabitat

Optimum habitat for sea otters seems to provide
broken shorslines, beds of floating kelp, and sn abundance
of shallow water, The principle factor of the habitat is
undoubtedly the shallow water, ies., to a depth of adbout 20
‘fathoms, because littoral organiems that form the vast bulk
of the sea otter's food can only be obtained there by otters,
This assoclation of sea ottera and shallow water is amply
demonstrated on the dlstribution charts (Figs. 2 = 12},

In Alaskan waters the sea otter shares its habitat
with the harbor seal, Phoca yitulinpa L., throughout its
range, and locally with the Steller sea lion, Rugetopias
Jubata Schreber, and formerly also the fur seal, Caliorhinus '
ursigus L. Although the harbor seal and sea otter both
forage primarily in the shallov water zone, Wilke (1957} has
shown that thelr food habits overlap so slightly that
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virtually no competition for food exists., The fur sesl and
sea lion forage mostly in deeper water., Other forms of
Anterspecific competition or itrifs also appear to be non-
sxistent, and areas of sea otter goncentration ars fre-
‘quently concentration points also for harbor seals and sea
lions. Oocoasionally, I have sven observed apparent play be-
tween sea lions and sea otters. )

The olimate throughout the renge of sea otters 1is
relatively xoderste, and mean temperatures of coldest months
novhere in the rangs vary more than 40 degrees Fahrenheit
{usually considerably less) from those prevailing in summer,
¥inter storms, however, punicﬁlarly in the Aloﬁtim and
other northern habltats where winds of hurricane force are
frequent, asay make winter oconditions severe. Although sea
otters were found to the edge of the pack ice in winter on
the coast of Xamchatks (Steller, 1753) and in the Pribilef
Islands, the southern limit of pack 1ce gensrally appears to
bave formed the northern boundary of the sea otter's range.

Invertebrate organisas (mollusks, echinoderms, and
orustaceans) upon wvhich ses otters forege are generally sbun~
dant in the littorel environments of the North Pacific Ocean
and Bering Sea, but may vary oconsideredly in their availa-
bility with the contour of the coast, The depth to which sea
otters ocan forege officlently is unknown, but probably is not
much more than 20 fathoms. Most food is probably obtained
at less than 10 fathoms, although Assistant Refuge Manager



David C. Hooper told me that in 1953 he sav sea otters
actively feeding at a depth of 23 fathoms at Amchitka Island.
I have seen sea otters feeding beyond the 10 fathom limit
many times, but have not been able to determine the actual
depth in most instances. In 1954, an animal was observed
eating sea urchins in water of 35 fathoue'bot.voon Ulak and
Amatignak Islands il.n the Delarofs, but it is possible that
the urchins had been carried from another location. On
September 16, 1957, Refuge Manager Robert D. Jones, Jr. and
I ocounted 55 sea otters mostly adult males, as we crossed
from Adak to Kansga Ilinnd on a course where the maximum
depth 413 not exceed 28 fathoms. Crossing a few days later
at a location where the water reaches 60 fathoms, we sav no
animals until wve were about 3 miles southwest of Eddy Island,
where the water shoaled to about 20 fathoms. Although I'Ol
ottere nov commonly cross Adak Strait, even this narrow,
relatively shallow crossing seems t0o have formed an effective
barrier to emigration as long as food was sbundant in the
shallover water surrounding Kanaga Island. -

Beds of floating kelp are a frequent, although not
essential, component of the sea otters habitat., In Alaskan
water, kelp (Alaris and Nerecoystis) grovs most profusely in
less than 10 fathoms, the same depth that 1s most favoreble
to sea otters for finding food. Thus, the association of
kelp and sea otters may be partly chance, but field obser-
vations indicate that kelp patches are preferred resting
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areas, This preference is probably due to the action of
kelp in moderating rough seas, & conclusion shared by
Barebash-Nikiforov (1938). However, during Aleutian winters
when winds of hurricane force are common, the kelp beds are
so0on broken up and except in sheltersd areas are not availe
able when most needed,

Barabash-Eikiforov (1947) found that on the
Commander Islands, offshore rocks or small islands frequently
replaced kelp for protection from wave action. The sea ot-
ter's preference rorvrocky and broken shorelines is evident
8leo in Alaskan hablitats, regardless of the presence of kelp,
and when large concentrations of aninﬁlu are found, they are
usually near prominent points or capes, offshore islets, and
occasionally the entrance to large bays (Figs. 2-12).

The existence of the large population in offshors
waters north of Unimak Island, and the probuble existence of
& similar population between the Trinity I-landi and Chirikof
Island, indicates that neither kelp nor protective shore-
iinoa are essentlal elements of the sea otter's habitat., 1In
the case of the Unimak offshore population, there vere no
extensive kslp beds within 40 miles 6: the area where sea
otters were observed, and much of the adjacent shore_ine cone
sisted of smooth sandy beaches. The Yakutat ares, once an
important hunting ground, offers similarly smooth beaches,
Much more must e learned sbout movements, behavior, and

food of such offshors populations before it is possibls to



(A

evaluate fully the relative potential of various habitat
types.

Ieod

The food habits of sea otters are perhaps sore com~
pletely tnovn than any other phase of their blology, but
certain facets such as geographical and seasonsl variation
in food requirements or oven nuihbnlty have not besen ade~
quately studied, and much of ths oxutins information iu
n!‘ludl;ls. Pood items identified in fecal samples from the
Commander Islands (Barabash-Nikiforov, 1935) and several of
the Aleutlan Islands (Williams, 1938; Murie, 1940; Jones,
1951) are listed by perocentage volume, frequency of ocour-
rence, or dboth in Table 2,

In these studies, sea urchins, primarily
Stropylocentrotus drobachisuels, ranked highest in both
average percent vo;uo and in frequency of occurrence, usu-
ally being present in all or nearly all samples examined.
Mollusks occurred in a high percentage of samples and con~-
sisted primarily of mussels, Mytilus edulis. Yosells modiolus,
and Nodlolaris verpicosa:; but other bivalves, limpets
(Ionicells and Shizoplax), and seversl species of snail vere
also represented, FPish and orabs have been considered rela-
tively unimportant by various suthors with the exception of
Barabssh-Nikiforov (1938). Murie {194C) drew attentlon to
the variations in samples from the various islands and even
from different looalitles on Aachitka Island, and cautioned
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Table 2. FPoods of Alsutian and Coamander Island Bea Otters.

Average Percent Frequency of
Food Item of Volume Ooourrence

Ogliuga Island, 70 samples, July and August 1936
Sea urchin 18
Mussel
Crad
Limpet and 8nail
Cryptochiton
Fish

L IRV IR A .

Ogliugs Island, 140 samples, August 1937

Sea urchin 81 137
Mussel 1 32
Cryptoshiton 5 61
Crad 5 41
" Limpet L 60
Snail 2 63

Amchitka Ialand, north side, 32 samples, Summer 1937

Ses urchin 58 , 27
Nussel AN 30
Ored 1 13
Limpet trace 2

finall trace &
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Table 2. {oods gf Aleutian and Commander Island Bea Otters
cont, ).

Aversge FPercent Frequsncy of
Food Item of Yolume Qsourrence

Amchitka Island, south side, 21 samples, Bummer 1937

Bes urchin 78 19
Mussel 5 7
Cryptochiton T 11
Orab b | 8
Limpet b | 8
Soall b § 16

Amchitka Island, a few samples, Vinter 1949

Sea urchin . A5
Mollusk 40
Isopod 10
Crad 3

Weat Unalga Island, 5 samples, Bummer 1937

Ses urchin 54 5
Mussel 29
Crad 17

Commander Islands, 500 samples, 1931 and 1932

Bea urchin , 59
Mollusk 23
Crad 10

Fish 7
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that samples collected from restrioted loocalities may not be
truly repressntative. Murie attributed the differences to
variations in the avalilability of the various food items in
different localities, Where habitat types uryk narkedly,
Nurie was probably correct, but his ssmples from the Aleutians
and those from the Commander Islands were all from localitles
which are similar, and would support similar invertebrate
faunss or sea otter foods. My own studles on Amohitka Island
during July and August 1956 indicated that variation in‘ansl-
yses reflect the sex and age composition of the population
in ths srea from which ccllectlions werse made.

Food hnbif. studlies on Amchitka Island during the
present nxvo.tigauog included the dlrect observation of sea
otters while they were feeding, and vtho anslysis of & sample
of 60 droppings, from each of 6 different hauling grounds.
Observations indicated that three of these hauling grounds
were used almost exclusively by adult males, and three mostly
by femsles, pups, and sub-adult anisals. NXarked differences
were noted in the frequency that certaln food items appsared
An samples fros male or female hauling grounds. Thus, in
stool saxmples from areas used by males, the frequency of
large mussels, Yogells modiclus snd Mytilus edulls, renges
from A5 to AQ per sample with a mean of 48, and from areas
ugod by females from 19 to 28 with & mean of 26, ‘i'ho appar-
ont differsnces in preference for the large mussels by nale

and female sea otters are apparent also for clams and rock



oyltoru; Pododespus pacrochisma, found most frequently on
bauling grounds of males, and the sxall mussel, Kodlolaris
ysruicosa, found most frequently on hauling grounds oi fow
males; but for thess items, the samples Ar.Anlall. variable,
and inoconclusive, The totale for samples froa sach hauling
ground are summarized in Table 3.

If the variety and amount of food on each area is
roughly similar, why do the apparent differences occur in
sex profcroncoi? The three food items found more frequently
on male bauling grounds (large mussels, clams, and rock ‘
oyaters) are all thick-shelled items; but Modiolsrls., the
only itex found more frequently in fecal samples from female
than male hauling grounds, is thineshelled. This difference
in the chareacter of food items suggests that the difference
between samples arises not froms variation in food availa-
bility, or in food selscted by males and females,but by a
variation of food selected by young snd sdults. The flesh
of thick~shelled mollusks may not be avallable to younger
animals because of thelr ineptness or insuffioclient strength
to erush the valvea, Karl Kenyon told me that in 1955 he
broke the shells of mussels that he fed to young animals in
eaptivity, but in 1956 older captives crushed the mussels
thenselves., BocaQso older animals eat all types of food,
the correlation betwesn the frequency of Modiclaria in sam~
ples and the nusber of pups present was weak and not

llsnirtcan}.
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Pield observations of foraging sea otters and
general impressions conoori:lns fecal samples indicate con-
siderable bias inherent in food habit studies based on fecal
residuss., The sea otter seldom dlscriminates detwesn A4l
gestible and undigestible parts when eating such items as
mussels or sea urchins, but discards the shells wvhen eating
rock oysters. Only a small proportion of fish is not 4i-
gested, even most bonss being decomposed (Stullken and
Kirkpatrick, 1955). Thus, ahells of mussels and ses urchins
fﬁm the bulk of feocal samples, and fish and rock oysters
are scarcely represented in feces. Properly, esch item
found in feoal samples should de uushodV proportionately to
the Algestibles food 1t represents. Expressing results as
frequency of occurrence, rather than psroentage volume as
Jones (1951) and ¥Willlsms (1938), partislly corrects for
this kind of dias, dbut sotusl caloric values of items arse
still obscured. 4 comparison of 1937 food studies on
Amchitks Island by Nurie (1940), and my 1956 studies
(Table 4), also 1llustrates 4ifferences Arisins from the

manner of expressing food composition,
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Table 4. Comparison of 1937%and 19562/Foods of Sea Otters
on Amchitka Island,

Percent Frequenocy Averags Perocent

Yood Item Ooourrence Volums

1937 1956 1937 1956
Sea urchin 89 95 62 67
Nussel T0 T 29 17
Crad 40 8 1 6
Oryptochiton S a 1 3 2
Bnall &2 9 1 trace
Limpet 19 5 -1 1

1/ Total of 53 samples in 1937.
2/ Total of 350 samples in 1956,

¥o marked differences ocour between the 1937 and
1956 samples for ses urchins, mussels, and crabs, the three
s jor items; the niisht differences existing being less than
those between Nurie's north side and south side u;-plcs in
1937 (Table 2), or those between male and female hauling
grounds in 1956 {Table 3). For oryptoohitons, snalls, and
limpets, the 1937 values are higher by frequencsy of occur-
rence, but are about equal to those of 1956 in aversge
persent volume. MNurle (1940) does not state explioitly
vhere hs found his Amchltka samples, but they would be ob-
tained most easily from the male hauling grounds at st.
Makarius Polnt and the female hauling grounds at Kirilof
Point. The composition of Murie's samples also indicates
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that he obtained a representation of sex and age groups com-
pngtblo to the 1956 samples, thus accounting for the similar
results 6f the 1937 and 1956 analyses. I have thus con-
oluded that food hadits of otters have not changed appreci-
ably despite evidence suggesting a diminished food supply.

Neither ¥Williams (1938) nor Murie (1940) consia-
ered fish to be an important part of the sea otter's diet,
although Murie presents data that indicate fish or fish roe
oscourred in 22 percent of his samples. MNurle apparently
doudbted the ability of otters to catch fish, and thought
that some 1if not all was odbtained as carrion, Sea otters in
eaptivity, hovever, are inclined to reject fish or other
food that is not fresh, and I doubt that they would be more
1ikely to eat carrion under naturel conditions. On at least
three occasions I have seen vwild otters holding living fish,
Fish ocourred in 30 percent of the 1956 samples, and since
each occurrence may represent a consideradle volume of ai-
gestible flesh, it seems evident that fish is an important
food, although perhaps only seasonally as suggested by
Barebash-Nikiforov (1938).

Observations of foraging sea otters indicate that
the absence of the rock oyster residues in fecal samples
results in the most serious error for this type of analysis.
Nurie (1940) 1listed only 17 occurrences of rock oysters in
198 samples, and in 1956 I found them in only 6§ of 360
samples. Xenyon (1955), hovever, watched foraging otters



for more than & hours between late July and Ootober, and
recorded a total consumption of 1,147 sea urchins and 227
rock oysters. The rock oysters, which measured § to 8 om.
(2.5 to 3 in.) in dlameter, probably contsined more digest-
ible material than the sea urchine which averaged 191 per
kg, (87 per 1b.). However, it was not possible for xoﬁon
t0o make a direct comparison of the digutn}lo portions of
rook oysters and sea urchins. Foods eaten in approximate
descending order of ocourrence wers: ‘

1. B8ea urchins

2. Rock oysters

3. Blue mussels

4, Horse mussels (inoluding Modiolaria)

5. limpets, ssall starfish, orabs, oryptochitons,

ootopus, and tnnle‘tu

Reports on the food of sea otters originating
from the period of exploitation differ slightly from resent
odservations. Thus, Littlejohn (1916) found squid in sea
otters taken in deep water (n&u than 60 fathoms) off the
Xurile Islands, Steller {1751) also noted the presence of
squid in the otter's dlet. 8now (1910) reported an abun-
dance of orebs and sea urchins in stomachs he examined, but
be found only a few sontaining fish and none with mollusks.

Food requirements for captive sea otters are
relatively high for so large san animal. Stullken and
Kirkpatrick (1955) and Xirkpatrick, ot al. (1955) report



81

that 3 captive sea otters, welghing from 9.0 to 11.4 kg.,
consumed dally amounts of fish equal to about 25 to 36
percent of their body weight. Malkovitch (1937) found that
the daily consumption of fish and meat by 3 adult sea otters,
velghing from 27;6 tob37.3 xg. (60.T to 82 1bs.), was 5.58
to 8.5 kg. or 6,774 to 10,391 calories, about 17 to 23
percent of their body welght., A young sea otter, while grow-
ing from 10,0 to 14.4 kg., consumed 3.57 to 4.3 kg. of food
daily, or 29 to 35 percent of its body weight. Although
food intake increased as this animal became larger, the con-
- sumption per unit of body welght decreased. In another
instance, Malkovitch was forced to gradually reduce the food
given to an adult male from 5,212 grams daily to only 3,340
grams. This reduction resulted in the death of the animal
on the 33rd day. I belleve that lack of food may also have
sontributed to the death of 35 animals held captive on
Amchitka Island in 1951, that were each fed only 2.3 kg.
(5 1bs.) frozen halibut daily (Jones, 1951b).

Reports of food consumption by other marine mammals
indicate a much lower food requirement than for sea otters.
Bcheffer (1958) eetimates the daily food consumption of the
northern fur seal, Callorhinus ursinus., at about 7 percent
of its body weight. A 600 pound sea lion, Zalophus
5;1119:31;;91. in a New York Zoo consumed food smounting to
only 2 percent of its body weight dally, and a harbor seal,
Ehocs yitulins, weighing about 80 pounds, about 6 percent



82

{8pector, 1956:Table 189). Furthermore, many of the
Pinnipedia undergo prolonged fasts during the moulting or
bresding seasons.

Recommendations by the Fhiladelphis Zoologlcal
Gardens for feeding of Mustelldae indlcate & dally food con-
sumption of 2.5 to 7.5 percent of body weight depending upon
the specles and age of the animal (Spector, lo¢. git.).

Yood consumption by sea otters may be more than twiﬁo this
amount.

¥1ld ses otters may requirs as much food as oap~
tive sanimals. In 1956, I watched an adult ses otter eat 89
sea urchins in 20 minutes. Kenyon (1955) recorded feeding
rates of 55 urchins in 16 minutes, 44 1in 17 minutes, 106 in
22 minutes, 46 in 14 minutes, etc. indicating an average
rate of about 230 sea urchins {1.2 kgs.) per hour. The sea
otter's intermittent forsging during the daylight period
totals several hours, and the smount of ses urchins ingested
1s at least 5 to 8 kilograms.

