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AesTRACT

Sea otiers in Alaska e recognized as a single subspecies (Embydre fuiris
beryeni) and currensdly managed as & single, interbreeding population, How-
gver, geographic and behavioml mechanisms undoubtably constrain unm:r
movemenss on much smaller scales. This paper applies the
methed (Dizon o &l 1992} and considers dutnibution, population tuj.ii-h:ht.
ﬂ;:nor_xn‘ g:lmrpedmtnd:m:ﬁlﬂnduufmmwlﬂlmm
The evidence for separce srock idencicy is genotypic (all smcks), pheootypic
(Seechoencral and Southwess seocks), and geagraphic distnbution (Soudheast
mﬁ:,'hm]mﬁlllum‘t response data are equivoeal {all seocks). [hEFum:u

in gEnOtype ies and the presence of unique

indicare restricred gene How. Genetic exchange may Elumud by Im:h!-nr
A0 MOVSMENT ACTas stock boundarsey and diseontinuicies in diseei-
bution ar proposed 3 boundaries, Skull size differences (phenooypic) be-
rween Southwess and Southcentral Alasks papulations Rarther suppore ssock
separurion, Populotion respones information wit equivocal in eicher suppart-
ing or refucing ssock identity. On the basis of chis teview, we suggest the
following: (1) l.Smr:l;lm :n:l:']i mﬂmﬂmu EJ1|:|:|1:||::E|:PE ?-t
ataga; () & Sourhcencrl sock extendi akatagn to

including Prince William Sound m:l%nu peninsuln coast; and {3) o South-
west sock incleding Alsska Peninsula cosst, the Aleuninns o Ao Ixland,
Barren, Kodiak, Pribilof lslands, snd Bristol Bay.

Key words disribution, penetics, management unit, phenotype, phylogeo-
graphic, populstion response, scock, sen oover, Endgalrs Leirir, Alnska.

Sen otrers (Embdyara furris) once inhabited coastal warers of Alaska in most
ice=free areas, from sourheast Alnska northward chrough Prnce William
Sound, Kenai peninsula, Alaska peninsuls, Kodisk Archipelago, Alearan Is-
lands, Bristol Bay, and che Pribilof Islands (Kenyon 1969). Wide expanses of
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deep ocean berween islands of the norch Pacihc and the Asian and Noreh
American maintands, a8 well as periods of glacial advance and recrear likely
resericted movements of sea otter historically (Kenyon 1969, Pielou 1991).
Further limits to movements are likely imposed by social and behavioral az-
tribures that resulr in relacively small home moges (Riedman and Esces 1990).
Contempomry Alnska sen oreer diseribution is discontinuous with areas of un-
oocupied hobitar. These discontinuities reflect borh naruml barriers such as
wide and desp ocean pasgages and remnane effects of 189 and 19 cencury fur
harvest reductions,

Sea otrers in Alnska have generally been managed as o single population of
the subspecies (E. £ demyord). Observed lack of population expansion inro cee-
tain areas and genecic differences suggest that groups of owers wichin Alaska
are likely not presencly panmictic and may be funcioning to some degree as
independent populations or "srocks.”

The Marine Mammal Protection Act (16 U.S.C. 1361) defines "population
stock” or “stock” as "a group of manne mammals of the same species or smaller
taxa in a common spatial armngement, that interbreed when marure.” A srock
has been further defined as a demographically significant unie thar is relagively
isolated and sepamied from other scocks such char chere is licele or no inoer-
mixing or char the overall popularion s not panmictic (Perrin and Brownell
1994). Both of these definitions may be applicable o sen oreer populations in
Alaska, based on spatial isolation and porentially limited (or no) genetic ex-
change among “stocks.”

The concepr of biclogically meaningful unies below che species level is
widely accepted by resource professionals and include eerms such as subspecies
(recognized by the Incernarional Code of Zoological Nomenclarure), popula-
tions, evolurionarily significan: unies (ESU) (used as a designation under the
Endangered Species Act), management units, and stocks (Ryder 1986, Moeicz
19944, & Perrin and Brownell 1994; Cronin 1996; Bricten & & 1997). Most
definitions of groupings below the species level include some level of repro-
ducrive isolation, & well as genetic discincrion. Management units have been
defined as popularions with divergent allele frequencies, independent of phy-
logenetic diseinction (Moricz 1994s, Cronin 1996). We have adopted the rec-
ommendation of Moritz {1994s) and use the term “stock” a3 synonymous with
managemens unit, a5 defined by genetic dara In addition to genetic dara,
other types of information (r.g., morphology, distribucion, behavior, and phys-
iology) can be uscful in defining population stocks (Cronin 1993).

