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The Sea Otter (Enhydra lutris): Behavior,
Ecology, and Natural History

by

Marianne L. Riedman
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Research Division
&80 Cannery Row
Monrerey, California 43940

and

James A Estes

U5, Fish and Wildlife Service
Institute of Marine Sciences
University af Califarnia
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ABSTRACT.—The sea olter (Enfivdra fuirrs) represents a clade that separated Gom the primitive
lutrine camivores by at least the upper Miocene, One extant species and thrée subspecies are
recognized. Many aspects af their morphology amd physiology are unique amoug the lulrines bul are
similar 1o the pinnipeds, probably reflecting selection and adapiation for marnine living. Sea omers feed
an 4 broad range of benthic invertebrates and often limit prey populanons. These imeractions have
broad- ranging ecological and evolutionary consequences.

Sea oters use rocks or other hard objects as iools 1w break the exoskeletons of their invenebrare
prey; except for & nemberof primate species. this behavior is unigue among mammals. There is growing
evidence that sea orters have highly individualized diets and paterns of foraging behavior. The species
senses and avoids paralyue shellfish wxin. Foraging activiey and diumal patterns seem (o vary in
relation to population status and food availability. Sea atters are strongly polygynous. Adull males
defend contiguous temitories from which they exclude other males, perhaps causing males o congre-
gate in suboptimal habitats or at the ends of a population’s range. Daily movemenrs usually encompass
a few kilometers, although oiters accasionally move longer distances, and seasonal movements ocour
among some age-sea classes in certain areas. Reproduction s weakly seasonal, with most young bom
during late winter in California and early summer in Alaska. Females hecome sexually mature ar about
3 vears and typically give birth 1o a single pup cach year thereafter.

Mortality is poorly known, although entangtement in fishing nets probably has limited the population
in central California. Undisturbed populations can increase at about 17-20% yr ', although the central
California population has never increased at »5-7% _'ﬂ"‘. Home range fidelity and postrelcase dispersal
are prohably the principal barners w suecessful reimrreductions. Reintroduced populations have been
estublished in southeast Alaska. British Columbia, and Washington. Similar ¢ffons at other locarions
were unsuccessful or their status is undetermined

More than two decades have passed since Kenyon
(1964} published his comprehensive monograph on the
sea oiter io the eastern Pacific Ocean. Since that time,
several notable developments have contributed to a large
increase in knowledge about this interesting species, Un-
dersea research did not really corne into its own until the

mid-to-late 1960's, Use of SCUBA diving gear has
opened a whole new world to marine ecologists—ihis
includes the shallow sea floor of the North Pacific tim,
where sea olters obtlain most of their prey. Interactions
among sea otters, sea urchins, and kelp beds compose a
now well-known story 1o communily ecologisis, and
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nearly all this information has been assembled during the
past 15 years. Similarly, major technical advances in
radivlelemetry and other remote sensing methods have
been made during recent years. These techniques have
permitted researchers to answer questions aboult the phys-
iology, behavior, and population biology of free-ranging
animals that were difficult {if not impossible) to answer
before. The vse of radiotelemetry has provided imporiant
new information (most of which has been assemhbled
during the past & or 7 years) conceming the movements,
activity patterns, life history, and population dynamics of
S ollers.

Effective procedures for field-marking sea ofters were
unavailable at the time Kenyon's monograph was pub-
lished, researchers in the eld therefore had no means of
maintaining longitudinal records of individual sea omers
beyond the brief time visual contact with an animal could
be kept. By the mid-1970", State and Federal biologisis
had begun to develop and use hindflipper tags thar al-
lowed individual sea otters 10 be recognized in the field.
In addition, procedures and equipmenl for capluring sca
otters have been greatly improved over the past several
vears. These improvemnents have led to a significant shift
in behavioral studies, from the population as a whole, 1o
the individual level, in such areas as foraging behavior,
maovements, social behavior, reproduction, and survival,

Perhaps the most significant development that has
helped increase our knowledpe of sea oiters over the past
20 years was the growth of environmental awareness in
the 1960°s and 1970"s, which gave rise 10 an elevated
public concern for wildlife and, no doubt, passage of 1wo
important Federal acts: the Manne Mammal Protection
Act of 1972 and the Endangered Species Act of 1973
These. in turn, led to Federal and State agencies hiring
additional people and spending more money to leam
about sea otters. Most of the large volume of published
and unpublished work on sea otiers that was generated in
the United States during the past 15 years surely would
not have been done had it not been for this legislation.

In 1983, the Fish and Wildlife Service began 1o seri-
ously consider the possibility of reintroducing sea otters
to an area currently uninhabited by otters in California to
reestablish a second population in order to (1) hasten
recovery of the species from iis legally threatened siatus
under the Endangered Species Act, and (2) provide scien-
tific information about the sea otter and its habitat that
seemed unobtainable by other reasonable means, Because
of the highly contraversial nature of this proposal, 1l was
decided that an environmental impact siatement would be
required, which in large part was prepared through a
cooperative arrangement between the Fish and Wildlife
Service and the University of California a1 Santa Cruz.

One of us (M.R.) was contracted 10 write a review of
those aspects of sea otter biology deemed relevant to the
reintroduction project. That document was a first step in

the preparation of this repon (Riedman 1987). We subse-
guently reasoned that much of what had been uncovered
and synthesized in preparing the EIS would be of broad
and lasting interest, but that this information needed to be
made more readily available. Therefore, we decided to
expand the review 10 include several imponant topics nol
covered in the original draft.

Our purpose is 1o provide a current review of the biol-
ogy, ecology, and behavior of the sea otter. We also offer
some of our own thoughts in the form of various synthe-
ses, interpretations, and previously unpublished dala.
This account is nol an even-handed effon 1o review ev-
eryihing known about sea otters—although we have ai-
tempted to cover the results of studies done in Alaska,
Canada, and the Soviet Union, we have emphasized the
population and its habitat in central California. And al-
though, inevitably, we have touched on several of the
management and conservation problems facing sea otters
{such as the conflicts with shellfisheries and concems
about oil pollution) in large part we have chosen 10 omit
these controversial and difficull issues.

Evolution

Phylogeny and Fossil Records

Based on the observed dichotomy among species for-
aging on fish orinvertebrates, Pohle (1919 divided living
otlers into “fish-otiers” and “crab-otters.” He presumed
these groups to be distinet phylogenetic lineages, More
recently. based on dentition (van Zyll de Jong 1972) and
cerebral morphology (Radinsky 1968), the nominal
“crab-otters” were presumed to contain (wo lineages. By
this view the fish-cating forms (represented by the extant
Lutra and Prevonura) are primitive, and crab-eating forms
were twice derived from the fish-eating lineage. In one
lineage, represented by extant species of Aomyx, shearing
ahility of the carnassials was retained. In the other, repre-
sented by the extant sea otter (Enhydra) and the extinct
Enhydritherivm and Enhydriodon, the camassial shearing
function was losl o progressively improved crushing
ahility; in addition, body size was much larger.

Cladistic relationships among the sea otters, other lutr-
ine carnivores, and other mustelids have been proposed
by Berta and Morgan ( 1985). In their view, there are two
lincages of sea olters: onc leads to the extinct En-
hydriodon, the other to the extinct Enhydritherium and
the extant Enfiydra. Extinet lineages are known mainly
from dental morphology and tooth fragments, All known
fossils of Enhiydriodon are from Eurasia and Africa, with
three well-described species: E. sivalensis (Falconer
1568) from the Pliocene of India, E. falconeri (Pilgrim
1931) from the late Miocene of India, and E. africanus,
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from several sites in Africa (Stromer 1931; Hendey 1978).
In addition, several specimens with more poorly under-
stood affinities have been provisionally assigned to £n-
hydriodon. including Enhydriodon laripes (Pilgrim
1931} from the late Miocene of Greece, E, reevel (Newton
1R9() from the late Pliocene of England, and as yet un-
named material from east Africa (Howell and Petter 1979),

Endrvdritherivm 15 known (rom the late Miocene of
Europe and the late Miocene-middle Pliocene of North
America (Berta and Morgan 1985 Twa species have
been described: £, Huwecar from the late Miocene of Spain
(Villata Comella and Crusafoni-Pairo 1945: Crusafont-
Pairo and Golpe 1962), and E. rerraenovae from the lae
Miocene (67 million vears ago) to middle Pliocene
(3.2=3.7 million years ago) faunas of Florida and Califor-
nia {Berta and Morgan 1985; Fig. 1)

The lineage dichotomies proposed by Berta and Maor-
gun (1985) are distinguished as follows: (1) sea otlers
from other musielids: Pl. lost; short, robust jaw: broad
My, with low. inflated cusps: (2} Enfivdriodon from En-
hvdritheriem: very large size: P with isolated hypocone;
(3) Enhydritherium and Enhydra from Enhydriodon: P
triangular, lacking parastyll: deep masseteric fossa 1ermi-
nating below Mz, ventral border of ramus sharply up-
tumned and flattened posteriory; M) metsconid Jarger
than proconid: and My with squared off talonid; (4) En-
hydritherinm from Enbydra: P7 protocone in anteromed-
ial position; My metastylid present, lacking 1alonid; and
(5) Enhydra is distinguished by having greatly inflaled
tooth cusps: P! with reduced hypoconal crest; and My with
metastylid lost and metaconid extending far posterior]y.

Enbhvdritherium seem 0 have lived exclusively in or
near coastal marine habitats. Berla and Morgan {1985)
based this conclusion on the absence of Eanfydritheriam
from other Hemphillian faunas in the interior of North
America. From this fossil distnibution, they surmised an
epicontinental route of dispersal between the Atlantic and
Pacific oceans, rather than by way of freshwater or terres-
trial habitats.

The Enhydritherinm—Enhydra lineage upparently

Other mustelids  Lutinae  Enhydriodon  Enhydritherium

originated in the Otd World. lis specific route of immigra-
tion w North America remains unclear. although several
possibilities have been suggested. One possibility is that
the lineage dispersed from Eurasia to Nornth America by
way of the Bering Land Bridge, with a second phase of
dispersal from the Pacific Ocean to the Atlantic Ocean
through the Central American Seaway between 6 and
2 million years ago. This view has one clade in the MNorth
Allantic represented by Enlrvdriodon reeved, and unother
in the Nomh Pacific that led o Enfivdra from a form
resembling £, Nwecai. A second possibility is that En-
hyerindon reevei dispersed from the North Atlantic (o the
MNorth Pacific by way of the Arcnic Ocean. A specimen
similar 1o Enhydriodon reevei from the late Pliocene in
Alaska prompted Repenning (1983) to suggest that this
route of dispersal and subsequent evalution led 1o En-
iryefra in the Morth Pacific, A third possibility. apparently
lavored by Berta and Morgan (1985). is that Enhydrither-
frm dispersed from Furope around the rim of the North
Atlantic and into the Pacific by way of the Central Amer-
ican Seaway in the late Miocene.

Repenning {1976a) wrote that “... Enlivdra appears to
be a product of the Pacific and to have never escaped from
there,” The earliest occurrence of Enfivelra is still uncer-
tain. There are two records from the early Pleistocene: one
from Cape Blanco, Oregon (Leffler 1964), and the other
from Moonstone Beach, California (Repenning 1976a).
Milchell (1966) reported Enfivdra from the Timms Poinl
Silt Member of the San Pedro Formation, Califomnia, and
dated the specimen (uncertainly) as Jate Pliocene—early
Pleistocene. On the basis of more récent marine micro-
fossils from the area, Repenning (1976a) suggested that
an early Pleisiocene date for this specimen is more likely.

One extinct species, Enfivdra macrodonta (Kilmer
1972} has been described from the lale Pleistocene of
Califormia. The specics was separated from the extant £
durris on the basis of greater size of the poswerior cheek
teeth, a longer woth row, and a more generalized coronoid
process of the mandible.

In sum, the lutrine lineage thal led 1o modemn sea olters

Enhydra

Fig. 1. Cladagram of the Lunrinae {Bera and
Morgan 1985).
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apparently diverged from the primitive otters late in the
Miocene or early in the Pliocene. 7 10 5 million vears ago.
Current evidence (Beria und Morgan 1985} suggests that
this lineage had a Eurasian origin, with various early
forms havipg been widely distributed in Ewrasia and
North America, and even extending inte Africa. The mod-
em sea otter (Enfiydra) arose in the NMorth Pacific at about
the start of the Pleistocene—about | to 3 million years
ago—and hay since been confined to the North Pacific
basin.

Environment

Two important events may have led to the evolution of
sea ollers as invertebrate predators in coastal marine
habitais. One was a global cooling trend at high latitudes
in the late Ceénozoic. The southem distributional limit of
sea olters in the easiern Pacific coincided with areas of
coastal upwelling, and the associated distribution of kelp
forests (Kenyon 1969; Estes 1980). This distribulion pai-
tern corresponds with the 20-22% winler minimum iso-
therm, which occurs at about Jatitude 23" north (Durham
1950). In the early Miocene. the 20-227 isotherm oc-
curred at about latitude 50° north. Thus, with late Ceno-
zoie cooling, there was a southward expansion of the
lemperate zones, possibly providing a setting suitable for
iheevolution of sea olters (Esies and Steinberg 1988). The
other event of pussible evolutionary significance to sea
oliers was widespread extinetion of the odobenid pinni-
peds in the Pliocene (Repanning 1976b), Many species,
in particular the dusignathine odobenids, were adapied to
shallow-water, benthic foraging (Repenning 1976h), The
last ol these, Plinpedia and Valenicius, ovarlapped spa-
tially and temporally with the earliest records of En-
fivdritherium. Repenning (1976b) suggested that
extinetion of these odobenids may have opened an
environment for radianon of the Enhvdritherinm-
Enhydra lincage.

The evolutionary consequences of sea otters, their an-
cestors, and ecologically similar species are poorly
known. However, because modern sea otiers are impaort-
ant predarors in coastal communities, they well may have
played impaortant roles in shapiog the evolution of many
coastal orpanisms, Estes and Sleinberg (1988) suggested
that one such effect was a reduced intensity of herbivory,
resulting from sea otter predation on herbivorous sea
urchins, and speculate that this may have led to a poorly
defended marine flora in the North Pacific Ocean.

Spatial and temporal patterns in the evolution and radi-
atipn of Kelps (Order Laminariales) are consistent with
this hypothesis. The extant kelps have a clear geographic
affinity for the North Pacific, as do sea oliers and the
dusignathine odobenids. OFf the 27 presently recognized
kelp genera, 26 occur in the North Pacific. Only eight kelp

genera have been reponed clsewhere in the world, and
only one of these (Phyllaria) is unknown (rom the North
Pacific, Furthermore, kelp radiaiions appear to be recent,
and therefore probably occurred in an environment ¢on-
laining sca ofters or their carly ancestors. Two kinds of
evidence support this contention, one of which is pale-
oclimatological. The North Pacific was distincily tropi-
cal-subtropical as recently as the middle Miocene (Ad-
dicotn 1970). Since the Bering Land Bridge was closed ai
that time, the northemmost extent of the Pacific basin was
probably (oo warm for most kelps—at least, all modem
species.

Ohher evidence for recent kelp radiations comes from
kelp-associated faunas, which, unlike the kelps, left a
good lossil record. One group of particular interest is the
limpets (Patellogastropoda), which are old and broadly
distributed, and which left an excellent fossil record,
Some limpel species are obligate associates on kelp
stipes. These limpets are recognizable by a saddle-shaped
shell thar enables them to fit tightly against cylindrically
shaped kelp stipes. Five species of saddle-shaped limpets
are known from four subfamilies. All of these species
appeared in the Pleistocene (Carlton 1976; Lindberg
1976}, although patellogastropod limpets are known from
the Mesoeoic. The other faunal group is the dugongid
sirenians, which are old (carly- to mid-Cenozoic) and
primarily tropical in distribution, This group gave nse (o
coldwater kelp eaters: Dusisiven dewana by the middle 1o
upper Miocene { Takahaski et al, 1986) and A ydrodomalis
by the mid-Pliocene in the North Pacifie, culminating
with the extinct Steller's sea cow (H. gigas), which was
widely distributed in the North Pacific through the lae
Pleistocene—Recent (Domning 1978). Sea cows appar-
ently foraged on shallow sublittoral kelps or surface can-
opy, and they also may have significantly influenced kelp
forest ecosystems before their mid-1700% extinction,
which was evidently due 10 human exploitation.

Certain biogeographical patlems in marine plant-her-
bivore inleractions are consistent with the hypothesis that
kelp radiations occurred in a low-herbivory environment,
Much of the evidence is based on the idea that chemical
defenses (mainly through phenolic compounds) are the
principal means whereby fleshy brown algae
{Phacophyta) defend themselves against herbivory
(Geiselman 1980; Geisclman and McConnell 1981,
Sieinberg 1984, 1985; Hay and Fenical 1988). In the
North Pacific. many of the common brown algae are
poorly defended by phenolics (Steinberg 1985, 1988:
Estes and Steinberg 1988). In addition. feeding, growth,
and reproducnve success of songylocentrotid echinoids
{an important—if not the most important—kelp herbivore
in the Morth Pacific) are strongly Inhibited by phenolic
compounds (Estes and Steinberg 1988). Conversely. in
other iemperate seas of the world, the brown algal Noras
appear 1o be comparatively depauperate (e.g., South Af-



THE Sea OrTer: BEdavior, ECowoay. aNp NaTuraL HisTory 5

rica and Sourh America) or well defended by phenolic
compounds (e.g., New Zealand and Auvstralia), Steinberg
(1989) reported that the diverse brown algal flora of
northern New Zealand and southeastern Ausiralia had
high phepolic concentrations, and that echinoid herbi-
vores in this ares lended Lo be both less destructive grazers
and less affected by phenolic compounds than are the
strongylocentrotids in the North Pacific.

On the basis of these observations, Estes and Sieinberg
(1988) hypothesized the following evolutionary scenario:
Kelp species radiated recemly in the North Pacific in an
environment in which the intensity of herbivory was low
tue 1o predation on benthic invertebrate herbivores by sca
otters and perhaps the dusignathine odobenids. This re-
sulted in weakly coevolved plant-herbivore interac-
tions—ihar is. there was little selective pressure for the
plants o evolve defepses against herbivores, and conse-
quently, for the herbivores (o accommodate to those de-
fenses. Sea otters and dusignathine odobenids never oc-
curred ourside the North Pacific, nor is there evidence that
predators of comparable influence now inhabit these
areas or inhabited them in the past. As a resull, popula-
tions of herbivorous echinoids may not have been limited
by predation in these sysiems over evolulionary fime.
Thus, a more tightly coupled plani—herbivore interaction
may have coevolved outside the North Pacific. In orber
words. plants developed eatensive chemical defenses in
response to abundant herbivores, and herbivores, 0 turm,
developed enhanced capacities 1o tolerate plani defenses,

Adaptations Associated with a
Marine Existetice

Marine mammals share several types of adaptations
associated with living in a marine environmeni—adap-
tions related to vision, hearing, olfaction, feeding. oxygen
conservation, thermoregularion, water balance, locomo-
tion. and reproduction, In general. the cetaceans, pinui-
peds, and sirenfans are substantially more specialized
than sea otters for an aguatic existence, having evolved
millions of vears earlier than the oners. Although sea
otters are the most recently evelved and least specialized
group of manne mammals, they are the species mosi
highly adapted for aquartic living belonging to the order
Carnivora {(excluding pinnipeds). Adaptive irends in sea
otters are summarized and discussed in greater detail in
subsequent sections.

The sea otter's eyes appear W be adapted [or both aerial
and underwater vision. According 10 Murphy er al.
{19900, sea otters are able to focus clearly both underwa-
ter and in air by means of an excellent accommodative
ability, which compensates for the loss of their corneal
power underwater. Tactile senses appear 1o be well devel-

oped; oners frequently use their sensitive whiskers and
paws to locate and capture prey beneath the surface.
Hearing m the sea olter is virtwally unstudied: however,
in contrast to the pinnipeds and cetaceans. there is no evi-
dence of cranial modificanon for directional sound per-
ception underwater (Repenning 1976b). Olfaction also is
virtually unsmudied in the sea otter, In congrast (o the pinni-
peds. which have reduced olfactory sensitivity due to a
reduction in nasal twrbinates, sca oters have well devel-
aped wrbinates, and acute olfactory sensitivicy, typical of
terresirial carnivores, apparently has been retained. The
social behavior of sea otters also suggests thal scent produc-
tion and acule olfactory sensitliviry are important in this
species, Observations of California sea oners indicates
that males may locate estrous females by following water-
bome scents across the ocean’s surface (M. L. Riedman.
Monterey Bay Aguarium, Monterey, Calif., unpublished
data; C. Deutsch. University of Califomia, Santa Cruz.
Calif.. personal communiction: J. E. Vandevere, 93 Yia
Ventura, Monterey. Calil| personal communication). Sea
otters entering a group of oters commonly perform a
ritualized greeting with one or more of the group mem-
bers, probably invelving some form of scent recognition,

The sea oiter has developed distinctive adaptations for
feeding on hard-shelled aguatic invenebrates. Shearing
function of the cheek teeth. typical of other carnivores
{including piscivorous aguatic forms). has been lost in
favor of 4 crushing dentition. Furihermore, the muscula-
ture, skeletal anatomy, and neurological function of the
strong forelimbs apparently are modified for tactile sen-
sitivity and tool use associaled with the detectiion. han-
dling, and consumption of prey (Radinsky 1968).

The sea otter is also characterized by adaptations for
pulmonary funclion and oxygen conservalion associated
with diving in the marine environment. Sea ouers are
capable of deep diving; the record depih is about 100 m
(MNewby 1975). The large lungs (Fig. 2) maintain surface
buovapcy and serve to increase oaygen storage capacily
(Kooyman 1973} the blood has a hight:r bulfering capac-
ity than that of nondiving mammals { Lenfant et al. 1970}
In addition. Garshelis (1983} presented data that suggest
to us that sea olters may use anaerobic metabolism when
unusually deep or long dives are required. Cariilagenous
airways connect directly with the alveolar sacs. which
insure patency until compression collapse. This structure
is also found in the pinnipeds and cetaceans but is absent
in Letra (Kooyman 1973).

Marine mammals have two modes of insulative heat
conservation—blubber and fur. Blubber, which is used by
the more highly specialized pinnipeds and cetaceans, is
absent in sea ofters. However, the sea otter's dense fur,
which is probably the most highly adapted and efficient
of any aquatic mammal, provides insulation against cold
{1-16" C) ocean water. In addition, the sea otler’s rapid



BiovocicaL Rerort ) { 14)

Fig. 2. Adult female sea otter skeleton, The last joint of cach digit was removed and i3 missing (V. B,
Seheffer),
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metabolism—two 1o three times higher than a similar-
sized land mammal—helps il to generate heat.

To facilitate warer conservation and mainiain a suitable
water balance in the maring environment. séa ollers pos-
sess larpe, heavily lobulated Kidneys thal concenirate
urine. The ingestion of seawater by otrers may also pro-
mote ured elimination (Costa 1952).

The sea otter also has distinctive adaptations for aquatic
locomotion. The [ifth digit of the hindlimbs (Fig. 3) is
extended o provide a flipperlike structure (Kenyon
1969). No other aguatic mammal in the order Camivora
has such highly developed limb structures [or aguatic
movement. The loosely articulated skeleton and loss of
the clavicle help provide the fAexibility necessary for
grooming and movement inan aguatic environment, Dor-
soventral undulations of the entire body are used for rapid
aquatic locomotion (Sokolov and Sokolov 1970; Tarasotl
el al. 1972). In contrast, aguatic motion in Lufra is
achieved by movements of the forelimbs and hindlimbs,
with little body mouon. The aquartic form and movement
of sea oners are like those of the pinnipeds and cetaceans
rather than other carnivores.

Sea otters share a number of reproductive lfeatures with
other marine mammal species—adaptations for giving
birth and raising young in a marine environment, For
example, sea olters nearly always give birth o a single
young; twinning occurs but is rare, The absence of mul-
tiple-voung pregnancies is typical of pinnipeds and ceta-
ceans, bul atypical of the other lutrine carmivores (Estes
1979). In addition, the sea oller’s 4- 10 G-month gestation
is relatively long compared with most other lutrines. Sca
otters are capable of delayed implantation, a trait which
also characterizes pinnipeds and other mustelids. Parturi-
tion in the sea otler is apparently more often aquatic,
although it can occur on land. Aguatic parturition is
unknown for other carnivore species. and even the pinni-
peds give birth on land. Like many marine mammals, the
period of maternal care in sea ollers is relatively long. and
milk fat content 15 high. Such iniensive maternal nvest-
ment helps prepare the young for survival in a harsh
environment afier weaning.