Becsuse sea otters are rutricted to a relatively
parrow shoreline rone of shallow water, & large population
may place consideradle pressure on the food resource. On
Amchitka, for instance, an average consumption per sea otter
of 5 kg, dally for 3,000 to 5,000 animals would smount to
approximately 8,000 to 10,000 tons annually. There 1s
evidence to suggest th;t the food supply on Amchitka has been
ltfoctod by sea otters, Although sea otters appear to find
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sea urchins with ease, sea urochins needed to feed captive
animals could be found only under the dock where the wild
otters 414 not forage, Furthermore, the ses urochins we
gathered for captives and those we watched wlld otters est
on Amchitka, were auch smaller (younger?) than the sea
urchins I have seen on Adsk., On Amchitka, relatively few
eaptly shells were found on the beaches, but &t Kanaga they
were abundant, and at Adsk in 1957 the bottoms of bays
seomed almost paved with living urchinc‘ in many places.
‘Rausob {1953) also noted the scarcity of sea urchins on
Amohitka as compared to other areas with less dense sea
otter populations.

Information concerning the foods of sea otters in
other than Alsutian Island habitats is negligible. A our-
sory examination of & few fecal samples in the Sandsan Reefs
by Refuge !amg-r Jones, and in the Shumagin Islands by me,
indiocated that foods taken in these localities are about the
same as on Amohitka Island. At a looation where we had ob-
served a large group of males feeding in the Sandman Reefs,
Jones examined the bottom with the aid of diving gear., He
found that the bottom was covered with clams (Zsxidomus) .,
wussels (Yolsells), and roock oysters (Fododesmuys). No sea
urchins were found. ‘

1 bave examined perhaps a dozen fecal samples at
¥ingham Ilnnd and found them tc consist malnly of ses

urohins, However, sea urchins are not found in silty parts



of Controller Bay where many ses otters forage, and I
believe that in these areas the major food items are perhaps
the abundant resor clam, Siliqus patula, and the dungeneas
eradb, Cancer magister, which 1s seasonally abundant. Crads
_and clams of saversl species probably compose the dulk of
the food for ses otters forsging in offshore waters north
of Unimsk Island, dut no direct information 1s avallable on
the food babite of this population., On the Californias
soast, Fisher {1940) considered ses urschins, Strongylocent-
Ietus frenmciscans, and the red abelons, Hallotes rufescens.
‘the sea otter's most important foods; but she also watched
then sat ssversl unidentified aspecies of clams, crabs, and
small fish,

Bebility
The tendency of an animal to move from one part

of its habdbitat to anothsr, or to wander beyond the normal
1imits of its home range, is relsted to the abllity of the
snimal to utilize its hadbitat effioclently, to cope with
 abnormal conditions, and to oolonuo' unocouplied areas., The
tendency tof mobllity thus demands a ocareful consideration
in evaluating population status. Furthermore, movements
say affeot census results, particularly those of censuses
based on observations from land or boats when the moblility
of otters may exceed that of the observer.

Fisher {1939}, in desoridbing the habits of sea
otters in California, indlcated that feeding activitiles
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began early in the morning, but were interrupted by a rest
period starting about 1000 hours. Foreging graduslly re-
sumed at about 1400 hours and most animals oontinued to
forage u§t11 dark, With the coming of darkness, sea otters
returned 1o a kelp bed for the night, Baradash-Nikiforov
{1938) also indioated that ses otters are diurnsl, and said
that daily migretions oconsistsd of movements from the noo-
turnal resting ares to foreging areas and back. He reported
also that strong winds curbed activities and restrioted the
movements of animals to sheltered arese.

Kenyon (1955)4&:\4 Lensink (1956) described the
ncﬂlvity pattern and looal movements of sea otters as ob-
served at Amchitks Island, where behavior was similar to
that in other regions. Boon after daylight, animals begin
soving trqn rocks, kelp patches, or other nocturnal resting
areas to adjacent foreging areas. Theses movements were
usually no sore than & few hundred yards. The total count
of otters along the 4-mile shoreline of the Kirilof study
ares d1d not vary with time of d4ay; but early soraning counts,
sade from & ’b’.und overlooking a foraging ares north and wvest
of nx_-nor Point, averaged less than half the numder ob-
served later in the day. This indloated that io-t foraging
animals probabdly oame from within the study srea. Move-
ments into this foraging area continued until about 1000

bours.
Foraging sotivity continued intermittently with
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short intervals for rest and preening throughout daylight
hom. but vith a period of genersl inactivity near noon.
Eenyon (1955) observed a mated pair of sea otters for 7
bours, and reported that the female spent 4 hours 6 minutes
in foraging and the male 5 hours 12 minutes.

Animals began moving away from foraging areas soon
after sundown, and by dark most activity had ceased., It is
poillblo that some nocturnal foraging occurs, because ocap-
t-lvo animals appeared to find food more by touch than by
sight, However, the morning and evening activity patterns
suggest that nocturnal foreging 1s negligible. ,

The effect of veather conditions on the distribu-
tion and movements of sea otters was studled by means of
replicate counts in seversl areas on Amchitka Island under
varied conditions. The most important of these was a 4-mile
area encompassing Kirilof Point and two small groups of
1slands off 1ts tip which was selected by Kenyon in 1555 as
a study !1;03. Portions of t.ho‘ point are exposed to the full
force of winds from the northwest to the east. The force of
winde from the southeast are somevhat diminished but still
have sufficient sweep across Constantine Harbor to make
oonditions unsatisfactory for sea otters; and there 1s evi-
dence that the choppy seas produced by winds with limited
sweeD are less tolerable to 6ttorl than the more gradual
ocean svells and seas. Some portion of the Kirilof Point

study area, however, 1s always in the lee of wind. A kelp
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bed extends as & narrovw band within the 10-fathom contour
from the tip of the Jetty Islands to a polnt about 1 mile
offshore near the entrance to the harbor, where it oxptnﬁl
to & rough dumbbell shape (Fig. 15). This kelp bed (here-
after called the "outer bed" to distinguish it from kelp
beds adjacent to shore) 1is a prllnry'roodins area that 1s
particularly sensitive to alterations in wind direction or
velocity. The study area appears to provide all needs of
sea otters, and counts of animals in it remained nearly con-
stant throughout the day,

Changes in wind direction and intensity bdbrought
about a gredual shifting of sea otters to sheltered areas
(rig. 15). Thus, a 25-30 knot east wind, drove nearly all
animals to the lee on the west side of Kirilof Point (Pig.
15A)., In a southeast wind of 10-15 knots, there was still
a tendency of otters to shift to the lee of Kirilof or
Constantine Points, although a few otters remained in ex-
posed positions (Fig. 15B). During a very light south wind,
sea otters vere soattered on all sides of Kirilof Polnt but
were EOst numerous in the outer kelp bed whioh is exposed to
winds from any direotion (Fig. 15C).

The changing distribution during the rise and
deoline of & north-northwest storm (Pig. 16) 1llustrates the
marked response to wind velocity. On August 14, 15, and 16,
with a light southeast brﬁozo. otters were distributed
throughout the study area, but were most concentrated (22)



Figure 15. The Effect of Wind Direction on Distribution of
Ses Otters at Kirilof Point, Amchitka Ialand,
August 1956, /Male (), Female (%), Pup (7},
and Unknown Sex or Age (-ﬁ



Figure 16. The Effect of Wind Velocity on Distribution of
S8ea Otters at Kirilof Point, Amchitka Island,
on August 14 (A), 15 (B), and 16 (C), 1956.

les ($), Females (8), Pups (?), and Unknown
Sex or Age (e



in the outer kelp beds. On August 17, the wind increased
to about 10 knots and shifted to the west, and by the next
day had shifted to the north-northwest and was dlowing at a
veloocity of up to 20 knots. The ground swell by this time
had become heavy, and seas vwere breaking in offshore waters.
The kelp beds, however, smoothed the seas to a considerable
extent and gave protection to the otters, whioh were dls-
triduted almost as they were in the previous few days

(rig. 16A). On August 19, the wind increased to 50 knots,
and the seas nov came smashing through the kelp beds to
bresk high on the ocliffs. The distribution of sea otters
was sharply altered during this peak of the storm, and all
but three territorial males had left the northwest or wind-
ward slde of Kirilof Point. At least four sea otters, how=
ever, were still feeding in the outer kelp bed (Flg. 16B).
By August 20, the storm had considerably abated, and al-
though the surge was still heavy, the kelp beds calmed the
water sufficiently to permit almost normal distridbution
(Pig. 160).

The inclinatlion of males to retaln an approximately
normal distribution throughout the storm may be the result
of a strong territorial attachment. Males, belng larger and
stronger than females and sub-adults, are perhaps also fnt.t.or
able to cope with adverse conditions. Even at the height of
the storm, the males that were observed appeared to obtain
food and adjust to the conditions without difficulty.
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Sisllarly, the males on the St, Makarius hauling grounds
retained normal dlstribution and abundance under conditions
that considerably altered the distribution of females and
young. However, immediatsly after the storm previously
described, many females and pups vere found in the lee of
Crown Reefer Point, but males which usually predominate
thore wvere less numerous than ususl.

In other areas, variation in wind direction sand
velocity tppe(rc to be fully as artyotivo in determining the
distribution of sea otters as at Kirilof Point, but such
changes may oocur in a different manner. Two concentration
aresas are present at St, Makarius Point on the south side of
Amchitks Island., Under favorable conditions counts exceeded
100 animals in esach sres, but on the east point most animals
were adult males, and on the west point most were females
and young. Onshore winds d1d not appear to cause as com-

" plete & redistribution of sea otters as might be expected
from observations on Kirilof Point, slthough many sanisals

are believed to have moved into deeper water and awvay from
the breaking surf. The wide shallow shelf on the south side
of Amchitks apparently permits otters to find protection of
& sort offshors, vhere waves are not as .procipltouc 48 nearsr
ths bdeach, but where the watsr 1s still sufficlently shal-
low for food gathering.

Northwest winds paralleling the shoreline on the
south produced a sharp, irregular chop which caused a more



abrupt population shift than onshore winds. Thus, on
August 8 and 26, 1956, when northwest winds of sbout 25
xnots prevailed, counts on the west point used by females
dmypod to 20 animals. Although oiulir oconditions existed
at the sast point, which 1s used by sales, there was no
appreciable change in the number of animals pressat. The
otters which left the west point dur;ng this period were not
observed elsevhere in the uoinity of 8t, Makarius Point or
westvard 4 miles to Rifle Range Point. It was therefore
assumed that offshore movements had ococcurred. The effect
of ehoppy water conditions on ths south compare to those at
Kirilof Point on July § when the choppy water produced by a
10-15 knot southsast wvind csused greater changes 1in dls~
tribution (Fig. 158) than the 10-20 knot northwest winds on
July 19 and 20 (rig. 16a, C).

Offshore movements as suggested from Amchitka's
south side may not be uncommon. Thus, the Trinity Island
and Unimak Island populations described previocusly sre
thought to spend most if not all of the year some distance
from land., Accounts of ses otter hunting confirm such
offshore existence for animals in these areas {Hooper, 1897;
Petroff, 1884) and also for the Falrveather Grounds of
Yakutat Bay (Cobb, 1907) where there are nov no aes otters.
In the Aleutisns we knov that sea otters regularly cross
certaln passes; and Allen Hartt, blologist for the North
Paoific Salmon Innitisstion. observed many sea otters up
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to B miles seaward on the south side of Kiska Island during
the summer of 1959.

Variations in survey counts indlcate movements of
greater magnitude than those that have been desoribed for
otters around Aschitka Island, However, our censuses have
Deen insufficlent in scope and repetition to provide an
understanding of the characteristios, causes, and extent of
thess movements. Examples which 1llustrate tho. existing
quandary were discussed previously for the Shuyak Island-
Barren Islands population {p. 32) and for the Unimak Island
population (p. 42). Seasonal variations in meteorologiocal
eonditionp may provide motivation for movements of the pop~
ulations noted in the above ocases.

The recent estadblishment of the Adak population
as & result of emigration from Eanaga Island is the only
esrtain example of large sosle movements to form a new pop-
ulation oenter. Records of sea otter observations in the
Sandsan Reefs suésnt a similar movement from Sanak Island,
but the data are inconclusive for this ares. The movement
of as many as 2,300 ~ 3,450 sea otters from Kanaga to Adak
during a period of 5 years suggests several characteristics
of sea otter behavior. Attachment to & familiar home ru;so
must be relatively strong because a 12-mile channel of 28
fathoms at 1ts deepest point separating Kanaga from Adak
was an sffective barrier for many years. Hovever, pionotr-;

‘lns of new areas around Adsak by s part of the Kanaga



population apparently was soon followed by utilization of

the nev area by other individuals., Perhaps early movements
between the islands were only daiiy visits to better forsg-
ing areas st Adak, that imparted an awareness of the new
feeding grounds to other animals. However, ths phenomenal
growth of the Adsk population ocan soarcely be accounted for
by emigrations of individuals, dut is in keeping with the
strong tendency of sea otters to ocongregate in large groups.
Fisher (1939) has shown that Californis sea otters habit~ ’
ually move &8s & group, and data from tho‘xadiak Archipelago
suggest similar behavior. In the latter case only a few
strays vere reported from the Bhuyak population at Perenosa
Bay prior to the observation of about 150 animals at Seal
Rocks on the south entrance of the bay in July 1959, Over
80 percent of all otters counted in the Shuyak-Barren Islands
ares have been in groups exceeding 50 animals.

Nass immigrations of ses otters, such as oocourred
at Adak, probadbly results from the presence of bearriers
which are effeotive in preventing movements as long as food
supplies are plentiful, but which fail as barrlers when the
food supply diminishes and forsging movements trsvoxtbndod.
Movements soross the barrier when once initisted are pro-
badly socelerated by the limited food in the original range
and the abundance of food in the new. For areas where no
barrier exists, s mass sxodus 1s not to be expected as food

diminishes, but rather a gradusl expansion of the existing
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renge into adjacent habitable areas with the rate of such
expansion increasing as the population grows. Sea otters
gensrally have not tended to exploit unoccupled areas, even
when adjacent regions offer sultable habitat and when no
barriers exist to retard movements. Thus the present
Kayak-¥Vingham Island population occuples an area with a
redius of only 15 miles, the shuyak-Bﬁrren Islands and the
Shusagin Islands populations a radius of 20 miles, an& the
Sutwik Island population a radius of 25 miles, However, in
most cases a dispersion from these populations 1s notliceable,
partioularly at Sutwik Island where the area of water
shallower than 20 fathoms 1s small. Dispersal tendeﬁcies
are also evident in the Sandman Reef and Prince Willlam
Sound populations.

Ropulation Composition

Information relating to the sex and 850'00lp°-
sition of sea otter populations is limited. Barabash-
Nikiforov (1935) stated that the sex ratlo of otters commer-
cially harvested in the Commander Islands averaged about
60 percent males over a period of several years. Jones
(1951b) reported that 31 of 35 aﬁin&ll taken captive on
Amchitka Island were males, and postulated elther that fe-
males were more wary and did not coie ashore or simply were
not present where the otters were caught. The latter possi-
bility has proven to be correct. Scheffer (1951) examined
118 complete or fragmentary sea otter skulls, mostly from



Amchitka Islﬁd. including 46 adult specimens of which 9
were uiu and 2 vere females. The sex ;rl.s unknown for 35
of the adult specimens. Of 72 immature animals roprugutod
in the sollection, 12 were malea, 4 were females, and for
56 the sex was unknown. Dr. Scheffer has kindly provided
me with the original data for these specimens, snd I have
deternined the sex ratio for 112 to be 66 males to 46 fe-
malea. (Methods for sex and age determination are des-
oribed in the Appendix.} Thls proportion is nearly identical
with that reported by Barabash-Nikiforov, but the sample 1is
%00 small to demonstrate a statistically significant devi-
ation from & 50:50 sex ratio.

Observations of sea otters on Amchitks Island
and the sex composition of animsls found dead on the beaches
of Amchitka confirmed the supposition that at least a par-
tial sex segrezation of the population ocours, Large
soncentretions of ses Otters were usually present at six
losationa on the )u-tom half of Amchitka, alt.houéh some
aninals were scattered along the entire shoreline. Three
of these areas were found to be used primsrily by males and
three by females and young of both sexes (Tadle 5). All
locations, as in the ouo. of Kirilofr Polint desoribed pre=~
viously, are charaocterized by geographic features which
provide some protection from winds,

The largest aggregations vers thoui composed
almost exclusively of males. At Amchitka these male groups
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uﬁaliy nunber from 50 to 200 animals, although larger
groups have been observed elsewhere. The distribution of
sexes and ages on concentration points used by females doss
not differ appreciably froa the composition in intermediats
areas. Animals at female haullng grounds appear to ocour
in srog@r numbers than elsewhere merely because of better
habitat conditions there, Concentrations of males, hovever,
appesr to result from territorisl behavior of dominant males
which are scattered throughout aress used by fesales. The
presence of immature male ses otters in the segregated
group, as observed by Jones (1951b) and indlcated by the
present data (Table 4}, suggests that aggressivensss of
territorial males may extend even to young anisals, although
I bave never witnessed serious strife between males of any
age, )

Because of marked sexual segregation in sea ot;t.or
populations, unbiased sex or age ratios are AaAiffioult to
obtaln, I 40 not belleve that those given by Bambesh~
Nikiforov (1935) whilch are based on harvest records in the
Commander Islands, or those derived from Dr, Scheffer's
measureasnts which are mostly from Amchitka hauling grounds,
provids unblased samples of the respective populations, The
sortality records from Amchitke between 1953 and 1956
{Table 5), however, seem relatively unblased for detersi~
nation of sex ratios becsuse: (1) they include specimens

from over 60 miles of beaches; (2) in effect, they sample
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over half of the Amchitka population: and (3) they include
specimens from all habltat types present on Amchitka Island,
The observed ratlio of 107 females to 125 males suggests
that the sexes must be nearly equal in numbdber at birth.