Dizon e =L (1992) suggest four caregories of informarion that may be used
to study stock sorucrure: (1) geographic distribution, (2) population response,
(3) phenorype, and (4) genotype. A large body of dama exists in each of chese
four categories thar can be used w define sea oteer stocks in Alaskn, We use
the phylogeographic method suggested by Dizon e o (1992) and applied by
Loughlin (1997} to Steller sea lions (Exmetopiar judarur) to evaluate stock iden-
tity of sea orters within Alaska. The purpose of chis paper is to examine
evidence of potential bislogically meaningful boundaries for contemporary sea
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oteer stocks in Alasks, and o discuss the relevance of srock idencity o sen

ofoer management and conservation in Alagks.

MeTHoos

We used a hierarchal classificarion scheme to define four caregories of seocks
{following Diizon & &/l 1992). Category [ stocks are separated from others not
only by generic distances, bur also by geographic distances. The stocks are
effectively reproductively isolssed from each other, Caregory I stocks also
exhibir genetic differences, but have weaker geographic separation. There may
be some or significant geographic overlap, but ericical differences in genetics,
behavior, morphology, or o combination indicate reproductive isolation 1o some
degree. Category III stocks are characrerized by litele genetic differentiation,
bur sell show a high degree of reproducrive isolation through geographic
separation either through teue allopatey o strier parapatry, Category IV stocks
have extensive gene interchange and no subdivision by geographic barriers.
Popularions in chis category appear panmictic,

In the clamification scheme four decision criterin are evoluated o imply
reproducrive isolation and stock identity and ro assign caregories: gnngrn.phur
distribution, pap'.llmm response, phenotype, and genocype. These criveria
serve ga "proxies” or indirece measures of reproductive isolorion {or lack) since
we are unable to directly messure reproductive isolacion. Geogmphic diseri-
butional daea {designated "3 in the classification scheme) include informacion
pertaining to all sspeces of abundance, migration, pollutant and parsite loads,
and other dama that provide information abour the population movements
relacive o geographical space and cime. These dama largely define whether
there are geographical barmers wichin che populscion distribution and whether
they are physically isolated or not. Population response data (designared “b™)
include information oo all aspects of demography (age ar sexual maruriry,
fecundicy, growth rate, and mormlicy). Phenorypic dara (designated “c”) in-
clude primarily morphological differentiacion. Morphological differences be-
twesn two or more stocks sorongly suggest limired gene flow among chese
populntions. These differences may also represent underlying genenic differ-
ences. The genotypic caregory (designared “d”) includes unique genorypes,
significant gene frequency differences, or genetic diseances which indicace that
gene flow among two populations is restriceed, implying reproductive isola-
rion. Generic differences are considered o be the mosz unequivocal for differ-
entiating ineraspecibic structure (Dizen o al. 1992, Dizon and Perrin 1997,
Woodley 1997),

The fous decision criteria are evaluated to determine if each provides evi-
dence of lumping or splicting pusative stocks. The popularion would then be
designated by phylogeographic category and decision criteria, for example, 1
befabed. Lecters char appear on both sides of the solidus (be) indicare where
information is equivocal; letrers on che right side of the solidus only (ad)
indicate where informacion suppores splicting into multiple stocks. Letters on
the lefr side of the solidus only would indicate where information does not
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Frgwee |, Currene and hisrorie distriburion of ses orvers in Alasls, The widdh of
the coaseal band is iluscracive amd doss pot correspond o available habicar. Aress
thown a5 vacant have very low densitis o rare oecurrences of sea orvers based on micsr
recens servey informarion, Locations of remaanc populacions: £1) Rar Islands, (2 De-
larof Island, (3) Brisrol Bay, (4) Sandman Reefs, (3) Shumagin Islands, (6) Kodiak
Islands, (7§ Prince Willisrmn Sound (see foaeante 25

support splitcing into muldple stocks. Missing lecter abbreviations would sig-
nify lack of dam.