Socially, sea olters share a tendency with many other
marine mammals to form groups (Fig. 4); in contrast,
grouping is rare or absent in other lutrine camivores. The
significance of grouping in sea olters is unclear. They
commonly restin groups of widely varying size; however,
they usually feed, copulate, and give birth away from
other conspecifics. Therefore, grouping does not seem to
facilitate foraging or reproduction. However, Garshelis et
al. (1984} observed that males in Prince William Sound
often forage together, and thev speculated that social
facilitation of foraging (allowing individuals 10 locate
good feeding arcas) promoles gregarousness among
males in unfamiliar areas where food resources are

patchy. The tendency for sea oters to rest in groups on
land or in water may also be related to the environmental
constraint of limited suitable or preferred resting sites.
Gregariousness may also have evolved as a protective
response Lo predation by species such as humans. white
sharks (Carcharodan carcharias). bald eagles (Haliaee-
rus lepcocephalus), covotes (Canis latrans), and brown
bears (Lrsis arctes). Social exclusion [rom breeding
arcas may also promote aggregation of young males.

Classification and Taxonomy

Classificarion of Sea Otters

The sea otter (Enhydra lumris) is the second-largest
mustelid, exceeded in size (body length) only by the giant
Amazonian oller {Pieronura brasiliensis). However, it 15
the smallest inaring mammal in the world, except for the
South American marine otter (Lutra fefinag; also known as
the sea cat or chungungo). The sea olter represents | of
about 12 species of ollers that are distributed throughout
the warld.

The only other otter that lives exclusively in the ocean
is Lutra feling, which weighs only about 4 kg (Harris
1968). Marine ouers inhabit kelp beds off the Pacific
coast of Peru and Chile, where their declining population
is classified as endangered by the Intenational Union for
the Conservation of Nawre (IUCN) Red Data Book.
While marine otlers usually forage at sea. they may also
swim upstream inlo rivers in search of freshwater
prawns {Hayes !QBSx}I. Their diet typically consists of
molluscs. crustaceans, and fish (Brownell 1978"; Ostfeld
el al. 1989). Fish are carried to shore o be eaten, while
inverigbrates may be consumed either on shore or on the
water's surface, with the otter assuming a belly-up posi-
tion, as sea olters do. Tool use has not been observed
among marine oiters. While diving, marine otters are able
to remain submerged for an average of 30 sec (Ostfeld el
al. 1939, Marine ollers utilize inaccessible and remote
burrows for resting and protection. They tend o be soli-
tary or found in small groups of three o five individuals
(Castilla 1981). Ostfeld et al. { 1989) suggested that they are
monogamous. While little is known of reproduction, litier
size 15 usually two cubs, although four to five cubs per
Iilh:r’huw: been reporied in the Magellan area (Cabello
1983 ).

"Asrerigks'” throughou rext indicate unpublithed material: the refer-

ences are Tound in the Unpublished References sevtion ol lowing the
Reforences seelion,
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Fig. 3. Lef hindMipper (ventral or plantar surface) of adult male sea otter. Note elongated outer or fifth digit, an adapration
which enhances propulsion when the atter swims on its back (K. Kenyan),
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Fig. 4. Group of sea otters i Califorma (L. Minden)

Differences inthe morphology and life hislory of seaotters  dilferentiating river otters [rom sea ollers include the sea
and river oters (Lutra canadensis) are listed in Table 1. ouer’s more elongale body and larger, broadly Mattened,
Sea outers are larger in size, roughly two o four imes  webbed hind feet (Fiz. 51, In addition. the sea ouer’s rail
heavier than river otters. Other obvioes characteristics 15 comparatively flat and of uniform width. whereas the

Table |, Marphological and life kistory differences between the sea otter (Enhydra lotris) and the river otier {Lutra
canadensis). (Kenvon /969 Nowak and Paradise (983 Chanin [ 985}

Sea oner River omer Sed oter River otrer
{Enbyera lutiis) (Leetrer canaelensis) { Enbryedra lutvis) (Lutra canadensivy
|. Larger sized 1. Smaller sized 1) Lives exclusively in the 10, Primarily inhahits freshwiter,
weight = 2040 kg weight = 610 kg eeian but also enters the coean
h= d0¢c length = 102-14 I ;
lengih = 120-140 cm engt 2 1igem 1. Uswally swirns belly up V1. Usually swims belly down on
2, More elongated body 2. Shorter body on surface, paddiing with surface, with much of the
indili : igh i o
3 Hindfeet modified 1 3. Hindfeet webbed. bocsmaller oo pper: floais highin - hack submerged
fippers and webbed o and noi flipperlike:
nips of wes; fifth or ouler filth diget now elongated | 2. Comes ashore less often 12, Frequently on land, where
digit elongated Ol arcas, moves movemeni is agile and swill
19 con b
4.Tail more flattened. of 4. Tail rounder in dizmeter, WALy o Tl
uniform widrh, and shorter  thicker ar base and taperstoa 13 Usually rests in kelp 13, Usually nests on shore in dens
(= 1/3 of body length) point. and longer{ = 1/2 of beds or open waler
Rty o) I4. Diet limited to marine 14, More diverse diet. including
5. Foreclaws shont and 5, Foreclaws long and nol macroinvertebrates and fish. frogs, craviish, snails,
partially retractile rerractile fish resdents. and hinds
&. Fur longer and softer: 6. Fur shorter and coarser: under- 15, Food calen i wuler 15, Food consumed on shore
underfur denser; guard [ur not as dense: guard hair while Noating on baek
hair sparse fi lewel
'r PRI IR 16. Produces single young at 16, Produces liner of up 1o
7. Longer baculum (6 inches) 7. Shorrer bacnlum (4 inches) one time lour voung
B. Molars broad and flattened &, Molars not Rattened: 17. Young more precoctal: 17, Young less precocnl: eves
for crushing hard-shetled carnassinl cheek teeth eyes open at burth du not open vt =1 month
invertehrates, canines adapted fur shearing Mesh after birth

ed and bl
Tousided 3ad il I8, Social: usually found in 18, Usually found alone or in

9. Two mammas 4. Four mammaeg small 1o exremely large family groups
ETOups
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Fig. 5. A) Adult male river aner (Luera canadensis); weight =
1.5 kg: length = 122 em (V. B. Scheffer). B) Adulr female
sca ofter; weight = 18.1 kg; length = 127 cm. Whire dioss
indicale mammeae and umbilices (K. Kenyon).

tuil of the river otter is considerably longer. thicker at the
base. and tapers 1o a poini (Fig. 6).

Subspecies of Sea Otters

The genus Exhydra (Fleming 1822:187) has only one
species. L. lurris. Three subspecies are recognized: E.
fatris lutris (Linnueus 1758:45), occupying the Kunl Is-
lands, the eas coast of the Kamchatka Peminsula, and the
Commander Islands: £ fweris [unnamed subspecies)

[Wilson et al. 1990), ranging from the Aleutian [slands (o
Crepon: and E. 1 sereis (Mertiam |4 159), ranging
from northern California 1o approximately Punla
Abreojos, Baja California (Fig. 7). The taxon £. 1. nereis
{(southern sea olter) is controversial, and its validity, as
well as its nonhermn range hmit, was only recently re-
solved (Table 2),

Several authors concluded that the northern range limit
of £. {. nereix was the Strait of Juan de Fuca (e.g., Taylor
and Shaw 1929, Barabash-Nikiforov 1947 Kenyon
1981), although recently it was suggesied that if £ /
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Fig. 6. Frver ouers (Lofre  anadesins) on San Juan Tsland, Woshington (T, Ransom

[

Aat  Deloral

Sandman Fredts s ¢ e+ e+ e
Kuril lslands jglande lelands L | B

PACIFIC OCEAN
||m|i Original Distributicn (1740)
HHH Present Distibution (1984)
Remnant Colonies (1811) ———=
Surviving Translocated Populations 4 u

®uv o, Hawalian slands
3

Fig. 7. Monh Pacific Ocean showing ariginal and current distribution of ses aurery and indicaling remnant populations existing in
1901
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Table 2. Taxonomic clussification of sea otters. Areax
inhabited by subspecies in brackers

Clasz Mammalja
Order Camivora
Family Musielidae
Trbe Aanvchini
Enhvdra {weris (Fleming 1822: IET)
Enhydva furvis fwers (Linnoeus 17585 45)
[Kuril Istands/Kamechatka/
Commander lslands)
Enhvdra ferris (unnamed subspecies;
Wilson et al. 1990)
[Cregon—Aleutian Islands)
Enhvdra hwiris nereis (Merriam 1904: 159)
[California)

nereiy 15 4 valid subspecies, it probably ranged northward
to Prince William Sound (e.g.. Roest 1971 : Davis and
Lidicker 1975; Rice 19771 However, Wilson et al. { 1990}
concluded that the northern limit of £. | nereis was
northern California or Oregon.

In 1904, Merriam (1904:159) recognized E. [ nerefs on
the baws of a single skull from San Miguel Island, Cali-
fornta, which he compared with several skulls from the
Bering Sea. Grinnell et al. (1937) confirmed the validity
of E. I nereis aller comparing the type specimen with
a single skull from Alaska Scheffer and Wilke (1930,
however, examined 56 skulls (8 from California. Oregon,
and Washington; 48 from Alaska) and found no signil-
icant differences in skull features, They concluded thai
E. I nereis was not a valid subspecies and should there-
fore be synonymized with £/ luris. Kenyon (1969)
considered sea otters in California and Alaska to be the
same subspecies, whereas Miller and Kellog (1955) and
Hall (1981} regarded the California population as a dis-
tincr subspecies (£ 1. nereis).

Roest {197 1"} examined 50 skulls from California and
214 from Alaska and compiled total length and weight
measure ments re flecting size differences between the two
populations. He concluded that £, [, nereis was recogniz-
ably different from E. [ fwiris and constituted a valid
subspecies. However, his subscquent, more detailed,
analysis of more than 250 skulls from Califorma and
Alaska {Amchitka and Adak islands and southwestern
Alaska} led Roest (1973, 1976) to conclude that E. [
rierey was nol a distinet subspecies bul rather a variation
of a northwesi—southeast cline.

Roest (19797 performed another analysis in which be
compared skulls representing nine (rather than four) geo-

graphically distinct sea otter groups, including skulls
from arcas between southwestern Alaska and Califorma.
Results supported his earlier interpretation that differ-
ences in skull morphology represented a cline, and that
all sea atters from the Commander Islands to California
should be included within the subspecies £_ [, furris.

Davis and Lidicker (1973) disagreed with Roest’s con-
clusions and presented an alternative interpretation of his
data. They proposed that a high degree of separability
exists between the northern and southern populations,
and that otters from southwestern Alaska (the Alaska
Peninsula, southem Alaska, and Prince William Sound)
represent an area of imergradation belween the two sub-
species. Davis and Lidicker pointed out that. if the varia-
tion is regarded as clinal, there would be a pronounced
shift in the slope sicepness of the indicated cline between
Prince William Sound and rthe Alaska Peninsula, They
concluded that E. . nereds should continue 1o be recog-
nized as a valid suhspecies. based on existing morpholog-
ical and behavioral differences between the populations
and the degree of geographic and genetic isolation char-
aclerizing the sea otler population in California, Rice
(19773, Hall (19513, and Nowak and Paradiso (1983}
subsequently recognized £, [ pereis as a disiinel subspe-
cies in their respective listings of marine mammals and
other mammalian species.

Most recently, Wilson et al. (19%0) conducted univari-
ate and multivariate analvses on 20 skull characiers of 204
sea atters from throughout the species’ geographic range
(including 236 specimens from the Sovier Union) from
which they concluded that three subspecies should be
recogmzed. The geographical distributions of these sub-
specigs are somewhat different from those previously
recognized, resulting in several nomenclatural changes
Wilson et al.s (19907 analysis indicares that the range of
the far western Pacific subspecies—previously desig-
nated E. I, gracilis (Bechstein [500:408) and distributed
from Kamchatka southwestward through the Kuril is-
lands 10 the northern Japanese archipelago—should be
expanded o include the Commander Islands. Since the
type locality for £ fwrris s Kamchatka, £/ gracilis
becomes a junior synonym of the nominate form. £ /1,
futris, A second subspecies. previously designated £, [
futriz (considered to range from the Commander [slands
to ahouwt Prince William Sound) was named K. fuiris
(unnamed subspecies), Wilson et al’s (199 analysis
indicates that £, futris (unnamed subspecies) ranged from
the WNear Tslands {western Aleutian archipelago) easiwand
across the Pacific rim to Oregon. The third subspecies.
which retains the name E [ nereis, ranged [rom northern
California o the central Pacific coast of Baja California,
Mexico. Except for occasional exiralimital wanderers,
the present range of E. [ mereis 15 resiricied 1o ceniral
California and San Nicolas 1sland in the southern Califor-
nia Bight.
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Morphology and Physiology

Body Measurements

Sea oners are moderalely sexuvally dimorphic. Adul
males are 34% heavier and 8% longer than adult females,
and the male’s head and neck are heavier and more
muscular than those of the female (Kenyon 1969; Estes
[980), However, it is not possible 1o derermine sex in the
field solely on the basis of size (Fig. 8). The presence of
penial and testicular bulges—muost visible when the fur is
wel—is the only reliable way of identifying an animal’s
sex, Meusurements taken on dead California sea oters
indicated that standard lengths of adult males and adult
females average 1291 em (N = 58) and | 198 cm (N =
49: 1. A Ames, California Depanment of Fish and Gaine,
Monterey, Calill, unpublished daw). predicted average
weights for healthy sea ouers of those sizes are 290 kg
for males and 19.8 kg for females (Ames et al. 1953),

Woodhouse et al. (19777) reported similar averapge
weights of 29.5 kg for adull males and 19.5 kg lor adull
females, The largest male found dead in California
weighed 41.7 kg and was 134 om long (Ames. personal
communication). Atbirth. pups weigh [.4-2.3 kg (Mille:
1974; Fig. 9). Monnett and Rotterman (1988h ) found
that, in eastern Prince William Sound, male sea otter pups
grew at a higher rate (95 gfdayv) than did females
{£3 w/day). Based on these patterns, they concluded that
mare parental resources were required 10 riise males than
fermales from conception 0 weaning: more information
is needed before this conclusion can be verified.
According to Roest (1971, 1973, 1979 ). Alaskan sca
aters are generally somewhat larger than Calilormia sea
otters, However, size of Alaskan otters varies with geo-
graphic location, and some Alaskan otters weigh less than
California ouwers. Kenvon {1969 found thar adul sea
ollers from heavily populated arcas (e.g.. Amchitha 1s-
land i may weigh less than adulis from sparse populations.
The mean weights and lengihs of dead Amchitka adulis

Fig. 8. Adult male sea oter, note penile bulge as held identulicaton for determiming sex (K. Kenyon,
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w,

Fig. 9. Dorsal (A and ventral (B) view of newbom female séa
alter pup at Amchitka Island, Alaska: weight = | 95 kg
length = 56 cm. Mote lighter, yellowish natal pelage on
head and neck (K. Kenyond

were 28.3 kg and 135.0 cm lor males (N = 79) and
21.1 kg and 125.2 cm for females (& = 234). Sizes of
adults killed in sparsely populated areas (Shomagin
Islands. Unimak Island, and Adak Tsland) were 39.5 kg
and 4018 cm for males (& = 5) and 25.2 kg and 1298 cm
for females (V = 4). The largest adult male Killed in the
Aleutians weighed 45 kg and was 148 em long, while the
largest female weighed 32.6 kg and was 140 cm long.
Mewborn pups in Alaska measure about 61 cm and weigh
1.9 10 2.3 ke (Kenvon 1969),

U L RO

Lifespan and Age Determination

Alaskan females live an estimated 15-20 years, while
male llf::a-:'p.'m appears o be about 10=15 years (Calkins and
Schneider 1984 ). K. J. Jameson (LS. Fish and Wildlife
Service, San Simeon, Calif., personal communication) esti-
mates @ minimum lifespan of 11-12 years for some Califor-
nia males. In the northern part of the range in California,
one lagged female was known to have lived for 15-16 years.,
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and other known-age females 10-11 years old are currently
under observation. An adult male was ar least 13 years old
{probably 2 or more yews older) when he disappeared
(M. L. Riedman, I. A. Estes, M. L. Stacdler, Monterey Bay
Aguarium, Monterey, Calif., unpublished data). Garshelis
{ 1984) found that older otters tended to have lighter-calored
fur on their necks and related age o pelage color pattems ta
provide estimales of age categories in field observations
of living sea oters, Coumts of the incremental lines in
tooth cementum have been used to estimate ages of livin‘g
and salvaged sea otiers in Alaska (Schneider 1972c ;
Garshelis 1984) and California (Pietz et al, 1988 ). Tooth
cementum counts typically have been made from the first
premalar. In a sample of S80 salvaged carcasses in Califor-
nia, Pietz et al. (1988 ) esumated maximum age, based
on tooth cementum, 1o be 16 years for females and 15 years
for males. Unfortunately, there are no teeth available from
older known-age sea ouers o confirm the relation be-
tween cementum lines and age; such marterial will be-
come available, however, as sea otters recently marked
as juveniles eventually grow old and die. [n captivity. a
male sea ower (“lohn,” a yearling caprured from Am-
chitka in 1968) survived to about 20 years at the Vancou-
ver Public Aquanium (M. Bulschler, Vancouver Public
Aquarivm, Vancouver, British Columbia, personal com-
munication) and the Point Defiance Aquarium (T. Ouen,
Paint Defiance Agquarium, Tacoma, Washington, personal
communicarion). He sired a pup born at the Vancouver
Aquarium in April 1986 and died on | October 1987,

Dentition

Sea otters have bunodont molars, unlike the typically
camnassial cheek leeth of most mammalian camivares.
The sea oner’s dentition is adapted for crushing hard-
shelled macroinvertebrates: molars are broad and flat-
tened. camines are rounded and blunt. The adule dental
formula is i 32, ¢ 1I/1, pc 3/3, m 1/2. wotal 32 reeth
{i = incisor. ¢ = canine, pc = posicanine, m = molar, Ken-
yon 1969; Fig. 10). Extremely worn lecth indicate old age
in sea otters, and serious tooth wear may possibly contrib-
ute to morality in older animals.

Farelimbs and Hindlimbs

The forelegs of the sea otter are used primanily for groom-
ing and foraging, raiher than for propulsion. The extremely
powerful forelegs and sensitive paws help it o locate, cap-
lure, and break open hard-shelled prey (Fig. 11). A loose
pouch of skin at the axilla of each forelimb 15 used 1o
temporarily store and ranspor food (Kenyon 1964), Un-
like the hindclaws, the foreclaws can be extended (Ken-
yon 1969, Howard 1973). According to Howard (1973},

“The claws arc closely associated with. and move only with.
the terminal phalanx..."” This makes them in one sense
nonretractable, but they can be extruded (o a degree by
flexing the terminal digits. In some necropsied Califomia
otters the claws are extensively worn and are mere nub-
bins. The hindfeet are flattened and {lipperlike (Murie
1959, Fig. 3). Each of the five hind digits is progressively
longer. the outer digil being the longesi—an adaplation
that enables the otter to more efficiently swim on its back
at the surface (Kenyon 196Y, Tarasoff 1972, 1974; Ta-
rasoff ¢t al. 1972; Howard 1975). Surface swimming is
accomplished by vertical, undulating motions of the iail
and hindflippers (Howell 1930; Tarasoff et al. 1972). The
tail 1s horizontally Mattened to enhance propulsion. A sea
otter Foating on its back may move the tail in a sculling
action 1o shift or maintain position (Kenyon 1969, 1981},

Swimming Speeds

Observations in Alaska indicare that sea oners typically
swim ol a speed of 1-2.5 km/h on the surface, although
specds of 9 km/h may be attained for short distances
underwater (Kenyon 1969). Garshelis (1983) reported
thata male Alaskan sea otter traveled 11 km al an averape
rate of 5.5 kmy/h. In California, Jameson (personal com-
munication) calculated average speeds ranging from
0.6 km/h (distance of 52 km} o 3.3 km/M (distance of
73 km) for lwo adult males that moved from male groups
to female areas. Observations made on captive female
California sea otters indicate that underwater swimming
velocities average 3.6 km/h (Williams 1984). Movement
on land is comparatively slow and awkward {(Barabash-
Mikiforow 1947, Tarasofl et al. 1972), partly due to the
elongated fifth hindflipper digits, which impede move-
ment. A sea otter walking on land raises one foot al a time
and arches its back, moving with arolling gait or swinging
from side to side. When startled, an oner moves quickly
by bounding or hopping with forelegs and hind feet
together or by sliding across the ground on its belly while
pulling with the farelimbs (Kenyon 1969).

Sensory Organs

Little information 15 available about the sensory organs.
Chemoreceptive and tactile senses seem well developed.
Although olfaction in the sea otter is poorly known, the
existence of extensive nasal turbinates—as well as obser-
vations of social interactions among individuals—sug-
gests that olfaction is acute. On numerous occasions, sea
otters have been observed actively sniffing the air, the
water’s surface, or other otters, Adult males may possibly
locate and identify estrous females by means of alfaclory
cues (Deutsch, unpublished data; Riedman, unpublished
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Fig. 0. Dentition and skull of older
juvenile or young subadull sea ouer
found dead on Amchitka Island (5
March 1962} Weight = 109 kg
length = 1005 cm. Noe brouad, flar-
lened molars and blunt, rounded ca-
mnes (K, Kenyon)
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Fig. 11. {A) Sea otter forepaw; note absene of Tur on mner ventral surface, (B) Dosal view of sea oner forepaw
(K. Kenyon).
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data). The paws and vibrissae are used to locate and
capture prey underwater (Radinsky 1968; Kenyon 1969;
Shimek 1977a.1977b: Hines and Loughlin 1980). Unlike
other mustelids, however, the sea otter lacks functional
anal scent glands (Kenyon 1969).

Although their sense of hearing is not well known,
Kenyon (1969) wrote that hearing seems to be “moder-
ately well developed.” The ear pinna is moderately curled
and resembles that of otariid seals (Fig. 12). An otter’s ear
is held erect above the surface but folds sharply down-
ward during dives (Pocock 1928; Kenyon 1969). Davis et
al. (1988) examined the anatomy of the sea otter cochlea
{(inner ear) and Organ of Corti (which contains hair cclls
within the cochlea) and found them to be indistinguish-
able from that of other placental mammals. In addition,
they concluded that sea otter hearing is most sensitive to
high frequencies, which is also true of North American
river otters (Lutra canadensis).

Results of a study conducted near Scberanes Point,
California, indicated that sea otters were seemingly un-
disturbed by experimentally projected waterborne indus-
trial and seismic noise or by recordings of killer whale
(Orcinus orca) vocalizations (Riedman 1984a ", 1984b).
Davis et al. (1988b) tested the response of California and
Alaskasea otters to a variety of acoustic stimuli and found
that while California sea otters exhibited litt]e reaction to
killer whale vocalizations, Alaska sea otters showed a
sironger response. possibly because killer whales are
more common in Alaska and may prey on sea otters there.
Other acoustic noise. such as random playback of syn-
thetic sounds (air horn and warble tone), initially startled
the otters, but like other marine mammals, they soon

Fig. 12. External ear of the sea
otter (K. Kenyon).

habituated to the noise (within 2 h) and did not subse-
quently avoid the sound source.

Visual acuity in the sea otter seems to be 200d both
above and underwater. Murphy et al. (1990) found that.
both above and below water, sea otters are approximately
emmetropic: that is, they are able to focus clearly on
targets both underwater and in air (although they
occasionally exhibit myopic reflexes in both environ-
ments). Sea otters depend on accommodation of the eye-
ball to compensate for the loss of the eye’s corneal refrac-
tive power when underwater.

Sea otters have an exceptional accommeodative range of
about 60 diopters (a unit of curvature and of the power of
lenses)—at least three times greater than that reported
for any other terrestrial mammal (Sivak 1980). In
comparison. diving marine birds, such as cormorants
(Phalacrocorax spp.), have an accommodative ability of
<40diopters (Levy and Sivak 1980). Murphy etal. (199()
found that the sea ottereye is characterized by extensively
developed iris musculature, meridional ciliary muscle,
and comeoscleral venous plexus surrounding the entire
ciliary body region; all these may be assocjated with a
unique and well-developed lenticular accommodative mech-
anism that is able to change the refractive power of the
lens. In addition. they speculate that the well developed
anterior epithelium of the cornea may be an adaptation
that helps the otter cope with salinity in its environment,

In comparison, Schusterman and Barrett (1973) found
that the visual acuity of the Asian small-clawed otter
{Aonvx cinerea) was the same in air and water when tested
during daylight. In relation to pinnipeds. Gentry and
Peterson (1967) suggesied that sea otters have slightly
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poorer underwater vision than California sea lions
(Zalophus californianus) or harbor seals (Phoca vituling)
and speculated that an otter's vision may be better in air than
underwater. Although recent studies have shown that sea
otters can see clearly in both environments, the orbiis of sea
oteers are nol enlarged. as they are in most pinniped species.
Orbital enlargement is thought to be an adaptation for
increasing visual sensitivity in deep, dimly lit water.