If sexes are equal at birth, the composition of
snisals found desd on Amchitka indicates s differential sex
and age specific mortality (Table 7). Mortality rates wvere
relatively low and about equal for the sexes in Age Classes
I to ¥ (birth to about 8 months), when young are still
accompanied by their mothers, but rose sharpiy among males
of Class VI {(about 9 to 15 months) which were apparently
beginning to fend for theasslves. Mortality rates reamained
relatively high for Class VII (16 to 24 months) males, but
2180 1increased to a nearly squal rate among females. Mortal-
1ty deoclined n‘ons Class VIII young (25 to 32 months), but
¥as again highut‘ among males, I do not knovw why unless I
have falled to destingulsh some older sub-adult females from
adults, {See a discussion of age classification in the Append~
i1x.) The high mortality in Class VI and VIII males results
in an overasll proportion of deaths that is larger among
young males than young females.

At puberty, which seems to ocour between two or
threes years of age, portality rates decresse, and most deaths
among sdults appear to be of old anisals, If sexes are near-
1y equal at birth, and a higher mortality rate exists for
young males than for femsles, the adult remniu aust pre-~

dominate in the reproductive segment of the population.



100

Table 6. Sex Ratios of All Animals Found Dead on uchitka
Island, 1953-1956,
Humber Percent
Yoar Nales TFenmales Males Females
1953 34 29 54 &6
1954 33 28 54 45
1955 24 22 52 A8
1956 33 28 54 A8
Totals 125 107 54 46
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This assunption 1s suggested alac by the higher proportion
of desths among sdult females than adult males (Table 7).

Table 7. Sex Ratlos by Age Clasa in Natural NMortality
Records from Amchitka Island, 1953-1956,

Age Class Number of Deaths Percent Deaths

Nales Fenales Males Females
Sub~-adults
l-v 12 16 43 57
VI 22 o/ 7 76 24
viz n 27 53 A7
VIII - IX 15 ¢ 3 83 17
ot sged o S 62 38
Total sub-adults 89 « 58 61 »
Adulte 36 » 42 58

Total animals 125 107 54 A6

1/ Asterisks indicate Chi Square values vhich suggested
significant deviations from 50:50 sex ratios at p = .05,
Nortality of the magnitude observed on Amchitka
has not been observed elsewhere (p., 112). Eight adult and
three imzsture animals found dead in other areas suggest
also that age or sex specific mortality is not always ss
well defined as indlcsted for Amchitka., A lower mortality,
particularly among sub-adult animals as indicated by the
fevw specimens, would result in a msore sven adult sex ratio

in other populations than at Amchitka Island,
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The age oonpoiitlon of sea otter populstions has
not been determined beyond the categories of pup, sub-adult,
and adult, nor is it possibdle to analyze the structure of
populations in grester detail vwith existing age detarsination
and sampling techniques. Maximum longevity, hovever, pro-
bably exceeds 10 years, and my impression from observations
at Amchlitka Island, and the examination of specimens is that
sdults are sonsideradly more numerous than sub-sdult animals.
This ispression 1is in keeping with the results of simple
saloulations based on census figures, vhioch indiocate pups
form only 15 percent of the Amchitka population, snd the
esonssrvative assumption that maturity is not reached until
3 years. The ratio of 55 adults to 45 (15 percent x 3 years
= 45) sud-adults 1s widened by the high sub-adult and low
adult mortality ntoi. Hovever, the same oaloulations based
on pup counts of 21.7 and 21.1 perocent of the populnti.oﬁ on
Adak and Kanags Islands respectively, and the lower lor-'
tality obui-nd at those plsces, would indicate nearly equsl
nuabers of adult and sub-adult animsls.

Berreduction

The genersl characteristics of reproduction in sea
otters have been desoribed by several authors, but most
socounts 40 not vary appreciably from the first Aducripuon
by Steller (1751). [From observations on Bering lsland in
1741, Steller reportsd that ses otters breed at any season,
bave & gestation period from 8 to 9 months, and dear only
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one young, although females may cooasionally be accompanied
by young of various ages. Observations by Barabash-Nikiforov
(1935, 1938, 1947) in the Commander Islands, by Fisher (1940)
in California, and by the author and othere in Alaska verify
Steller's conclusions on the above points. However, Steller
{(1751) concluded that sea otters sre monogamous, &n error
that has been perpetuated in much of the litersture (Ellilot,
1886; Littlejohn, 1916; Seton, 1926).

Barabash-Nikiforov (1935) observed copulation of
ssa otters in January, Naroh, May, and November; Jones
(1951) in Yebruary; Kenyon {1956) in May, August, snd
Beptember; and Murie (1940) in July, indieating that soltus
takes place throughout the year, On breeding, my observa-
tions of sea otters froa February to April and June to
August are in agreeaent with those of Kenyon (1956), who
eoncluded that the peak of breeding 1s in August or Septeaber.
Howvever,; an inoresse in reproductive sotivity is already
evident by July vhen mated pairs are coumon.

' In keeping with the fact that breeding may osccur
throughout the year, young may bs born in any month (Steller,
1751; Barebash-Nikiforov, 1935, 1938, 194T;: Fisher, 1940;
Nurle, 1940), This suggests that if delayed implantation
ocours in sea ottor:s, as indicated by the status of repro-
duotive organs exsmined by Clinton H. Comaway (1958, in
11t.), 1t does not completely regulate the period of birth,
The peak of pupping seems to occur during March and April,
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although I bave seen newborn pups from February through
August, and other pups bin February that were bLelleved to
bave been bora in December or January. Thus, the gestation
period may norsally bs from 8 to 9 months., Barsbash-Nikiforov
{1938) éopomd parturition in a captive female 8 months
after coitus, but since the fully-formed pup dled, it vas
Believed to have Deen premature.

Newdorn pups are completely dependent on their
sothers, but begin to forege for much of their own food &
fovw months aft.ox; birth. They may continue to nurse, however,
untll st least & year old, and some young may continue to
ascompany mir nother after wveaning or after a uéond pup
is dorn. I suspect that in such cases the older pup 1s
usually a female Decause indirect evidence bessd on morta-
11ty records (p. 99) sugzests that males must fend for
themselves sarlier than fesales. ‘

Sea otters are dellieved to reach maturity between
24 and 36 months but probably closer to the latter age. Age
Olass VIII specimens, obitained on Amchitks beaches as & re~
sult of late vinter mortality, which are believed to be 25
%0 32 months 0ld possess fevw charscteristiocs indicating
approaching maturity (Appendix), Three specimens (Nos. 51-53,
62-54, 10-56) oclassifled as Group IX, w.r. seemed much
further sdvanced in development than Clsss VIII animals by
such skull features as closed sutures, decreased porosity of
done, and development of s_a;it.u]. and lambdoldal orests.
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The bacula or testes of the tvo males from the group of
three Class IX specimens vere alsc well developed as com-
pared to Class VIII anisals, but had not reached adult size.
The female was too decomposed for examination §t‘ reproduc~
tive organs.

© Adult males appear to be aapable of reproduction
throughout the year, and all testes and .pidl&pmu from
speeinens examined between February and August contained
abundant spers. The periocdlicity of estrus 1in fesales 1ls um-
Am\m, but on the basis of observations on Amohitka, I
Sollno that most females 4o not become pregnant if they are
scsompanied by young that are much less than a year old.
Bxoeptions may ocour, hovever, since fesmales with nevborn
pups are ooccaslonally accompanied by another that seems to
be 0o more than & year old {Steller, 1751; Ognev, 1931), but
thess oases are not common on Amchitka, Jones (1952) and
David C. BHooper caught a pup about § months old (No. 11-53),
and then netted simultanecusly its mother and a male en-
grossed in copulation., Nurie (1940) records another in-
stance of coltus when the vroul.o was sccompanied by a small
pup. Malkoviteh (1937), hovever, stated that mating never
goours in the presence of young, but that when a 3-month-old
pup was resoved froam its mother the latter scon becams preg-
nant. Kenyon (1955) observed a total of nine mated pairs
and ooitus on five oosasions on Amohitks, but no female
accompanied by & pup was observed to mate. Conaway (in
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1it.) examined the reproductive organs from two otters with
young pups and found that neither were pregnant. One animal
e examined with an older pup appeared to bo entering a
post=lactation estrus, Ny observations of mated otters also
indlcate that females with pups do not mate; but the pro-
portion of youns observed at Xanaga and Adak Islands (21-22
peroent) suggests that many females have young more often
than onss in tvo years.

Ses otters bear but one young at & time, a ohar-
aeteristic in common with nearly all other marine masmals
rather than other mustelids. Only two records are avallable
for twin fetuses, once in an otter killed in ths Xurile
Islands (Snow, 1910:277) ’Qnd sanother in the Commander Is~
lands in 1910 (Ognev, 1931; Barsbash-Nikiforov, 1938).
There are no satisfactory records of multiple births, and 1f
sush ocourred it is unlikely that two young could survive
ecsuse the msother oould not provide the required matermal
oare for both. Parturition may coour either on shore
{Barabash-Nikiforov, 1935) or in water (Fisher, 1940),

The laok of acourate information on m basio
biology of reproduction prevents precise caloulation of re-
produotive rates, and it 1is perhaps safe to rely on the
proportion of young observed in the population during cen~
suses., Reliable pup:adult rstios sare avallable only from
Amechitks , Kanaga, and Adak Islands, vhere extansive surveys
from boat or shore have resulted in pup counts wvhich vary


http:bll"t.ba
http:f--.J.ea

107

from about 15 to 22 perocent of the population (Table 8).
Pups csnnot ordu-{ruy bes 1dentified in asrial surveys.

Tadle 8, Number of Pups Observed on Land or Bost Burveys.

Fumbder Tetal Pereent

Ares of Pups All Ages Pups
_Amehitks Is, {Land oensus, 1956) 384 2,568 14,9
Adak Is. (Boat cemsus, .1957) 8a 399 21.1
Kanaga Is. {Boat eensus, 1957) 123 568 21.7

. The osloulated reproductive rate for Amchitks
Jeland, based on an assumed population composed of 60 per-
eent sdults of which 60 peroent are females esch giving /
Dirth t0 one pup in 2 years, results in an estimated repro~
ductive rate of 17.5 percent whioh is near the observed
value, If the same caloulstions sare made for Kanags, dut
with the assumption that only half the populstion is adult
and that the sexes are sbout equal in number as suggested
previously (p. 99 )}, the estimated ioproductin rate would
be only 12.5 percent which is obviously in error (Table 7).
If it 1s assumed, hovever, that on Xanaga fesales breed
avery year, the estimated reproductive rate becomes 25 per-
‘ant, whioch again seems a reasonable approximation of the
obsarved fecundity, The wide 4ifference in the proportion
of pups in the Amchitke and Kanaga population may thus de
asoounted for by possible difference in the frequency that
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females bear young. Is it possible that the food shortage,
whioch 1is believed to exist on Amchitka, snd the oconsequent
inoreased dependence of young on their mothers results in a
reduced frequency of matings?

The reate of population inorexzse must be some fig-
ure below the reproductive reate, but probably not much so
because of the relatively lov mortality rstes vhioch have been
observed. DBarabash-Nikiforov (1933) belleved that the
snnual rete of inoresse on the Commander Islands was 10-12
percent, but subseguently (1935, 1938, 1947) gave revised
estimates of 7 percent, 4-5 percent, and 5-7 percent. These
mtes, exoept for those of 10-12 percent, must be conslder-
abl_x below that which permitted sea otters in Alaska to have
reachsd present population levels. If, for instance, we
assume that the rate of increase for the Amohitka animals
which led to a population of at least 4,000 1in 1943 (p. 59)
was only 5-7 percent, an estimate of the population for
1906, when hunters iook only A sea otters, would bs betwsen
375 and 850 animals. Sisilar caloulation for Kanaga, based
on & 1957 population of 5,000 animals, indicates a 1910
population of approximately 200 to 600 animals. BSince hun~
ters vere able to extersinate otters 1in other aress, and
the last hunting returns from Amchitks and Kanags were very
suall, the population entimates derived from inoresss rates
of 5~7 pervent seem far toc large. ¥With assumed rates of
10~15 percent, however, we obtsin a 1906 population
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estimate for Amchitka of 57 to 230 animals and for Eanags of
7 to 60 snlmals. These estimates seem to be ressonable
approxisations of the remnant populations at the end of the
exploitation period. The assumed rates of population in-
STeASS 8180 agree with existing reproductive rates for
Kanaga and Adak, and the relatively low mortality rates that
bave been obssrved in all populations with the exception of
Amchitks Island, ,

A 10~15 percent rate of lnorease also corresponis
10 the estimated size of remnant sea otter populations in
other areas., HNowever, this rate applies only to populations
which have been well below the carrying capacity of thelr
Babitat., The effect of population pressure is evident in
the Amchitks data which indicate a diminishing food s’upply.
diminishing reproductive rutes, and inoreasing mortality
rtes. For the period since 1941, even & 5 percent rate of
increase ssems excessive, and it ap’purs that ths population
on Amchitka is nov relatively stable; XKenyon and Spenser
(1960) belleve with considersble justification that the
population may have decreased in recent yoars,

Morkallly
Nordid animals or their remains may de found

ocoasionally on the beaches in the proximity of any ares
utilised extensively by sea otters. Perhaps if such
besches were sxamined with suffiolent care and frequency
sost mortality would be acoountable, becsuse moribund
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animals usually come to shore and beocause most deaths ocour
during periods of onshore vwinids wvhich would carry floating
specimens onto the beaches. Marsh and Cobb (1908) comment
that "an 0dd, but sometimes very profitable, business is
that of patrolling dertain beaches on the watch for the
bodles of ses otters which may be washed up.” This océup-
tion was oonduoted sostly on the Alaska ?Qﬁmault. and
Narsh and Cobb Delieved that the two important sources of
mortality vere from wounds inflioted by hunters and froas
being orushed in the pack loe that is present along the
Peninsula's Btrins Sea shoreline in winter. Neither of
these sources of mortality can be serious for existing pop~
ulations. ‘ ‘
Pisher (1940c, d) described a sea otter that dled
from a gastriec perforation, probably resulting from some
bhard object the animal had swallowed, Buch an cccurrence
must de rere, Vhonur. and we have not found it in Alaskan
specimens., Niss Fisher (n.d.) slso bas reported that she
found few sbnormalities in a collection of over 3,000 ses
otter bones, mostly obtained from Californis shell mounds
and middens, and concluded that the ses otter seldos met
with serious scoident or injury. Barsabash«Nikiforov (1935)
reported only low mortality rates in the Commander Islands,
and sttributed possidble sources of death to old age, storm
injury to the very young or very old, rook slides, unknown
diseasss, pathologlioal parturition, and "some" to kilior
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whales.
Eredation. Predation upon sea otters is not con-~

_ sidered important by most investigators, and only a few
instanoes have been recorded. However, the amount of marine
predation 1s difficult to deteramine and may be more than we
suppose, Seton {(1926:664), basing his acsount on Steller
(1751) and Littlejohn (1916), vividly portrays the fear of
the ses otter for its arch enemies, the killer whale, Qrop
Ieotapins, and the Steller's sea lion. Although similar
desoriptions have added to the interesst of seversl popular
sccounts of the sea otter, there 1s neither oonflict nor
sompetition between the ses otter and the sea lion. The
killer whale 1is known to prey on sesls {Scheffer, 1958:27)
and may occasionally prey on sea otters .V but seldom foruges
in the shallow water frequented by otters nor is it so
aumerous that it requires serlous sonsideration as & pred-
ator of sea otters.

The bald eagle, Hallasstus leucoosphalus. vas
implicated as a predator of sea otter by Krog f1953) who
found the remains of three pups in one of thres nests that
he examined on Amchitka Island. Although sagles forage
extenslively on carrion ses otters, Xrog believed that at
least one of the pups had bdeen killed by them. In 1954, I
found the resains of a pup on & rock pinnacle near an
sagle's nest on Amchitka Island. This pup was probably

carrion as & lactating female was found dead near by,
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Nurie {1940}, hovever, di1d not find any remains in 28 nests
which he examined in the Aleutians, nor 414 Hooper (1953)
when he examined four nests on Kanaga Island. I found no
sea otter remains in four nests examined on Amohitks in 1956,
or in one on Dark Island in the Xodiak Archipelago in 1957;
henae, on the basis of available evidence, I have concluded
that ssgle predation upon sea ottere is negligibdble.

orr (1959) reported that of 9 sea otters found on -
California beaches between January and March 1958, one had
besn shot, six sppearsd to have died of wounds received from
© akin divers' spears, and two had died from wounds inflioted
by & shark, Carcharcodon sarcharias. This shark does not

oocur, hovever, in Alaskan wvaters.