This classification scheme does not include consideration of seciosconomic
and political factors. Additionally, Dizon e o (1992) note thas arguments for
classification must be made wich the knowledge chat informacion is constantly
being updated and that intraspecific populations chemselves are dynamic and,
therefore, classifications are subject to change over rime. This is pardicularly
relevant in Alasks ss some populations are growing rapidly (eg., sourheast
Alaska; Bodkin o & 1999) while anocher is undergoing rapid decline (ep.,
southwest Aloska; Estes er 2l 1998},

Resunrs

Distributional Data

Presens distribution—Esuicpation of sea otters throughout Alasks resulted in
seven small remnant popularons in southeeneral and southwesrern Alaska char
provided che nuclei for recolonizarion. Translocaciens in the late 19608 resuloed
in the establishment of a population wichin sourheast Alaska, including Yak-
uear (Bodkin & 2l 1999). Alchough range expansion has occurred throughout
much of Alaska, there are still areas of suitable habitar which remain unoc-
cupied, primarily in the southeast region (Fig. 1).

Surveys conducted throughout Alaska during the past several decades pro-
vide a reasonably complete and current image of sea otter distribution in
Alaska (Kenyon 1969, Riedman and Estes 1990, Burn 1994),'7 Sea occers are

! DelGange, A. B, O. C Dougle, D. H. Momson and €. M. Robbim. 1994 Swrveys of
overs in the Gulif of Alusks in miponse o the Exos Volde oil spill. Exme Wnlde all spill
dumags suesimenr projedt fial mport (Marine Mammal Study 6). Avardshis e Alsks Re-
scarces Libimasy and Informecson Sofvices, 3130 © Sereet, Saire 100, Anchomge, AK 95903,

T Goebica, C. 5. ]. L. Garlsch-Miller and 5. L Schiiebe. 1998, Alssko marice mammal srocl:
aivesaamciils 1008, Sea peech, polar lbear and walms IJn'puHLﬂ'nﬂl denly fepore. Available from
LS. Fish asd Wikllife Service, Manee Mammals Memagemens, 1011 Baar Tudor Read, An-

chosage, AK 99303
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nearly continuous in cheir distribucion along shorelines from Areu island in
the western Aleutians o che Alaska Peninsula, including Kodiak Istand, al-
though in many areas sea otters are mre. Distances up to 230 km sepamre
suitable sea otter habitar among several of che island groups of the Aleurinns,
certminly limicing exchange of individuals, A break in disscibucion occurs
within Cock Inler berween che Alaska Peninsula and the Kenai Peninsula
where densicies are cucrently low, From Cook Inlet, sea otters are conrinuously
distribured from Kachemak Bay, along the sourthern Kenai Peninsula to Prince
William Sound and sourh o Cape Suckling. Sea octers are rare berween Cape
Suckling and Yakurar. Sea otters occur within Yakutar Bay and in southeast
Alaska where chey are currencly found primarily along che ourer coase.

Physical fearures of che habitar of the sea otter contribuee to isolation of
popularions from each other. The sea orcer uses @ relatively narmow band of
coastal habitat genemlly bounded by che shoreline and wacers w 100 m in
depch (Kenyon 1969). The physical fearure separating sea oteers between Yak-
urat and Prince William Sound is approximately 125 km of vacant coascal
habicar observed during o 1995 survey.? The physical fearure constrining
movement of sea orrers becween the Kenai Peninsula and the Alaska Peninsula
is approximazely 100 km of open water across Cook Inler with maximum
water depch approximately 100 m. The physical fearure separating sen oceers
between the Kemai Peninsula and che Kodiak Archipelage is approximarely
70 km of open water with maximum warer depth approximarely 200 m {with
the Barren [slonds half-way berween). Sca orers were absent in che waters of
southeast Alaska from the beginning of the 20ch century to che lnte 19605,
Alchough no sea otters migrated into this aren from cither the norch or the
south, a cranslocasion of aver 400 animals in the lare 19605 resulted in the
estnblishment of the populacion char resides there today,