Sea otters appear 10 have a well-developed 1apetum, as
do the pinnipeds and most nocturnal carnivores that need
1o see well at night or in dimly lit waters. The specialized
layer behingd the retina. the tapetum lucidum (containing
many guanine crystals), enables the retina to reflect tight.
[t gives a metallic appearance. By sending light passing
once through the retina back through the retinz a second
ume, the fapelum enhances the light-gathering capacity
of the eye.

Inteynal Organs

The lungs are Jarge in relation to body size. nearly 2.3
tmes that found in other mammals of similar size. Large
lungs serve to regulate buoyancy and store oxygen (Lenf-
ant et al. 1970; Kooyman 1973: Lejth 1976; Costa and
Kooyman 1982). The liver and kidneys are also large
relative to body size. An enlarged liver prohadly helps
maintain the high metabolic rate (Kenyon 1969;
Mosejobn et al. 1975), while the large. Jobulated kidneys
allow Lhe otier 1o produce large volumes of moderately
concamm(ed unine (Kenyon 1969: Costa 1982). Costa
(1976 1978b) demonstrated that sea otters drink sea
water. Because California sea otlers consume primarily
invertebrates (which possess higher elecirolyte concen-
rarjons than teleost fish), they must process large
amounts of electrolyies. nitsogen, and water: ingestion of
seawarer may Lherefore promote urea elimination by in-
creasing the urinary osmotic space wathout increasing the
elecwrolyte concentration in the urine (Costa 1982). Inter-
estingly. captive sea otlers at the Monterey Bay Aquarium
somelimes drink fresh water frorm a hose and from waler
sprinklers cleaning the exhibit windows; in addition. the
Jjuvenile male and females in the exhbit ingest their own
urine at times (J. Hymer and B. Grey, Monlerey Bay
Aquarium, Monterey. Calil.. personal communicaltion).

Pelage and Grooming Behavior

Unlike most other marine mammals, sea oters have
lirtle subcutaneous fat. depending instead on thesr dense.
waler-resistant fur to provide insulanon against cold.
Underneath (he outer flattened and protective guard hairs
s an extremely fine and dense underfur. In facl. the sea
otter’s fur is more dense than that of any other mammal.

Williams et a). (in press) found that sea otter fur density
varnied be(ween body cegions. with halramounn rang-
ing from “6413/<:m (I70 364/in. ] on the fool (o
164.662/cm> (1.062,070/in. ) on the foseleg. Previous
estimales of average undcrrnr hair densny have been
reporied at 100.800/cm? (650. 160/1n Kenyon l969)
und 131.000/cm? (844.950/in.2 Tarasol‘f 1974).

comparison, domequc cals (Felis nlvesl} isyhave 16, 000—
32.000 hairs/em’. dogs (Canis jamifiaris) have 200-
9.000 hairs/em?. and humans average only about 100.000
hairs on the entire head. The northern fur seal
(Callorhinus ursinus) has an estimated 40.000-60.000
hairs/cm2 (Scheffer 1962). The vea otter has specialized
glands that secrete oil and enhance the water-repellent
quality of the fur. In addirion. the sea otter’s lack of
arrector pili muscles in the epidermis allows the hairs to Jie
close to the animal’s skin when immersed (Kenyon 1969).

Moliing takes place gradually throughout the ycar
(Ognev 1931 Kenyon 1969), although a peak period of
molting seems (0 take place in spring among captive
Alaska onters (Kenyon 1969). The number of fur fibets in
each bundle may increase as an otler ages, indicating that
some of the fibers are not shed later in 1he moli, but
instead remain attached within the bundle. Throughour
the year. individual fibers are probably in molt while
others are at rest (Kenyona 1969),

An air Javer is trapped within the fur fibers, providing
insulation and buovancy and enabling the skin (o remain
dry when iramersed (Kenyog 1969: Morrison et al. 1974;
Tarasoft {974, Costa and Kooyman 1982). When contam-
inated with pollutants (such as oil). the fur loses its
insulative propenies. and the otter suhsequently dies of
hypothermia or pneymonia (Stulken and Klrkpamck
1955, Kenyon 1969: Kooyman e al. 1977": Williams
1978; Kooyman and Cosla (979": Costa and Kooyman
1979°, 1980". 1982; Siniff el al. 1982),

Frequcm grooming of the fur is essential 10 maintaining
its insulative properues. In addition to trapping air within
the pelage, grooming essentially serves tour purposes: (1)
10 clean the fur. (2) 1o straighten and align the hair shafts
so that the loft is maintained, (3) to stimulate the procuc-
tion of natural oil and distribute the oil over the sKin and
hair, and (4) to enhance bload circulation (Williams et al.
1990). Vigorous grooming bouts generatly occur before
and after feeding episodes and yest peviods. lnlermittent
grooming takes place at other times (often during and at
the end of rest periods). but this type of grooming s boief
and languid (Kenyon 1969: Loughlin [977).

Loughlin (1977) found that the intensive grooming
bouts of longest duration (which generally occurred after
feeding) involved a highly siereotyped sequence of four
stages. Stage | is characterized by energetic somersault-
ing and lateral rolling, with vigorous rubbing of the entire
body, especially the back. base of 1ail, and nape. Air is
blown or rubbed into the fur of the abdomen and chest. [n
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Fig. 13 Califorma sea olter m “stge 47 groomimg. slowly rubbimg face with forepaws (D, Buchich).

stage 2, vigorous grooming continues. but no rolling or
somersaulting occurs, as though the otter 15 trying 1o keep
its ventral surface dry. The chest, face, and nape are
rubbed with the paws, while the hindflippers are rubbed
together rapidly. An otter might voll laterally and entwine
itself in kelp, Stage 3 is characterized by slow licking and
rubbing of the tail and hindflippers. In stage 4. the animal
is nearly fully groomed, but slowly continues to lick irs
paws and chest, rub its face and nape. and rub the
hindfhippers together. The limbs are held mgh above the
water while the otter wraps itself in kelp (Fig. 13)
Pelage color in adults varies in shades of brown. The
fur of some individuals may become progressively griz-
#led and lighter in color on the head. neck, chesi, and
forelimbs due o loss of pigmentation in the guard hairs
(Barabash-Nikiforov 1947; lones 1951; Kenyon 1969,
Miller 1974, Estes 1980 Fig. 14). Garshelis (1984) sug-
gesied that “light-headedness™ develops with age in both
sexes but 1s mosi pronounced in old males whose heads
may appear 1o be nearly white, He found that in Prince
William Sound, males appeared 1o become “white-
headed™ at & years, which s younger than the age mosi
females became white-headed {(8-9 years). While it may
generally be true that the fur gradually lightens with age

as the hairs lose pigment. this is not alwuys the case;
dark-headed older otters, as well as light-headed voung,
are observed. Newbom pups are characierized by a light
brown or yellowish, woolly, naal pelage (Fisher 1940},
which is completely replaced by the adult pelage by 13
weeks (Payne and Jameson 1984: Fig. 15).

Merabolism and Energetics

Because of their small body size and lack of blubber,
which in other marine mammals provides insulation as
well as g reserve of energy. sea otlers compensate lor the
problem of thermal sress not only by means of their
insulative fur bul also by maintaining a lugh level of
internal heal production (Iverson and Krog 1973: Mormi-
son et al. 1974: Costa and Kooyman 1982), A sea ofter’s
rate of heal production is 2.4=3.2 times thal expected for
d terrestrial mammal of similar size (Costa |978a; Costa
and Koovman 1982, 1984}, Sea otters are characterized
by an elevated stundard metabolic rate (SMR) of about
2.5 met, or 0.67-0.72 cm” per gram of body weight per
hour. which enables the mainienance of an average body
temperature of 38,1 £ 0,34 C under typical environmental



Fig, 14. California sea otter with heavily grizeled head and chest (. Mattison),

conditions (Morrison et al. 1974).

Energelic requirements are high and eritical for main-
tenance of the elevated SMR. Capiive adulis require
189-253 keal/kg body weight per day, eguivalent to 20—
25% of their total body weight (Kenyon 1969, Cosia
1976 ). A 20-kg adult otter would therefore need between
4,295 and 5,750 kealf24 h. Costa (1978a, 1982, 1985")
estimated that free-ranging adults daily consume an
amount of food equivalent to 23-33% of their body
weight. The sea otter's assimilation efficiency of B0-85%
is low compared o other mammals (Fausett 1976; Costa
1982) and may result from the rapid rate of food passage
{typically about 3 h) through the gastrointestinal tract
(Stulken and Kirkpatrick 1955; Costa 1982),

Ecology

Habitat Characteristics

Sea oners inhabit shallow coastal waters and seldom
range more than [-2 km from shore. In areas with rocky
substrates, they usually occur between the shoreline and

the outer limit of the kelp canopy, which generally corre-
sponds to the 18-m depth contour, Occasionally, Califor-
nia sea otlers are seen furnther offshore to the 36-m depth
curve (Odemar and Wilson 196%; Wild and Ames 1974:
Loughlin 1977; Ribic 1982a; Ralls et al, 19884 1988b
13. Croll, Moss Landing Marine Laboratonies. Moss Land-
ing, Calif., personal communication), but they are rarely
found many miles out 1o sea. In some areas, especially
portions of Alaska, water shallow enough lor sca oller
foraging may extend many miles offshore. and in such
aregs large numbers of otters may be distributed accord-
ingly. Foraging activity in California is generally re-
stricted 0 water depths 25 m or less (Wild and Ames
1974; Cabfornia Depariment of Fish and Game !'-?‘?ﬁ“;
Estes 1980; U.S. Fish and Wildlife Service 1980°), al-
though California otters have been reported foraging in
witters up to 36 m deep (R. A. Hardy. California Depart-
ment of Fish and Game, Morro Bay, Calif., unpublished
data). The record dive depth occurred in the Aleutian
Islands, where a sea otter drowned in a king crab
(Lithades and Paralithodes) pot that was sel in aboul
100 m of water (Newby 1975). In the deep fjords of north-
eastern Prince William Sound, Garshelis {1983) reported
thal sea olters typically dive to depths of 28 m when
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Fig. 15. Smal] California sea otter pup showing patal pelage. which is replaced by adult fur by 3 months of age (S. Webster).

feeding on Dungeness crab (Cancer magister).

Sea otters occur in areas with widely ranging exposute,
substrate types, and community composition. In Cali-
fornia, they are usually found in rocky-bottom areas,
although they also occur in soft-bottom habitats. Rocky-
bottom habitats typically support diverse and productive
communities, including prey frequently consumed by sea
otters (e.g., sea urchin, abalone, crab). Sea otter density
in California is probably related to substrate type. On
average, rocky-bottom habitats in California support sea
otter densities around 5 individuals/km, whereas sandy-
bottom areas support average densities of 0.8 individu-
als/km (California Department of Fish and Game 1976 ).
The type and structure of rocky bottom also seems to
affect sea otter density. Areas with extensively fractured
or topographically heterogeneous substrates seem capa-
ble of supporting higher densities of sea otters than areas
with flat and unbroken substrates.

Sea otters seem to prefer areas with surface kelp cano-
pies, although this is not an essential habitat requirement,
Large numbers of sea otters are found in areas of Prince
William Sound and southwestern Bristol Bay, where the
bortom is composed exclusively of soft sediments. In
other areas, such as the western Aleutian Islands, the

surface kelp canopy in rocky-bottom habitats is formed
entirely by the annual species Alaria fistulosa. Although
sea otters in such areas typically associate with this sur-
face canopy in summer, the canopy is absent during much
of the rest of the year. In California, sea otters may also
inhabit areas devoid of canopy-forming kelps and rest in
open water. However, the kelp canopy. used for foraging
and resting. is an important habitat component, and the
density. areal extent. and species composition of kelp
canopies are known to influence the distribution patterns
as well as territorial and home range boundaries (Benech
198 l*; Jameson 1989; G, R. VanBlaricomand R. . Jame-
son, U.S. Fish and Wildlife Service. University of Cali-
fornia. Santa Cruz, Calif., unpublished data). Californja
sea olters preferentially associate with giant kelp
(Macrocystis pyrifera) as opposed to bull kelp (Nereo-
cystis leutkeana). Specific kelp beds are used as habitual
rafting sites for groups of otters as well as for individuals
(Loughlin 1977; Jameson 1989; Vandevere. personal
communication: Riedman unpublished data). Territorial
males may rest in the same kelp beds, at nearly the same
specific location, for many years (Jameson 1989;
Deutsch, personal communication: M. L. Riedman, J. A.
Estes. and M. Siaedler. unpublished data).
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Fig. 16. Adult mule sea otter hauled out on beach in Monterey, California (D. Buchich).

Haul-out Behavior

Sea otters in California have been observed hauled oul
on the shore at n*umerous*siles throughout their range
(Vanglevcre 1971, 1973b ; Vandevere and Baldridge
1973 ; Miller 1974; Faurot et al. 1985; Riedman et al.
1988 Jameson. personal communication), Preferred
haul-out sites are characterized by low-relief, algal-
covered rocks that are exposed at low tide (Faurot 1985),
although sand or cobble beaches are occasionally used as
haul-outsites (Fig. 16). Sea otters and harbor seals (Phoca
vitdina) often haul out close to one another. While harbor
seals and otters usually ignore one another. a seal may
occasionally behave aggressively towards an otter that
attempls to haul out oo close to the seal (Riedman,
unpublished data). The number of otters hauled our at a
particular site usually ranges from 1 to 6 (sometimes
including mother—pup pairs); however, up to 18 adults
and 4 pups were observed hauled out at Cypress Poiat on

one occasion (Faurotet al. 1985}, and 14 adults and 4 pups
were seen hauled out near Bird Rock at Point Lobos State
Reserve in May 1986 (Riedman and Vandevere, unpub-
lished data). In the northern part of the range, certain
individuals haul out more frequently than other otters in
the same area (Riedman et al. 1988°; K. Lyons and
E. Faurot, personal communication). In addition, females
often tend to haul out during their estrus period (Riedman
etal. 1988 ).

Although the frequency of haul-out behavior in Califor-
nia is unknown, California otters do not come ashore as
often or in groups as large as do sea otters in parts of
Alaska (Kenyon 1969; Estes, personal observation; Fig.
17). For instance, up to several hundred ofters were ob-
served hauled out in groups at Amchitka Island, particu-
larly in male areas, during winier (Estes, personal obser-
vation). In one instance. a group of males had hauled out
inland several hundred meters from shore. This behavior
is rarely seen elsewhere and probably relates to the ab-
sence of terrestrial predators and human disturbance. Sea
otters in the Aleutian Islands tend to haul out less often
after they have been disturbed by people (Estes, personal
observation).
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Fig. 17. Group of 39 male sea otters resting on shore at St. Makarius Point East, Amchitka Island, Alaska (K. Kenyon).

Role in Marine Communities

Pronounced and complex relations between sea otters,
a “keystone” (sensu Paine and Vadas 1969) or ~founda-
tion” (sensu Dayton 1972) species, and the nearshore
community have been documented in Alaska (Estes and
Palmisano 1974; Dayton 1975: Palmisano and Estes
1977; Estes et al. 1978; Simenstad et al. 1978; Duggins
1980; VanBlaricom and Estes 1988; Duggins et al. 1989;
Kvitek and Oliver, University ol Washinglon. Seattle.
Wash., in preparation), British Columbia (Farr and Bun-
nell 1980; Breen et al. 1982), Washington State (Jameson
et al. 1986; Kvitek et al. 1989). and California (McLean
1962; North 1965", 1974 ; Ebert 1968a, 1968b; Lowry
and Pearse 1973; Wild and Ames 1974; Haaker and
Wilson 1975; VanBlaricom [984a. 1984b; Estes and
VanBlaricom 1985; VanBlaricom and Estes 1988).

Direct Effects of Sea Otter Predation

The direct reduction of benthic invertebrate populations
by sea otter predation is the most general und well docu-
mented part of these complex relations. Several factors
lead to the strong limiting influence sea otters have on

populations of many species of benthic invertebrates. One
is that sea otters are abundant (especially in Alaska and
the Soviet Union) and, on an individual basis, have a high
rate of food consumption. For example, an estimated
5.000-8.000 sea otters inhabit the roughly 150 km of
shoreline surrounding Amchitka Island in the western
Aleutian archipelago (Estes 1977, 1990}, and each daily
consumes an estimated 25-30% of its 23-kg average body
weight. In additon, their extreme mobility, highly devel-
oped forelimb sensory and motor functions (Radinsky
1968). crushing dentition. and proficient use of tools for
breaking open the exoskeletons of invertebrate prey
render sea olters easily capable of locating, capturing, and
consuming invertebrates of nearly any size and shape.
Indeed, the only apparent refuges or defense mechanisms
from sea otters available to most invertebrates are very
deep water (Estes, unpublished data), deep holes and
crevices in rocky substrates (Lowry and Pearse 1973),
being small in size (Estes et al. 1989, Estes and
VanBlaricom 1988), or sequestering of PSP toxins as a
chemical defense (Kvitek et al.. in review ). Burrowing
deep into soft sediments (Kvitek and Oliver 1988: Kvitek,
personal communication) is also thought to be effective,
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although Kvitek commented that he recently observed sea
otters eating geoducks (Panopea generosa) in southeast-
ern Alaska and found huge pits they had excavated to
obtain them.

Evidence that sea otters have such profound limiting
influences on many of their invertebrate prey populations
comes mainly from comparisons of areas with and with-
out otters, through either space or time. For example. in
central California large sea urchins (Strongvlocentrotus
purpuratus) are almost never found outside of protective
substrate cracks and crevices within the sea otter’s range
(Lowry and Pearse 1973; Foster and VanBlaricom 1986 ).
Yet sea urchins are among the most abundant, conspicu-
ous, and important invertebrates on rocky reefs that occur
beyond the sea otter’s range in central California (Foster
and Schiel 1985. 1988; Harrold and Pearse 1987). We are
aware of only a single case in which abundant sea urchins
have been reported within the sea otter’s range in central
California, and that is the report of Watanabe and Harrold
(Monterey Bay Aquarium. Monterey, Calif.. unpublished
manuscript} from an area known as “the pinnacles,” lo-
cated about 1 km off the shore of Carmel Bay. These
urchin populations seem to have developed following a
heavy settlement event around 1985. Although this obser-
vation poses an apparent paradox with our previously
stated contentions, the urchin population at the pinnacles
developed in rather deep water (20-30 m). and the pre-
viously well-developed kelp canopy in the area has also
been lost. It is still unknown whether the urchins occur
below a depth at which sea otters can profitably forage
(as occurs in the Aleutian Islands), or whether otters have
foraged at all in that area in recent years. [t could be that
loss of the kelp canopy has made the urchin populations
at the pinnacles difficult for sea otters to locate. although
this is unlikely.

Most sea urchin population reductions that have oc-
curred through time following the reestablishment of sea
otters have been documented anecdotally (McLean 1962;
Ebert 1968a.1986b; Benech 1977, 1981 ). and in all cases
the reported patterns were similar. Laur et al. (I988)
conducted one of the few studies in Califonia designed
to document the community level effects of the expanding
sea otter population: within a year of the arrival of sea
otters on their two study reefs, red urchin (S. fran-
ciscanus)y and purple urchin (S. purpuraius) densities
declined to zero.

There is similar evidence that sea otters limit sea urchin
populations in other geographical areas. For example,
Breen et al. (1982) reported that sea urchins were rarely
found within the range of the sea otter in British Colum-
bia, whereas outside the otter’s range, urchins were per-
haps the most conspicuous and important herbivore. A
more recent survey by J. Watson (University of Califor-
nia, Santa Cruz, Calif., personal communication) has
confirmed these patterns. She also was unable to find

more than an occasional sea urchin within the sea otter’s
range in British Columbia. Furthermore, she found that
several sites surveyed by Breen et al. (1982)—which at
the time of their studies were outside the otter’s range and
supported abundant sea urchin populations—had been
reinhabited by otters and lacked sea urchins at the time of
her surveys in summer 1987. One of her sites, which
lacked otters and supported an abundant urchin popula-
tion when she first surveyed it, was reinhabited by ofters
when she revisited it about a month later, at which rime
she found little more than broken urchin (ests covering
the sea floor. Similar results have been obtained by
Duggins (1980) for an area near Glacier Bay in southeast-
ern Alaska. Sea urchins were abundant in Torch Bay. a
site lacking sea otters; however, he was unable 1o find
more than an occasional urchin in nearby Surge Bay,
where otters were abundant. Sea otters reinhabited Torch
Bay around 1986, and in an extensive survey of this area
done in May 1988 (including all five of Duggins® study
sites) only an occasional small urchin could be found
(Estes et al. 1989; Estes and Duggins, unpublished data).

Estes et al. (1978) reported similar differences between
islands with and without sea otters in the western Aleutian
archipelago, with one rather striking exception. Al Am-
chitka [sland, where sea otters not only were abundant but
also apparently at or near equilibrium density, high den-
sities of small sea urchins (<35 mm and most <25 mm test
diameter) were found, especially at depths greater than
about 1013 m. At Shemya and Attu islands, where sea
ollers were absent. sea urchins typically reached 65—
85 mm lest diameter. We subsequently surveyed a large
number of sites in the western and central Aleutian [slands
and found that these urchin population structures were
predictably associated with the presence or absence of sea
otters. Our preliminary analyses (Estes et al. 1989; Estes
and Duggins. in preparation) indicated that high densiues
of small sea urchins persist amidst abundant sea otters for
two reasons: (1) sea urchins recruit heavily each year
throughout the central and western Aleutian Islands. and
(2) there is a lower size limit below which urchins gain
refuge from otter predation.

Sea otters are known to effectively limit populations of
various other benthic invertebrates. such as Pismo clams
(Tivela stulrorum). abalone (Haliotis spp.), Dungeness
crabs, and mussels (Myrilus californianus and M. edulis.
Ebert 1968a, 1968b: Lowry and Pearse 1973; Wild and
Ames 1974: Miller et al. 1974, 1975; Gotshall et al.
1976 Stephenson 1977: Estes and VanBlaricom 1985;
Wendell et al. 1986: Garshelis et al. 1986: Kvitek and
Oliver 1988; VanBlaricom 1988). The behavior and dis-
tribution of certain prey, such as sea urchins and abalone,
are also affected by sea otter predation. For instance. in
central California. abalone are found almost entirely in
crevice refuges that, among other things, provide shelter
from foraging sea otters and perhaps other predators
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(Ebert 1968a; Faro 1970, Lowry and Pearse 1973: Cooper
et al. 1977: Hines and Pearse 1982). Hines and Pearse
(1982) presented evidence showing that the abundance,
size, and species composilion of abalone remained siable
from 1972 10 198) at the Hopkins Marine Life Refuge in
Monterey—an area that had been occupied by sea otters
for nearly 20 years—although the overal} density and
average size of abalones were substaalially reduced from
that found in areas not occupied by otters, Garshelis et al.
(1986) similarly concluded that sea otter predation was
responsible for the collapse of the Dungeness crab fishery
in eastemn Prince William Sound—shortly after foraging
sea otters moved into the area. crab populalions declined,
and lhe fishery had 1o be closed. It was known that the
otters fed exiensively on crabs and very likely reduced
crab populations; however. this case was confounded
somewhat by the fact that bivaive populations. which are
prey for Dungeness crabs, had declined substantially due
to coastal uplifting from the greal Alaska earthquake of
1964. This perbaps, in turn, caused an observed long-term
decline in the crab populstion (Estes and VanBlaricom
1985).

Sea otlers also feed at bigh tide in intertidal communi-
ties. Intertidal mussels have been reported in dietary
studies of sea otters from the Kuril Islands to cengral
California. VanBlaricom (1987, 1988) has studied the
snteractiop between sea ouers and intertidal mussel pop-
ulations 1n central California 2and Prince Williurn Souad.
In Prince William Sound. mussels (Mytilis edulis) are onc
of the main sea otter foods (Estes et al. 1981). Sea oner
predation was found to reduce the size and density of
mussels, although this effect varied among areas, depend-
ing on age and sex composition of the local sea otter
population. Through translocation and caging experi-
ments, VanBlaricom (1987) was able 10 demonstrate that
growth rate and maximum actainable size of musscls were
comparable or greater in populations deprcdated by sea
oflers than in unexploited populations.

In Prince William Sound, VaaBlaricorn (1987) found
that mussels were consumed primarily by recently
weaned juveniles and femaies with dependent pups.
whereas they were rarely eaten by adult males or single
females. Since ses otlers segregate spatially by age and
sex. the composition of the local sea otter population
influences the extent tg which mussels are consurmed in a
particular area. Because of the bjgh mussel abundance
and calm sea conditions throughout most of Prince Wil-
liam Sound. it is likely that mussefs are more easily
captured than other prey, such as decapods and burrowing
bivalves, perhaps explaining why they are so commonly
eaten by juveniles and females with large pups. However,
Garshelis (1983) suggested that whereas mussels were
easily obtained, their nutritional value was relatively low,
possibly explaining why they were Jess frequently eaten
by the more experienced adults. In addition. VanBlaricom

(1987) suggested that mussels were sporadically con-
sumed in areas supporting large aggregatons of males.
When this occurred, the foraging sea otters caused the
virtual local elimination of the ussel populations.