Mertallty op Amchitka lsland. Between 1949 and
1956, the remsins of over 400 ses otters have been found on
the beaches of the sastern half of Amchitks Island, but
records or speoimens of ohlx 13 dead animals have been found
in sll other Alaskan habitats, Although the &ifferences
p‘tnly reflect the greater effort sxpended in sesrching
Amchitka shorelines, it emphasises the excessive mortality
in the Amchitka population as compared to other populations.
I examined the beaches of about half of Simeonof Island with
Ford ¥Wilke and Xarl W, Kenyon in Karch 1955; Cherni Island
in the Sandman Reefs, and aﬁout. A uiles of beaches near
Kanaga Bay, Kanega Island with Rodert D. Jonea in July 1957;
and adout 5 mlles of beaches on Montagus Island, Prince
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¥illism Sound in July 1958, and sgain in 1960, David C.
Hooper (1953) examined the beaches of the western third of
Eanagse Island in June 1953. Biologists of the North Pacific
Salmon Investigation and members of Coast and Geodetic
Survey expeditions have visited sany other Aleutisn beaches,
and fishermen and hunters have examined beaches in Prinoe
¥illiam Sound. If the mortality of sea otters in any of
these areas was comparsble to that of Amchitks, it would
sertainly have been discovered.

Although extensive shore patrols wers conducted by
Buresu of Fisheries wardens stationed on Amchitka between
1936 and 1940, there was no reported evidence of serious
mortality during that period. loy (1940) found only three
skeletons between July 1939 and January 1940, although he
searched beaches for evidence of iomlity. During the same
period, he obtained reports of three other animals from fox
trappers. Nangan and Ritter (1940) reported the finding of
only two animals during the 1940 surveys. Scheffer (1951),
hovever, found six skulls on Amchitka on Novesber 12, 1947,
which may be indloative of increased mortality by that time.
During Novesber, mortality 1s lov and sost evidences of mor-
tality from previous winter has dbeen obliterated. Thus, six
skulls probably represent s high iomllty for the searched
aresa which sust have been small considering the time spent
by Scheffer on the island. The first definite observation
of serious mortality on Amchitka was reported by Elmer C.
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Ransen, & civilian employee of the Army, in a letter of
April 5, 1948, to V. B. Scheffer. Hansen estimated that at
I“It’ 100 animals had died. Definite verifiocstion of serious
sortality of ses otters on Amchitka came in 1949 vwhen Hansen
and Refuge Manager HRobert D, Jones, Jr. salvaged thout' 90
skulls (Scheffer, 1951).

Jarasites. 7The evidence of high natursl mortality
on Amchitka Island and the corresponding mortality of oaptive
anissls {Jones, 1951s, 1) scaused considersble concern and
gave much of the impetus to investigations conducted in
recent years {Rausoh, 1953; Stullken snd Kirkpatriok, 1955;
Kirkpatrick, st. 81.., 1955; Kenyon and ¥ilke, 1956; Kenyon,
1957, 1959; Kenyon and Spencer, 1960; Lensink, 1959, 1960).
Initisl studies, which attemplted to trace the source of mor-
tality on Amchitksa, were condusted by Rausch (1953) who was
soncerned primarily with parasitic infestations. He examined
s total of 31 specimens ,’lncludins animals found desd on
beaches and those which died in saptivity, but was unmable to
examine any norsal animsls. Rsusch concluded that of eight
species of paresites identified from the ses otters he ex-~
smined, at lesst two, Microphallus pirus (Afanasev, 1941)
found in 21 specimens, and Forrocascum decipiens (Xratbe,
1878), were highly pathogenic. Cultures d14 not implicate
any pathogenic organisms of the bacterial type, IEnteritis
wvas the predominant symptos and was ordinarily attributed
to X. pirus infection. In a few instances, however, fatal
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1diopathic enteritis was noted, and Rausch cautioned that
“some other disease-producing fastor may be in every case
superimposed upon the ¥. pirug infection.” Rausch (1957, in
11t.) also oconcluded that a sea otter found dead in Prince
¥illiam BSound om April 10, 1957 had dled as & result of &
severe infection of the acanthocephalan, Corynosoms yillosum
Van Cleve 1953. A COYRQEONA Was m.ﬁutiu by Kenneth A.
Neiland from a ses otter I shot in the Sound on June 30,
1960, but in this instance there were no obvious signs of
pathology. Barabash-Nikiforov (1935), however, found the
ineidence of parasites very iov in Commander Island esea
otters. )

Siress Svaptoms. Stullken anmd Kirkpatrisk (1955)
studied the physiologlcal aspeots of mortality in captive
animsls., Comparisons were made between 12 moribund animals,
most of vhich were ocaptives, 7 normal snimsls which had been
instantly killed from ambush, and 3 captives observed for
about & month, The greatest difference betwesn moribund and
normal anisals vas the severe gastro-enteritis in the for-
mer, This finding agreed with that of Rausch (1953). Other
differences found in the pathological group included a dle-
tinot eosinopenia, vasodilation, slight hemoconcentration,

- and inoreassd tissue molsture content. DBecause all of these
sSysploms are recognised svidence of stress, and becsuss most
_animals died after only s few days in oaptivity, Stullken
and Xirkpatrick (1955) concluded that "captivity mortality
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in the sea otters studied was probably due to an acute
stress or shook resction...charasterized by s repldly devel-
oping gastro-enteritis which is precipitated by insufficient
food intake, intolersble environmental temperatures, and
adverss sensory stisuli,”

Although parssitiass or other pathologiocsl sondl-
tions undoubtedly sccount for s portion of the mortallity on
Amchitka, it sappears that acute stress as described for the
captive sea otters may be the ultimate cause of death in
most of the wild otters. The typloal aymptoms revesled by
Sross post morten examination of beach specimens are ema~-
oiation, congested and frequently honorz‘hisic lungs, hyper-
emlc conditlion of lntestinal surfaces, and moderste to
severe enteritis, These sysptoms are similar to those of
moribund saptive animals.

Bources of Biresa. Farallels may be seen in
causes of stress in captive and wild anisals. MNortality is
salaost confined to ths stormy period of late winter
(Lensink, 1958, 1959), and Xenyon {1959a) has shown s di-~
rect correlation between 1individual storms and sea otter
mortality. Storms probably sct indirectly in producing
mortality by preventing effective foraging by otters, par-
tisularly of the young or ‘tho very old., The large food
requirements of ssa otters (p. 850), food specificity of
young animals (p. 75, 76), and a shortage of sea urchins
{p. 82) combine to make storm period oriticsl. Both the
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studies of Malkovitch (1937) snd Stullken and Kirkpatriok
{1955) have demonstrated the consequence of inadequate dlet;
and Stullken and Xirkpatrick (1955) suggest further that
mere absence of food from the digestive tract may result in
rapid degenerative changes leading ltc severe gastro-enteritis
and fatal shock or olrﬁuhtory ocollapse. The fact that mor-
tality is heaviest in those &ge groups most sensitive to

food shortage, and that deaths can be correlated direcily
with storms of relatively short durstion rether than the
entire stormy psriod, lends support to th‘ theory that astress
resulted Tfrom acute food shortage rether than chronic star~
vation., Parsitiem, malnutrition, tooth decay or other
debilitating factors may contribute to the effect of food
shortage, _

Observation of captive animals led Stullken and
Eirkpatriok (1955) to suggest that temperatures varying
frOR & DAXrTO¥ range may be intoleradle to sea otters. Shiv-
ering wvas common, and otters showed severs distress when
placed in a tank of vater after a short time in captirvity.
Temperaturs regulatory mechanisms seemed poor, for deep
reotal tempereatures, even those tsken in normsal snisals s
fov minutes after death, varied widely among individuals.
W.vor, subsequent experience has shown (Kenyon and Wilke,
1956; Xenyon and Spencer, 1950) tbat inability of captive
animals to tolerste temperature changes il caused by solling
of thelir fur with the oconseguent loql of 1ts insulation
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valus, Given an adequate food supply, sea otters usually
oan ad just quiékly to captive conditions when sufficlient
water t¢ malntaln cleanliness 1s available (Kenyon, 1959).
Thus lack of tempersture control under natursl condltions
probabdbly 1s not a contriduting factor to mortality.
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STATUS

All recent observations and surveys point to the
oonclusion that the sesa otter population in Alaska has in-
oreased significantly in number and in extent of ares it
ocouples within the last decade. This recent large increase
in population 1s not the result of an increased rate of
growth, dbut merely & reflection of the time interval the
population has had to recover and the progressively greater
annual increment &s the population grows.

Becsuse only a fev animals remained in widely
soattered looalitlies at the end of the exploitation period,
the subsequent recovery of the population can be ldentified
with several distinct aress or groups of mil.‘h. Varia-
tioa in the size of these ares populstions is more probably
the result of corresponding variation in the number of in-
dividuals from whlch they originated than any other factor.
Since the populations vary widely in sise, it 1s possidle
to evaluate the effect of population density on the food
supply, on feocundity, and on the rete of population in-
oresse. Information on the mobllity of sea otters is lim-
ited, but sufficient examples of dispersal and immigration
from existing populations exist 0 suggest future dlspersal
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or migratory patterns. The history of early sea otter
harvests provides a fair measure of aboriginal abundance,
hence, of the carrying capacity of the hablitat and the maxl-
mum populations that we may expect to attaln with protection,
Ve are thus ressonadbly equipped with essential facts for
evaluating the status of the exilsting population in respect
to past and future populations.
Aboriginsl and Existipg Population Densitles

Harvest records for the Aleutlan Islands 1indicate
that the adoriginmal population of sea otters in the Andrean-
of, Delarof, Rat and Near Islands was approximately 75,000
snimals (p. 11). It may be assumed that the distribution
of sea otters within this area was correlated with the
samount of sha)llow water from which they were able io obtain
food (Lensink, 1959, 1960). Thus, to calculate the density
of sea otters, the total area of water less than 50 fathoms
in depth was divided lnto the total population to derive
an estimate of about 15 animals per squsre mile, The choice
of 50 fathoms ss & limiting depth for calculations was
dletated by the contours on avallable charts and exceeds the
depth at which sea otters nofmally forage. Hﬁvover, since
eontours sre usually roughly parallel at various intervals,
osloulated density estimates are inversely proportionate to
area, and estimates of populations are probably not =much
affected in the western Aleutians by use of the 50 fathon

1imit, Exceptions may occur at Semisopochnol Island, in the
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Pribilof Islands, in the area northeast of Unimak Island,
and along part of the Alasks Peninsula where the water
deepens rapidly to a depth more than that in which sea otters
forage, but extends many miles at depths less than 50 fathoums.

A check of ths acouracy of aboriginal population
estimates 1is provided in the record ot 18,000 pelts taken
from the Near Islandas between 1745 and 1762 for which the
history of the harvest is neariy complete. The density
estimate based on this figure is nearly equal thstvfor the
rest of the western Aleutian ares {15.4 and 15.1 respectively
per square aile for areas of 1,175 and 5,000 square siles).
Comparison of estimates for aboriginal and existing populat~
ions in the vestern Aleutisn Islands (Table 9) indicates that
the existing populations in the western Andreanof Islands, in
the Delarof Islands, and in the Rat Islands are approsaching
Or are as large ss thas existing prior to exploitation. The
remaining islands in the Andreanofs have only nucleus
populations that are far below aboriginal densities,

There are other indioations that populations
approaching aboriginal densities have been attalned in the
western Aleutians, particularly &t Amchitka Island. The
high mortality, which appears to be assoclated primarily
with food shortages in oritical periods at Amchitka {p.

100), is a common charscteristio of a population that has
sxcesded the carrying oapacity of its babitat. In addition,

reproductive success appears to have diminished, and the
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population appears to have been stabllized or sven to have
decreased. Although mortality such as occurs at Amchitka
bas not been observed in other areas with equal population
density, the lack of mortality in the other areas may re-
fleet only the more recent attalnment of such demsitles. At
Zanegs 18 1957, I found a greater abundance of food than at
Amohitka, but & oconsiderably poorer food supply than at Adak
where sea otters were then comparetively few,

At AdaXx Island, the population is primarily the
result of large scale ilmmigration from Ksnsgs Island since

1954, and 1s believed alrsady to have surpassed the aborig-
inal population in sise. The Adak population may grov still
larger, hovever, because distribution sbout the island has
not stabilized, and most animals are found on the side of
Adsx nearest Eanagsa. Such high density of the Adak ses
otter population is made possidble by the adundance of food
developed prior to the odourrendce of otters there. This
food supply say be expected to decline rapidly as a result
of pressnt heavy utilisation, and consequently the sea otter
population also, perhaps at first by further eastward iami-
gration rether than by inoreased mortality as cccurs at
Amchitka Island,

The ses otter populations in the Fox Islands,
slong the Alaska Peninsuls, in the Xodisk Archipelago, and
in Prince William Sount may be regarded as nueleus popu~
lations. Although these regions are far from fully oooupled,
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populations in various centers of distribution thox?o are

relatively dense, Caloulations of densities based on both
10 fathom snd 50 fathom limits, hovwever, indicate that even
in populstion centers, densities are well below those of the

western Aleutians.

Eoxscast of Populatlon Irends

The rapld growth of ses otter populations has been
demonstrated by all cbservations and surveys, and it is now
pertinent to consider what additional growth of the popu-
lation 1s to be expected., Additional growth will depend pri~
marily on the prounﬁ status of local populations, but also
on reproductive rates, ths quality and quantity of the habl-
tat, and physical barriers to immigrstion. BSuch factors as
unintentional disturbance by man, posching, or futurs harvest
programs may be of locsl significance, but probably should
not affect genersl trends.

Ve cannot anticipate sontinued growth of sea otter
populations in those portions of the western Aleutians which
novw appear to have reached aboriginal densities, and perhaps
to have attained or even surpassed the normsl carrying cape-
oity of their habitat, Furthermore, the populations of the
Rat and Delarof Islands are 1solated from suitable areas for
expansion, and population pressures ocannot be relisved by
ismigration, Thus, 1f harvests donot. removYe surplus
animsls, we oan antiocipats a stabilisation or possible re-
gression of the population through decreased reproductive
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rates and inoreased mortality such as occurs st Amchitka
Island.

Sea otters were completely exterminated from The
Near Islands, the westernmost group in the Aleutisns. Nat~
urel repopulation of this ares 1s not expected becauss of
the vast deep water barrier (150 miles) which extends to the
Bat Islands. BSea otters vere also exterminated in the
Pribilof Islands, bBut seven animals wers reintrodused to
St. Paul in 1959. The fate of this treansplant should be
dotinitoly estadblished within a few years, but, even with
eptimun results, absolute increase cannot be large for
several decades. 7

Perhaps most of the Andresncf Islands may have
populations approsching aboriginal densities vwithin the next
decade. Tansgs, Xanaga, and Adak Islands already have -uch’
populations and no barriers exist which would signifiocantly
retard further expansion eastward. The phenomenal increase
of the Adak powhuon, from nmone to 2,300 - 3,500 animals
in less than 10 years {p. 52) as a result of ilmmigrstion
from Xansga, 1llustrates the abllity of large yopuntioha to
expand into unoccupled habitats. The magnitude and swifiness
of population recovery on Adak 1s presumed to have been
caused by failure of the temporsry barrier presented by Adsk
Straits, This barrier was effective only so long as food at
Kanaga was plentiful, but falled when food shortage oaused
extensive forsging by otters into deeper water,
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Eastward expansion of the Adak population will
probably be rapid, although more slowly than the immigration
wave from Kanaga to Adak. As sussuto:‘l' earlier, the abum-
dant food supply at Adak may perait the population to expand
beyond normal carrying capscity. Such & bulld up in popu~
lation oould only result in repid deteriorstion of the food
supply, which in turn would give impetus to the eastward
expansion of the population.

Our present estimates for populations at Atka,
Anlia, and Beguam Islands in the eastern indreancfs are not
sufficiently acocurate to predioct with certainty their con-
tribution to the population during the next decade. Even
for the most optimistic estimate, hoverver, it would be
necessary for large scale immigration to take pho; for maxl-
mum density to ocour within 10 years. BSuch immigration seems
possible, and the time lag, 1f any, should not greatly exoceed
s decade,

Expansion of sea otter pop;ahtionl in the Fox
Islands, along the Alasksa Peninsula, in the Xodiak Arohi-
pelago, and in Prince Willlam Sound will depend sntirely on
recrulteent from within each population. Hovever, growth of
populations in all of these areas should be more apparent
than that whioh occurred during the past decade because each
population is now suffiociently large to provide nrkod ab-
soluts growth in numbers, Kstimates for populations a

decads hence based on an annual inorease rate of 15 percent
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(p. 108) suggest numbers approaching 4,000 - 5,000 1n the
Fox Islands, 20,000 - 30,000 along the Alasks Peninsula,
4,000 ~ 8,000 in Kodlak Archipelago, and 4,000 - 6,000
in Prince William Sound. The various populations at these
sizes will not yet approach aboriginal densities, except
perbaps in local areas, and their total number will probably
qot be as large as the number of animals in Qxi;tence at the
time of the purchase of Alaska by the United States. Never-
theless, the conslderabls increase should result alsc in a
large expansion of occupied rmange, and the definition of
separate populations on the Alaska Peninsuls will probably
be such reduced. The population in the Barren Islands and
Shuyak Island may extend to Kodiak and those in Prince
Willise Sound to adjacent portions of the Kenal Peninsuls
or the Gulf of Alasks, Buch spreading of the population
already seems 0 bLs occurring at an acoelerated rate docpite
the fact the presently oecupiod habitat 1is not fully utilized,
Repopulation of the Alexander Archlipelago by ses
otters is unlikely in the near future, slthough sulitable
habitat extends without interruption to present population’
centers. The distance is too far and the population in
Prince Williamw Sound too small to perait frequent straying
into the southeastsrn area, and the chance establishment of
such strays would be reduced accidentally by hunters or fish-
ermen unable to distinguish sea otters froz harbor seals,

the latter of which, are persecuted as a nuisance speclses.
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Harvest Potegtial
Existing information on the dbiology and numbers

of sea otters 1s sufficiently complete to permit harvests
in most portions of the sea otter's range without harm to
the population. However, logistical and economic problems
resulting from the location and denaity of sea otter popu~
latione, the still unknown demands or requirements of the
fur trade, the requirsasnts for repopulation of unoccupled
hablitats, and esthetic considerations may to & large extent
dictate the location and charmcter of future harvests.