Mosementr—Sea otrers exhibic complex movemnent patterns related to habitar
characteristics, social orgenizacion, and reproductive biology. Ir is likely that
movernents differ among popularions depending on whether a population is
At Of near carrying capacity or has access to unoccupied suitable habtoar ino
which it can expand (Kiedman and Esces 1990). Most research inro sea ater
movements has been conducred where unoccupied habieae is available w dis-
persing animals. For example, dominant adult males in Californin generally
occupy and defend relarively small cerritories which vary seasonally betwesn
summer—fall (4.03 km* 1.1 km of cosseling) and winter—spring (7.8 km?;
2.16 km of coustling) occasionally moving relacively long distances to male
aggregarions {average = B0.1 km; maximum = 150 km) (Jameson 1989),
Females geperally occupy home ranges larger chan male cerricories, bur do oot
exhibic similar routine long distance movements (maximum <20 km), and

' Dworalt A, M., s=md C, 5. Goekeei. 1998, S6a oterr survers of Yakutar Bay and mbjacent Goll
of Alsghy cpasal I-l‘rl.i—'f.n,pt Hinchisheook o Elp: Spencer 1959510404, Fimal repart on Con-
eract Mo, OS5 Scudy MMS 97-0026 ro Minerals Mansgement Service, Anchorage, Alaks 49
pi Avaalable from ULS. Fash and Wikdlife Service, 1011 Ezst Todor Road, Anchorge, AK.
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thus have lifexime home mnges considerably smaller chon adulc males.? Eary
research in the Aleutian Islands by Lensink (1962) and Kenyon (1969) also
found that males have larger home ranges than females and described the
fernale sea oerer’s home range as including B=16 km of contiguous coastline.
Adule male home ranges in Prince William Sound are from 4.6 to 11.0 km?
und sdulc female home moges are from 1.0 o0 4.8 km?® (Garshelis and Garshelis
1984}, In Prince Williom Sound a telemerry study documented movements
of adult males up to 100 km berween male areas and breeding nreas (Garshelis
and Garshelis 1984). Additional telemeery studies on juveniles in Prince Wil
linm Sound.® adules (males and females) along the Alaska Peninsula® and adules
{males and females) in the Kodiak Archipelago® documented movements ryp-
pcally of 50 km or less. Comparable dam are noc available from other areas in
Alaska,

Alrhough seasonal and lifecime home ranges suggese limited movements,
sex peeers can move much preater distances when cranslocaced. In California
such eranslocated animals returned 318 km from release sites back o caprure
sices (Halls & 2 1992). In Alaskn o fermale creared and then released afrer che
Exxon Valdez oil spill craveled 400 km from her release sice (Monneet e 2l
1990}

Although sen otrers are somewhar conscrained by rhe 100-m depch profile,
they can mavigare some distance over deep water. Sen oteers have craveled
distances of up to 50 km over water deeper than their maximum foraging
depth, eraveling from San Nicolas lsland to the mainland along southem Cal-
ifornin. However, this was after translocation.” Similar cravel, bur unrelated o
cranslocarion, was documented by Bodkin e ol (2000} from Medny o Bering
lsland in the Commander [slands of Russia, Thus, 50 km may spproximate
the distance over open, deep water that constrains interisland movement.

Comtaminanti—Contaminant levels in sea octers are vanuble, likely reflecting
point sources over small geographical scales. High levels of PCB and DDT
have been found near milicary insrallarions in dthe Aleutians (Bacon 1994,
Jarman & al. 1996, Giger and Truse 1997), bur wete low or undetectable in
Prince William Sound® and southeast Alaska (Estes of 2f. 1997). Comprehen-
sive scudies 00 address lamge geopraphic vanauon o conczminanc levels are oot
uvailable,

‘ Hally, K., T Eagle andl D, B, Siniff. 1988, Movement pacterns and spagial use of Califomia
s oetehs. Pages 33-63 an D. B. Sinifl and K. Ralls, eds. Fina! Report on Conersct Mo, 14:12-
04 -3005, Popalacion stans of Californs w22 siren. Minemls Mamgemens Service, Los Angeles,
LA

' ]. L Bedkin, anpubl.hed dam.