The foraging patiern of sea otlers in mussel (4.
californianus) beds along the exposed coast of central
California is considerably diffcrent from that observed in
Prince Williamm Sound. VanBlaricom (1988) found that
sea otters only feed sporadically in these mussel beds,
crealing gaps remarkably stmjlar in size to those caused
by wave shear on the outer coast of Washington (Paine
and Levin 1981). However, gaps formed by sea otter
foraging are created in calm seas whea Lhe otters can
effectively forage over the intertidal zone a1 high tide.
whereas gaps generated by wave shear are created during
rough. stommy cond;nons.

VanBlaricom (1988) also reporied that whereas sea
otters were nonselective in the removal of patches of
musscls from Lhe intenidal zones. they consumed only
those ndividuals longer than aboul 40 mm. In Prince
Wilham Sound. musse} populations subjected to intense
sea otter predation mainly containcd individuals <40 mm
in shell length, seemingly because of such size-selective
predation. Tt is (nteresting to note that this size preference.
and the resulting influence of sea otter predation on the
size distribution of prey. is similar 1o thal reported by
Estes et al. (1978, 1989) for green sea urchins (Strongy-
locentrotus polyacanthus) in the westem Aleutian Is-
lands.

The recent findings of Kvitek and Oliver (1988) and
Kvitek et al. (1988) are in contrast with the view jhat sea
olter predalion is the major controlling influence on some
of their prey populdtions. Their study of a soft-boltom
habital in lower Elkhom Slough demonstraled that sea
olters had litlle effect on either the density or size distri-
bution of infaunal bivalves. Kvitek et al. (1988) argued
that sea otiers incurred large time and energy costs in
digging the deep-burrowing bivalves (Tresus nuttatly and
Saxidomus ruttallir) that iphabited their study site. thus
prevenling the otters from substantially reducing their
prey populations. Although this pattern may be at |east
partially a result of seasopal and recent sea otter occu-
pancy, it contrasts with the well-documented inleraction
between sea otters and Pismo clams (Miller ef al. 1975:
Stephenson 1977, Wendell et al. 1986), which are com-
paratively shallow burrowers. and which decline quickly
and substantially following Use amrival of sea otters in
aseas supporting dense clam populations. Compelling
evidence for this inferaction is provided by Wendell et al.
{1986), who reported that recreational tandings of Pismo
clams at Pismo Beach, California, declined to near zero
shortly after sea otters dispersed into the area. The large
male group of otters that caused the clam decline has since
moved on; there has been a heavy recruitmnent of clams.
and iL s possible thal a recreational fishery may again be
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possible. at least for smaller-sized Pisrno clams. Estesand
VanBlaricom (1985) reviewed the evidence for the effect
of sea oner predadion on benthic invertebrate populations
and speculated on the potential for sea otter depredations
on a wide range of marine invenebrates, which are of com-
mercial and recreational value throughout the hislorical
range of the sea otter in the northeastem Pacific Ocean.

Fig. 18. (A) Kelp lores( at Amchitka
Island. Alaska (the kelp ungersiory
nearthe diver was cleared). (B) Sea
urchin basrens at Shemya Island.
Alaska (). Estes).

Indirect Effects of Sea Otter Predation

Sea otters limit herbivorous sea urchins in many areas
ol the North Pacific Ocean, which in turn promoles the
growth of kelp and other macroalgae. This scenario pre-
dicts that rocky reef communities are dominated by kelps
and other macroalgae when sea otters are present, but that
these communisies become deforested by sea urchin graz-
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ing when sea olters are abseat (Fig. 18). Evidence for this
effect. summarized by Estes and Harrold (1988), is of
three general kinds: (1) comparative observations. either
between nearby areas with and without sea otters or
through rime with the reestablishment and growth of sea
olters at specific locations (Estes and Palmisano 1974;
Estes el al. 1978; Duggins 1980; Breen et af, 1982; Laur
et al. 1988); (2) historical informalion oo kelp beds with
sea otter population changes (VanBlaricom 1984a); and
(3) small-scale experimental manipulations that mimic
the influence of sea otter predation (Duggins 1980).
Comparative studies provide the most well-known, and
probably the most compelling, evidence of the influence
of sea otter predation on kelp forest communities. Esles
and Palmisano (1974) reported that rocky reef habiats at
islands with abundant sea otter populations in the western
Aleutian archipelago were characierized by dense stands
of kelps and other fleshy macroalgae, whereas compara-
ble habitats at nearby islands lacking sea otiers were
largely deforested. Similar reports werc subsequently
published by Duggins (1980} for southeast Alaska, Breen
et al, (1982) for British Columbia, Jameson et al. (1986)
for Washington State. and Laur et al. {1988) for ceniral
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Fig. 19. Density and disivibution of kelp beds in cenual Cali-
formia befare and afler the recolonization of sea otters (from
VanBlaricom 1984b).
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California. VanBlaricom (1984a) used maps. prepared by
the U.S. Department of Agriculture in 1911 and 1912, 10
demonsirate that the areal extent of the surface kelp
canopy had expanded considerably and that species com-
position shifted from bull kelp (Nerencystis leutkeana) 10
giant kelp (Macrocystis pyrifera) following expansion of
the sea otter’s range into these areas (Fig. 19). Duggins
(1980) removed sea urchins from suhtidal plots in south-
eastern Alaska and found significant increases in kelp
selilement and growth compared with unmanipulated
control plots. Simjlar resuits have been obtained from
numerous cther areas of the North Pacilic Ocean. as well
as elsewhere in the world (Harrold and Pearse 1987).

There are various problems with al) the evidence of
indirecteffects of sea otter predation. Coraparative obser-
vations suffer from possible confounding influences of
spatial or temporal variation unrelated to the influence of
sea oller predation. Because kelp forest communities are
known to vary substantiallv in space and through time
(Fosler and Schiel 198S: Estes and Harrold (988). this
problero could be nolable. Historical reconsltructions suf-
fer from prohlems of interpretation, which is to say that
changes cosrelated with the sea outer's recovery, but cavs-
ally unrclated o the influence of sea otter predation,
cannol be discounted when allempling (o imerpret the
otler s role in observed chiunges. Furthermore. the quality
of historical information is ofien suspect and always
poorer than thal obtained from conlemporary studses.
When properly done. experimeatal studies are not con-
founded by community effects unrelated to sea otter pre-
dation. although such studies probably experience other
problems. For example. while experimental (reaimenl
effects usually are absolute (i.e., sea urchins are undis-
wrbed or Lhey are removed entirely). the effects of sea
olter predation may not be. Additionally. small-scale ma-
nipulations may produce effects different from those thal
occur when the same faclors change on a larger scale,
particularly if larval or spore dispersal is narowly con-
fined. Nonetheless, these studies collectively provide
strong evidence that kelp beds are enhanced by sea otler
predalion, and that this effeci occurs widely in the North
Pacific Ocean. The important questions now are: (1) How
gencral is this scenario? (2) How broad is the influence
of sea otter predation on olher kelp forest species? and (3)
What is the ime course of community changes with the
reestablishraent and growth of sea otters? These difficult
queslions are being investigaled.

Eses angd Duggins (unpublished dala) addressed ihe
queston of generalily by sampling a large nunber of
random)y selected sites from islands in the weslern Aleu-
tian archipelago with and without sea otters. Depending
on which community characteristics were measured.
these data showed that the extent to which benthic com-
rounihes between such areas differed was prediciable. In
general, sites at islands withoul sea oters were deforesled.
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whereas those at islands where otlers were abungdant
were not.

The most predictable character of these communities
was sea urchin size distribution. Urchins with test diam-
eters >30-35 mm were seldom found al the islonds with
otters. whereas all of the samples from otter-free islands
contained sea urchins with test diameters of 60-80 mm.
Sea urchin biomass per unil area was prediciably low ai
islands with otters. whereas jt was high but variable at
otter-free islunds. Similarly. kelp deasities were predicl-
ably near zero at otler-free ixlands, whereas they were
high but variable at is)ands with sea otters. Waison's
(personal comn'wnicmion) Vancouver Island daia, which
were oblained similarly to those of Estes and Duggins,
show similar palterns, except that sea vrchins were virru-
ally absent from Waison's sites occupied by sea ofters.
Ongoing research throughout the Kodiak archipelago and
southeastern Alaska (Kvitek and Oliver, unpublished
data). on (he outer coasy of southeastern Alaska near
Glacier Bay (Esles and Duggins. unpublished data). and
in Sjtka Sound (J. Estes. G. VaaBlaricom. and D. Carney.
unpublished datua) indicate paterns resembling those ob-
served in Btish Columbia.

Compurable daia fron1 randomly selected siles in areas
with and without sea otlers are lacking for California.
Fosler and Schiel (1988) sent guestionnaices to workers
famdlear with different regions of the California coast. and
based on the responses, they argued that sea otters play a
re{atively minor role in California kelp forests, contend-
ing inslead that both sea wechin populations and
macroalga) assemblages are lumited by a range of physical
and biological factors. Consisient with this view. Laur ot
al. (1988) concludcd that substrace relief influences the
extent (o which, in the absence ol sea outer predation.
rocky-botion habiais in Calilomia have become defor-
ested by sea urchin gruzing. However, Foster and
VanBlaricom (1986¢) surveyed 9 sites within the sea
olles s centra) California range from Villa Creek to Gran-
ite Cantyon. Wheteas site selection was not random (sam-
pling was done only under Macrocystis canopies). no
cvidence of grazing disturbance by sea urchins or other
inveriebrates was noted. These siles were generally char-
acterized by understories that graded from Laminaria
setchettii (a kelp) and articulated coralling algae in shal-
low water (6 m) Lo Prerygophora californica and encrust-
ing coralhne algae Ln deeper waler (15 m). Foster and
VanBlaricom (1986 ) reporled that among the sites. plani
densities and the cover of sessile inveriebrates and algal
turf varied considerably.

Temporal and spaual patierns of communily chaage
following reestablishmenti of sea ollers ate even less well
known. [n several sites at Atw [sland, Alaska, Estes and
Harrold (1988) reported that the only temarkable change
in benthic communiy structure with re¢stablishment of
sea ouers was a seduction in the maximum size of sea

urchins; otherwise, these ureas remained us deforesied sea
urchin barrens with high densities of small individuals
preventing settlement and growth of macroalgae. How-
ever. al one sile where sea urchins apparendy recruiied
unpredictably, a kelp forest became teestabhished soon
after otters reinhabited (J, A. Esles, unpubhished data).
Laur et al. (1988) documented the structure of two reef
communities near Point San Luis in ¢entral California
before and after sea otters became established in thal area.
One was a shallow-water, high-relief siie. which sup-
ported a kelpbed before the arrival of sea otters. The other
was a deeper-water. low-relief site. which was exien-
sively deforested (by sea urchin grazing) before the ar-
rival of sea otters. Sea urchin densities declined to near
zero 3l both sites within several months following the
arriva) of otters. A kelp bed developed within a yearin the
area that previously had been dcforesied, and the abun-
dance of several fish species also increased. Although
similar da1a ave lacking from other geographic localions
in the northeastern Pacific Ocean. anecdotal evidence
suggesls that where deforested habitats occur. these are
transformed rather quickly into kelp beds following the
amival of sea ollers.

There has been further speculation that the imeraction
belween sea ollers, sea usching, and macroalgae can have
far-reaching influences on couasial communines (Estes el
al. 1978). For example, reduction in the intensity of
herbivory by sea ofter predalion may promole strong
compelitive interactions within algal assemblages (Day-
ton 1975 Duggins 1980: Reed and Foster 1984). The
psesence ot kelp may act oa coasial ecosystems in many
important ways, such as by providing food and habitat for
oiher organisms or by altering water flow (Gerard 1976;
Maan 1982; Jackson 1984; Ebeling et al. 1985: Duggins
19%8). Evidence for these influences (s maialy supposi-
tionsl. coming from studies in which sea otlers were not
a laclor in the design. and usually not even a point of
concern. For example. several studies have shown im-
portant relations between kelp and a number of Tlish
species (Quast 1968a; Ebeling and Laur 1985, 1988:
Ebelingeta). 1985, Bodkin (986, 1988; Simeastad, Estes,
and Cowen. unpublished data), Kelp may create or im-
prove fish habitat. for instance. by providing sheher from
predators (especially to juvenile fishes): by ncreasing
overall subsiraic area: and by expanding the food base and
habitat for kelp forest organisms that in turn provide food
(os fishes (Davies 1968: Quast 1968a. 1968b; Haaker and
Wilson 1975; Leamon 1976. 1980; Wilson et al. {977.
Bodkin 1986). In the Aleuvtian Isiands, populalions of
certain fish species, most notably the rock greenling
(Hexagrammos lagocephotus). oceur at higher densities
in kelp habitats thaa in sea urchin barrens (Simenstad et
al. 1978: C. A. Simenstad, J. A. Estes, and R. K. Cowen.
unpublished data). Thal sea otlers themselves may be
influenced-by algal-fish interactions is indicated by the
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fact thar in paris of Alaska and the Sovier Union, fish
constitute an important element of the otter’s diet (Esies
ctal. 1981, 1982). Similarly. Trapp (1979) and lrons e al.
{ 1986) Found that where sea ollers were absenl. glaucons-
winged gulls {Larys glowcescensyin the weslern Aleanan
lslands fed extensively on sea urchins and other intertidal
inverlebrates bul consumed mainly fish where sea otlers
were ahundant.

In the westem Aleutian Islands, the importance of kelp
s 1 source of organic carbon between communities with
and withoul sea otters was studied by Duggins el al.
(1989%, Their study was based on the fact that sessile
macroalgac and water column-borme phy{upiankmn fix
the two stable wotopes of carbon {[:C and K C) in differ-
ent relative amounts. The stdy demonsrrated thar, al-
though stable carbon isotope ratios within species vary
considerubly among sites at any given island. highly
significant differences exisied between islands with and
without sed otters.

Other Influences on Kelp Forest Communities

Kelp foresi communities are influenced by many phys-
ical and biological processes. such as unstable subsirata,
chronic surge or wave action, climatic and hydrographic
conditions (such as those accompanying the El Nifio
Southern Oscillation [ENSO or “El Nino™| of 1982-43),
intensily and guality of available light, water lemperature,
nuirient conditions. severe storms, and predation by other
kelp herbivores (see Daywon 19835: Fosrer and Schiel
1985; Schiel and Foster 1986 lor reviews), Howewver,
discussion of these variables is bevond the scope of this
review,

The diets of several other species or groups of consum-
ers in California and Alaska overlap with the diet of the
sea otter, including several asteroid species, octopus (€
ropes spp.), crabs, birds (gulls and eiders), harbor seals,
and fishes such as cahezon (Scorpaenichilivs
marmoratus) and woll-eels (Anarrluchthvs ocellay).
However, the extent to which competition for food occurs
among these species is unknown.

Crther sea urchin predators in central and southern Cal-
iformia include inverichrates {e.g.. asteroids; Landenber-
ger 1967: Rosenthal and Chess 1972; Davion et al.
1980 ). spiny lobsters (Panufirus interrupies: Tegner and
Levin 1983; Robles 1987), and octopus. as well as fishes
such as cabezon, woll-cels. and Culifornia sheephead
(Semicossyphus pufcher; Hobson and Chess 1976
Cowen 1983), Sheephead are found primarily in southem
California, beyond the present range of the sea otter.
although sea oulers recently were relocated 1o San Nicolas
Island where sheephead occur. In particular, sheephead
predation secms to limit sea urchins (Nelson und Vance
1979; Cowen 1983). Cowen (1983) speculated that be-
cause sheepbead himit red and purple urchin populations
in some areas at San Nicolas Island, they may prevem

urchin grazing on attached macroalgae. In southern Cal-
ifornia. commercial harvest of urchins may also limit red
urchin populations within established kelp forests. The
sunflower star {(Pyenopodia fielianthaides) preys on ur-
chins and may impose an important structuning influence
on some urchin populations, with consequent eflects on
macroalgae (Duggins 1983). Locully abundant popula-
tions of sunllower stars oceur {rom the castern Aleutian
lslands o central California. In addilion, severe siorms,
sedimenl scour. changing climatic conditions. disease.
and recruitment failure may limil sea urchin populations
along the California coast in areas not subject 10 heavy
sea otter predation (Pearse et al. | 970"; Miller and Geibel
1973; Pearse et al. 1977; Yellinet al. 1977; Pearse and
Hines 1979 Cowen eral, 1982; Ebeling eral, 1985; Ebert
and Russell 1988).

Foraging Behavior and Diet

Feeding and Diving Behavior

Sea otters foraze in rocky substrate and soft botiom
communities. along the bottom as well as within the kelp
understory and canopy. Foraging activily takes place
most [requently in subtidal zones, although otters nls.;:m
forage intertidally o some exwent (Vandevere %69 ;
Estes 1980 Kovnat 1982; VanBlaricom 1988, Hurrold
and Hardin 1986; Jameson. unpublished data; Ricdman,
Staedler. and Esies, unpublished data). In Califormia, of-
ters usually lorage at depths of < 25 m (Wild and hmeﬁs
1974: Culifornia Depurtment of Fish and Game 1‘.’?(: :
Estes 1980: U5, Fish and Wildlife Service 198() ), be-
yond which the canopy-forming kelps and certain prey
items become scarce (Abboti and Hollenberg 1976).
However, alang the northern Monterey peninsula, certain
territorial males sometimes torage offshore in depths of
A0=40 m (Riedman, unpublished data; Deutsch, personal
communication}, and in the center of the range. juvenile
males lend to Torage deeper and further offshore (1=
2 kmj than mhﬁer age or sex classes of omers (Ralls e al.
1988a", 1988b ). In the Aleutian Islands. in contrast, sea
ollers commonly [eed at depths of 40 m or more (Estes
1980,

From direct ohservations of foraging sea oners. Esies
etal. (1981) reporied that average dives lasted from aboul
50 10 60 s and that dives exceeding 125 s were extremely
rare. However, Rallse1 al. (1988h ), using radiotelemetry,
found that 5 of 31 oners in central California had mean
dive limes exceeding 125 s. 12 individuals had maximum
dives exceeding 200 s, and the maximum dive lime
recorded was 246 s, These findings indicare that visual
studies are biased against animals feeding in deep
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waler Tar from shore. Maximum dive time:-jiirl all ape or
sex classes studied by Ralls et al. (1988b ) ranged o
aboul 4 min; however, average dive rime was longest
for juvenile males and shortest for females with pups.
This pattern reflects their finding that juvenile males
tend to teed far from shore in deep water. whereas adull
females with pups tend 1o feed close 1o shore in
shullow water. Ralls et al. (1 ’-]ﬁﬁh'] found that the mean
dive nme and surface interval berween dives for all in-
strumented otters was 74 5 and 65 5. Most individuals
differed significuntly between day and night in length of
dives, but the direciion of this difference varied among
individuals. The average foraging bout duration of radi::n-
instrumented otters studied by Ralls er al, (1988b ) in
central California was between 77 and 373 min. Juvenile
females tended o have longer feeding bouts than other
age or sex classes. The fact that juvenile females have
long feeding bouts may be related o their tendency to
forage on small-sized prey (Riedman, Staedler, and Estes.
unpubhished dara). The average mierval between fecding
boults was |BE min, from the range of ¥1-300 min for
individuals.

An average of 70-73% of all diumal leeding dives in
Califormia result in the successful capture of prey
{Loughlin 1977; Estes et al. 1981), although a complex
array of variables may affect the proportion of successful
dives, type of prey oblained, dive times, and foraging
strategies (Estes el al. 1981). Adull otters make unsuc-
cessful dives more often than juveniles, although adults
also oblain more rewarding but less easily capiured prey
Longer dives—and ofien several dives—are reguired to

Fig. 20. California sea otter holding red
sen urchin (Stong locentrotus francis.
canns) underwater (R, Mattison),

capture large prey items thal are less accessible but more
rewarding in rerms of energetic value (such as abalone
and Cancer crabs) than are necessary (o obtain less valu-
able prey (such as wrban snails: Loughlin 1977 Costa
1978a. 1978b; Estes er al. 1981; Ralls er al. 1988b ). As
might be expected. surface times were highly correlated
with prey size and type, and lasted longest for large prey
such as abalone, large crabs. and octopus, which fre-
quently took an otter several minuies o consume (Ralls
eral. 1988b").

Sea otters capiure prey with their forepaws, often stor-
ing food items within loose flaps of skin bencath the axilla
of each foreleg until the prey can be consumed at the
surface (Barabash-Nikiforov 1'47, Kirkparick er al
1955; Fig. 20). A sea oller may caplure Two Or more prey
items of the same or different species ina single dive. Prey
such as clams are captured by rapid and repelitive digging
in soft subsirates with the forepaws, and the oner ofien
dives several times before it can excavate the clam
iShimek 1977a; Hines and Loughlin 1980).

Food Stealing

Somelimes ong otier steals another otter's food at the
surface { Fisher 193%; Miller 198{). It is possible that food
stealing also takes place underwater, since a feeding oiter
may occasionally surface while imeracting with another
otier after a foraging dive. Incidents of food stealing are
common among mother—pup pairs, with older dependent
pups regularly raking food from their mothers dunng a
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foraging bout. The majority of ather food-stealing inci-
dents involve territorial males, who often take prey from
females and mother—pup pairs foraging in their territory
{Riedman et al. 1988 ). Temitonal males do not seem Lo
be selective when stealing prey: they usually rake what-
ever food the female has obtained. Such males steal prey
in which they do not specialize, as well as prey they obtain
on their own {Riedman, Staedler, and Estes. unpublished
data). Generally. a female's food is stolen by u territorial
mile ar least once or at most several omes during a
complete foraging bout. Females usually relinguish prey
o males with little resistance. A territorial male who is
pair-bonded o a female may alsa frequently steal her
prey. In fact, pair-bonded males somenmes solicit or sieal
prey from their mates in the same manner as dependem
pups: the female oceasionally even offers prey to the male
as she would 1o her pup. Particular rerritorial males may
sreal food from females more often than others. An inter-
esting male sirategy, termed hostage behavior. has also
been ohserved along the Monterey peninsula. This eccurs
when a male approaches and grahs a dependent pup while
its mother is foraging underwater. The pup is relinquished
ta the mother only when she gives the male her prey in
apparent exchange for her offspring (Riedman, Staedler.
and Estes. unpublished data)

Stealing of food occurs occasionally between adult
lemales, one or both of which may be accompanied by a
pup. Chservations of such incidents suggest thar prey may
be selectively stolen by Females. For example, in one case
only abalone was taken. Whether such food siealing inci-
dents among adult females are based on age or social
status is curréally under investigaton (Riedman el al.
1988 ), Juvenile females have also been observed at-
tempting to steal food from each other as well as from
adulls (Riedman, Staedler, and Estes, unpublished data),
However, Ralls and Siniff (1988 ) found that juvenile
females often had food stolen from them and speculate
thar their tendency o feed an different rimes (through-
out a 24-h period) than other onters may reduce the
chances that food is stolen from them. Only large and
valuable prey was stolen from the juvenile females.
indicating that such stealing was selective. Victims of
food siealing may either emporanly siop foraging, move 1o
another location, or simply continue foraging in the same
area,

Tool Use

The use of tools such as rocks 1o break open or dislodge
hard-shelled macroinvertebrates is common among sea
otters (Fisher 1939 Limbaugh 1961, Hall and Schaller
1964: Kenyon 1969, Houk and Geibel 1974 Miller 1974:
Fig. 21}. Tool use is uncommen among mammals and
has only been reported in humans, chimpanzees, dol-

phins, and {occasionally) polar bears (Ursus maritioes)
as well as sea ouers (Alcock 1972; Beck 19800, Tool use
appears 10 be more frequent among sea otters in Califor-
nia than in the Aleutiun Islands (Estes. unpublished
ohservation). The reason [or this may be the increased
occurrence of more heavily shelled forms o lariudes
closer to the tropics (Vermeij 1978). In addition, Aleutian
[sland sea owers feed heavily on fish in areas such as
Amchitka Island, in which case wol use i unnecessary,
In Prince Willam Sound, however, otters fregquently
use tooks o open bivalves (Calkins 1978; Garshelis
1983},

Seca otters may use rocks or other objects underwater o
pry loose or break apart prey such as urching or abalone
that adhere tightly to rocks or are wedged in crevices.
About 80% of the abalone shells examined by Ebert
(1968a) in California had breakage pallerns suggesting
that they had been struck by tool-using orers. Sea oilers
along the northern Monierey peninsula often carry arock
or other 1ool with them while diving underwater. vet do
not always use it to break open caplured prey only at the
surface, When brought to the surface. mollusks (e.g..
ahalone or rock ovsters |Pododesmuy cepio]) afien bear
a large hole near the center of the shell, which ir seems
the orrer created underwaler with its 100l (Riedman, un-
published ohservarion).