In the Rat, Delarof, sand western Andreanof Islands,
the present population {(using minisum population estimates)
sould px'o&bly support a total annual harvest of at least
2,000 animals without regard to sex or sge of those animals
taken., The number taken could exceed this level if harvests
vere selsctive for the polygynous males. The evidence for
overpopulation at Amchitka indicates that extensive harvest-
ing would be beneficial to the population there. Population
estimates alsoc indicate that harvests should be conducted
on othor’ uhmu in the Rat group, in the Delarofs, and at
Tanaga and Kanaga in the Andreanof Islands if increased
mortality retes and decreased reproductive rates such as
oocur at Amchitka are to be prevented, At Adak [sland, the
population would also permit large scale harvesting, but
because ses otters from Adak may contrubute ﬁgnifioant.ly
to further repopulation of the Andreanofs, harvests should
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perhaps at the present time be seleotive for males. If so,
an annual take of 200 to 250 animals should not prove ex-~
cessive., It 1s also possible that harsssment of sea otters
“uud by & harvest program at Adak would acoelerate the
expansion of this population to the ogatvard.

Unocoupied habitat is extensive in areas adjacent
t0 all sea otter populsations from the sastern Andresnof
Islands to Prinoe Willlam Bound. These populations should
therefore be persitted to expand as rapidly as possible.
Initial snnusl harvests of 200 to 300 males (10 percent of
ths minimum estimate of males) oould probably bs supported
by the Alaska Peninsuls populations without materially
reducing their rate of sxpansion into unoccuplied habitat,
and as wvas suggested for Adak, harvest programs may acoele-
rate immigration from present population centers. Although
the populations in the Kodisk Archipelago and in Prince
Willism found could sustain a limited harvest of xales,
their relatively small size and considersble sesthetlo at-
trection for adjacent human communities suggests the nesd

for oontinued protestion.
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One hundred and seventy years of exploitation
externinated the sea otter in most of its original renge,
but seall groups survived in widely scattered areas. In the
sggregate these survivors may have numbered between 200 and
%00 individuals. Since 1911, when protection was extended
%0 sea otters, they appear 1o have increased at a rate which
may be near their maxisum capacity for recrultment, and the
population nov numbers approximately 40,000 anisals.

' The largest populations are found in the Rat,
Delarof, and Andreancf Island groups of the western uou-.
tians, But smaller populations also occur in the Fox Islands,
along the Alaska Peninsula, in the Kodlak Archipelago, and
u.hlncc ¥illiam Sound.

We oan expect s rapid expsansion in numbdbers from
the Andresnof Islands eastward, V¥West of the Andreanof
Islends the habitat is limited and the population may al-
ready be near the carrying capacity. Here, ses otters are
perhaps as sbundant as they vere before exploitatiom by the
Russians, On Amohitks Island the evidence indicates that a
high population has resultsd in increased mortality and a
lowersd reproductive rate,
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Both historical and present dlstribution peatterns
appsar to indioate that the primary factor in the sea otter's
babitat 1s the amount of shallow water avallable in whieh
they can obtain food., Beds of kelp are ussd extensively dy
seA Otters ss rnuna';nd foraging aress, tut the coexlat-
ence Of kelp and sea otters may be at least partially occoin-
eidental, both baving similar depth requirssents. ‘

Sea urchins, mussels or other sollusks, orabs and
fish appear to be most lmportant as food 1tems in the order
naned for the Aleutlian area, but may vary in othir babitats.
The relstive importance of partiocular food items may also
vary with the individual ses otter's age.

Daily ccti.vity patterns of ssa otters involve
mOvements betwveen resting and nearby foreging arees, or, as
oocoasion demands, 10 areas sheltered from storms. Seasonal
aovenents are believed to exist Dut are pot vell understood.
Btraying of individuals or migration of groups to new habi-
tats seems uncommon, bdut movements of this nature may be
acoelerated by orowding and .ubuquontk deterioration of oo~
oupled habitat,

The percentage of pups in the total population
indioates s potential reproductive rate in excess of 20 per
sent, However, the rate of inorease under optimum oondi-
tions appears to be between 10 and 15 percent. Ses otters
bave few enemlies and mortslity is norsally low; but under
erowded conditlons, such as cocurs st Amchitka Ieland,
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loversd resistance as a result of food shortage, winter
storms, and parasitisa oontridbute to ocumulative stress which
results in many deaths vith typical symptoms of shock. The
same faotors appesar to have resulted in & lowered repro-
duotive rete.

Sea otters are nov sufficlently numerous to warrsnt
sanual harvesting, Harveats may be essential to the con-
tinued welfare of populations in the western Aleutians.
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CENSUS TECHEIQUES AND LIMITATIONS

The population estimates provided in the foregoing
ssctions are belleved to be minimal, and it is the impres-
sion of the author that actual boimlntions Ares near to or
may even exceed the upper limits as given, However, the
various census results can as yet be only poorly evaluated
for their relative accurecy, and thus the conservative ap-
prosch seemed desirudle. | ‘

Replicate counts indicate that census figures,
except perhaps under optimum conditions of weather, water
surface, and animal distribution, are far below the actual
population. KXenyon and Spencer (1960) belleved that they
oounted no more than 50 to 75 percent of the otters present
on thelr 1959 aerisl survey of the Aleutlian Islands, Even
this lov proportion ssems an optimistic figure.

Censuses considered in the present study include
counts made from the thonlino with binooulars and ulolcopo.
from bosts, snd from airoreft. Except for special condi-
tions or where comparative data are necessary, alr surveys
are the only means of covering the extensive areas in which
see Ootters are found. |

Shoreline surveys have been conduoted only on
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Amchitka Island vhere it was desirsble to obtain information
on sex and age distribution of the population, reproduction,
bebavior, and movements, Boat surveys have been esmployed at
Amohitka, Kanaga, and Adak Islands, in part of the Sandman
Reeofs, and in the Kodiak Archipelago., 4ll populations have
been included in air surveys.

The relative advantages and disadvantiages of var-
ious survey methods and the ocnduct of surveys were dis-
sussed by Xenyon and Spencer {1960) and Lensink (1956, 1958)
and will, therefore, not be consldered at length here. How~-
ever, the relative acscuracy of rnﬁoun surveys, particularly
alr surveys, is considered in detall delow,

The results of replicate surveys for various pop~
ulations are provided in Table 10, the characteristics of
various survey airoraft in Table 1ll, and an evaluation of
weather oonditions in Table 12. The results indioate
slearly that the conc:.doubio variabdility in census figures
may be attributed to both type of alroraft used on surveys
and to weather conditions. Replicstion of surveys, although
pot suffiolent to fully evaluate Aifférences arising from ‘
these two factors, do suggest th.o magnitude of error that
may be anticipated, Thus, in the Kayak Island -~ Prince
¥illlam Sound arsa, when weather conditions rated good to
optimum, the mean count for surveys from the Cessns 180 was
317 and from the Widgeon only 193, 4lso for all types of
sirceraft used in the Kayak area, counts for conditions ‘


http:ant.lo1pat.e4
http:at.t.r1but.e4
http:alroN.tt

145

sl Jd90T0 pUW
nono omO® :JT8] ~ J00d 0gT wussep 09/22/9
z2t Apnoto puw
wIvo LT380E :3USTTEOXA TUOSSPIA UWENNLID om\am ]
L6 J9eT0 Anq WIWO f OO uoeRpia uvEwnIp Y44
\«4¢a J9eT0 Ang wWiwo { poop 0gT wunse) m\¢
¢91 Lpnote puw miwo rwnmisde 0g1 wussep \oa\n
pusTsy xviwy
86¢ £onoto pue
wiwe LI480W :qUeTTIOXE J009g am ee/L
166 unouxuf quogedng \em\d
162 usouYus qnodedng - 1S/L/9
\ﬂmma J9OT0 Inq WIBO ! POOH Lesxns ywog hm\c 9 -1 o
PURIST Xv
oLz ueTTeOXY € ba es8nog 65/61/%
vie §) WeTTeOXe UAOUNU[) TOeIPIA UWEENLD 6y/02/8
ozl {) juerreoxe iumouxup 2IWIOITE SOUISTINUOOOI TWAWY n¢ ¥2/9
I8 Wy
095! 1 JueTTe0XX € 0@ seiSnog 65/61/%
\asno S mutgido sdooseTey puv
, 0} X7y “oanuwanb sawnoouyq * Lesans sujlesoyy 95/52/8 - 1/8
26'¢ muyido
\am 04 ITWZ :STQEIITA sasnoouyq * Leasns supiedoug 9S/L/L = O1/S
lgo't 1) juetTesxe :uaouxup .UOSTPIA UPEWNID 6v/8
oZy'c ATOTTIOXS MAOUNUN FIWOITS SOUBSSTYUUOOOI TWAWH Lv/v2/9
PURISI W3IHONY
sunoy suolsTYROeD Leasng suswdIndy Joy30 20 3IeA0IlY o

*OUOTIVIMOZ X0330 WOR SNOTLVA JO sdeaang eyvetrdey

*0T sTAv:



146

.ezoroo q0u sexw X0 Lwp ewmws ey Jo (y6) san@iz suorswaresqo jwoq £q pezoeason \ﬂ
, PAI0A00 30U WeJW X103 (y6) eanSy} Leaxns xv Bulraesut £q psyosaaod \n.

: CUNATUORY JO JTWH UXe1swe euys J03 (L{eatroedsex
-aooaoqo.owm.«g-com.ﬁ3-58d!.uocnovo.dn-noa»naon!uuuoo&-zaouu\MIJ.-

196 J90T0 4nq WYIWO 1900 UOSTFPIA Twwmnp 0s/et/y - 6/%
[r Lpnots puv wIwo twnmyado 09T wussep \«\m\m\o /
punog WeIIIIA eouldg

amop suotyIpuop Leamg suemdInby J0YL0 40 3JWI0ITY *%eq

*(*anoe) SUOTAVINGOZ X030 9Og SNOTIRL JO sAesing e3weiTdey *OT elqeg



147

"EPOIW OLOMAX
Ul eFeiuvADE UW BuUNI FUCT *HJI0AISNQO OAY
J03 £11TTIQTNTA DOOH ‘PO 3 IWIOIT® JSY30
uvq] ¢TANIeANSUYR 86T puw pesds JeydiH

*33WI0ITY SuUISue 8TVULS

avyY3 $1UPIIS Jeqen uedo pOPULXe JOJ Jejwe
WONN  *ATNCTIITD #dnog@ edawy jo Purxoeye
=01 DY PUY 10330 U IYPIIAI 09 patweddy
esTou eutPuy °LATUO JeAINEQO SUO 20 DPOOT
pesyw L3711Q18TA {eTawisansuwm L1013 WIepOy

*I0AINNQO
STIUT ¥ JOJ ST UIOQ 03 JNUSTTIOX® INQ
Jood peeuw £31TIQTeTA !etawieansuwm LTYStH

‘20AI08Q0 40
querIsoxe L3T1TTAITA {eTawIeansums L1udTh

ot

551001

06-98

‘qdm 56-69

wA0T9,

£ 00 sviinog

WOMSPIA uUwWENLID

qunoaedng

J0094 pUS 0T wussep

(suiRue eTIuye)
SOUTISTIUNOGOY TVANE

SRIvEy

peedg Leaang

IIWIOITY JO edLy

*a3e102ty Leaang 3o .oaﬂ,.d.n.ﬂO’ué *IT etuv:



148

Table 12, ZEvaluation of Survey Condition Ratings.

Rating

Description

Optimum
Excellent

Good

Fair to Poor

Seas calm and onfca;t sky,

Seas oalm or calm in oritical areas,
sky mostly overcast.

Seas calm but skies clear ocsusing
reflection from water,

Seas small to large; skies overcast
or olear, Any marked disturbance of
water’s surface other than smooth
swells seriously reduces ocounts to
belov a tolerable level,
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oonsidered excellent to optimum aversged 142 and for
eonditions reted as good only 120. Ths combined error
{eounts from Cessns 150 with optimum conﬁlﬂom. and from
Widgeon with good oondiuonq) is indlcated by & count of
163 versus 97 in EKaysk ares and 541 versus 361 1in Prince
¥illias Sound or A0 'and 33 peroent respectively.

Survey results from other areas cannot be com-
pared directly to Prince ¥William Sound data bscause of
variation in the physioal n‘turo of the habitat, type of
aireraft used, and time of surveys. Although the three
Amohitka Island aerial surveys listed in Tadble 10 extend
ever & period of 16 years, the variation in counts from
differsnt siroraft corresponds to that described for Prince
William Sound. The 1943 air survey with the Naval recon-
saissance alroraft produced the highest ocount of the sur-
veys., Both the pllot, G, T. Joynt, and observer, Frank L.
Beals, vers sccustomed to observing ses otter, and had ocon-
duoted preliminary flights to become familiar with distri-
bution patterns and survey techniques. The survey with a
Grumman ¥Vidgeon in 1949 was conducted with less care and
sxpsrience by pilot and observers. The nong;ss DC 3 survey
" 1in 1959 benefited from highly skilled pilots {(Theron Bmith
and Jim Tilford) and observers {(Xarl W, Kenyon and David L,
Spencer) but, I bellieve, was hindor.d by the large siroraft.
Estinates based on the 1943 flight sre nearly i1denticsl
with estinates of the sboriginal population and the
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extrapolation of my 1956 shoreline survey. I believe the
shorseline sount to be quite procise for the surveyed area;
and the extrapolation of this count to all of Amchitks
should not bs much in error, because spot cheoks were made
in areas I 414 not survey to determine the relative adun-
dance of otter there (Lensink, 1956). Althbush mortality
of sea otters on Amchitka 1s unusually high, and the re-
productive rete appears to be lower than in less crowded
areas, thers is no evidence for so drastic a roduouonhln
the yopqhuoa as sussut_od by the 1959 air survey. The
evidence from other areas of poorer results with the
Grumman ¥idgeon (although much smaller, slower and more
maneuverable than the DO 3) than the Cessua 180, or with

" survey conditions deviating even slightly from optimum,
suggests that ths 1959 estimates ars conslderabdly lowsr
than the sotusl population. ‘

A yeview of the factors that may affeoct the
results of sea otter surveys include: 1Iype of sircraft.
Oounts may be reduced as much as 30 to 40 percent when
larger alrcreft are used. Yeather conditions. BEven slight
deviations from optimum (smooth water and overcast sky) may
reduce counts by as much as 15 to 20 percent. Any roughness
of the water should be sonsidered an intolersble asurvey
oondition, Qbservers. Observers vary in expsrience and
patural ability, and thus may differ in the proportion of

the population they count. DRistribution of animals.


http:al11$ht.l7
http:4raat.1o
http:proo4uot.1n

51

KXenyon and Bpencer {1960) assumed that most aniusls are
found within one mile of shore or offshore reefs. Such
distribution cannot be relled upon, and on WADY SUrveys &
large number of animals, frequently the msjority, have been
found some distance from land, Animals found offshore tend
0 oecur in compact groups which are easlly missed on rou-
tine surveys. The mmber of animals in offshore waters will
vary with the physical features of the habitat, particularly
the width of the shallow zone surrounding the shore. B.nzg
of visicn. The range of scourate obssrvation is probably
moTe lisited than usually assumed, particularly when kelp,
debris, birds or other sarine animals are present to ob-
soure outlines, or take up too much of ths observer's time
or attention. Animals at the margins of the fleld of vilew
or near the shoreline are most likely to de missed. [allure
3o _cobserys pups. Pups ean rnéoly be ocounted on aerisl sur-
veys, particularly vhen many animals are present in a small
arez, Pups may form 10-20 percent ¢f the population,
Yoraging otters. Xenyon and Spencer (1960) assumed that
roughly 25 percent of animals in the flight path will be
sudbmerged and hence will de miassed durins surveys.

In viev of the many factors which may act to de~
srease counts, I delleve it is optimistic to assume that
more than half of the animals present have been counted,
Eowever, for the present objectives of mansgement we favor

the more conservative estimates (oounts equal half to
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three quarters of the population) as given in this thesis
or by Kenyon and Spencer {1960). Even if these estimates
are lov, they do not seriously affect the evaluation of
population sistus,
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S8EX AND AGE DETERMINATION

The sex and age distribution of sea otter
populations is not geographically random. Although it was
possible under fleld conditions to 1dentify the sex and age
of & sufficient number of individuals to provide a general
underatanding of the sex and age segregation that occurs,
these observations did not provide the precise lnrpruaﬁlon
on sex and sge composition sssentisl for evalustion of re-
production, mortality, and other faots of blology. Field
identifications of sex may be made on the basis of various
anatomicsl or morphological features and behavior (Table 13).
These features, however, are satisfactory only for optimum
oonditions of observation, and many animals could not be
classified, Fregquently this unclassified segment amounted
t0 & large majority of the animals observed.