® Mononerr, T, L. M. ooerenan, D B, 5ir|.iﬂ'.u|.|:lj. Sarvig. 1988, Mevsernen: PaEEESRd al
westermn Alasks penimsuls sea occers Fenel repon o Miserals Mamagement Servioe {QCSEAP
ressarch wnig GB8), Ancherage, AK. 51 pp

T Rarhban, G, B, |. A, Ewes ond B, L. Browesll, Je. 19899 Helatrosdsction of wea omen o
Zan MNicolay kland, Califeenia, Pagr 3 iw Procecdinpi of the Bipheh Bionndal Coalromer on ohe
DNicdagy of Mariee Mamenals. (Abscracil

* . 5 Gorbics, umpublished data
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Peprlation Reponse Dot

Popalarion growth rates—Population growth mres vary amang locations soud-
ied in Alaska. For example, estimated growch races are 23% for southeast
Alaska, 10% for Prince William Sound, B% for Kodiak, and 13% for Am-
chitka (Estes 1990; Bodkin e 2/, 1999, 2000)." Generally, translocared popu-
kactons have demonseraced groweh rares approaching 2008, while remnant pop-
ulations vary from 8% o 13% (Bodkin er of. 1999). It is likely thar variation
in groweh rates among populations reflects populacion status relacive w dif-
ferences in habirar suirability and potentially available resources, racher than
incrinsic differences among grographically separate populacions.

Reproduceive characerintici—Age at first reproduction, reproduction mee for
mature females, and reproductive synchrony vary among regions and among
studies within regions (Table 1). Reproductive characreristics may vary with
populacion starus in some species (Riedman and Esces 1990), alchough Jame-
son and Johnson (1993) concluded chat no evidence presently exises o sugges:
such a relarionship in sea otter populations.

Swrvival rate—Annual survival rates among adult male and female sea orers
are generally high, based on evidence from California, Prince William Sound,
the Aleutian Islands, and Kodiak populacions (Table 1).% Fernales have higher
survival razes when compared to males in all geographic areas considered.
Annual survival rates of juveniles may be more sensitive o environmental
conditions than adule survival rares (Eberhardr and Siniff 1977, Hanls 1981).
Poscweaning survival rases have been evaluared within the California, Prince
William Sound and Aleusian Island popularions (Table 1). Varisrion in juve-
nile survival races are likely relaced 1o popularion starus (and resource avail-
ability) or interannual variazion, rather than geography (Bodkin and Ballachey
1996).

Phenotypic Daia

Skull fze—Wilson e &/, (1991) examined 20 skull characreristics of 304
adult sea owers from throughour the species range to revise che caxonomy of
the species. While sample sizes were too small o identify population scruc-
turing within Alaska, significant differences were observed among California,
Alaska, and Russia populations, We recently exarmined 10 skull characeeristics
from 26 sea ocers from southwest Alaska (Amchitka Island) and 42 from
southcencral Alaska (Prince William Sound) (Table 2). Exacr ages of specimens
measured were not known but included only adules. Mean male traic sizes
were significantly larger than females for all crairs. Four of 10 male craic sizes
from Amchitks otters were significancly greazer than those from Prince Wil-
liam Sound. Seven of 10 female crair sizes from Amchitka orters were signif-
wantly greater than those from Prance William Sound. In none of the 20

# Bherhande, L L. and D B Siniff. 1988, Pepulsion maodel for Absaka Penmssla s orier
Report on Conrracr Mo, 14-13-000- 30053 o Mingezly Managemone Servicr, Anchomge, dlads.
it + % pp.
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comparisons were Prince William Sound mean erait sizes significantly grearer
than measures fram Amchitka oteers. Levels of variation in teair sizes were
similar berween Amchicka and Prince William Sound, These results demon-
strate significanr differences in sea oerer skull size berween southwest Alnska
and sourhcenrral Alsska, although the cause of the differences it unknown.

Body size—Average lengehs and masses of sea otters vary between California
and Alusln with the Alusks average somewhat lacger (Roest 1973). However,
size of Alaska sea orrers varies with geographic location and some Alasks tea
orters weigh less than California sea ocrers (Riedman and Esess 1990). Al-
though phenorypic differences such as body size may suggest limited gene
flow or represent underlying peneric differences, these differences may instead
be related co varisrion in the scarus of popularions. Sen oteers in expanding
populations with lower densities may be larger or in beteer condition (basad
on mass-lengrh rario) than those in equilibsium populations with higher den-
sities (Kenyon 1969, Monson & «f 2000).