Recent research has shown that Califomia sea oliers are
quite versatile in ool use rechnigues and foraging iacucs,
indicating well-developed leamning and cognitive abili-
ties. The most common form of tool use occurs when an
otter places a rock on s chest while floaning on irs back
and pounds hard-shelled prey (e.g.. snails, mussels,
clams)against the rock as an anvil to crack open the outer
shell. Mumerous variations of this method may be em-
ployed. and sea otters are capable ol learmng new and
innovative tool use technigues and caplure sirategies Lo
enhance foraging ability (Riedman, Stedler, and Eues,
unpuhlished data), Somerimes an oner inay use the rock
teol as a hammer, or it may use two rocks as hammer and
anvil. AL other times, pieces of the shell or crab carapace
may be broken off and pounded againsi the prey itself. In
addition to rocks, which are the most frequently used 1ool,
oiters may use empiy shells, drifiwood. empty glass or
plastic bottles, aluminum beverage cans, and other man-
made objects discarded by humans (Riedman et al.
1988%). Live clams max also be pounded againsi each
other o break the shells in Alaska (Kvilek. porsonal
communication) and Califorma (Riedman, Stedier. and
Estes. unpublished data}.

Many onters vary their tool use behavior appropriaely
with the particular préy species obtained, For instance, a
female who captures both turban snails and purple urching
may eal the urchins using her teeth, then dive specifically
for the purpose of obtainming a (ool 10 crack the hard-
shelled snails. Other feeding methods include rolling
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Fig. 21. Califorma sea olter using rock (ool (o break open prey (0. Buchich),

urchins between the paws to break off the spines and using
the hindflippers 10 hold crabs on the abdomen while
eating another food, An olter may even immabilize a crab
by wrapping it in kelp fronds draped over the otter’s
abdomen while it eats another food item (Riedman et al.
1988=).

Observations on tagped sea otters along the Monterey
peninsula have shown thar individual varation exists in
tool use methods, as it does in choice of prey, with certain
olters consistently using the same type of ool and tool
use technique. An otter may also keep a tool w0 use
throughout a particular forage bout (Riedmanetal. 1988
K. Lyons, Institute of Marine Sciences. University of
Culiformia, Santa Cruz, nnpublished data). For mslance,
one tageed female in Monterey consistent]y used an ex-
tremely large flat rock or slab of concrete underwater,
seemingly to dislodge abalone. Another female in Mon-
terey Harbor used a glass bollle 1o pry rock oysiers
from rocks beneath the surface. Studies on the cognirive
aspects of ool use abilities in captive sea ofters are
currently under way at the Monterey Bay Agquarium
(J. Curland, R. Gisiner and R. Schusterman, Moss Landing
Manne Laboratories, Mosy Landing, Calif.. personal
commurmeation).

Incividual Variation in Diet
and Foraging Tactics

There is substantial variation among individual Califor-
nia sea ollers with respect to diet and the amount of lime
allocated 1o diving and J'nrug'ing on the surfuce (Estes el
al. 1981; Lyons and Estes 1985 ; Riedman et al. 1988 P
Lyons 1989). Among animals foraging wathin an area,
individual variation in diet has also been documented in
tropical marine snails (Thats emarginata: T, melones,
Wesl [986a, 1986b). Cocos Istand finches (Pinaroloxia
inornata: Werner and Sherry 1987). possibly among chim
panzecs (Pan mroefodyies: Goodall 1986}, and in some
pinnipeds (Riedman 1990). In all of these cases. indvid-
uals specialize in particular foods or foraging strafegies
regardless of age, sex, or body morphology. For sea otiers,
these individual dietary palterns seem (o vary greatly in
their energetic profitability. For example. from estimates
of caloric content ol prey (Costa 1978a) and prey-specific
search, pursuit, and handling times (Estes er al. 1981,
Estes el al. (1989) caleulated that foraging limes required
to meet daily energy intake ranged from <4 to =21 h for
the individual sea otters studied by Lyons ( 1989),
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Fig. 22. California sea otter consuming kelp crab, Pupettia. (D. Buchich).

Although diet of the sea otter population in a given area
may be extremely diverse, individual otters tend to spe-
cialize on selected prey (usually 1-3 species). In the
Monterey area, for instance, one female fed on mussels,
kelp crabs, and turban snails (Fig. 22): another female
specialized in clams and fat innkeeper worms (Urechis
caupo), and a territorial male ate turban snails (Tegula)
almost exclusively (Riedman, Staedler and Estes, unpub-
lished data). These individual patierns seem to persist for
at least 2.5 years (Lyons 1989) 10 5 years (Riedman et al.
1988"). However, Lyons (unpublished data) found that
the diet of tagged females changed predictably with birth
and again with weaning of their pups. According to Ried-
manetal. ( 1988*}, the diet and foraging strategies of some
{but not all) tagged females vary with their reproductive
status (the presence of a pup. age of pup. and period in
which a female is in estrus). In Prince William Sound, the
diet of females with pups was often of poor quality
because the mothers frequently foraged on prey items of
Jow nutritive value that were easily caplured by pups
{Garshelis 1983; VanBlaricom 1988).

Currently in progress in Monterey are investigations
that focus on the acquisition of individual foraging strat-
egies inotters, development of foraging skills in pups, and

changes in dietary composition and foraging tactics as an
animal matures. Observations of tagged weaned pups and
juvenile offspring of tagged females indicate that juvenile
females may in fact forage on the same types of prey. and
employ the same tool use method and use similar foraging
stralegies as lhc;ir mothers (Riedman et al. 1988 : Ried-
man et al. 1989 ).

Sea otters exhibit individual differences not only in
choice of prey. but also in choice of tool, method of ool
use. area in which they tend to forage. water depth (e.g.,
some otlers consistently torage in the intertidal or shallow
walcr areas). and other foraging strategies. A few otters
solicit food from humans. and one otter learned to reach
into a bucket on the stern of a boat in Monterey Harbor
ro obtain squid (Loligo opalescens). Another otter, a ju-
venile female raised in Monterey Harbor, regularly waits
for hand-outs of bait fish such as anchovies (Engraulis
mordax) from tourists, occasionally threatening adult
male California sea lions for their anchovies. In another
instance, a male otter leamned to bite into aluminum bev-
erage cans and extract small octopuses that had taken
refuge Inside (McCleneghan and Ames 1976). Another
male otter (presumably one individual) learned to cap-
ture, kill. and eat large seabirds. as have other otters in the



36 BioLocical. REporT 90 (14)

northern part of the California range (Riedman and Estes
1988a). Using radio-instrumented sea otters, Ralls et al.
{ l988bv) reported individual differences in length of dive.
surface interval between dives, feeding bout length, inter-
val between feeding bouts, and nocturnal versus diurnal
feeding patterns.

Diet in Alaska and the Soviet Union

Whereas the diet of California sea otters consists pri-
marily of macroinvertebrates, sea otters in Alaska and
Russiu feed on epibenthic [ish as well as invertebrates in
many areas where the otter populations are near equilib-
rium density (Simenstad et al. 1977; Estes et al. 1978,
1982). Prey availability varies with location and the time
an area has been occupied by sea otters; it also influences
diet {Table 3).

In areas ol Alaska where otter populations have been

established for long periods (e.g., Amchitka Island). fish
constitute an important part of the diet (Fig. 23). The high
proportion of fish in the diet of Amchitka Island sea otters
is apparently associated with an increased availability of
nearshore fish and a corresponding scarcity of benthic
invertebrates, such as sea urchins. As populations of
herbivorous invertebrates at Amchitka were reduced by
sea olter predation, the abundance of Kelp beds and
nearshore fishes inhabiting kelp forest communities has
increased. In contrast. sea otters feed primarily on sea
urchins (Strongylocentrotus polyacanthus). as well as
various cruslaceans and molluscs, in recently reoccupied
areas of the Aleutians (such as Attu Island), where otter
populations exist below equilibrium densities. Fish are
rarely consumed in such areas (Estes et al. 1982).

These ecological relations may have profound jnflu-
ences on the behavior and population biology of sea
otters. For example, Estes et al. (1982) showed that fish
were captured by sea otters at Amchitka Island only near

Table 3. Prey reported to be consumed by sea otters (Enhydra lutris) throughout the range. (Principal sources:
California—U.S. Fish and Wildlife Service 1982 Jand references therein], Lyons 1989, R. Kvitek. University of
Washingion, personal communication, 1. Vandevere, Pacific Grove, Calif., personal communication,
G. VanBlaricom, Fish and rV.f.’d! ife Service, Santa Cruz, Calif., personal c-n.*nmxunic'an'rm ; Oregon—lameson 1975;
Washington—Bowlby 1988 ; Southeast Alaska—Rosenthal and Barilowi 1973, Pitcher 1987 . R. Kvitek, personal
communicaiion; Alewtian Islands—Kenyon 1969, Estes et al. 1981, J. Estes, unpublished data; Corunander
Islands—Barabash-Nikiforov 1947 . A. Zorin, Soviet Ministry of Fisheries. Moscow, personal communication; Prince
William Sound—Calkins 1978, Estes er al. 1981, R. Kvitek, personal communication, G. VanBlaricom. personal
communication; Kodiak archipelugo—=R. Kvitek, personal communication; Shumagin Islands—R. Kvitek, per-

sonal communication.)

Southeast

Prcy Californiz ~ Oregon  Alaska

Aleutian Commander William
Islands

Prince
Kodiak
archipelago ‘Washington

Shumagin

Islands Sound Islands

Echiura
Fohiurs echirus ;
Urechis caupo X

Nemeriea

Emplectonema sp. . . . X

Annelida
Polychaeta

Aremcola sp. x . . X

Ludisivlia polymorpha X
Eudistylia sp.

Nerels sp. : ; : X

Nereis vexillosa X

Arthropod:
Crustaces
Cimipedia
Thoyacica
Balanus cariosus . . .
Balanus nubilus X . X
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Table 3. Continued.

Prince
Southeast  Aleutian Commander William  Kodiak Shurmagin
Prey California  Oregon  Alaska  Islands Lslands Sound  archipelago Waushington  Islands

Lepas anatifera . . . . X

Malacostraca
[sopoda
{dotea sp. " . , X
Isopod (unidentified) . . . X
Amphipoda
Amphipod (unidentified) . : ; X
Gammarus sp. ; 2 2 ; X
Decapoda
Blepharipoda accidentalls X .
Cancer antennarits X X . . . . . . .
Cancer magister X X ‘ . . X X ; X
Cancer oregonensis ; ; : X
Cancer producius X X ‘ ; . ; ’ :
Cancer sp. . . . X . . . X
Chionecetes bairdi . . . X .
Chionecetes opillio 2 5 : A X
Cryprolithodes sitchensis X
Dermarturus mandfii : s ‘ X
Emerita analoga X
Hapalogaster cavicanda X - . . .
Hapalogaster grebuitzkai . : 2 : X
Hemigrapsus sp.
Hyas coarciatus ) s . ; X
Lopholithodes foramirans
Loxorhynchus crispaties
Pacliverapsus crassipes
Paguristes sp.
Pagurus gilli
Pagurus hirusurinsculus
Pagurus sp. .
Panndivus interrapiies X
Placetron wosnessenski . 3 : X
Plenroncodes planipes X p
Pugettia producia X X
Pugertia richii X : . . : ‘ .
Pugettia sp. ; i : : 4 . ; X
Scleracrangon boreas . “ . X :
Telmessus cheiragonus . . . X . X X
Mollusca
Gastropoda
Astraea gibberosa x
Astraea undosa X
Argobuccinium oregonersis : : X
Buceinium sp. . . ; X
Calliastama sp. X
Crepidula adunca X
Haliois cracherodii X ;
Haliotis kamtschatkana . . X
Halotis rufescens X
Haliotis walallensis® X ;
Haliotis sp. ‘ X
Loria gigantea X
Lottia oclracea . . i . X
Megathura crenulata X

KA KR ks

o
P
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Table 3. Convinued.

Prey

Califormia

Soulheast  Adeutian Commander  William

Oregon Alaska

Islands

Islands

Prince

Sound

Kodiuk
archipelago  Washington

Shumagin
[slands

Mariea claugo

Nafoaumaea persong

Palinives lewisii
Tectura spp.
Teawlia brunneq
Tegula funetralis
Teonla monvereyvi
Tegula pullige
Teguila sp.
Thuns sp.
Rivalvia

-

A

Clirozirdinm cilicium

Clinecarditm facanen
Clinovardim matalli

Ciari califarnica
Hiarella arciica
Hirumnees gUErnicus

Hinnites multivugesus

Hurmilarie kenerlia
Lipevanis viridis
Magame incengrud
Marome inguisaia
Macuma sp.
Moadinfus modialus
Muscuins niger
Musculus vernicasa
Muscnlus sp,

M vtilus califrniams

Mytilics edulis

Mya arenaria

My rruncata
Panopea percrosa
Pecten beringianis
Pecten islandiva
Podode s ¢epie

o

Pexlealesmus menroschima

Protoaluiea shamined

Protothaca sp.

Saxidonus oi pamiens

Saxidats nutralli
Saxidomes sp.

Serripes groemlgndicis

Siligeat patula
Sofen sicariug
Spisula alascana
Spisula hempelli'

Tagelus califormianas

Tivela stultarum
Trasus camay
Tresuy nurralli

Venericandia paucicomans

Viluploprsias feringl

Podyplacophora

Collistohiton cragsgosions X

Cryptochiton siellert

Fsdhngc hiton $p.

X
X

X

A

X

X

X

X

X

X

.

X

oo

oo
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Prey

Southeast

Califomia  Oregon  Alatka

Adeptimn Commander  Willizm

Lslands

Tslamds

Prince

Sound

Kodiak
archipelago Washington

Shumagin

Ishands

Mopaiia sp.
Schizeplay brandai
Tonicella marmoreg
Towicella ruber

Cephalopoda

Lofigo apalescens X
Oetapus sp X

Folvpus sp.

Echinodenmta
Echinoidea

Dendraster exvenirnus X

Kerangvlocenirons
drohachiensis
Strongylocenirons

franciscans X

Strongviocentroms
polyacarifres
Steangviocenronis

PPty X

Asteroidea

ASterimg miniiofa x

Ceraumasier sp.
Fvasterias poschalii
Henricia sp.

Lepragteriar sp.

Pigaster hrevispinug
Fisaster giganicus
Pigaster oohracers
Pyenopodia helianthoides

Ophiurowdca

Brinle star

Crorgonocepohns evanemiy X

Holothurinidea

Cucurmaria miniaia

Crcurmaria piperata X

Cucumaria sp.

Parastichopies sp. x

Chordata
Ascidiacen

Stvela maontereyensis X

Tunicara

Pisces

Ammodvies hexaplerus

Anaploporma firmbria
Aptocyelis veriricosus

Conidas X

Cyelapierichifys glaber

Embiotocidas X

Gadus marhg .
Crvmnocansiis pistilleger

Hexagramens superciliones

Hexagramumos sp. x

Hemiilepidotus hemikepidotus .

oM

o

-

b

o 3o

o -

;.{ 5

E A
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Table 3. Conrinued

Prince
Southeast  Aleatian  Coumimandec  William Kodiuk Shumagin
Prey California  Oregon  Alaska  [slands Islands Sound  archipelago Washinglon  Islands

Hemilepidotus jordan
Lepidopsena bilinearc
Moallosus villosus
Oncorhynchus nerko
Pleurogrammus
monoterygins . . . X .
Theragra chalcograma . . . X
Aves
Analidae
Anas (recca . . . X
Melonita perspicillaia X
Gavidac
Gavia immey X
Laridae
Lavus sp. X
Phalacvocoracidae
Phalacrocorax sp. X
Podicipedidae
Aechnwophorus oxccidentalis X

Mo X X

* Indirect evidence of foraging noted; actual feeding not observed.

Fig. 23. Sca otter eating fish a1 Adak [sland, Ataska (J. Watson).
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dawn and dusk, and they speculated that diel variation in
the availability or vulnerability of fishes caused the dis-
tinct crepuscular peaks n foraging activity observed
there. Estes (1990a) speculated that the inclusion of fish in
the sea otter’s diet resets the equilibrium population size
of olters well above that which is attainable on a diet of
invertehrates alone, thus perhaps explaining the 3- to
S-fold differences in population size reported for Am-
chitka Island by Kenyon {1968 abour 1.500 in 1965} and
Estes (1977, 1990a; 5,000 individuals in 1972 and 1986).
Estes et al_ { 1989) sugpested thai, for the sea otter, lorag-
ing on fish is a dietary innovation that may have been lost
when the species was reduced 1o a few remnant colonies
at the end of the fur hunting era. We hypothesize that
benthic invertebrates were more common and nearshorg
Tishes more mure when otlers wete near extinetion, and thal the
economics of prey choice may have eacloded fish from
the otter’s diet under those circumstances, Our studies of
prey selection in Califomnia have shl:mn highly individu-
ah:.-:d diets (Lyons and Esles 1985, Riedman et al.

1988 "), which may possibly be inherited matrilineally
(from mother o pup: Riedman e1 al. 1989°). If similarly
individualized diets occur in Alaska —and if foraging on
fish requires search and capture skills substantially differ-
enl from those reguired for feeding on henthic inverte-
brates—ihen the inmovation of foraging on fish by individ-
wils in a population thal had lost this behavior may occur
only rarely, However, under the ecological conditions
where this behavior is cost-effective (ie.. when otter popu-
laons are food-limited, benthic invertebrates are rare.,
andl fish are commaon), once the innovation occurred 1l
would be expecied o grant an advantage o the individu-
als who adopted it, and might thus be expected to spread
rapidly through the population by way of leaming. Although
largely speculative, ihese processes would explan the tm-
ing of the population change seen at Amchitka Island
{Estes 1981), us well as the comparatively small ses olter
population ar Medny Island in the Commander lslands (1.e.,
abour 1,000 ar an island similar in size 10 Amchitka), which
appears to be food-limited hut where individuals nonethe-
less do not feed on fish (A, Zorin, Soviel Ministry of
Fisheries, Moscow. U.S.5.R.. personal communication).

In the Kunl |stands of the Soviet Union, a similar relation
exisrs among diet, long-term and seasonal changes in prey
availability, and the length of nme a given area has been
occupicd by sea oters (Fig. 24). At Simushir Island,
where the sea otter population was below equilibrium
density in the late 1960, sea urchins were large and
abundant, and otters consumed them almost exclusively
(Shinkov 1973). However, at Urup and Paramushir is-
lands, where sea ouer populations had been established
for many years, sea olters consumed a substantial amount
of fish, in addition to various bivalve molluses (Modiofis
elifficilis, Mvtilus edulis, and Tellina spp.y and sea urching,
which were small and relatively scarce (Maminov and

Shitikoy 1970; Shitikoy et al. 1973),

Dietary composition alse changed seasonally among
sea oners in the Kuril Islands. In winter, sea otters con-
sumed mainly sea urchins und mollusks, while insummer,
the diel broadened ro include fish, fish eggs. oclopus, and
crab (Barabash-Nikifovov 1947; Shitikov [971). In the
Aleutian Islands. rock greenling may be most vulnerable
lo otter predation in summer, when they spawn and must
defend their eggs. Sea urching attain maximum gonadal
development in winter. which is probably when they are
of highest nutritional value to otters. A similar situation
may exist at the Kuril Islands.

Diet in California

In recently reoceu pied habilats of central California. the
diel consisis prncipally of abalones (Halinits spp. ). rock
crabs (Cancer spp.). and large red seu urchins (5
franciscanus, Ebert 1968a; Vandevere 1969": Wild and
Ames 1974, Wade 1975, Swephenson 1977, Benech
1981 "; Estes et al. 198]). These food items are higher in
caloric value and therefore more rewarding than other
prey species (Costa 1978a, 1978h). In time, populations
of preferred prey are reduced by sea otter predation, and
diet at the population level diversifies (o include large
numbers of food ilems: kelp crahs (Pugesda spp.), clams
{various spp.). turban snails, mussels (Myrilus spp.), oc-
topus (CQctapas spp.). bamacles (Balanus spp.). scallops
(Hinnites spp.). fat innkeeper wornms, sea stars (Pisaster
spp. ). and chitons (Cryprachiton spp.; Boolootian 1961,
Limbaugh 1961; Eberr 1968a; Hennessey 1972: Wild and
Ames 1974; Estes 1980; Benech 1981°; Estes et al. 1981;
Ostfeld 1982; U.S. Fish and Wildlife Service [1982; Jame-
son, unpublished data), Predation on fish in California is
extremely rare (Hall and Schaller 1964: Miller 1974;
Estes et al. 1981: U.5. Fish and Wildlife Service 1982},
Surprisingly, while wild otters are rarely observed cating
kelp, the captive sea oters at the Monterey Bay Aquarium
frequently consume giant kelp. The four exhibit oners
share one large piece of kelp once or twice each week,
when available, They appear to prefer the stipes and
bulbous gas floats: they ear these parts first when given
an unlimited supply of kelp. However, the exhibir ouwers
seem (0 eat kelp so readily because of its novelty. rather
than using it as a food source (Hymer, personal commu-
nication ). Table 4 provides a complete list of prey items
consumed by otters in California. Some of these species
are consumed frequently. while others are eaten only
rarely,

Dietary compasiton i California 1s also influenced by
habunat type and time of year. Bivalve molluscs are heav-
ily consumed in soft-sediment communities. For exam-
ple, Pismo clams make up a significant proportion of Lhe
diet of sea oters foraging along the sandy shores of
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Table 4. Scientific and comaon names of prey items of the California sea otter (Enhydra lutns). Some af these species
are commonly eaten, while others are rarely consumed .

Phaeophyta

Kelp (Macrecysis pyrifera)
Echiwida
Lirerhis cawpo (far innkeeper)
Annelida
Polychazia
Fuddisrvlar polvenorpha (sabellid worm}
Nereds verilfosa (clam worm)
Anhropoeida
Crustaces
Cirmipedia
Thoracica
Balanux rubilis (bamacle)
Malacostracs
Decapoda
Blepharipoda oveidentalis (spiny sand crab)
Cancer amfennaiins (rock crab)
Cancer magisier (Dungeness crab)
Cancer producnsy (red crab)
Crypiodithaides sitehensis (umbrella crab)
Emerita amatloga (sand crab)
Hapalogaster cavicauda (Turry crah)
Henigrapsns spp. (purple share crab)
Lopholichodes foramimati (sone crab)
Loxorfvachus crispanus (decoraor craby)
Paghegrapsus crassipes (green shore craby)
Paguristes sp. (hermit crab)
Pamlirus interrpins (California spiny lobsier)
Flewreneodes plampes (pelagic red crab)
Pugertia progleca (kelp craby
Pugeria richii (kelp crab)
Mollusca
Chastrmpsdia
Astrea gibberosa (brick- red top snail)
Astrea wrdosa (wavy burban sniil)
Calliozima sp. (top snail)
Crepidila adunce thooked slipper shell)
Haliows crovherodii {black abalone)
Haliows rufescens (red abalone)
Halioris wealalfensis (al abalone)
Larria pigantda (owl limpet)
Megathura crenpluta (giant keyhald Hmpen)
Polinices fewisii (giant o Lewis” moon snail)
Tegnle bravemear (brown furban spail)
Tegula funehraliz (urban snal)
Tepiila moarerevi (Lurban snail)
Tegula pullipe (nirban snail)
Bivalvia
Clinocardingm focanmim (cockle)
Clinocardium mpinallii (hasker cockle)
Gari californica (sunset clam)
Hiremites grgantens (tock scallop)
Maodinfis (= Vedsella) modiofs (ziant horse mussel)
Mvrifus colifornianus (Califomia sea mussel)
M yrifis edufix (bay mussel}

Pododesmis cepio (rock oyster or abalone jingle)
Prothothaca seaminea {lindeneck clam)
Saxidomas nunallii (W ashington clam)
Silegera periuda (northern rzor clam)
Sellen sicariy (ruzor clam)
Spisula hempelti®
Tagelus califorviames (jucknle clam)
Trvela stftorum (Fismo clam)
Tresus nuttgllii {gaper clam)
Amphineura
Polyplacophon
Cryprochiton stefferi { gumboot chiton)
fschnochison sp. {chiton)
Callistochiton crasswcostotus (chiton)
Ceplalopoda
Lafige apeafescens {markel squid)
(also squid epp case)
Cheraphs spp. (oCtopus)
Echinodenmata
Echinoidea
Demdrasior excentricns
Strongyloceniraius franciscanis (red sea urching
Srrongylocentron merpuraty (purple sea urchin)
Astemida
Agtering miiniare (bat star)
Fizaster brevisprans (short-spined sea star)
Pizasmer giganrens (sed sur)
Prgaster oclraceles (COMMan s¢a star)
Pyenapodia felianthoides (sunflower star)
Ophivroiden
Crorgonacephalics encnemis (basket star)
Halothurinides
Cugrmaria sty (orange s cocumber)
Cuenmaria prperaio {black-speckled white sea cocumber)
Parasichopus (sea cucumber]
Chordata
Ascidiacea Styela snierevensis (slalked wnicale)
Fisoes

Scorpaeniformes
Codticlag {sculpins)
Hexagrammidae
Hexagrammas sp. (greenling)
Perciformes
Embictocidae (surfperches)
Aves
Anaticae
Melanitta perspicillara (surf scoler)
Gavidae
Govie fmmer (comumon loon)
Larxdue
Laarns sp. (gull)
Phalacrocoracidae
Phalacrocoras $p, (cormaorant)
Podicipedidae

Aechmophoris ocerdenfalis (western grebe)

* Sources: U.S. Fish and Wikilifc Service 1982; Reldman and Enes 1988b*; Ricdman, Swacdler, and Esics, unpublished dara; B. Kviek. personal

communication: G. VanBlaricom. personal communication.
¥ Judirect evidence of foraging noted; sciwal feeding nol observed.
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Fig. 25. (A} California sea oner stalking male
surf seoter in Monterey. (B) Same otter as
in (A} holding surf scoter on abdomen
(6. Cathers).