Approximately 400 skulls of sea otters were found
on Amchitks shores between 1949‘and 1956, The sex of about
half of these skulls could be identified with certainty
from resmsins of animals from which they came. However,
becauss the sex ratio of animals for which sex could be
identified was biased toward males, it was necessary
to find a means of dstermining sex ahd age from the skulls.
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Although in sea ottere there is marked difference
in sise between the sexes, and rapld growth continues to at
least three ysars, polymodal distributions do not clearly
ahov sex or age differences except for size variation sepe-
rating adult males and femsles. The lack of 4dlstinot modes
results from the fact that births may occur throughout the
yoar, and diastinct age olasses as exist for most other
species are lacking. As known-age spdciuons were not avail-
sble, only broad age groups have been assigned: 1. pups,
or those young vhich on the basis of fleld observations are
dependent on the adult female; 2. sub-adults, which no
Jonger need parental care but are not capable of repro~ -
duotion; and 3. adults, or sexually mature individuals.

In sddition, pup and sub-adult 5mups'h"o been divided into
Classes I to IX on the basis of skeletal and dental devel-
opment to desonstrate size variation between the sexes and
to faocilitate determination of sex. The provisional age
elasses as desoridbed inm Table 14, thu;. serve also as a des-
eription of development. The estimate for the Lntirnl
oovered by each age class is based on intuitive reasoning
from fisld obumuémv and thus may be subjsct to error.

The dDest oriterion of sex was found to be the
messurement of the upper canine's greatest width for which
there was no overlap in a total of 60 Age Class VI or older
speoimens of known sex {(Table 15). As in the osse of other

Beasuresents, the sex differences wers most apperent for
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adults, Animals younger than Class VI do not have suffi-
clently well developed canines to persit accurate identi-
fiecation of sex. My results generslly confirm Scheffer (1951).

Neasurements of canine width taken at the gumline
instead of at the widest polint provide s satisfaotory sex
eriterion for adults and older sub-adults, but in animals of
Class ¥YII or younku-, eruption of ocanines may not be com-
pleted and the resulting overlap of canine measuresents is
ocomsideradble (Table 16). '

Frequenoy distridutions for messursments of
sondylobasal length, sygosatic breadth, mastold breadth,
palatine length, rostral breadth, and skull weight are given
An Tables 17 to 22. Thess distributions olearly indiocate
the smaller size of the female for all ages, but measure-
sents of males and females overlap too greatly to sssign sex
sategories. Adult males can be seasily distinguished from
imsature msles by the size of their baocula (Tsdle 23), but
anong immature animals overlap of basula weights between age
slasses precludes their use as an age oriterion.

Despite 6nrhpp1n5 of all measurements the re~
poated sxaminstion of imdividuals of known sex indlcsted that
sax eculd nearly always be assigned for animals of all ages
with complets oconfidence. Overlapping of measurements was
saused by the complets range of possidble ages within a class
interval, Thus, 1f age classes are disregarded and sizes
are sompared with known sex skulls of identical development,
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females are almost invariably smaller. The differences are
usually sufficiently great that a group of indiriduals can
be quiokly identified by sex without resorting to measure-
ments.

Neasurements for all Amchitka specimens are pro-
vided in Table 24, An explanstion of measurements and thelr
abbreviations follows. BHNumbers are Aleutian Island Natlonal
W1ldlife Refuge (AIVR) nuebers glving annual accession nua-
ber and last two digits for year of collection. Sex, male
{X) and female (F) when enclosed in parenthesis wers deter-
mined from messurements and are not definitely known. Ages
are given as pup (P?), sub-adult (8), snd adult {A) with ages
for pups and sub-sdults further subdivided classes indi-
eated by Roman numerals which are explained elsevhere in the
text. Localitles are all on Amchitka Island and include:
Kirilof Bay (KB), Crown Rsefer (CR), St. Makarius Bay (SB),
Kirilofr Point (XP), Ivakin Point (IP), the west side of
St. Makarius Polnt (SMW), the east side of Bt. Makarius
Foint (8ME), Rifle Range Polnt (RRP), East Cape (EC), eaet
of Ivakin (E of IP), and Constantine Harbor (CE). MNannsr
of death 1s indloated as natural mortality (¥), ococurring
while dpt:l.n {(C), or shooting (8). ¥Natural deaths when
known to have ocourred one or more years previous to the
time collections werse made are indicated by "oE", Body
measurements include total lsngth in centimeters (TL),
welght of healthy animals in pounds (W1l), and welght of
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soribund animsals or animals found dead (¥W2). Skull meas-
uresents include welight in grams (SW), condylobasal length
(CBL), zygomatio breadth (ZB), rostral breadth at a position
immedistely above the alveolus of the canines (RB), inter-
orbital breadth {IOB), postorbital constrlc;tion {roc),
mastold dreadth (MB), pslatine length (PL), greatest width
of upper canine obtalnmadle without extraction (UCl), and
Sreatest width of extrasted canine (UC2). All length and
breadth msasurements of skull features are in millimeters.
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tlbio 14, Age Classification of Sea Ottors~L/.

" Age Clase

Probable Age

Skull and Dental Characteriatics

2up¢2f

I

It

111

Newborn

t month

2« 3 mo,

Dental formula: I 3/3, ¢ 1/1,

PM 1/2 = 22; all deciducus. In
the upper jaw I 1t and I 2, and

on the lower jaw I 1| are weak

snd probadbly non-functional, ¢ 1/1
are only partially expossd.
Cranium inflated and protruding
over the zygomatic process of the
squamosal , the mastold process and
the oocipltal condyles. Post-
orbital processes distinet, Faclal
region short and jaws extremely
swollen,

Dental formula: I 3/3, ¢ 1/1,
M 2/3 = 26, All teeth on
lower jaw are deciduous but on
the upper javwse pl 1 and oocoa~
sionally pl 2 have erupted,
Crenium becoming triangular an~
teriorly, lengthening the faclal
region. Postorbital proceases
distinoct, but breadth st post-
orbital constriction mush greater
than the intrsorbital bresdth.
Jaws still appear swollen.

Dental formula: I 3/3, ¢ 1/1,

PM 3/3 =28, I t-3 and PM | are
permanent teeth although 4PM 1
may persist anterlorly to pFM 1
in & separate alveolus. The
deoiduous canine on the upper

Jav may be loose in 1ts alveolue
due to the grovwth and near
eruption of the perwanent oca-
nine, Faclal regilon much length~-
ened, and the postorbital proow~
esses are pronounced, The breadth
at the postorbital constriction
is now approximately equal the
intraorbital breadth, and the
swelling of the upper jaw no
longer constriots the sye sockets,
Nastold processes are easily
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Table 14, Age Classification of Sea QOtters (cont.).

Age Class Probable Age

Skull and Dental Characteristiocs

w

v

Sudb=adults
A § ¢

iz

5'8”0

9 « 15 no

16 - 24 po,

visible when the skull is vieved
froms above, thus sccentuating the
triangular appearance of the
eranius., Bones may be taking on
& purple coloration from a dye
injested with sea urchina,

Dental formula: I 3/3, C 1/1,

PM 3/3 = 28, Permanent ocanines
srupting and milk csanines have
ususlly besn lost., MNilk pre-
ROlars say have amall cavities

on erests. All (Amchitka)

skulle with definite purple
soloration. Mandibles at location
of molars stlll swollen.

Dental formuls: I 3/3, C 1/1,
P 3/3, M 1/2 = 34, Holars
erupting snd persanent canines
nearly to their final position,
Nilk presolsrs (2, 3) may have
deep cavities. Lover jJaws
depressed and still appearing
swollen.

Dental formula as in Age Class V,
Permanent canines appear fully
erupted in most specimens and

the molars have reached the ap-
proximate level of the milk pre-
molars, On skulls with flesh
renoved, the milk premolars appear

- as oaps on the erupting permanent

premolars. Breadth at the post~
orbital constriction visibly less
than the intrsorbital breadth on
all specimens. Exoccipital-basi-
ocelpital suture usually fused,
but still evident.

Dental formuls: I 3/3, ¢ 1/1,
PX 3/3, X 1/2 = 34, All Persa-
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Table 14. Age Classification of Sea Ottora_(cont.).

Age Class Probable Age Skull and Dentsl Characteristics

nent teeth in place, Insertion
of temporsl muscles on parietal
about 1/4 inoh from segittal
plane, Kvidence of excocipltal-
basioocipital suture nearly
obliterated,

VIII 25 - 34 mao. . Insertion of temporal muscles on
parietal bones has advanced to
the sagittal plane, Lanbdoidal
orest forming., A slight ridge is
forming on maxilla Just above
alveolus of canines.

IX 33 - 36 mo., Sagittal orest forming between

: temporeal muscles. Lambdoidal
orest prominent. Baslocoipital-
basisphencid suture fusing.

Adults 3 ymrsor Sagittal and lambdoidal crests
older, prominent. the latter extending

to the mastold process. Basi-
oceclpital-basisphenoid suture
fused, Surface of skull smooth
and glossy. In older animals
testh may have become extremely
worn and pitted from abrasion
and cavities. KExostoses common
on maxilla and premaxilla above
alveoll of inclsors and canines.
Purple color of dones may decrsase
with advance in age.

Ages listed are estimates which may be quite imprecise,

AN

Animals listed as pups are those believed to be still
at least partially dependent on their mother. Sub-adults
include all other sexually immature animsls. ’
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Table 15. Frequency Distribution of the Maximum Widths
of Upper Canines,

Frequency by Sax and Age Clat.l/
Sub-adu1te?’ Adults Total
F x ¥ | { 4 x

S 6 8 5 06
nNO
[
o v s e s e e

. & 8 8

+

PPIRR PP PRT
D~ VA =8 O =J U =0 \D =T =

LI I A Y

L)

9.0+, 1

-t IO D OO D)
UU”U‘?-’OO‘O-‘N

IR e
+

)

L. d
o
.
i
[ ]
-3
- N -Pfg'\”@ > -
-'M-JNO«-guh!\)b-n

u-*‘gu‘»

TOTAL 10 23 10 17 20 40

§ 74 Nean frequencies are indloated by an ssterisk (#) for
males and & plus (+) for females,

2/ 1Includes only animals in Class VI or older,
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Table 16, Frequency Distribution of Widths of the Upper
Canines at the Gumline,

Frequency by Sex and Age cla.ar'-/
Sub-aduite?’ Adults Total
., r | r x F |

|
L4
n
1
*

W
-O-‘-N:OI’ON
[ S WEY S YT
+
-‘”NN:U"VN

[« ]
.
.
-
l\)-‘&”g\.ﬂbl\)
\T R 4 blgb\h&'v

1
ad
3

TOTAL 10 24 10 6 20 30

1/ Mean frequencies are indicated by an asterisk (#) for
msles and s plus {+) for females,

2/ 1acludes only animals in Class VI or older.
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Table 17. Frequency Distribution of Condylobasal Lengths,

Frequency by Sex and Age 01aaaL/
v vI vI1l VIII - IX Adults
F M 4 X r M F |

:
b |
=

-k
[+
o
NP OOD =
-yttt Ot ) e
\J-‘OOfO-‘OO-—

u—coﬂlga»uo---
-‘O”ONOM:O*U‘"

“UO-‘M&?\I”H«?O-‘
L]
+
[ ]

QOGN - s Gl O
+

s s AN PONOOO -l

v
-3
*O\N\‘l OO Ot s s
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Table 17. l:requot)xcy Distribution of Condylobasal Lengths
cont.).

Frequency by Sex and Age Glass

v vI VI ¥IIT - IX Adults

., P u F x F M r j 4 | 4 ) |
&2 3
143 )

10 7 10 25 18 45 'y 2 2T 41

1}/ Mean fresquencies are indicated by an asterisk (*) for
males and a plus (+) for females.
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Tadle 18, PFPrequency Distributlon of Zygomatlc Breadths,

Prequency by Sex and Age ciaasl/
v vI vIx VIIl - IX Adult

P X F X F X F X

B
L ]
=

4
v >
uu»:-oog
a3 NOOO - -
N
+*
emu:-«mo-
-“O-‘GU\:&N
MU‘UQO,\\JH\)O-“
- QL D
-t ) o ATY 0O

L]
-3
u»u&?-»buw

Lo
Qo
AN
- N i e@\d\l\ﬂ-‘

9 10 T 26 16 32 3 16 28 A2

)/ Mean frequencies are indicated by an asterisk {®*) for
males and a plus (+) for femsles.
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Table 19.  Frequency Distribution ¢f Mastold Breadths,

Frequency by Sex and Age Clssal/
v vI vII VIII - IX Adults
=m. r X F X F X . F X F X

=
-.u?“m-

"“""’2"‘\’
T Y oY » R RTIrY
»
-‘MOUI‘NN\#-‘-‘
M-'O-.OXNO‘PU
il S L bl

n»»-nn:gn-mc-¢
“OUBUE =Dy =0~

EEEERBAE:

100
101
102
103
104
105+

N = ROVNN O.\&&\.I”OO-‘

11 10 6 29 - 16 36 3 22 27T 39

)/ Nean frequensies are indicated by an asterisk (') for
sales and a plus (e) for feamales.
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Table 20. TFrequency Distribution of Palatine Lengths,

Frequency by Sex and Age G].aaalj

Adult

3
mw»oo-
- OO - N
+

2
»O»O\‘ﬂom
uuugx&&-‘m

4

L s Y.V IN ]
[

WINWNOO RO

-
-a-:uruowm

VOU\‘U‘ L

-

WINOO -

-
*

15 18 t2 28

A0 A8

3}/ MNean frequencies are indicated by an asterisk (#) for

sales and & plus (+) for females.
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Table 21, Prequency Distribution of Rostral Broadt.hs-‘-/.’

Frequency bty Sex snd Age ch-sz/
v I vix VYIII - IX Adult
s, r W F X r x r x ¥y X

9 ¥
. .
? Y
» |-} >0
L F N A R Y
*'b
—ONM-;NNO-I
P we ) =
oy \* ]
—ouu&g-«u-o—
—o-*a:»u-‘u‘
du-d\gna-m
‘OO?O“
v
»»h»-—\:rmuo-—-—w

S
L ]
W
1
.
]
WO FADer ) =ttt O

[]

10 11 9 27 17T B 3 14 21 3

1/ HNMeasurements were taken about 3 mm., above the alveolus
of ihe canines

Nean frequencies sre indicated by an asterisk (#) for
males and a plus (+) for females,
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Table 22. PFrequency Distribution of Skull Weights,

hummqby&xumupcuuy
v A2 Vil YIlI - IX Adult

Grans r X 4 X r x r x r X

-t
§
o o
»> »
o ANN) = O - -
*
L R SRR » P, P
n*.‘m

bl T
-,
- P3N 00 O
. -OOOQON
“N=NINO=
PR =AANNO =

*

n -t
- @
? n
[
2 @
—
» O
-
- PP N AN R AN s

9 6 7 23 19 3 3 16 22 36

1/ Mean frequencies sre iadicstod'by an asterisk (#) for
males and by & plue (+) for females.
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Table 23. Frequency Distribution of Bacula Welgnts.