Crenptypir Data

A number of studies have used genetic data o analyze spacial populacion
structuring in some part of che sea orrer’s mnge. Genetic techniques used
included allozymes (Roorerman 1992), mirechondrial DNA (meDMNA) (San-
chez 1992, Bodkin er ol 1992, Cronin & ol 1994, Bodkin & & 1999), and
mulrilocus minisacellices (Scribner e &l 19970 All of chese scudies looked ac
differences among the three subspecies of sea oreers (souchern sea otrer, Enlypadra
{utris mereir; Alnska sea oweer, Embydrr futris henyons, and Ewdryalre fwtrrs fweris).,

Assessment of genetic distincrions within the Alaska subspecies have had
varying results. One study did not find sufficient allozyme variation'® to con-
clude char che Alaskn sea ocrers could be subdivided into stocks. However,
Scribner o al. (1997) argue rhar the rechnique used in this study'® considered
allozyme loci with low levels of vasiation which detraces from i ucilicy as a
ool for analysis of stock idenrification. The use of this technique for stock
identity of marine mammals is uncommon,

Orher studies using mtDNA analysis idencified ten different meDNA ge-

" Rocrerman, L M, and C. M. Moanerc. 19901 Monalisy of wsa coter weanlings in mastem
and wescern Princs 'William Sound, Aluks, during the winter of 1990-159], Exxoe Vilde ofl
wpill damege snessment projece Gnal repore (Marine Memmal Susdy G-10). Availabile from Alaika
Rzsouarces Lebeery apal loformarion Sorveces, 3130 C Seeece, Swine 100, Anchemage, AK 29303,
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nocypes in sea oreers throughoue their moge; six of these were found in Alasks
sen octers (Table 3) (Sanchez 1992, Bodkin e af. 1992, Cronin o of 1996,
Bodkin e @l 1999). The frequency discribution of chese genocypes differsd
among the Ave geographic areas considered (Russia, southwese Alaska, sourh-
cencral Alaska, soucheast Alaska, and California) (Table 3). Bodkin e o/ (1992)
and Cronin & &l (1996) concluded thar sea orters within chree areas we are
considering—southeasr Alasks, Prince Williom Sound (sourhceneeal Alaska),
and Kodink-Aleutians Islands (southwest Alaska)—were separare stocks, We
decermined char meDNA haplocype frequency distriburions varied signifi-
cancly among these chree areas (log likelihood mroio tese, P = 0.001). Addi-
ticnally, haplorype frequencies in southeast Alaska (a cranslocated populacion)
differed significantly from parenr popularion haplorype frequencies (Bodkin er
al. 1999).

Generic diffecences identified in Bodkin e o/ (1992, 1999) and Cronin &
al, (1996) could reflece & recenr restricrion in gene flow {or & more cecent
divergence of genotype variability) among geographic areas due to the local
extirpation of sex orrers by hunters in the 18th and 19th cenruries, or reflect
Eenetic drife, resulting from small population sizes. Aleernacively, hiscorical
divergence due to changes in distribution and local exticpation cansed by
glaciation and other habitar changes over longer time periods could resulr in
observed differences. Cronin e &l (1996) concluded char frequencies of genetic
haplocypes are distinct enough between Prince William Sound and the Ko-
diak-Aleutian Islands o suggest char these groups were somewhar differenti-
ated even before the effecrs af the 18th and 19th century harvests.

CrasstRicaTion ann Cowciismess

Synthesis of available daca suggests thar sea oceers in Alaska can be classified
imeo ar lease three distincr stocks, two of which fall ineo a caregory 11 ablabed
starus (southcentrul and sourhwest) and one which falls inco a caregory 1 bef
phed {southeast) based on the Dizon o o) (1992) classificarion. The stocks
identified are (1) the southeast Alaska stock exrending from Dixon Enrrance
northward to Cape Yakacaga; (2) the southcencral Alaska stock extending from
Cape Yakaraga wesrward to Cape Douglas including Prince William Sound
and cthe Kensi peninsuls coast; and (3) the southwest Alagka seock including
the Alaska Peninsula cosst, southward and westward along the Aleotians o
Artu Island including Barren Islands, Kediak Aschipelago, Pribilof Islands,
and Bristol Bay (Fig, 1). Significant genetic and phenorypic differences evident
within the population of sea otrers in Alaska provide evidence for these clas-
sificacions. For the southcencral and souchwesr stocks, we conclude thae che
available information oo diseribution and movement ("a™), and population
responses ("b"), are equivocal and support neither lumping or spl itting, where-
as the information on phenocypic differences (“c”), and genotypic differences
("d™) suppore splicting. For the southeast stock, the available informarion on
popularion responses {"b") and phenotypic diffetences ("c™) are equivocal and
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suppact peither lumping or splicting, whereas che informacion on discribucion
and movement (“a") and genotypic differences ("d”™) suppors splitting.