Monterev Bay and Atascadero Stuate Beach near Moo
Bay (Miller et al. 1975; Wade 1975; Shimek 1977h:
Stephenson 1977; Hines and Loughlin 1980). In the Elk
hom Slough estuary of Monterey Bay. sea otters primarily
consume the deep-burrowing bivalves Tresus nuntallii
and Sexidornaes nustallii (Kovilek et al. 1985, 1983; Kvilck
amd Oliver 1988), In Prince William Sound, the diet of
outers feeding in solt-sediment areas of Montague Strait
consists principally of clams (particularly Sexidoms
gigantens). which represent the most abundant food
resource (Calking 1978), At Green lsland and Sheep Bay
in Prince William Sound. otters consume primarily mus-
sels and clams (Estes et al. 1981).

Squid spawning takes place during Tall and spring in
Monterey Bay. At this time, squid constitute a substantial
ponion of the diet of some individuals, as loraging tactics
shift to take advantage of this seasonally abundant food
source (Califomia Department of Fish and Game 1976
Ames, unpublished data: Riedman, Staedler, and Eswes,

unpublished data). Large-scale, unusual oceanographic
conditions, such as the “El Nifne" evenl of the carly
19805, can supply additional food resources such as the
pelagic red crab (Plewroncodes planipes; K. 1, Lyons,
unpublished data: Riedman. Staedler. and Esres, unpub-
lishied data), which otherwise occurs farther south.

Bredation on Seabirds

Sea otter predation on seabirds occasionally occurs in
California (VanWagenen et al. 198]: Riedman and Estes
1988a), as well as in Alaska (Kenvon 1969; Fig. 25).
Ricdman and Estes (1988a) desenbed recent incidents of
predation on seabirds and reviewed previous observa-
tions of such predation in California and Alaska. Their
findings are summarized in the nex1 paragrapb. At Am-
chitka lsland, three cases have been reported. involving
either a shearwater (Puffinus sp.) or fulmar (Fulmarus
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glacialis) in one case, a pelagic cormorant (Phala-
crocorax pelagicus; Kenyon 1969), and a green-winged
teal {Amas crecca; P Holden, Utah State University,
Logan, unpublished data). In 20 cases in California,
seabirds consumed included western prebes (Aech-
mephorous occidenialis), surt scoters {(Melaninig per-
spicillata), cormorants (Phalacrocorax spp.). common
loons (Gavia immer), and gulls (Laras spp.). Westemn
grebes were most frequently caprured, The amount of
nourishment derived from seabirds is unknown, although
Kirkpatrick et al. (1955) and Kenyon (196Y) presented
evidence that the flesh of cormorants and emperor geese
{Chen canagica; fed to a caplive otter) passed largely
undigested through the gastroiniestinal tract,

Most recorded incidents of sea olter predation on sea-
birds in California have taken place in the northern part
of the range in three areas: Point Lobos, Sullwater Cove,
and Monterey Harbor, (Several additional incidents of
predation on birds between Santa Cruz and Granite Canyon
near Soberanes Point have been reported since the Ried-
man and Estes [1988a] review: Riedman, unpublished
data). Sea otters often initially capture the bird by diving
and grabbing it from underwater while the bird floats on
the surface, similar o the capture merhods used by coastal
river otters (o obtain seabirds, 1f one compares mink. river
olters, and sea otters, a graded reduction in the tendency
to consume birds seems to have taken place in the more
aquatic mustelids, so that the relative importance of birds
is greatest in mink (Mustela vison) and least in sea otters.

Ricdman and Estes (1988a) also point out some possi-
ble trends with respect to the ncidents of sea otlers
foraging on seabirds: (1) Particular individuals may re-
peatedly prey on seabirds, with six birds at Point Lobos
killed by what appeared to be the same otler; (2) olters in
a particular area may learn new foraging strategies by
observing other feeders; and (3) male sea oters seem 10
be involved in the majority of seabird-eating cases (al-
though the otter's sex was not determined in all incidents).
This tendency for males o feed on warm-blooded prey
coincides with a similar trend among other mammals that
sometimes feed on birds and mammals, such as chimpan-
zees (Goodall 1986) and some pinnipeds (Riedman 1990},

Effecis of Paralytic Shellfish Poisoning (PSP)

Sea otlers prey on numerous bivalve species thar accu-
mulate paralytic shellfish poisoning toxins (PSPT) during
blooms of toxic dinoflagellates (Profogonyaulax spp.:
Quayle 196%; Kviek and Oliver 1988). Specifically,
Alaskan sea otters prey heavily on the butter clam, which
sequesters the mosi-lethal PSPT, saxitoxin (STX). and
which may retain the toxin for a year or more after being
exposed o a toxic bloom {(Chambers et al. 1955 Boyer
et al. 1986). Mortalities of sea otters in the Commander

Islands (Sidorov 1987) and at Kodiak [sland, Alaska, may
have been caused by PSPT, because butter clams constitute
1 major food resource there (DeGange and Vacca 1989).

Kvitek et al. (in review ) investigated the litde known
but potentially significant effects of PSPT on sea ollers
by observing the behavior of five caplive Alaskan sea
oters that were fied butter clams containing various levels
of STX. They found that the otters either significantly
reduced their feeding rates when given only high toxicity
prey or discarded clam siphons and kidneys, which con-
rain most of the toxins. Most of the otters changed their
feeding behavior rapidly after being given toxic clams.
One female, who consumed the highest amount of STX,
cracked ihe oxic clams and held them 1o her mouth, but
then emined screams and discarded them, She was the
only olter to exhibit any obvipus PSPT symploms, such
as lack of coordination, slupggishness, and paralysis
{Quayle 1969: Kvitek and Beitler 1988, 1989},

These results suggest thal sea olters, while not immune
to PSPT, are able 1o detect and avoid consumprion of
lethal levels of this woxic prey. and $o are probably not at
mortal risk from PSPT. Kvitek e1 al. (in reuiew'} sug-
gested that sea otters may have not dispersed imo other-
wise suitable food-rich habitat because they are avoiding
PSPT-comaminated prey, especially in areas of southeast
Alaska known for the occurrence of PSPT and where
butter clams are the primary prey of sea otters (Kvitek and
Oliver. unpublished data). The lack of overlap berween
the present (and historic) range of sea otters and the broad
geographic areas insoutheastern Alaska known Lo contain
highly toxic prey further supports this contention, Such
paotential exclusion of the sea ower from otherwise suit-
able habitat has significant influences on the nearshore
marine communities and shellfisheries in these arcas,

Activity Patterns and Time Budgets

Many complex variables influence activity panerns and
the amount of time allocated to various activities in sea
otters, and they seem 1o be related to factors in the
environment and in the individual. Diumal activity cycles
of sea otlers tend (o be characierized by crepuscular peaks
in foraging activity and a midday (late moming to late
afternoon) period of rest in California (Fisher 1939; Hall
and Schaller 1964; Sandegren et al. 1973: Miller et al.
1975; Loughlin 1977, Shimek and Monk 1977: Benech
1981": Ribic 1982b; Estes et al. 1986; Ralls and Siniff
1988 ), in the Aleutian Islands (Lensink 1962: Kenyon
1969; Estes 1977; Estes e al, 1982), and in some areas of
Prince William Sound (Garshelis 1983; Fig. 27).

In Califormia, Loughlin (1977, 1979) made observations
using radiotelemetry over a 24-h period and found tha
nocturnal aclivities were similar in nature to diurnal ac-
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tivities and that foraging occurred throughout the night.
Subsequent ml'{)rrnulmn collected by Ribic {1982b) and
Ralls and Siniff (1988 }—also using radiotelemetry—
confirmed that nocturnal feeding occurred. Observations
made by Shimek and Monk (1977), Benech {[Qﬁl ¥,
Ribic {1982b), and Pavne and Jameson (1984) suggested
that a third peak in foraging activity may take place
between 2300 and 0200 h. In the central and southem
portioms of the range, information on rn:lm-msn'umrmed
otters collected by Ralls and Siniff ( 1988") indicates that
another peak in foraging activity occurs between mid-
night and dawn among all age or sex classes excepl
juvenile females.

Observations of sea otters (using visual scan samples)
along the Califormia coast from Point Piedras Blancas to
Santa Cruz show that the average amount of time allo-
cated to varipus activities during daylight hours falls
within the follewing ranges: [oraging, 21-28%; resting,
51-63%; grooming, 5-16%; swimming, 2-9%; and inter-
acting, (-8% (King 1976; Harris 1977; Shimek and Monk
1977; Yellin et al. 1977 ; Estes et al. 1986). Telemetry
data obtained by Ralls and Siniff (19887). however,
strongly suggest that scan sampling underestimates time

spent foraging by as much as 15-209%. Most of this
difference is accounted for when the activity-specific
probabilities of sighting (Estes and lameson 1988} are
used 1o correct scan sampling estimates of the percentage
of time spent foraging,

Throughout a 24-h period, California sea oners seem (o
be active about half of the time. Loughlin (1977) found
that individual telemetered otiers in the Monterey area
spent an average of 34% of their time foraging, 54%
resting, and 12% engaged in other activities. These eshi-
mates were generally similar to those obtained from a
larger sample and more extensive study in the central and
southern parl of the sca otter's range (Ralls and Siniff
198587). Loughlin found that about 45% of leeding activ-
ity wok place at night, although there was subsiantial
individual variation in the proportion of nocturnal forag-
ing (22-73%). Juvenile otters tended o engage in more
nonfecding activities (e.g., playful interaction) than
adults (Loughlin 1977, 1979,

An extensive study of activity in telemetered sea otiers
wias completed recently by Ralls and Siniff (1988 ), They
found that, except for juvenile females, there is a general
increase in feeding activity early and late in the day, as
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reported by Shimek and Monk (1977} and Estes ¢l al.
(1986) on the basis of scan sampling. Ralls and Siniff
{1988") also reported a third peak in foraging between
midnight and dawn. Juvenile females. in conirasi. tended
to feed more during midday and 1o rest more at night,
Ralls and Siniff (1988 ") found that all age or sex classes
except juvenile females spent 36-37% of the time feed-
ing; juvenile females spent 48% of the time feeding.
Although these resulis indicate that juvenile females
spend more time feeding than the others, individoal vari-
ation within all age and sex classes was large, and analy-
sgs have nor been done ro determine if there are siatisti-
cally significam differences among age or sex classes.
Each major activity (foraging. resting. grooming j iakes
place over a relatively long time. According 1o Loughlin
{1977}, the average duralion af a foraging boui was 2.5h.
and at least three foraging bouls occurred within a 24-h
period on the Monterey peninsula, In the San Simeon
ared, Ribic { [982b) showed thal, on average, an otler was
active three or four times a day (each activiry period lasting
about 3 h). followed by an inactive period of about 4 h,
A considerable amount of individual variaton in 24-h
activity rhythms and the amount of nme allocared 10
foraging and resting appears to exisl. Activily patlerns
muy vary with the sex, age, and reproduclive status
(whether or not a female has a pup) of an otter. as well as
its location in both California (Lovghlin 1977, 1979;
Ribic 1982b: Ralls and Siniff 19887) and Alaska (Gar-
shelis 1983). In the central and southern parts of the range
in California, a greater degree of synchrony exists among
resting otters, while individuals seem 1o vary the times
and lengths of their foraging bouts from day today. In the
northern part of the range. females with older pups seem
to spend as many or more daylight hours feeding than
other animals, while females with very young pups may
spend less time feeding during the day than other otters
{Sandegreneral. 1973: K. J. Lyons personal communica-
tion: Riedman, Suedler, and Estes. unpublished da). In
Prince William Sound. females with pups spend more
time feeding than independent adulis. probably because
they must obtain additional food for their pups (differ-
ences in a mother’s activily pauerns in relaiion to the age
of her pup were not discussed). Recently weaned pups in
Prince William Sound also spend more time feeding than
solitary adults or older juveniles, apparenily because they
are less adepl aw abtaining prey (Garshelis 1983),
Several aspects of activity cycles and time budgets may
be influenced by such environmental variables as daily
flucruations in prey availability, geographical location,
lime of year. weather, and sea condinons in Californiaand
Alaska. Within a given streich of coastling in California,
specific segments (of perhaps |-2 km) are characterized
by variation in the amount of utilization by otters for
dilferent activities. Foraging is most common in some
areas, for instance, while other areas are used primarily

fior resting (Miller 1974: Shimek and Monk 1977. Ried-
man 1984a", |984h : Estes et al. 1986). Preliminary obser-
vations in California suggest thar inclement weather and sea
conditions (in the form of high winds. choppy seas. and
heavy rain) may promote an increase in aclivity, inhibit
the formation of resting groups in habitual rafting spots,
and disrupt resting oters (Sandegren et al. 1973: Estes et
al. 1986; Riedman. unpublished data). During windy or
rainy conditions in Alaska, olters are more active, and raft
size diminishes significantly (Garshelis 1983).

Diurnal peaks in foraging and resting activily have been
atiributed to several factors, including food availability,
energy conservation. and the disruptive influence of wind
or inclement weather, Estes et al. (1982) argued that
crepuscular peaks in foraging by sea otters at Amchitka
Island were related to their piscivorous behavior and the
likelv situarion that fish are more available or vulnerable
to predation near dawn and dusk. This conclusion was
based on (1} the finding that in 584 loraging dives ob-
served by Estes et al, (1982), all 60 fish that were seen o
be eaten were captured during the crepuscolar foraging
peaks, and (2) the conclusion by Munz and MeFarland
{ 1973] that fishes are highly vulnerable (o their predators
near dawn and dusk because of visual impairment asso-
cigted with shifts between photopic and scotopic vision.
This conclusion was further supporied by the fact that
crepuscular foraging peaks were nol observed ar At
Island or in Oregon walers, where [ish were not caten by
otters, Garshelis et al. (1986) also reported that activity
peaks varied among different parts of Prince William
Sound in relation 1o differences in prey availability. At
Green Island, where 1he otters fed mainly on mussels and
infaunal hivalves, foraging activity peaked in day-light,
whereas in northeastern Prince William Sound, where the
otters fed extensively on the nociurnally active Dunge-
ness crabs, foraging activity peaked at nighe.

Estes er al. (1986) suggested that the typically elevated
afiernoon peak in foraging that eccurred in central Cali-
fornia was related todiurnal patterns in wind intensity that
pceurred there: they also suggested that foraging peaks in
California might be related to changes in food availabil-
iry. Garshelis ( 1983) also reported that wind and inclem-
enl weather disrupted resting oners. which became more
active and tended to spend more time foraging. Ralls and
Siniff (1988 ) suggested that the tendency of sea otters 1o
rest at midday, when the intensity of solar radiation is
greatest, should minimize heat production needed for
thermoregulation and thus represents an energy conser-
vation strategy. Ralls and Siniff {19887} contended that
the tendency for juvenile females 1o rest at night and feed
during the day was consistent with this explanation, They
believed that juvenile females were at a competitive dis-
advantage with adults for food, making it necessary to
feed when the adults were resting.

The activity patterns of groups of otters in Alaska and
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the individual activity patterns of California ofters may
also vary with respect to location of the otters. In Morro
Bay, the 24-h activity pattem of males (& = 4) was
bimodal, with one main feeding time incarly moming and
one in late aflernoon (Ralls and Siniff 1988 ), San Simeon
females (N = 7) seemed to feed primarily in the morning,
withno distinet peaks throughout the day and night (Ribic
1982b). Females in the Big Sur area (¥ = 12) had foraging
pedaks in midmorning, evening, and after midnight (Ralls
et al. 19857). In Alaska, Garshelis (1983) found that
general activity patterns differed in rwo locations: Nelson
Bay, an area recently occupied by male sea otters, and
Cireen Island, an area otters had inhabited for over 25
years, which was occupied primarily by females and
seasonally breeding males. Sea otters in one area of
Nelson Bay rested during the day and foraged at night,
while Green Island otters rested at night and fed during
the day. Al Green Tsland, males and females had similar
average actvity patterns, although females with older
pups spent significantly more time feeding. The extensive
nocturnal foraging in one arca of Nelson Bay seemed (o
be related 1o the face that Nelson Bay otters fed heavily
on Dungeness crabs, which are nocturmal. In another area
of Nelson Bay where otters fed primarily on clams, the
activity cycle was crepuscular. The activity patern of
males that traveled between each area shifted 1o corre-
spond to the general activity cycle characteristic of a
paﬂit:uiar area {e.g., dinrnal versus nocrurnal feeding}.

Male otters in Melson Bay allocated 23%: less of their
time 1o foraging but obtained an estimated 38% more
calories per day thun olters ut Green Island, where food
resources were apparently less abundant. In one male area
in Melson Bay, large Dungeness crabs provided 70% of
the caloric intake of some ollers. yel were captured on
only 9% of the foraging dives,

In Prince William Sound, seasonal changes in activity
were most proncunced in the female area at Green [sland
and seem o be related o changes in weather and length
of daylight. The spring crepuscular sctivity peaks were
displaced towards midday during the fall period of dimin-
ishing daylight, and eventually merged into an extended
diurnal activitly period during winter. Stormy weather
conditions in fall and winter—besides causing an increase
in activity—often caused otters to haul out and rest on
land, Rest periods in autumn and winter occurred noctur-
nally in female arcas, since solitary females generally
hauled out when it was dark. In some male areas, the
diurnal rest perind was mamtuned throughout winter,
which seemed to he related to the tendency of males 10
hau) out together in large numbers during daylight. In one
ared, periods of rest and hauling oul were synchronized
with winter tidal conditions, since otters usually hauled
oul on mudbars exposed by low tide (Garshelis 1983).

Estes et al. {1986) reported that diwrnal activity time
budgets throughoul much of the Culifornia range (from

Poim Piedras Blancas to Santa Cruz) were characterized
by a high degree of similarity with respect to general
geographic region and time of year. Data presented by
Estes et al. {1986) indicale no relation between the per-
cent of tme allocated 1o foraging and the lengih of nme
a particular area had been cccupied by sea otters. How-
ever, variation in the amount of food resources belween
male areas {in the newly occupied range peripheries) and
female areas (in the center of the range) may not be as
pronounced as the vanalion in food resources between
newly occupied male areas and long-established fermale
areas in Alaska.

Social Organization and Behavior

Social Structure and Behavior

California sea ollers generally rest singly or in small
groups (called rafts) of two or more individuals, although
larger rafts of twenly or more animals are not uncommaon,
especially among mules (Miller 1974, 1980; Jameson,
unpuhlished daia). For instance, large groups of 40--50
otters were ohserved off Soberanes Point and offshore of
Point Joe in the northem part of the rapge in the mid-
V980" (Riedman, unpublished daia). Tn a survey of six
sites within the sea otier’s range in California (excluding
male groups a1 the range ends), groups of up to |12 were
sighted (Estes and Jameson [988), The frequency distri-
butions of group size varied substantially among activily
calegories. Ninety-eight percent of foraging otlers were
alone (or with only their pups); the few other feeders were
in groups of two. Aboul 20% of those resting were alone;
others were nearly evenly distributed among groups num-
hering 210 12, About 70% of all “other™ otiers (i.e., those
classified as swimming, interacting, or grooming) were
alone, with the rest occurring in twos or threes.

In Alaska. females also generally rest i small rafls,
although males frequently restinvery larpe groups (Fig. 26).
In Prince William Sound, the average maximum group size
for females was about live animals in spring and two animals
in fall (Garshelis et al. 1984}, In contrast, Kenyon (1969}
and Garshelis e1 al. { 1984) observed male groups of up to
440 and 330 onters. respectively. Estes (19805 reported that
K. B. Schneider observed a resting congregation of about
2000 amimals in an area devoid of kelp beds in Bnstol Bay.
Attimes, females with pups seem to form “nursery groups,”
in which most of the otters consist of resting mothers and pups
in California (Riedman, Staedler, and Estes, unpublished
data)and in Alaska (Ralls et al. 1985 ). In Prince William
Sound, Ralls et al, :,I‘_-}'ESE} ohserved one large proup of
150 females in May, of which nearly two-thirds had pups.

Although otters commenly rest in tightly 10 loosely
structured groups, foraging activity generally takes place
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Fig. 27. Lorge aggregations of sea oliers:
(A Westerm  Bristol Bav (K. B
Schneideri: (B) Prince William Sound
(. Monnett ).
P

individually, often away from resting areas, Parlurition and — (Sandegren etal. 1973 Jameson, personal communication ),
mating also wend o occur away from others, Mothers with  Sometimes territorial males tend to rest a shon distance from
newborn pups are frequently solitary and may resr apart  the main [emale rafi, while at other times they rest within
[rom other animals for a short time following parturition  the raft (C, Deutsch, unpublished duta: Riedman, Stacdler,
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and Estes. unpublished data). In California. large white-
headed males often seem to rest apart from male groups
(Bolin 1938, Siniff and Ralls, unpublished data) and in
Prince William Sound (Garshelis et al. 1984,

Many otters prefer particular rafting sites, and some
return frequently to specific foraging areas as well
{Loughlin 1977). Several individual males have been
observed habitwally resting in the same kelp bed in their
respective lerritories over a period of years in California
{Jameson 1989) and in Prince William Sound, Alaska
(Garshelis et al. [%84), It is not known if otters recognize
and preferentiolly associale or rest with the same individ-
uals over lime, although this aspect of social behavior is
currenily under invesrigation in the northern range of
California (Riedman. Staedler, and Estes, unpublished
dara). In Prince William Sound. large male groups are
characierized by a high degree of Muidity, with single
orters or small groups often breaking off from one raft and
Jjoining another or forming a new rafl. Interactions in male
groups in Califorma and Alaska include frequent mock
fights and mock copulations (e.g.. Garshelis et al. 1984).
Occasionally, apparently altruistic behavior among otters
in Prince Willham Sound and California has been ob-
served during caprure operations. Oners may accumulate
around the netted animals, vocalizing. exhibiting disiress,
and sometimes allempting o free the caprive olters,
which increases the risk of being caughi themselves (Gar-
shelis et al. 1984: 1A, Ames. C. Deutsch, and M. Ried-
man. unpublished daa). In California, mothers whose
pups have been captored always remain near the boal and
repeatedly vocalize, One mother actually climbed into a
skiff to retrieve her pup as researchers were tagging it
(Riedman and Ames. unpublished data),

Packard and Ribic {1982 ) compiled an ethogram for sea
otrers, elassifying the behavior of otters observed in Cal-
ifornia and Alaska into 43 discrele aclion patlerns. Each
action pallern was associaled with a number of broad
funciional activity catezories, including resting, feeding,
grooming. locomotion, and interactions. Some of 1he
behavioral patterns occurred in the context of several
activitics. They concluded that. while the general activity
categories of feeding and resting were distinctive enough
10 allow reliable identification by observers, the catego-
ries of grooming, locomotion, and interaction showed
considerably more overlap. Table 5 summarizes and
briefly defines the various action paulerns occurring
within each general activity calegory as presented by
Packard and Ribic ¢ 1982).

Communication and Vocalization
The common and investigatory nosing beiween omers

probably involves some form of scent recognition or other
chemareceptive means of communication. Sea otters that

are eniering, leaving, or simply swimming past a raft, an
individual. or a mother and pup pair 1ypically approach
and make contact (usvally nosing the other ofier) with
some or all of the oters within the group. Often the
interacting otter performs a ritwvalized head movement
termed the “head jerk™ by Loughlin (1977). The head jerk
involves a rapid, repeated laieral jerking of the head from
midline to the side. as the ouwer nuzzles the recipient’s
head, chest. abdomen, or anogenital area. An adull male
approaching a female will often direct the nuzzling at her
genital area, possibly 10 determine if she is in estrus. A
resting otter that is approached and contacted frequently
remains relatively passive but may become alert, sniff the
other oner, or briefly roll and rock in the kelp. Less
common reactions on the part of the disturbed animal
include tail block of the anogenital area and lunging and
snapping ai the intruder (Riedman, Staedler, and Estes,
unpublished data).