Grans v v Vi VI VIII-IX Adult

-3\
-

O ©=3 W Pl O =
-
(]

10

N
e
-t OAPN PR =\ s O -

-
-
(]
n
LM
W
-l
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Table 24, Measurements of Ses Otters from Amohitka Island, 1953 . 1956,

Nuaber Sex Age Date Locality Death ﬁ’ “’:::“‘“‘éﬁ sW CEL 2B anm%n"“;g? “ngg PL  UC-1 UC-2 3‘.‘22%:.
1-53 8vI 1/30/53 KB ¢ 25 - 105 110 120 89 38.7 38 34 8% 58 - - 2.9
2-53 A 1/31/53 CR c - - - - - - - - - - - - - -
3-53 A 1/53 CR X - - - 172 134 102 Al1.0 4 32 91 62 = - 20.8
4-53 {x) A 1/53 ¢R X - - - 170 - 137 100 - 4 30 92 65 = - -
5-53 x A 2/1/53  cR ¢ - 70 - - - R L - -- -
6-53 X A 2/4/53 CR c 76 - 143 214 139 1107 - 4 3 112 68 - - 26.3
7-53 (r) A 2/53 SXB | - - - 145 13 98 - 31 26 92 60 - - -
8-53 A 2/27/53 P o - - - - - - - - - - - - - 25.3
9-53 A 3/3/53 KB c - 52 137 181 134 105 42.8 A 31 95 64 = - -

10-53 F A 3/3/53 B ) - 38 129 - 129 99 - ¥ 331 9 63 - - -

11-53 ¥ PV 3/3/53 B ¢ - - - 86 107 79 »T 33 332 15 S - - -

12~53 (®) PV 3/53 KP X - - - - - 81 38.0 3 33 m - - - -

13-53 (r) 8 VII 3/53 xB i - - - 13 117 8 A5 36 82 56 -~ - -

14-53 () A ; 3/53 CR ol - - - - 132 100 - 4 32 9% 62 - - -

15-53 X BVIII  3/53 . x - - - W9 127 92 B8 39 33 88 62 - - 6.1

16-53 (r) A 3/53 8uB x - - - 153 132 97 - 0 27 9% 6 1.2 - -

17-53 (¥) 8 VI 3/53 SMB x - - - 02 116 8 375 35 32 8 5 - - -

18-53 F 5Vl 3/53 8KB X - . 104 - 116 8% 3.0 37 34 B 5 6,9 - -

19-53 K A 353  cR x - A9 10 - - - - N - 26.5

20-53 X 8 VI 3/53 CR X - 21 99 108 112 8 363 34 3 8 55 - - 2.5

21-53 () 8 VIII 3753 CR X ‘- - - 147 125 91 A&2.2 35 33 8 61 - - -

22-53 L A 3/53 CR ¥ - A 137 197 137 106 A3.3 A3 32 112 67 - - 19.8

X - 23 105 135 120 92 ».8 4 35 9 59 - - 3.7

23-33 X s viI 3/53 RRP
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fable 24. Measurements of Sea Otters from Amchitka Island, 1953 . 1956 (eont.).
"Body Messurements - . . Bkull Measurements Bacula
Nusber Sex Age Date Locallty Death W-1 ¥-2 0 S¥ CBL B RB  I0B POC B PL. UG-l UC-2 Weights
24-53 X PV 3/53 RRP ] - 15 91 92 110 79 36.1 32 31 719 53 - - 1.7
25-53 X 8 3/53 BRP X - 20 98 - - - - - - - - - - -
26-53 X 8 VII 3/53 RRP | - 27 106 185 - 93 - 3 3% 88 - - - 4.9
27-53 r 8 VII 3/53 RRP ¥ - 21 100 116 118 86 3.0 31 30 8 59 - - -
28-53 X s 3/53 RRP | - 21 100 - = - - - - - - - - -
29-53 X 8 vII V53 RRP | - 23 103 132 16 %0 39.1 38 35 88 55 - - -
30-53 r A 3/53 RRP | - - 130 - 1% 97 -~ 3 25 93 & - - -
31-53 | - 3/53 RRP | - - - - - - - - - - - - - -
32-53 (r) A 353 ERP x - - - 149 129 .99 40.6 38 25 92 60 - - -
33-53 (r A /53 RRP . - - - 150 126 102 37.0 4 27 9 59 - = -
34-53 N 8 VI 3/53 i | - 20 96 15 115 8 38,2 33 32 8 55 8.7 - 2.5
35-53 X sviir  3/53 S ] - 3 1 0156 126 94 - 39 33 92 - - - 6.2
3%-53  (F) 8 3/53 s x - - - - - - - - e e e e - -
37-53 X 8 VII 3/53 o || - - - 1% 122 - - 3 34 87 57 - - 4.1
38-53 8 VI 3/53 an X - - - 10 14 8 370 38 33 T - - - 2.7
39-53 ? A 3/53 anl ¥ - 3% 128 - 133 97 - % 23 8 61 - - -
40-53 (F) 8 ¥53 s ¥ - - - - - - = - e e e e - -
M1-53 L A 3/53 EC L - 57 182 188 142 107 - M 27 99 66 - - 24.6
42-53 X s vII 3/53 EC | - 25 105 140 125 92 - 0 33 8 6 - - -
43-53 X s 3/53 EC | - - 103 - - - - - - e e . - -
A4-53 (F) 8 Vil 3/53 B | - - - - 120 90 36,0 37 35 84 55 - - -
45-53 X 8 VII 3/53 EC ¥ - - - 132 121 8 37.8 3 35 8+ 57 - - A2
46-53 r PV 3/53 e | - 15 92 91 111 80 344 33 32 T5 51 = - -
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Table 24, MKeapurements of Ses Otters fros Amchitks Island, 1953 -~ 1956 (cont.).

; ’ Body Neasurements Skull Measurements Bacula
Humber Sex Age Date Locality Death Wl W2 TL -4 CEL ZB RB I0B POC XB PL uc-1 UC~2 Welghts
A7-53 X 8 3/53 1P  § - - 100 - - - - - - - - - - 2.8

48-53 (P) A 3/53 P ] - - - 146 128 97 38.0 3% 30 91 59 - - -
49-53 - - 3/53 E of IP L] - - - - - - - - - - - - - -
50-53 (») A 3/53 E of IP | - - - 164 132 101 41,5 40 - 27 94 60 - - -
51-53 s Ix 3/21/53 CR ¢ 39 29 114 172 127 94 42,0 4 31 9% 62 = - 1.2
52-53 A 3/53 CR | - - - 192 141 105 45.0 43 29 101 68 8.1 - 26.9
5353 s 3/53 CR | - - - 142 124 89 38.2 38 32 87T = - - -
54-53 ) A 3/53 CR | - - - 169 132 99 4.5 39 30 94 61 8.2 - -
55-53 F 8 VII 3/25/53 ¢ ¢ 26 20 - 108 116 8% 36,3 35 31 83 54 = - -
56-53 X P IV 3/53 < x - 14 9 102 109 8 3.2 33 335 18 5 - - -
57-53 X sVII  3/53 RRP x - 23 N7 119 87 380 37 33 8 58 - - .
58-53 x 8 VI  3/53 BRP ¥ - 38 12 15 119 -8 386 37 33 8 57 8.8 - PR ¢
59-53 r BVII  3/53 RRP x - - - ‘104 112 83 3.5 3% 331 8 55 - - -
60-53 F 8 vII 3/53 RRP | - - - 108 113 85 3.5 37 331 8 55 - ‘- -
61-53 (r) - 3/53 RRP x - - - - - - - - e e e - -
62-53 r A 3/53 XB | - - - 144 127 98 37.3 38 29 88 60 - - -
63-53 (») A 3/53 e ol - - - -, 129 97 =~ % 27 88 62 = - -
64-53 r 8 VII 3/53 sMB ] - - - 100 215 8 3.0 33 31 8 55 7.0 - -
65-53 r - 3/53 s ¥ - - - S T T R S -
66-53 (r) 8 VII 3/53 s | - - - 12 119 86 370 37 31 8 56 - - -
67-53 | 8 VIl 3/53 8MW |} - - - 123 119 91 3.7 3 3% 8 59 - - 2.4
68-53 X A 3/53 au X - 60 1a 192 137 108 M0 42 290 101 67 = - 20.1



Table 24. Measurements of Ses Otters from Amchitka Island, 1953 « 1956 {cont.)}.
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Fumber Sex Age Date Locality Death \Bf?-g’ !e::gmon;; sv CBL ZB msku%éBHea;ggenon;; PL UC~1 UC=2 ' ’zgsulln‘:!
69-53 r s 3/53 v ] - 23 104 - - - - - = - - = - -
70-53 F 8 VIII  3/53 1 ¥ - 24 105 132 119 89 37.5 38 3 8 5 - - -
T1-53 r s viz 3/53 SMP ¥ - 19 100 112 115 8 35.0 35 32 8 S4 - - -
72-53 X A A/53 CR x - - - - - - - - - - - - - -
3-53 - - A/53 CR X - - - - - - - - - - - - - -
TA4-53 - - 4/53 SNE " - - - - - - - - - - - - - -
75-53 (%) A A/53 XB X - - - - 128 102 - 39 27 92 63 9.1 = -
76-53 (F) A /53 KB N - - - - 1 - - AL 28 92 - - - -
T7-53 8 A/53 aMB 5 - - - - - - - - - - - - - A1
78-53 X - A/s3 RRP ¥ - - - - - - - - - - - - - --
79-53 - A/53 CH X - - - - - - - - - - - - - -
80-53 (r) A A/S3 cH ol - - - - - - 30 38 32 - 62 = - -
1-54 X A 2/54 CR c 10 68 138 199 138 104 A4l A3 29 97 65 8.4 - -
2-54 - - 2/54 cH oN - - - - - - - S - -
3-54 X 8 VII 2/54 CR 25 - 106 134 118 9 38.5 37 32 8 56 8.4 - -
454 X 8 vVII 2/54 CR ] - 26 - 125 118 8 37.1 3% 32 8 55 8.0 - -
5-54 X s VII 2/54 CR 33 - - 133 122 91 385 36 33 8 58 - @ - -
6-54 r A 2/54 cH 8 5 - - - « = X0 - = = = 7.5 = -
7-54 X s VII 2/54 CR 8-C 3 0 - 134 122 8 37.0 3% 30 88 58 - - -
8-54 r A 2/54 RRP ¢ MM - W7 130 99 3.0 4 25 96 61 T.h - -
9-34 X 8 VI 2/54 RRP c 226 25 98 120 17 8 380 38 3 8 58 85 - -
310-54 ¥ 8 2/54 RRP ¢ 20 - - - - - - - - - - - -
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fable 24. Measurements of Sea Otters from Amchitka Island, 1953 - 1956 (cont.)

Body Measurements Skull Measurements Baouls
Number " Sex Age Date Locality Death ¥-l  we2 L S CBL 2B HB IOB POC MNB PL UC-l UC-2 Weights
11-54 4 A 2/54 ‘RRP | - - - 1A 129 99 37.3 A 24 93 61 T3 - -
12-54 (r) A 2/54  RRP ¥ - - - 155 127 97 - 3% 25 92 59 - - -
13-54 (r) A 2/54 HRP X - - - 172 134 102 38.7 4 29 96 63 7.3 8.5 -
14-54 r PV 2/54 RRP | - 18 96 102 111 80 345 3 32 18 52 - - -
15-54 X 8 VI 2/54 RRP ¢ 24 - 105 122 115 88 38.0 36 34 8 S5 - - 3.9
16-54 r 8 2/54 RRP c - - - - = - - - - - - - -
17-54 X A 2/54 cH 3 82 - 1M 207 - 104 Ak2 M 25 - 67 - - -
18-54 X 8 vI 2/54 cH ¢ 25 - 100 124 114 8 37.0 371 34 8% 54 - - 3.3
19-54 X A 2/54 suB | - 60 144 167 136 104 39.3 39 29 9% 61 = - 20.4
20-54 P PV 2/54 KB | - 3 B 86 105 7 3.4 33 3 712 5 - - -
21-54 X 8vI 2/54 RRP ] - - - 115 117 8 37.0 35 30 8 5S4 - - 3.1
22-54 r A 2/54 CH 8 43 -~ 135 - - - - - - - - - - -
23-54 X s vI 2/54 MW | - 23 100 ns 119 85 36.9 38 33 8 57 - - 3.3
2454 7 s V1 2/54 o X - 2 1 1 15 8 A M 3 T s 75 - -
25-54 X 8 VI 2/54 LU X - 25 10 135 123 9% 38.0 3 3% 8 61 - - 5.5
26-54 X A 2/54 8Ky ¥ - - - 160 132 101 40.5 40 28 94 62 - 21.0
27-54 x 8 VI 2/54 c8 c 2 171 9 119 16 8 368 37 33 8 53 - - 3.9
28-54 X 8 VII 2/5% RRP ¢ 25 - - - - - - - - - - - - -
29-54 r A 2/54 CH 8 > - 126 - - 97T 3.6 38 29 9 57 6.8 - -
30-54 r PI 2/54 c8 ¢ A3 - 57 26 76 58 263 27.3 33 53 35 - - -
31-54 X s VII 2/54 8ME ¥ - 27 10 140 121 92 39.3 3» 35 8 59 - - 5.7
32-54 (F) 8 VII 2/54 Ir oX - - - - U5 8 372 3 33 8 57 1.8 - -
X - - - - - 8 35 33 3 8 52 85 9.6 -

33-54 (x) - 8 VI 2/54 CH
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Table 24. Neasurements of Sea Otters froa Amchitka Island, 1953 ~ 1956 (econt.).

Body Neasurements Skull Measurements ‘ Bacula
Fumber Sex Age Date Locality Death ¥-l W2 L BYW CHL B RB I0B POC MB PL UC~l UC-2 Welghts
3A-54 (n BVII 2/54 cH oK - - - - 12 - 37 3% 33 8 5 1.3 8.4 -
35-54 (r) A 2/54 B o - - - - 1% - - A5 28 92 - - - -
36-54 (r) A 3/54 Ir ol - - - - 13 1001 & 39 27 93 61 T.» 8.8 -
37-54 X SBVII  3/54 CR | - ;) S 132 125 92 39.5 35 32 9% 60 84 - 3.5
36-54 ¥ A 3/54 RRP 'e - 1 103 14 129 98 39.7 A 29 92 62 - - -
39-54 x 8 VIII  3/54 RRP ] - - - 123 120 8 39.0 3 34 8 57 - - A2
40-54 r PV 3/54 nRP ' - 12 87 95 103 75 33.0 3% 35 T A7 6.8 1.3 -
A1-54 (r) PY 3/54 8MB | - - - 108 113 83 35 3 3 8 53 - - -
A2-54 (r) A 3/54 ] | - - - 132 127 95 37 3 25 9 59 = - -
43-54 X 8 VI 3/54 SMB | - 22 10 126 118 88 37.8 371 34 8 5 9.1 10.7 4,3
AA-54 r BVII 3/54 suB X - 20 100 111 115 8 337 35 32 83 s6 - - -
A5=54 4 8 YIII 3/54 SMw | § - - - no - 92 38.3 37 32 89 58 - - ’ 1.0
46-54 X 8 VIII 3/5A S | - - - 144 118 88 8.0 37 3» 8 58 9.5 - 5.9
A7-54 X A 3/54 sMW ] - - - 182 133 103 4.0 4 27 98 62 9.7 - 27.2
A8-54 r 8 VIII - 3/54 04 | - 2 101 123 118 8% 35,1 33 32 8 55 - - -
A9-54 X 8 VIII  3/54 CH | - 26 109 142 121 92 39,7 38 3» 83 57 - - A3
50-54 X 8 VII  3/28/54 o s 28 - 108 126 122 87 37.0 38 33 & 57 8.7 - 22
51-54 X 8 VIII  3/29/54 CH 8 36 - 121 - = 96 40.0 39 33 94 62 - - 6.2
5254 r BVII  3/54 RRP | § 22 - 79 126 118 88 3,3 35 32 8 57 - - -
53-54 (r) SVII A/5h | - - - 125 123 94 38 37 3» 8 58 1.9 - -
54-54 (m) A A/5A xC X - - - - 131 105 =~ 2 32 9% 63 - - -
55-54 x 8 YIII A/54 ) | - - - 1% 122 90 38.5 38 32 8 56 - - A6
56-54 x SVI  Af5h 5 ¥ - - - 126 117 87 37.4 38 33 8 54 BT - A6
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Table 24. Measurements of Sea Otters from Anchitka Island, 1953 ~ 1956 {eont.)}.

Body Xesasursments Skull Measureaments Bacula
¥umber Sex Age Date Looality Death V-l V-2 TL S¥  CBL 2B RB 1I10B POC MB PL  UC-1 UCs2 Welghts
57-54 X 8vI A/54 xC N - - - 132 118 | 88 37.8 36 36 87 5% - - 2.9
58-54 X PV A/54 EC ¥ - - - 85 107 78 35.4 35 33 T1L - 9.0 119 2.2
59-54 X S VII  A/54 EC ¥ - - - 141 125 92 39.4 37 33 8 61 - - 3.5
60~54 n 8 VI A/54 EC N - - - 125 117 87 38.7 38 35 84 57T T 0 - 3.5
61-54 r S VII  4/54 EC ] - 16 101 106 112 85 34,1 33 3 8 55 T.2 - -
62-54 A 8-A IX 4/54 EC >x - b S ¥ 156 131 93 40.2 36 N 92 62 9.1 10.0 6.5
63-54 X 3 VII  A/54 EC | - - - 143 122 89 39.1 38 3% 8 57 - - 4.3

64-54 {r) A 4/54 xc | - - - 154 128 98 39.0 4 29 92 6 - - -
65-54 X 3 vI A/15/54 CH ¢ - 22 - 118 16 8 38,3 38 3% 8 54 - - -
66-54 X A &/54 KB | - 4 142 185 137 104 43,5 41 28 98 66 - - 24,1
67-54 (r) A &/54 xB ¥ - - - 162 13 99 4.0 38 27 93 62 - - -
68-54 | 'y A/5h " KB | - - - 181 136 103 M1 M 29 98 & - - 26.0
69-54 F 8 A/5h ¢ ] - - - 120 126 93 370 37 21 87 59 - 8.4 -
70-54 (r) A A/54 o ¥ - - - - - - - - = - - 7.8 9.2 -
T1-54 r A A/54 ca X - 0 138 145 135 100 41.0 40 25 94 65 = - -
72-54 (r) A A/54 sxE o - - - - 128 - = 39 26 93 61 7.6 8.3 -
T3-54 (r) 8 VII  4/54 BME N - - - 119 117 8% 360 37 32 82 54 - - -
7453 X 8 VI A/54 ax ¥ - - - 118 114 86 3.8 36 33 83 54 8.3 = 2.2
75-54 8 Vit A/Sh BMw - N - - - 162 126 93 40,0 38 3 92 61 - - 3.9
76-54 8 VII  A/54 CH ] - - - 1% 120 89 37.8 3% 32 88 57 - - A8
T7~54 P A A/Sh cH N - - - 137 131 99 4.0 M 26 92 62 - 8.7 --
78-54 (r) BVII  A/54 RRP N - - .- 139 120 86 -~ 33 3 87 57 - - -
79-54 L 8 VI A/54 SMB N - 20 100 119 115 8 37,3 35 32 8 54 - 8.1 3.3