By far, the scrongest evidence for separate stock identity is che meiDMA
studies of Bodkin e of. (1992, 1999) and Cronin ¢ af (1996), The curren:
conserictions in sea ofter distribution at the propased stock boundaries berween
the southenst and southeentral stocks furcher support e concepr of limired
gene fAow between stocks. The location of the boundary berween dhe south-
cencral and souchwest stocks berween the southern Kenal Peninsula and Ko-
diak Archipelago (Fig. 1) is estimared, Additional genetic analysis may provide
further resolution regarding the location.

The population seructure of sea otters in Alaska has changed radically from
their historic and likely continuous distribution of previous centuries, 1o near
extirparion ar the turn of the past century due o human exploimacion, o che
current expanded abundance and discribution due to world-wide protection
from widespread hunting. Evaluation of genetic varisbilicy provides strong
evidence that at least the southcentral and southwest stocks were differenciaced
even before population fragmentation resuleing from exploitation by humans,
suggesting long-term phylogenetic structuring. The historic southeast popu-
lation was eliminated through overharvest, and the present southeast scock
originated from cranslocacions from the southwess and sourheencral srocks.
Therefore, we are unable to suggest how this stock may have been hiszorically
related o the other stocks. We acknowledge thar chere is likely some limiced
dispersion, particularly ar the boundary berween the sourhceneral and spurh-
west stocks based on occasional observations of animals traversing this area,
however, the genetic differences indicare thar dispersal is limited 1o such an
extent that interbreeding is currencly, and was historically, care

Several factors we considered—growth mres, various reproductive charac-
teristics, and survival rmares—may vary among stocks not becawse of lack of
genetic exchange, bur because of varying popularion starus among geographic
areas. We believe these factors reflect how a population is responding to shore-
term changes in the environment such as resource availability and population
density. For example, the high population growth rares observed in the south-
east stock likely reflect an abundance of both food and space resowrces, as
oppased to genetic differences (Bodkin er af 1999). For this reason, we con-
sidered these facrors equivocal in evaluating stock differences. Alcernacively,
the differences in sizes of sea orters berween southwest and southcentral are
not readily explained by differences in resource availabilicy because both pop-
ulations were considered to be at or near equilibrium ar the dme of the dam
collection (Esees 1990, Bodkin e ol 2000).

As sea otters concinue o be harvested chroughour Alsska, or as unexpecred
events occur such as the decline of sea ocrers in the Aleurian Islands possibly
due w increased predarion, managers must consider population starus, physical
habiar fearures, and life history fearures on scales approprinte o sen occer
movement and dispersion capabiliries. The s=a orter population in the norch
Pacific in 1750 consisced of an eseimated 200,000-300,000 animals. Their
near exticpation resuleed from an average annual reported harvest of less than
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L.5%, probably well below o sustainable vield (Kenyon 1969). Deplerion oc-
curred not simply because of excessive harvest, bur because of a syseemaric
overharvess from small geographic areas relarive o che range of the population.
Exchange of animals berween harvested and unharvested areas was constraimned
by the limited movements exhibited by sea orrers.

It is possible thar che stock scructure of sea orrers in Alaska will change
during the next century, As abundance and distribution continue o increase
in porcions of the scate, geographic isolation may be reduced, and dispersal
berween present day stocks may begin. Alreenatively, as popalations coneracy
due o changes in predation, hunting, or other factors, geographic isolation
may increase and new himiss on dispersion may develop. The measurable fac-
tors which currently separate che stocks will likely shifr and change and should
be reflected in furure estimares of genetic distincrion and discribution. It is
also possible that addirional data from within each region could idencify fur-
ther population scructuring.
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