Loughlin { 1977) suggested that the head jerk behavior
tor any type of relanvely brief invesugalory interaction)
probably serves 1o communicate a variely of information.
In this respeet, an interacting or head-jerking otter might
“preel” others, convey information about socul siatus or
intent, identify individuals, or determine sex and repro-
ductive status. The nature of head-jerking imeractions
and other nonvoeal forms of communication involving
scent or hehavioral coes are not well understood. [nvesti-
gations focusing on nonvocal communicatory inierac-
tions among individually identifiable oters are currently
in progress in the Monterey area (Riedman el al. 1988°).

Sea oners are generally not considered (o be very vocal
animals. but many of the adull vocalizations are soft and
low in volume and therefore difficult o hear in the field.
The loudest and most frequently heard vocalizations are
produced by dependent pups. Pups ofien emit a high-
pilched squealing call (sounding similar o the cry of asea
gull) when separated from their mothers. For instance,
while the maother is underwater foraging or surfaces a
distance away from the pup. the pup may vocalize
repeatedly until making contact with its mother again.
Mothers alse vocalize quite loudly in response 1o the
pup’s cries but Jess frequently than pups do. There seems
to be considerable individual varialion in the acoustic
characteristics of the vocalizations of individually iden-
tifiable mother and pup pairs (Staedler, Riedman, Mc-
Shane. and Williams, unpublished data), Individually dis-
tnctive vocalizations would facilitate recognilion and
help maintain contact between a female and her pup,

Qualitative descriptions of sea oflter vocalizations are
provided by Fisher (1939), Kenvon (1969}, and San-
degrenetal. ( 1973). Kenyon (1969) described eight types
of vocalizations: baby ery, scream, whistle or whine, coo,
grunt. snarl or growl. hiss, and bark. The baby cry, which
is produced by dependent pups, has been previously de-
scribed. A scream is emilled by a mother separated from
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Table 5. Sea Ortrer (Enhydra lutris) behavioral action patterns occurring within general activity categories (from
Packard and Ribic 1982),

Behavior General description Behavior General description
Locomotion at a short distance not in line with previous
direction of movement
Diving From a belly-down position, the ofter sub-
merges head then feel (this dive usually used Grooming and Resting
while feeding)
Low intensity: arching of the back is minimal Dunking While floaling on the back, the otter briefly dips
High intensity: otter leaps out of water with the head in and out of the water; the chin is
arched torso clearly visible pushed forward, and the back of the head
moves dorsally
Folding dive From a belly-up position, the rear feet and
shoutders move toward the centerof the body ~ Floating Otter floats on the surface, belly up, rear feet up,
and the otter sinks backward into the water no sculling. feeding, or grooming movements
Low intensitv. body motionless
Porpoising As the otter swims just below the surface, the High intensity: slight movement of paws, head,
arched back repeatedly appears on the sur- or feet
face; general movement is in the forward
direction (contrasted with a leeding dive) Hanging Belly down with both rear and head submerged;
Low intensity: back just breaks the water sur- the arched back remains visible at the surface
face but motionless for a few seconds as the otter
High intensity: the otter repeatedly leaps out of apparently grooms its belly
the water with hack arched in an invened U
Logrolling From a belly-up position, the otter rotates to the
Rowing Floating belly up, ottcr folds ventrally in a V side like a rolling log: differs from rocking in
shape then straightens: may be repeated; otter that feet and paws are submerged
does not submerge
Looking Belly up or on ils side, the otter trns its head
Sculling Belly up, the otter moves along the surface in vartous directions
propelled by movement of the tail and (or) Low intensity: slow, occasional head turns
leet High miensity: rapid agitated movements of
head from side to side
Sidestroking  The otter moves along the surface on its side;
one foot may be waved above surface and  Nibbling or Mouth conlact is made with some part of the
head may be oriented toward an object licking otter’s own body, in a nibbling or licking
— — T - movement; commonly directed toward paws,
wimmin elly down; the head and back are visible mov- : ;
¢ ing along the surface belly, leet, tail
Rocking From a belly-up position, the otter does a side
Underwater  Body is totally submerged: the otter reappears rol] with torso arched such thal the feel and
swimming atadistance at a location in line with previous paws remain out of the water
direction of movement Low intensity: otier rocks 180° from side o side
High intensity: otter rolls 360°
Feeding
Rubbing Rear feet rub some area of otter’s own body
Eating While floating on the back, the forepaws are Low intensiry: both rear feet are rubbed slowly
bronght repeatedly to the mouth; object may against each other in a “hand-washing”
be shoved into the mouth or pieces bitren off movement
Periscoping  Only the shoulders and head are visible above High m!f’ﬂs:f}!.‘ R Seraching mavemem_of
the water as the otter takes a few seconds to ane foot directed toward back, neck, of side
look around: usually precedes a high-inten- ofbody
sity dive Shaking The head is rotated rapidly from side to side in
Pounding Rapid pounding movements are made onto the detypredlistighing-moveri i Saterilissy the

Submerging

chest with or without an objcct held between
the forepaws: a hard object may be balanccd
on the chest as the otter floats on its back;
observer can oftcn hear pounding

Body is totally submerged: the otter reappears

Somersaulting

muzzle may be outstretched

Full 360° forward roll with the head tucked
close to the belly; often only the curved back
is visible until the head reappears at the end
of the roll
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Table 5. Consinued

Behavior General description Behavior General description
Stroking Front paws repeatedly stroke sowne area of the  Lunging Sndden forward body movement toward an-
otter’s own body: may vary in intensity (ra- other otter
pidily of sttakes): commonly direcied toward Low intensiry: no contact
chest, head. rear feet, belty, ai. flank. back High intensiry: lunge and nip, moulb conlact
Tuckrolling  Head is bronght 1owaid chest but bent over o Mutnal Porpoising as described under Locomotion.

side while otter does a 360° side roll: inter-
mediale berween a somersault and a logroll

Interaction

Ofeer remains near (he side or head of a feeding
otter: head is oriented toward the feeding
oller: paws may or may not make contact

Begging

Biting Oneyr closes jaw briefly on body of opponent:
more intense and not as prolonged as grasp-

ing; may be repeared

Chasing Rapid swimming with one outer bebing another

Chinning The otter swims slowly toward anothey and
places chin on chest, belly, or near the head
of the ather otter

Clasping Female uses front arms 10 liold pup 1o her chest:
the pup s usnally clasped argund the chesl.

neck or head. and becomes limp

Otter bolds the mouth open. usoatly oriented
wward panner’s head

Low intensiry: brief duration, quality of a threat;
mdy lunge withaul making contact

Highimensity: prolonged interaction. each ouer
panying lunges made by the other

Gapiug

Giving Holding food or another objecl. olter moves
paws toward another ouer: the object s relin-

quished when tbe other otter wakes it

Grabbing Jaws are closed on the body of another oter.
masntaining prolonged contact
Female grabs pup by neck

Male grabs femaic by nose

{merfering Ouer alteropts 1o move body between two other

iateracling otters

POIPOISING synchronously or in close sequence with a

partner moving in same diceclion

Mizzle comtaet made with anoiher ouer: diffi-
cull to distinguish between nibbling and
sifting as the two movements are aften inter-
mixed

Nosing

With one forepaw. lhe ouer reaches ant 1o con-
3¢t 115 partner, may be a shoviug or patisng
movemenl

Pawing

Riding The ouer places ity hody on the belly ol another
ouier by swimming up slowly oy by rolling
sideways onto s partner: he other ottes may
MOVe away or remain slationary

Low: intensiry: from halt of body covers head
and front half of partner's body

High imensigy: full body contact

Otter forcefully pushes another otier away with
forepaws

Shoving

Belty up. otter moves parntly suhmerged front
paws awayv from bodv towards angther aui-
mal. making walter splash

Splashing

Pup has mouth in area of female’s nipples
Low: intensisy: suckling inlerrapied
High intensirx: continuous contact with nipples

Suckling

Two otters rofl over and over each other: the
arched backs are nsually visible, with an oc-
casional glimpse of feet. tails. or heads. The
bady concl is highly variable: someltimes it
appears they are wrestling, at other iimes
making jaw contact

Tumbling

Wresiling In a verucal position. two otters actively grasp
each otber with lorearms around the bead and

shoulders. then (wist to break the hold

her pup or by an adult in extreme distress. Whisting or
whining sounds seem to be produced when the otter is
mildly disuressed or frusirated. For instance. older pups
may whine when not allowed 10 suckle from their mothers
(Riedman, personal observalion). In another case. an
adult maJe was heard to whine when he could not reach
an estrous fesnale who was hauled out on an offshore rock
{Deutsch, personal comrmunication). A group of [0 male

California sea ottecs. recorded by California Departrment
of Fish and Game biologists while the animals were being
1emporarily held together in an outdoor pen. frequently
emitted extremely loud and wnusual whines and high-
pilched whistles, sounding somewhat fike the abovewaler
whistling produced by dolphins.

Adults appear 10 make cooing sounds when “satisfied
or content,” according (o Kenyon (1969), although these
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sounds could also be used in other situations. Cooing
appears (o be generated in the throat, and the mouth is
generally closed when the sounds are emined. Cooing is
heard among paic-bonded adulis, as well as females
grooming their pups. Kenyon (1969) also noted 1hal
females may coo “while eating food that is particularly
pleasing.” Soft grunting sounds afso seem 10 convey
satisfaction. according to Kenyon (1969). and may be
produced when the ouer is eaung. Kenyon believed
that grunting in the male is equivalent 1o cooing in the
female. Growling or snarling sounds may be produced
when a wild otter has been captured. Adults and depen-
dent pups may hiss at humans when frighiened after being
capiured. Barking is an uncommon vocalization. Kenyon
(1969) heard a captive yearling male produce a high-
pitched bark that teailed off jnto a whisile in apparent
frustration when trapped in an empty pool. A study of the
acoustic repertoire of wild California sea otters is in
progress (Staedler, Riedman, McShane, and Williams.
unpublished data).

Sexual Segregation

Sea otters exhibil a high degree of sexual segregation
in California and in Alaska. which varies seasonally to
some exteat. Females and males generally restin separate
areas (often called female and male areas), with the
exception of solitary, adult males (hat maintain territo-
ries within female areas in Califormia (Peterson and
Odemar 1969; Wild and Ames 1974; Loughtin 1977.
1979: Jameson. unpublished data) and in Alaska
(Lensink 1962; Kenyon 1969: Schneider 1978 ; Gar-
shelis et al. 1984).

In Alaska. male groups are usually sitvated in areas with
more abundant food resources but that are less prolected
from stormy weather than female areas (Schneider 1978
Carshelis et al. 1984). In Caldforma, differences in the
degree of exposure 1o rough sea conditions and avail-
ability of food resources characterizing esiablished male
and female ayeas are less pronounced than they are in
Alaska. However, groups of juvenile males may occur
well offshore in exposed areas in California (Ralls et al.
19883‘). In California (Peterson and Qdemar 1969; Wiid
and Ames 1974; Benech 1981*; Estes and Jameson
|983a‘) and in Alaska (Garshelis et al. 1984), male
otters are the firstanimals to colonize unoccupied habitat;
therefore. male areas generally occur at the edges of the
range where expansion is taking place. The longest dis-
tance between male areas is about 150 km in Prince
William Sound and about 120 km in Califomnia—where
the populations are expanding—and 15 km or less at
Amchitka [sland—where the population is at equilibrium
density.

Sex and Age Compositon in California

Sex and age composition of the California popula-
tion varies throughout the range in relation to general
geographic location and time of year. The center of the
range between Cayucos and Monterey is occupied pri-
marily by femnales (all ages) and pups as well as territorial
adull males (that move into fernale areas in summer and
fall) and recenlly weaned juvenile males, some of which
cemain in female areas unil they are 2-3 years old. The
southern and northern peripheries of the range (south of
Cayucos and north of Monterey) are inhabited mainly by
nonreproductive, immature males throughout the year,
and adult males that move oul of the center of the range
during the winter—spring nonbreeding season (Benech
198 ; Estes and Jameson 1983a " ; Jameson 1989). {n some
male groups at the southern end of the range in winter and
spring, Jameson (1989) resighted 76% of the adult males
that had occupied breeding areas near Poiat Piedras Blan-
cas during the summer—fall period.

Solitary adult males—at least those from the Piedras
Blancas area—retum 1o the center of the range in spring
and remain there throughout the summer and fall
breeding season. when pup density is low and the number
of estrous females is presumably high (Benech 19817;
Estes and Jameson 1983a”; Jameson 1989). Seasonal
Muctuations in the sizes of peripheral male_groups
veflect these movements (Benech 1979 . 1981 : Estes,
unpublished dara). Peak male densities occur in female
areas during lale summer to early fall, when rarios of
one male per six independent otters are found. Al-
though the breeding season peaks from July to October
in the Piedras Blancas ared. adult males may be found
in the cemer of the range from April 10 December. Along
the nonthern Monterey peninsula. adult males occupy
1erritories in fernale areas throughoul the year (Loughlin
1977. 1980: Deutsch, unpublished data; Riedman,
Staedler, and Estes. unpublished data; Lyons, personal
communicagion).

While sexual segregation is wel) defined. distinct fe-
male and male areas both locally and throughout major
portions of the range are not absolute. A nonterritorial
male. for instaace. may enter a female raft and interact
with all females preseni (Loughlin 1977; Benech 1981).
Jameson (1989) found that some juveme and subaduli
males may occupy female areas in the center of the range
throughout the year. although they do not usually associ-
ale with adult females. Comrespondingly. a few adult
females may be found at either end of the range. Groups
containing females and pups are located between Point
Buchon and Point San Luis 10 the south (Benech 19817)
and neav Santa Cruz and Sandhill Bluff to the north
(Boanel et al. 1983 Bstes and Riedman, unpublished
data; Ames and Hardy, personal communication). Locally
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established distinct male and female rafting sites may be
separated by a minimum distance of 1—4 km or more, as
they were in the late 1970°s near Monterey (Loughlin
1977) and Point Buchon (Benech 1981).

Sex and Age Composition in Alaska

Spatial segregation of the sexes atso occuss throughout
the range in Alaska. At Amchitka [stand, ac least four (and
probably seven) geographically distinct male areas exist
throughout the year (Estes. vnpublished data). In the
female areas, an estimated 95% of the animals caught in
nets were females. while about 98% of the oliers caught
in male areas were males (Kenvon 1969). Sexual segre-
gation also occurs in the U.S.S.R.’s Commander [slands
{Marakov 1965).

Gaushelis (1983) and Garshelis et al. (1984) invesu-
gated social organizalion of sea otters in Prince William
Sound and found that predominantly male areas were
located at the front of the expanding population. while
females inhabited are3s that had been occupied for longer
periods. Animals captured in the male areas from May to
August indicated a sex ratio of 97% males. Censuses
conducted in female areas (at Gibbon Anchorage on
Green [sland) varied seasonally from a high of 33% males
during the breeding scason in July and August o <%
males in January and February.

Unoccupied habitat in Prince William Sound was
inirially colonized by large. solitary. and usually white-
headed males. After months or even years. groups of
yvounger males sudden]y began to occupy the new
areas. Garshelis et al. (1984) believed that older males
routinely explored new potential breeding lerritories,
often returning to established areas. The newly occu-
pied areas were therefore eventually occupied by large
groups of males, [ollowed by females and pups after a
period of years. Subsequent initial occupation of male
areas by females may proceed slowly due to harass-
ment of the few females by males in the form of food
stealing and sexual interactions {Garshelis et al. 1984).
As the proporion of sexually available females within
the male areas gradually expands, rhe establishment of
territories by dominant males, along with diminishing
food resources, may collectively encourage most males
1o abandon the area and move into adjacent unoccupied
habitat again (Garshelis et al. 1984).

According 1o Garshelis et al. (1984), itis 1o the female’s
advaniage to limit her movements and remain in a
shelrered area to raise her pup. Conversely, males not
constrained by the burden of parental care are able to
travel long distances to locate new habitar with abundant
food resources but that is often highly exposed lo rough
seas.

Home Range and Movements

California

Home range has been defined as the area traveled by an
animal during its routine activities (Jewell 1966). How-
ever. when considering home range and movements of
sea olers. il is important (o note that the dimensions of
the home range may vary in space and ttme—that is, the
home range sizes recorded in various studies can change
according to the duration of the study and nme of year.
The importance of this point was emphasized by studies
in Alaska (Garshg]is and Garshelis 1984; Monnert agd
Rotterman 1988a ) and California (Ralls et al. 1988a ).
both of which showed that sea otter home ranges con-
sisted of several heavily used areas connecled by travel
cornidors. In addition, sizes of home range and distance
of movements depend on the portion of the range in which
the animals were marked and subsequently observed. For
example. distances of yearly movements by adolt males
tagged in the center of the range would probably be longer
than those recorded for males tagged closer (o the periph-
eral groups located near either end of the range. A general
pattern observed by Ralls et al. (1988{) in Catifornia for
all age or sex classes was that individuals tended (o
remain in one area for extended periods. with occasional
sudden long-distance movements. These movements oc-
curred at all times of the year.

Males. The size of an adult male sea otier’s home range
seems to vary seasonally in Califormia. Most of the time
males Eemain in the same area: however, Ralls et al.
(19882 ) found that both temritorial and nonterritorsial
males occasionally make long-distance Irips throughout
the year. Short-period (18-36 h) movements of radio-
tagped otters in the central and southem parts of the range
averaged about 1 km for aduli males and 2.3 km for
juvenile males, and although the longest movemens dur-
ing this time was 47.5 km by an aduli male, movements
of >10 km were rare (Ralls et al. l988a’). The area used
by an individual in one day ranged from 10 ha Lo more
than 1,000 ha. In the summer—fali period, which encom-
passes Lhe breeding season in California. resident adult
male seaotters (territorial and nonterriiorial) have smatler
home ranges than resident adult females (Lovgbhn 1977,
1980: Ribic 1982a; Jameson 1983a. 1989). The most
comprehensive long-term study of male home range and
movements was conducted by Jameson (1989), who vis-
ually monitored home range sizes and movemenis of 19
males tagged near Poinl Piedras Blancas over 6 years. He
found that territorial adult males occupied a mean home
range of 40.3 ha (N = 10: SE = 3.97) in the summer—fall
period (at which lime home range was considered equiv-
alent 1o territory size), with a mean coastline length of
.1 km (N = 13; SE =0.44). The winler—spring (| Decem-
ber to 30 May) mean home range size of tesritorial agulg
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males that remained in female areas was larger at 78.0 ha
(N = 5: SE = 7.24), with a mean coastline length of
2.16 km (SE=0.21).

The annual home range and life range sizes of adult,
subaduli, and juvenile males are substantially larger than
those of adult and subadult femnales. The larger vearly
male home ranges apparently refiect the long-distance
male movements of 60—100 km or more to either end of
the range Lhat occur seasonally (U.S. Fish and Wildiife
Service 1980; Estes and Jameson 1983a: Jameson
1983a; Jameson 1989). Jameson (1989) reported thai
80.1 km (VN = 13; SE = 4.17) was lhe mean seasonal
distance traveled south from female areas in the vicinity
of Point Piedras Blancas to peripheral male groups lo-
caled near Point San Luds, although possible movements
of up to 150 km were recorded for one adult male. The
mean distance of 80.( km was considered equivalent 10
life range, which was calculaled as the nomber of kilome-
lers of coastline known to have been used within the entire
study area (Jameson 1989). As mentioned previovsly.
however. the distance traveled seasonally by marked
males is dependent on the current population distribution
and the geographic Jocation of the female area where each
male was tagged and subsequently monitored.

Loughlin (1977, 1980) determined home range sizes
along the Monterey peninsula, using radiotelemety and
visual abservations conducted at intervals throughout the
yedr. He found that territorial and nonterritorial males had
a mean home range size of 35 ha (N = 4, SE = 8.8) and 44
ha (N =7, SE = (3.4), respectively. while the toean home
range size of adult females was substantially larger at 80
ha. A considerable amount of individual variation with
respecl to home range size was evident.

Using radiotelemetry, Ribic (1982a) assessed home
range sizes of sea otters near San Simeon in fall 1978 and
1979. She categorized males as residents or nonresidents.
Her results indicated that the home range sizes of resident
males averaged 460 ha (N = 5, SD = (.8), while the
average home range size of resident females was 680 ba
(N =4,SD =23). The comparatively larger home range
sizes of resident adult males reported by Ribic seems due
to differences in methods of calculating home range area
and in the timing of Ribic's study period (early fall to
early winter). both of which may have conuibuted 10 an
overestimation of range. Both Ribic (1982a) and Jameson
(1989) concluded that advlt male CaJifoimia sea otters use
two distinct home ranges (in the center of the range within
female arcas and at the end of the range wilhin male
groups), connected by a migration corridor that can be
traveled in a brief time.

Ralls el al. (19883‘) jmplanted radio 1ransmitiers in
seven adult males and five juvenile males in centeal
California: four of these animals were associated with a
male group in Morro Bay. All these males were relatively
sedentary or moved only a short disiance each day but

occasionally made long-distance trips. The nonterntorial
males in Morro Bay remained with the male group in this
area most of the time. although they periodically moved
a distance of roughly 40 ke (1o the San Simeon area) or
about 10 kim (to the Cayucos area where another male
group was located).

Five territorial males near Poinl Sur spent most of their
time within a small area of less than a few kilometers.
although two males made long-distance trips (>20 km)
away from their territories. One otter Iraveled (rom Point
Sur 10 Moss Landing (a distance of about 60 km); how-
ever, he was shot and found dead near the moulh of the
Salinas River. The other male, which maintained a (erri-
lory near Pfeiffer Poin(, made one trip (o0 an areajust south
of Grirmnes Point (8 km) and retumed the following day.
His second trip was 1o the Santa Cruz area. where he
remained for about two weeks before refuming to his
terntory. This 72 kilometers was the maximum distance
traveled by a tertitorial male. Juvenile males tended (o
range farther from shore than did adult males.

Females. Less information is available conceming fe-
male home range size and movement patterns, although
preliminary data indicate that compared 10 males, most
adult females are sedentary. Near San Simeon. females
may use an average of 18 km (N = 22) of coastiine
throughout their life (Jameson, personal communication).
As mentwoned previously, females seem 10 bave smaller
annual or lifetime home ranges than males; however,
female home ranges are about 1.5-2 times larger than
those of resident adult males during the breeding season.
Ralls et al. (l988a“) found that aduvll females tended Lo
make less extreme mavements than males, and they trav-
eled average distances that were intermediate in length
compared with those traveled by males, since males either
remained within a limited area or made long-distance
movements. [n Califormua, 7 of (3 adult fernales, and 6 of 9
Jjuvenile females moved maximurn distances of >20 km.

Female otters are capable of traveling long distances,
however, and three lagged females in California are
known to have moved between the southern and northern
parts of the range. One adult female tagged near San
Simeon traveled a distance of 110 km north to Point
Lobos (Jameson, personal communication), and a young
female tagged near Cayucos moved a distance of >160
km to the northern Monterey peninsula (Riedman,
Staedler, and Estes, vnpublished data). The third adult
fermale, who was originally tagged in Monlerey, moved
to San Simeon and returned to Monterey, a round-trip
distance of about 280 km. The Female was last sighted in
Monterey in May 1976 afier losing her 2-month-old pup
in April. She was observed about | year later near San
Simeon with a second pup of about 1-3 months, which
seemed 10 have been weaned successfully. She was
sighted about 7 months later in Monterey with a 1.5-
month-old pup (Loughlin et al. 198]). Riedman et al.
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(19887) found thar three tagged adult females routinely
traveled across Monlerey Bay between Monterey and
Santa Cruz (a distance of 40-30 km, depending on the
route taken) for over 4 years. These females tended to
spend several monlhs in each area, and often retumed to
Monterey Lo give birth and raise their pups. Reasons ace
unclear for Jong-distance travel by female sea oaers in
Cabfomia. although Ralls et al. (19884 ) suggesled that
both adult and juvenile females travel long distances in
search of areas where they can become residents. Some
females may also imove moderately long distances when
weaning their pups (Riedman, Staedler, and Estes. unpub-
lished dala).

Dispersal of Juveniles. Dispersal and movemen pat-
lerns of juvenile sea otters and newly weaned pups of boih
sexes are currently under investigation in the southern
(Jameson, vnpublished data). cenrral (Ralls et al. 1985*),
and northesn (Riedman. Staedler. and Esies, unpublished
dala) ranges in California. Juvenile males seem to dis-
perse greater distances from their naial areas than juvenile
females, although there are exceplions o Ihis pattern.
Juvenile males in the San Simeon area seem 1o leave the
nalal area (which contains a high number of females and
pups) from about 6 months to 2.5 veacs afler weaning (o
join male groups ai either cnd of the range (Jumeson,
unpublished data). Mosl juvenile males in the Monterey
area leave the natal area immediately afier weaning
(Riedman. Staedler, and Estes, unpublished data). Jame-
son {1983b, and unpublished dalta) resighted (wo juvenile
males 64-80 km south of their natal area within 2 weeks
of weaning. Al leas( 30% of the juvenile males 1agged in
the cenler of the range have been subseguently resighled
in male groups (Jameson 1989). Seven juvenile males
moved an average distance of 77 km (SE = 8.86) south of
the natal area near Piedras Blancas to male groups. An-
other juvenile male, which weighed 12.3 kg at the 1ime of
capture, moved 137 km north from Piedras Blancas o join
a male group near Soquel Point near Santa Cyuz. Nearly
2 years elapsed between sightings of this male at Piedras
Blancas and Soquel Point. Subsequent observations sug-
gesl that the male bas remained in the Soquel Point area
(Jameson. personal communication).