Table 24, Measurements of Sea Otters from Amchitka Island, 1953 = 1956 {cont.).
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Body Measuremesnts ~ Srull Measurements Basula
Numbder Bex Age Date locality Death 1 251 W2 TL SW  CHL 1B RB IO0B POC KB PL UG-l UC-2 Weights
80-54 F A A/54 8MB | - - 134 133 127 99 37.5 37T 26 88 62 T.5 9.5 -
81-54 {x) A &/54 SMB oN - - - - 135 104 - 45 26 95 6o - - -
82-54 X 8 VI A/54 SMB | - - - 122 117 88 37.8 37 3% 8 57 = - 2.9
83~54 M 8 VIII  4/54% 8 ¥ - - - 141 126 93 39.0 31 32 & 57 - - 6.0
8a-54 r svI A/54 CcH | - 76 100 . 98 112 83 340 34 32 B0 52 6.7 - -
85-54 - P Af54 SMB R - - - - - - - - - - - - - -
86-54 X s A/14/54 CH ¢ 26.5 - - - - - .- - - - - - - -
1-55 X PV 3/55 RRP  § - - - 121 115 88 3.5 36 3% 8 54 - - 2.3
2-55 L 8 viI 3/55 RRP X - - - 133 19 89 381 37 33 8 57 - - 3.3
3=55 X s VIII  3/55 RRP X - - - 1435 125 93 381 38 3% 91 57 - - 5.5
A-55 F 8 v1 3/55 RRP 5 - - - 107 12 8 350 3% 34 8 S - - -
5-55 X 8 VIII /55 RRP | - - - 153 124 92 385 39 3} 8 58 8.2 - 5.3
§-55 r A 3/55 RRP | - - - 163 132 101 38.1 A3 29 93 62 - - -
755 r A 3/55 RRP ¥ - - - 148 127 - 98 - 3 29 93 5 7.7 8.8 -
8~55 X s vII 3/55 RRP X - - - 123 117 9 385 39 34 8 56 - - 4.4
9-55 r 8 VIX 3/55 BRP X - - - 12 120 91 36,7 36 31 88 57 = - -
10-55 r s I 3/55 CH ¥ - - - 8% 104 78 3.6 32 33 13 MM - - -
11-55 r A 3/55 CH X - - - 164 132 101 38,2 39 26 93 60 - - -
12-55 X A 3/55 cH x - - - 191 137 102 42,2 4 29 95 65 9.5 10.8 22.1
13-55 X P IV 3/55 CR X - - - 93 106 8 350 34 35 78 S5 65 -~ 1.5
14-55 X 3/55 cR x - - - 125 120 88 38,7 36 33 8 58 = - 3.0

8VI
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Kumber Sex Age ~ Date Locality Death 33:’ !7-'-;”'. ‘}z sW CHL ZB Ramﬁau‘;g? “nf(; PL UC-1 UC-2 ::::;:-
15-55 X A V55 CR N - - - 219 141 106 43.5 A5 29 100 67 = - 29.1
16-55 X A 3/55 CR x - - - 188 134 101 43,5 A1 28 96 65 = - 22.5
17-55 x A 3/55 CR n - - - 214 150 106 A3.2 A3 32 100 65 9.7 10.7 28,7
18-55 (r) A 3/55 cH | - - - - - 102 - 42 26 90 - - - -
19-55 X 8 VIII  &/1/55 - c n 25 107 148 123 88 39,4 37 30 87 59 8.8 - 5.8
20-55 X 8Vl 4/5/55 - c 22 - 102 ‘110 116 87 37.3 36 34 8 55 = - 3.2
21-55 r 8 vII A/7/55 - ¢ 21 16 9 106 111 84 35.5 3% 31 86 53 - - -
22-55 ¥ A A/5/55 - c 35 - 132 150 129 97 38,4 38 25 92 61 7.3 8.9 -
2>-55 X 8 V11 A/s5/55 - c 26 - 162 122 120 88 37.5 3» 32 8 56 - - 3.1
24-55 ¥ BVIII  A/1/55 - ¢ 25 20 104 120 122 86 349 36 32 8 56 - - -
25-55 n 8 Vi1 A/5/55 - ¢ 3 - 102 126 16 8 37.3 38 34 8 57 7.2 - A3
26-55 r 8 VII 4/1/55 - c 23 19 108 112 116 86 34,5 36 32 8 54 - - -
27-55 (x) 8 VI A/55 - X - - - 16 19 87 379 36 32 8 56 - 10.9 -
28-55 (0 B VIII  A/55 - 5 - - - 150 126 92 40.0 38 33 91 61 8.2 9.4 -
29-55 (r) 8 VI A/s5 - X - - - 108 117 88 36.8 35 32 8 57 - - -
30-55 (r) 8VII  A/55 - X - - - 102 118 86 36.4 3% 32 84 56 = - -
31-55 (x) s VIl 4/55 - | - - - 129 123 90 39.0 37 34 87 60 - - -
32-55 () 8 VII 4/55 - ] - - - 136 122 91 39.5 38 35 8 58 - - -
33-55 (r) 8 V11 4/55 - 5 - - - 114 116 87 35.0 3A 31 84 52 - - -
34-55 (r) 8VII  Afs5 - x - - - 122 124 88 38 36 30 8 57 - - -
35-55 (r) PV A/s5 - | - - - 99 13 83 345 36 33 & S - - -
36-55 X A A/55 - ] - - - 212 142 108 A3.0 A8 31 101 64 = - -
37-55 X A &/55 - ] - - - 222 143 108 A5.0 A6 31 101 67 = - (32.7)



Table 24. Measurements of Sea Otters from Amchitka Iti‘nd. 1953 ~ 1956 {cont.).
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Body Measurements Skull Measurements Bacula
Number Sex Age Date locality Death Wel We2 TL s CBL B RE I0B FOC NEB M. UC-1 UC-2 Welghts
38-55 F 8 VIII  A/55 - | - - - 132 123 92 % 37 30 8 57 - - -
39-55 r A A/55 - | - - - 140 132 98 39.5 39 27 94 - 7.9 9.4 -
40-55 X 8 vVII 4/55 - | - - - 121 114 8% 377 36 3 8 55 - - A6
41-55 X 8 VI 4/55 - | - - - 112 1 8 39.1 3% 35 8 52 - - 2.6
42-55 X 8 vII 4/55 - | - - - 122 121 91 39.4 36 33 8 58 87 10.3 3.7
43-55 ¢ 8 vII /55 - | - - - 128 122 90 39.0 37 36 a8 58 9.4 10.4 4.2
M-55 X 8 VI 4/55 - | § - - - 99 115 82 37.6 3 33 8 535 8.5 9.8 2.9
A5-55 r) PY 4/55 - | - - - 105 13 8 35.0 33 33 81 57 - - -
A6-55 r A 4/55 - X - - - 156 131 100 38.5 42 29 96 62 = - -
AT7-55 (P) PY 4/55 - X - - - 92 109 82 344 3% 33 78 52 . - -
A8-55 (») 8 VII 4/55 - | - - - 123 121 S0 37.0 3 3 88 57 - - -
49-55 (P) 8 VII 4/55 - X - - - 192 118 87 36 32 31 8% 36 - - -
50-55 (F) 8 VII 4/55 - ¥ - - - 125 118 90 36 39 33 8 58 - - -
5155 X A 4/55 - | - - - 182 137 104 A3.1 A2 25 98 65 9.3 11.5 27.5
52-55 r A 4/55 - x - - - 204 133 - M M 30 92 60 - - -
1-56 r 8 V1 A/56 - (¢) - 17.5 105 108 116 83 35.5 3% 32 8 52 - - -
2-56 r s VI A/56 - (¢c) - 16.5 97 98 112 81 3 32 3% 1T 52 - 9.1 -
356 X PV A/56 - {c) - 18,0 100 129 113 87 371.5 3 35 8 53 - - -
A-56 r PV A/56 - () - 15 93 < 112 18 333 W 3 8B 51 - - -
5-56 r PV A/56 - {c) - 14.5 93 12 110 82 34 3% 34 78 50 - - -
6-56 X SVI  A/56 - (c) - 20.5 107 121 120 8 39 3 34 8 58 - - 2.9
7=56 r s VI 4/56 - (c) - 15.0 97 106 110 82 34.9 34 32 T8 49 7.7 8.4 -
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Tadble 24, Measurements of Jea Otters from Amchitka Island,1953 -~ 1956 {econt,).
Body Neasuresents Scull Neasurements Basuls
Fumber Sex Age Date Locallty Death Wel W2 TL S CBL ZB RB I0OB P0C NB PL UC-1 UG-2 Velghts

8-56 F 8 VII  A/56 - (c) - 18,5 103 102 N5 84 3% 35 32 8 53 = - -
9-56 X PV 4/56 - (c) - 18.0 97 109 12 85 39 3 3N 78 54 - - 1.6
10-56 F 8 Ix 4/56 - (¢) - 27.5 116 145 123 93 37 ¥ N 9 57T - - -
11-568 ] 8 VI 4/56 - {¢) - 14,0 96 107 1" 8y 36 33 X» 716 5 - - -
12-56 r 8 VII 4/56 - (m) - 18.0 98 99 112 83 33.7 33 =N 81 55 6.7 T.1 -
13-56 F PV A/56 - (x) - 17.5 96 106 111 82 34,4 35 33 77T 52 T.0 Ta -
14-56 P PIV 4/56 - (m) - 12.5 85 86 103 7T 33.5 32 33 13 AT - - -
15~56 X PV A/56 - (m) - 16.5 94 - 12 83 37 34 32 T8 51 = - -
16-56 F A 4/56 - (m) - 36,0 137 140 134 101 M 0 26 94 62 = - -
17-56 (r) A 4/56 - (m) - 30.5 128 149 127 99 37.8 37 28 8 &0 - - -
18-56 X s viI 4/56 - (x) - e - 120 120 89 38 3% 32 8 55 - - 3.7
19=56 (F) A 4/56 - (x) - - - 156 134 99 M 39 27T 95 62 - - -
20-56 X PV 5/56 B x - - - - - 8 3.5 3% 33 8 56 - - 1.9
21-56 (r) P III 5/56 cc  § - - - - - AR 31 34 68 M. - - -
22-56 | 8 VIII  5/56 cc | - - - - - 89 38.5 35 32 8 59 - - AA
23-56 | | PV 5/56 ce | - - - - - 84 36 3 3% 79 55 - - 2.1
24-56 F A 5/56 NPV - - - 130 122 92 37 38 28 83 ST = - -
25-56 r 8 VII 5/56 CcH ¥ - - - tee 120 87 37.1 39 3% 8 55 8.2 8.9 -
26-56 r A 5/56 cH | - - - 158 134 104 40.5 3% 37 93 62 - - -
27-56 r A 5/56 CH | - 26.2 119 121 120 92 354 36 29 8 S - - -
28-56 () A 5/56 xB | - - - 127 124 94 38,0 38 29 8 58 - - -
29-56 ] 8 VI 5/56 S ¥ - - - 103 16 - 36,0 33 30 8 5 - - -



Table 24, Neasurements of Sea Otters from Amchitka Island, 1953 - 1956 {cont.).
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Body xo‘uure-onu 8kull Messurements Baculs
Nusber Sex Age Date Locality Death -l We2 TL SW CBEL 2ZB RB IOB POC NB PL UC-1 UC-2  wWelghts
30+56 r PV 5/56 L] | - - - 105 112 82 35 % 3 79 52 - - -
31-56 r PI 5/56 cH N 2.2 - A8 13 65 AT 22 23 - a2 29 - - -
32-56 X PI 5/56 SME ] 2.6 - AT 18 66 51 23 24 32 A6 3 - - -
33-56 r A 5/56 L] s 55.5 - 134 145 130 97 38.5 M 28 95 60 = - -
34-56 r A 5/56 - 8 42,0 - 124 135 122 92 38.6 36 29 90 55 - - -
3556 r A ~ 5/56 RRP ¥ - - - 148 130 95 4.0 38 28 9N 61 8.0 9.2 -
36-56 X 8 VIII  5/56 RRP N - - 112 134 124 89 39.0 37 33 & 60 - - 5.7
37-56 r 8 vII 6/56 CR | - - - 136 122 90 38 36 33 88 55 - - -
38-56 X A 6/56 CR | - - 134 184 136 100 43.7 M 0 96 64 - 11.0 25.5
39-56 X A 6/56 CR ] - - 135 177 138 105 43.2 4 27T 100 6F - - 24,4
X0-56 X A 6/56 CR | - - - 182 136 101 2.0 M 26 97 62 - - 23.4
At1-56 | s v 6/56 CR | - - - 103 110 84 38,8 36 33 78 51 - - 2.2
42-56 X PV 6/56 CH | - - - 100 114 85 38,0 34 34 8 53 - - 2.0
A3-56 X 8 vII 6/56 cH ¥ - - 9% 118 116 85 38,0 3 32 B84 53 - - 2.9
4A-56 | A 6/56 and ] - - - 194 131 105 A3 M 32 95 62 - - 23.4
45-56 r A 6/12/56 sind c-8 A7 A3 130 142 127 95 35 33 28 9 58 - - -
A6-56 | A 6/13/56 cH | 76 - 137 202 136 109 43.8 A3 31 100 68 - - -
A7-56 r s 6/56 cH x - 20 107 198 17 8 37 33 N 85 55 - - -
48-56 x 8 VII 6/56 s | - - - 122 120 88 37.0 3 32 8 55 - - 3.9
49-56 (r) A 6/56 ¥ of CR | - - - 130 127 9% 35.0 31 25 93 61 - - -
50-56 X A 6/23/56 Sux c 5 56 133 170 1% 104 43,0 40 26 96 63 - - -
51-56 X s VI 6/56 xc ] - - - 99 N7 81T 37 3 32 & 53 - - 2.2
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Fusber Sex Age Date Locality Death 32?’ l(e:::mun;;‘ 8W  CBEL B msm%gglupsggnen;; PL UC-t UC=-2 i':ﬁ:s
52-56 X A 6/56 EC | - - - 205 136 106 45,1 A1 32 95 62 = - 27.1
53-56 X s vl 6/56 xC | | - - - 1" 117 ‘88 38,0 36 36 8 S5 - - 3.8
5A4-56 X 8 VIII  6/56 EC | - - - 136 124 89 40 31 3 87 58 - - 5.1
55-56 | PY 6/56 EC | - - - 110 = 84 36 31T X 82 - - - 2.1
56-56 X A 6/56 EC ] - - - 186 138 106 43.6 45 30 95 65 9.7 1.7 27.6
57-56 (r) PY 6/56 EC ¥ - - - 9+ - 83 3.5 » » T - - - -
58-56 X s v11 6/56 sB | - - - 119 120 88 39.6 37 32 8 5 9.0 10.0 4.5
59-56 (r A 6/56 CH n - - - 133 126 95 38.4 37 29 89 58 - - -
60-56 n PY 6/56 c8 ¥ - - - - 117 86 38.2 37 3 8% 54 - - 2.2
61-56 () 8 vII 6/56 EC | - - - - 124 88 39.2 37 35 87 56 - - -
62456 (F) PY 6/56 W of EC | | - - - 8 - -~ 34,0 33 33 77 - - - -
63-56 | A 6/29/56 BNE ¢ 12 50 136 182 136 102 42.0 &3 26 96 62 - - -
6A-56 8 vII 6/29/56 ¥ of RRP ] - - - 127 1A 90 39.0 37 35 87 53 - - 3.9
65-56 " 8 6/29/56 Wof RRE & - - - - - 88 39.0 37 33 8 - - - A
65-56 (x) sVl 6/29/56 ¥ of RRP | | - - - - - 88 39 » 34 85 - - - -
67-56 (n) A 6/29/56 ¥ of RRP | - - - 148 132 102 3 3 25 95 62 - - -
68-56 (r) A 6/29/56 ¥ of RRP n - - - 143 124 97 38.4 37 28 8 58 - - -
69-56 r A 6/29/56 ¥ of RRP ] - - - 174 130 99 39.2 38 26 95 59 - - -
70-56 A 6/29/56 R | - - - 176 137 105 42,2 43 29 96 62 - - 21.9
T1-56 X A 1/56 cp ' - - - 207 1% 107 43 M 30 97 6 - - 32.7
T72-56 (r) A 1/56 ¥ of CR | - - - 137 128 96 39 38 26 88 58 - - -
T3-56 (r) A 1/56 W of CR ¥ - - - - 122 95 39 33 30 8 59 - - -
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Table 24.. Neasurements of Sea Otters from Amchitka Island, 1953 - 1956 (cont.).

‘Body Measurements . Skull Measurements Baculs
Nusber Bex Age . Date Locality Death We1l  We2 TL S CBL zZB RB I0B POC MB PL UC-t UC-2 Welghts
TA-56 (r) s VI 1/56 ¥ of CR B | - - - 109 117 8% 37 3 32 83 54 - T - -
75-56 X s8vYI  1/56 ¥ of CR ¥ - - - - - 88 40 » 3» 8 56 9.2 10.6 -
76-56 r A 7/18/56 cr ] 4.5 - 130 135 131 96 37.8 M 24 95 6t - - -
T7-56 r A 1/18/56 cr s A1.0 - 119 - 123 92 36 » - 58 - - -
78-56 X A 1/19/56 K c 7% 53 139 185 134 105 M.7 M 98 63 - - 27.1
79-56 r A 1/20/56 saw c 53 37.5 13 136 127 99 4.5 38 29 93 59 8,0 8.4 -
80-56 X A 1/26/56 axE ¢ 58 43 133 155 134 101 M5 B 28 92 62 - - 17.9
81-56 (r) A 56 suB of - - - - - 9 - 2 3 8 - - - -
82-56 (r) A 56 RRP ol - - - - 121 97 38 42 26 9N 61 7.2 - -
83-56 (x) 'y 56 - ox . - - - - 133 100 = M 29 96 62 - - -
- 84-56 (r) A 56 - ol - - - - 119 96 = » 29 9 - - - -
85-56 (x) 8 vII 56 - o - - - - - 88 » 3% 32 8 - - - -
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