Ralls et al. (1985) reported that the only newly inde-
pendent juvenile implanted with a cadio aansmiuer, a
male, traveled more widely than any other adult sea ouer
monitored. The juvenile male was captured near Torre
Caayon n mud-March. One month later he traveled
slowly north, nearly 10 Yankee Point. after which he
moved south to Pacific Valley. He then moved north again
to Moss Landing (about 120 km from Pacific Vallev), and
soon moved south again. At latest report. the young malc
had not moved into a predominanily male area.

In contrast, recently weaned females often tend to ce-
main near the area in which they were born. In the San
Simeon area. one newly weaned female remained along

a 5-km length of coastline for at least 2 years (Jameson.
onpublished duta), Tn Monterey, sevecal tagged juvenile
temales remained in the vicinity of their natal area for at
least 3—4 years (Riedman. Staedler. and Estes. unpub-
lished dats). Tn fact. since the late 1970's, many adult
females weaned near Monterey still occupy the same area
as their mothers. angd some of these females have given
birth to their own pups. Some degree of snalyilineal kin
relationships thecefore seems to exist in this area. Ried-
man, Staedler, and Estes (unpublished dala) observed
severa) cases in which juvenile and adult offspring in the
Monierey area interacted with their mothecs in some way.

Daily Movements. Localized. daily movement patierns
vary in relation 1o (erritorial staws of males and whether
or nol females have a pup. Most movements away from
habitual rafting sites are associaled with foraging activity.
Females without pups and males typically leave theiy
resting areas, feed individually. and suhsequently return
to the resting areas. Terrilorial males generally forage
within their territories or well offshore. Before territorial
males return [0 their resting sies after feeding. they often
patrol the boundaries of their territories and travel o
female rafting areas, where they may investigate each
fenale in Lthe raft (Loughlin 1977, 1980).

Many (emalcs with pups. however, do not always return
10 their previous resting sites after foruging, but instead
may continue torest and feed. gradually retuming to their
original resting sites within 1248 h (Loughlin 1977,
1980: Jameson. unpublished data: Riedman. Staedler. and
Esles, unpublished data). Sandegren et al. (1973) found
that the localion of resting groups of femuales with pups
changed daily. However, some females with pups in Mon-
terey move short distances and rest in different sites from
day 1o day. whereas others consistently rest and soine-
times forage in the same areas. traveling very httle (Ried-
man. Staedler. and Estes. unpublished data).

Alaska

Movements aund home range sizes of Alaskan sea otlers
were first investigaied in the Aleutian Islands by Lensink
(1962) and Kenyon (1969). who tentatively concluded
that a female’s home range included 8-16 km of coastline
and that males may have larger home ranges than females.
Lensink (1962) reporied that movements in the Aleutian
Islands were related 10 season und weather conditions. In
the Commander Islands of the Soviet Union. movements
of oliers were also related to weather, season, tume of day.
and human-caused disturbance (Barabash-Nikiforov
1947; Barabash-Nikiforov et al. 1968). As in California,
movement patterns and home range sizes of Alaskan
olters reported in various studies probably depended on
the Jocation of the study area, time of year, and doration
ol the study.

Males. Studies conducted by Garshelis (1983), Gar-
shelis and Garshelis (1984), and Ralls et al. (I985«)
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provided detailed information on movement pattenis of
sea olters in Prince William Sound (Fig. 27). Comparable
information is not available from other areas of Alaska.
Seasonal male movements seemed o vary in relation 1o
the time each study area was occupied by atters. In a new
area where food resources were relatively abundant, ter-
ritorial males were fairly sedentary and traveled only
shaort distances—penerally <25 km (Ralls et al, 19857 ). In
contrast, Garshelis et al. (19¥4) recorded long-distance
movements of > 100 km for five adull territorial males
that left Gibbon Anchorage at Green Island, presumably
an area with reduced food resources that had been occu-
pied by otlers for a long time. The males raveled 1o male
arcas in portheastern Prince William Sound, where food
was more abundant. These differences may simply occur
because newer habitals were closer 1o peripheral male
groups than arcas thal were occupied longer. As in Cali-
fomia, some males moved between male and female arcas
throughout the year,

Males in northeastern Frince William Sound also
maoved (o and from male areas relative 1o season, weather
conditions. and boat traffic associated with commercial
fisheries (Garshelis and Garshelis 1984). For instance,
male groups were present in Orea Inlet only in winter.
Throughout much of the remaming year, heavy boat iral-
fic in Orca Inlet apparently disrupted the otters and caused
them to move. Males were alse attracied to Orca Inlet
muidbars, where they frequently haoled out during stormy
winler months, Unhike females, males olien traveled in
groups berween areas {Garshelis and Garshelis 1984).

As in California, the home ranges of male otiers in
Prince William Scund consisted of peripheral male areas
and breeding rerritories within female arcas, connected
by travel routes or migration cormidors. Seasonal home
range sizes in male areas seem o vary in habilal charsc-
teristics. For example, Garshelis and Garshelis (1984)
reported that males in Nelson Bav had significantly larger
home ranges (X = 1 1.0 km; SE=0.7; &= 13} than Simpson
Bay males (X = 4.6 ko, SE = 0.5; N =4). They attributed
this 1o the fact that Nelson Bay is larper than Simpson
Bay, and provides more available habitat with preater
distances between feeding and resting areas.

Garshelis and Garshelis (1984) suggesied that annual
and lifetime home ranges of males may be larger than
thase of females and may include most of Prince William
Sound. The seasonal and sexual variation in home range
size may be similar between Prince William Sound and
California in thal males have larger annual or lifetime
home ranges—bul smaller seasonal home ranges (con-
sisting of defensible territories) —than females,

Females. Female movement patlerns in Prince William
Sound seem to vary in relation to such imerrelated factors
as duration of occuparion (by oners), weather conditions.
season, reproductive status, and age of pup. At Green
Island, where the population has been long established,

females with large pups began moving into Gibbon An-
chorage in early {all. apparently because shallow-water
feeding areas in Gibbon Anchorage facilitated indepen-
dent foraging by pups. Before August, females with small
pups o0 young to forage successfully remained in deeper
waler with more abundani or higher guality food. In fall
and winter, stormy weather also apparently caused inde-
pendent females and mathers with small pups o move
imo protected areas such as Gibbon Anchorage (Garshelis
and Garshelis 1984),

Accordingly. the size of females’ home ranges at Green
Island appeared to vary as a function of reproductive
status and age of pup (Garshelis and Garshelis 1984),
Females without pups and those with pups 3 months old
had larger average home range sizes (X = 4.8 km; SE =
D9 N=Tand ¥ =4.5km; SE= L8 N =2, respectively)
than females with pups older than 3 months (5 = 1.0 km;
SE = 0.2: ¥ = 6). Garshelis and Garshelis (1984) specu-
lated that the more sedentary behavior of females with
large pups allowed the pups to become familiar with
specific feeding areas. Such feeding areas were ofien
located within male rerritories. so that constant attempts
by the male to prevent the pair from leaving also may have
influenced the female’s sedentary behavior. Independent
females and those with small pups were not resrricted 10
shallow feeding areas. Garshelis and Garshelis ( 1984)
believed that some females moved more extensively in
other areas, so that life ranges were larger than those
recorded in their study area.

Through the use of radiotelemetry, Monnen and Rotter-
man (19882 ) found that adult female sea otters in Prince
William Sound moved distances of 30-80 km, traversing
expanses of deep water and moving between major bays
and [jords, [ncontrast with central California, where adult
females tend Lo remain fairly sedentary (except for ocea-
stonal long-range movements). the adult females in
Prince William Scund underiake extensive seasonal
movemenis. These females bear their pups and nurse
them in the central part of the sound, wean their pups and
copuluate in the deep [jords of the north-central part of the
sound. and (hen move far o the east w spend winter,
These complex patterns, compared with those docu-
mented in central Califormia by Ralls et al. (1 088a"), are
correlated with—and possibly cuused by—differences in
habitat complexity between the two areas: Prince William
sSound may present a more variable large-scale mosaic of
habitats 1o sea otters, and the otters may benefit by mav-
ing among the mosaic patches to meet specific needs.

Drispersal of Juveniles. As in California. juvenile male
sea ofters in Prince William Sound tend 1o disperse greater
distances than juvenile females. Monnett and Rotterman
(19882 ) found that juveniles ended 10 mave away from
the natal area immediately after weaning, although. on
average, males moved further than females; the grealest
distance raveled by a juvenile male [rom his natal loca-
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tion in Prince William Sound was about 120 km; the
greatest distance moved by a female was 38 km. Move-
ment pattems of recently weaned females were similar 1o
those of older independent females, although the average
home range sizes of juvenile females (X = 7.6 km: SE =
1.6: N = 3)were larger than those of solitary adult females
1X=4.8 S5E =09 V=T, Garshechs and Garshelis 1984).

Ciarshelis et al (1984 found that male dispersal from
female areas often took place shortly alter weaning, how-
ever, some males may have delayed dispersal until 2 years
of age or made interim stops on the way (o male areas,
Despite its unfamiliarity with northeasterm Prince Wil-
liam Sound, one juvenile male born near Green Island
traveled 100 km 10 amale area. Newly independent males
may tollow older males to distant male areas and remain
there al least until breeding age (Garshelis et al. 1984).

Oraily Movemenix, As in California, oters in Prince
William Sound and the Aleutian Islands use different
arcas for resting and feeding (Lensink 1962: Garshelis
and Garshelis 1984). Daily home ranges of males in
northeastern Prince William Sound were clustered within
five separale bayvs or coves. Although males moved
amuong these areas. they tended (o remain in the same area
on any given day (Garshelis and Garshelis 1984). Daily
home ranges of females near Green [sland were clusiered
within six arcas delineated by distinet topographical
boundaries. Females accompanied by pups remained in
these areas longer than solitary females. Females moved
among areas somewhal more frequently than the males,
probably becavse male areas were larger and separated by
preater distances than female areas. The movemen of
bath sexes between areas tended to occur iregularly
(Garshelis and Garshelis 1984),

Summary of Movement Patterns

In conclusion, information from studies of sea otters in
Alaska and California suggested thal complex relations
exist between activity budgets, movement patterns, hab-
itat characteristics, and the probability of survival, and
that these may differ fundamentally between juvenile
male otters and juvenile female otters. Postweaning dis-
persal tends to be greater in juvenile males than females,
Although the reason for this difference is not known, it
probably results from the sea otter’s polygynous mating
system and the Fact that adult males maintain ermtories
in most areas inhabited by adulr females. Whether the
territorial males compele for food, females. or both is not
known, although it seems likely that males compete for
access o mates. However, apgressive behavior by terri-
torial males seems 1o drive juvenile and suvbordinute
males away from the female areas. The result seems to be
that juvenile males are forced it areas not inhabited by
territorial males. whereas juvenile females are not. These
Juvenile males ultimately join male groups, whereas ju-
venile females tend (o remain nearer the area of their

birth, In central California and Prince William Sound,
male areas rend 1o occur at the peripheries of the ranges.,
This is also true of growing populations in the weslem
Aleutian Islands (Estes, unpublished data), These male
eroups are spatially labile, moving gradually outward as
adult females expand their range. The distance separating
male groups gradually becomes greater, requiring in-
creasingly longer distance dispersal by juvenile males
weaned near the center of the range. However, these
peripheral proups are juxtaposed with areas inwhich food
resources are comparatively abundant because they have
nol been heavily exploited by foruging sea ollers. There-
fore. we conjecture thal juvenile males experience higher
travel costs than do juvenile females: however, males also
benefit from foraging on more abundant food resources,
Sex-specific differences o selivily budgets and probabil-
ities of survival seem to be related to these movemen
paterns. Compared with juvenile males. females spend
more time loraging and suffer higher rates of mortality
{Monnett and Roterman |988b ; Ralls et al. 1988a :
Siniff and Ralls 1988 ).

These patterns, implicitly assumed to be species char-
acteristics, have been variously interpreted. Ralls el al.
(19882") suggested that sex-relared differences berween
juvenile males and females muy serve 10 benefit male
reproductive opportunities and female feeding opportuni-
ties—that is, the extensive movements of juvenile males
may ablow them 1o search for and assess available werrito-
ries, whereas the more limited movements of juvenile
fermales may resull in a deiled familiaricy with food
resources within the smaller, natal area. Monnett and
Rotterman { 1988b ) speculated thar these differences are
the consequence of higher parental investment in males
than females, as predicted by Trivers and Willard (1973),
Garshels et al, (1984) suggested that young males aggre-
gate in male arcas because of social benefits derived from
gregariousness, Each of these explanations presumes sex-
related social benefits to the observed pattemns. which
may be true. However, none of the explanations recog-
nizes that (as we suggest) the patterny are derived from
adult male aggression, a fundamental oulcome of the sea
olter’s polygynous mating system and not unlike the
juvenile dispersion patierns observed i numerous spe-
cies of polygynous mammals,

Limited data on sex-specilic distribution and mortality
patterns from Amchitka Island suggest to us thai whereas
behavieral processes related 1o the sea otler’'s polygynous
mating system may be fundamental to all or most sea otter
populations, some of the behavioral and demaographic
consequences of these processes may vary, depending on
whether the population is al or near carrying capacity or
has access to unoccupied habitat into which it can grow,
Unfortunately, we have no data on activily budgets or
movement paterns for different age or sex caegories it
Amchitka Island. However, resulis from Kenyvon's (19691
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long-term studies at Amchitka indicate two intriguing
differences from the patterns reported from central Cali-
fornia and Prince William Sound. One difference is that
male groups are interspersed within female areas (there
are no range peripheries where they could form), and
these male areas tend to be separated by fairly short
distances (11-19 km; Kenyon 1969; Estes, unpublished
data). All male areas that are presently known at Am-
chitka Island occur near exposed points with extensive
shallow habitat extending oflfshore. We presume that.
compared with central California and Prince William
Sound, dispersing juvenile males are required to travel
shorter average distances before encountering a male
group, and these male groups are not juxtaposed with rich
food resources. The costs of male dispersal may therefore
be less than they are in expanding populations, but juve-
nile males derive no foraging benefits by occupying these
areas. Indeed, male groups may be constrained to form in
habitats unsuitable [or adult females. The second differ-
ence is that the juvenile mortality rate is higher in males
than females. based on Kenyon’s (1969) analysis of
beached carcasses. As Kenyon pointed out, this could be
due to biases in sex determination. However, a slightly
male-biased sex ratio persists even when all the indeter-
minate juveniles from Kenyon's sample are assumed to
be [emales. Although more data from Amchitka Island
are needed to subslantiate these patterns, we expect to
find fundamental sex-related differences in juvenile ac-
tivity, movement, and survival between sea otter popula-
tions that are still growing and those that are at or near
equilibrium.

Reproduction

Seasonal Phases of Breeding

California

Although mating and pupping among sea olters take
place throughout the year in California. a peak period of
pupping tends to occur from ganuary‘ to March (Fisher
1940; Vandevere 1970 , 1972 , 1979 ; Sandegren et al.
1973; Estes and Jameson 1983a; Siniff and Ralls 1988';
Ames, unpublished data; Jameson, unpublished data). A
secondary but equally pronounced pupping peak appears
to oceur in late summer to early fall (Sinilf and Ralls
1988 ; Jameson, unpublished data: Riedman, Staedler,
and Estes, unpublished data; Vandevere. personal com-
munication). This second pupping peak may stem from
elevated pup mortality during the winter pupping peak.
The rationale for this suggestion is as follows: Because
the probability ol mortality declines with increasing age
of the pup (Jameson, personal communication; Riedman,
Staedler, and Estes, unpublished data), the greatest inci-

dence of pup mortality would occur during winfer, when
small pups are most numerous and storm activity is great-
est. Furthermore. females tend to come into estrus soon
after losing their pups (Riedman, Staedler, and Estes
unpublished data): if females successfully mate shortly
thereafter, they would give birth in early fall, after a
gestation of about 6 months (Wendell et al. 1984).

The proportion of females that lose their young pups
seems highest in winters with severe storms or prolonged
inclement weather and sea conditions. The late summer
to early fall secondary pupping peak may therefore be
more pronounced during years when winter storms are
especially severe. For example, due to anomalies associ-
ated with the 1982-83 “El Nino™ event, winter 1983 was
atypically severe in the high frequency and severity of
storms, large swells. and the resultant reduction in the
kelp canopy from late January to April (Dayton and
Tegner 1984). The number of pups counted throughout
the range in spring 1983 was low (9.6% of the total
population), compared with spring 1982 (16.5%) and
1985 (17.4%), suggesting that pup loss was high in winter
1983 (California Department of Fish and Game and U.S.
Fish and Wildlife Service, unpublished data). In addition,
there appeared to be asudden and pronounced increase in
mating activity during April and May of 1983 in the
Soberanes Point area, as would be expected if a high
proportion of females lost thetr pups during the preceding
winter (Riedman. unpublished data). In spring 1984, the
proportion of pups in the population was still low (9.4%).
indicating that the suggested shift in reproductive events
persisted for 2 years in the population.

Indirect evidence suggests that the mating season peaks
from July to October in the southern part of the range near
San Simeon, although moderate densities of adull males
occur within female areas from April through December
there (Jameson 1989). In the Monterey area, the fre-
quency of mating activily among lerritorial males gener-
ally appears to increase from September through Novem-
ber (Deutsch. unpublished data; Riedman, Staedler, and
Estes, unpublished data). The general yearly reproductive
pattern in California therefore consists of a winter pup-
ping season and summer—fall breeding season.

Alaska

Mating and pupping also occur throughout the year in
Alaska. However, the breeding and pupping seasons peak
about 2—-3 months later in Alaska than in California. In
addition, reproductive events seem to be temporally syn-
chronized to a greater degree in Alaska than in California.
The mating season in Prince William Sound peaks during
September and October (Garshelis et al. 1984). In Prince
William Sound, most pups are born in May; the peak of
weaning is about mid-November and, in contrast with
central California, few births occur in late fall and winter.
There are no sex differences in the seasonal distributions
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of birth or weaning times (Monnett and Rotterman
1988b 3.

Studies conducted at Amchitka Island in the 1960°s by
Kenyon (1969) indicated that, similar to Prince William
Sound, the pupping season peaked in early summer,
whereas the mating Season peaked in late full and winter.
Schneider’s (1973a ) extensive study and analysis of sea
otter reproductive tracts from the central and western
Aleutian Islands indicated a mating peak during October—
Decemberand a pupping peak in May and June. However,
the seasonal pattemn of increase and decline in both breed-
ing and pupping was thought by Schoeider ( 19732’ to be
broad, spanning perhaps 4-5 months each.

Mating Behavior

Sea otters seem 10 exhibit a variable degree of polyg-
yny. although many aspects of their mating system remain
unclear. A male may copulate or form a pair-bond with
several females successively throughout the vear. Fe-
males often mate with only one male during a given estrus
period, especially if they form pair-bonds. However,
sorne females occasionally mate with more than one male
during one estrus. Garshelis et al. (1984) observed at least
one female that copulated with two different males in
Prince William Sound. and Riedman, Staedler, and Estes
{unpublished dala) documented several cases in which a
female mated or formed a pair-bond with two or more
males during estrus. Mating may take place with or with-
out the formation of pair-bonds in California (Vandevere
1970°. 1973a": Loughlin 1977, 1980: Deutsch, personal
communication) and in Prince William Sound, Alaska
(Garshelis et al. 1984). In contrast, Kenyon (1969) ob-
served copulation only during the 3 to 4 days of pair-
bonding in the Aleutian Islands, although his observations
probably were less extensive than those in California or
Prince William Sound.

The duration ol pair-bonding typically lasts from 14
days, with a mean of about 3 days, in California
(Vandevere 1970": Deutsch. unpublished data; Riedman,
Staedler, and Estes, unpublished data) and in Alaska
(Kenyon 1969; Garshelis et al. 1984). However. the pair-
bonding period has been observed to last up to 10 days in
the Monterey area (Riedman, Staedler, and Estes. unpub-
lished data). During pair-bonding, the mated pair conducr
all activities in close proximity. Severa) copulations may
take place Lhroughoul pair-bonding (Kenyon 1969:
Vandevere 1970"; Deutsch. personal communication:
Riedman, Staedler. and Estes. unpublished data). How-
ever. Garshelis et al. {1984) observed up to four subse-
quent copulations only on the day of initial copulation.
even though in some instances the pair-bonds persisted
up to 3 days. The pair-bond is often terminated by depar-

ture of the female from the male’s erritory. during which
time the male may attempt to prevent the female from
leaving (Kenyon 1969: Vandevere 1970". 1973a : Gar-
shelis et al. 1984; Deutsch, personal communication).
Formation of pair-bonds with estrous females may be
advantageous to malcs, since it prevents females [rom
copulating with other males and because the repeated
copulations that occur during pair-bonding increasc the
likelihood of successtul insemination.,

It seems that a female's sexual receptivity ends after
pair-bond dissolution, suggesting that estrus, on average,
lasts 3—4 days. In Prince William Sound, previously pair-
bonded females did not interact sexually with other males
after leaving their mate’s territory. Other females re-
maijned within their mate’s territory for up to 24 days afler
copulation but did not interact sexually with the territorial
male (Garshelis et al. 1984). In California. females usu-
ally do nor appear Lo be sexually receptive after pair-
bonding, whether or not they subsequently remain jn their
mate’s territory {Deutsch. personal communication;
Riedman, Staedler. and Estes, unpublished data). In Mon -
terev, however. several cases huve been observed in
which a female continued for several weeks 10 mate or
pair-bond with various males, suggesting Lthat her estrus
period was prolonged until she was successfully insemi-
nated (Riedman, Staedler. and Estes. unpublished data).
Most of these females were aged. which leads us to
speculate that aged females may experience difficulties
conceiving or may niscarry soon after conception.

Although pups still may be present with fecmales during
subsequent sexual interactions, successful copulation
seems 10 rarely or never occur before the pup has been
weaned. Females with large pups are sometimes closely
“tended” by a male for several days. During the tending
period. the male occasionally swims. feeds with. and
otherwise interacts with the female and pup pair, and
occasionally the male may attempt to copulate with the
female. In Prince William Sound. Calkins (1972, Calkins
and Lent (1975), and Garshelis et al. (1984) ohserved
mother and pup pairs that were tended by males for a
number of dayvs. when, at various times, copulation was
unsuccessfully attempted. Garshelis et al. (1984) reported
that 42% of sexual interactions involved mothers with a
pup. Kenvon (1969}, also. observed males sexually inter-
acting and attempting to copulate with a female accom-
panied by a pup: copulation was never successfully
completed.

In California, tending by territorial males ol mothers
with large pups—and sometimes with small pups (<3
months}—has been observed on many occasions. The
males generally lollow the pair closely for a variable
period (several minutes 1o a few hours) on a given day.
often tending the same pair for several days. It isnot clear
why males would tend mothers with small pups. since
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they would not be sexually receplive. Possibly the fe-
males were expenencing an incomplete estrus cyvele (one
that would not result in pregnancy ), such as thar described
by Schoeider (1978) in Alaska. Mules ofien engage in
nuzzling, biting, wmbling, and rough play with the fe-
male and her pup. Frequently during such interactions,
pups seem o exhibit distress, vocalizing repeatedly and
trying to climb anto their mother or 1o pull her away from
the male. Occasionally, pups seem 1o interact in a playful
manner with the male. The mathers generally attempt 1o
swim away from the arrending male. As in Alaska. copu-
lations are occasionally attempred but are not successiul
{Riedman, Stacdler. and Estes. unpublished dara:
Deutsch. personal communication ).

Copulation occurs exclusively in the water and is usu-
ally initiated by the male. although females have been
observed 1o initiale copulatory activily on cccasion (Ken-
von 1969 Deutsch, personal communicanon). Coitus 15
preceded and followed by mulual nuzzling, pawing, tum-

bling, and otherwise highly synchronous activity. During
a tvpical copulanion, the male clasps the female from
Behind and grasps her face or nose with his weth, after
which the pair alternately rests and vigorously spins
around their longiludinal axis (Kenvon 1969: Vandevere
19697, 1970°). Copulations commonly last 15-30 min,
although duration s varigble. In Prince William Sound.
Garshelis et al, (1984) ubserved copulalions lasting from
15 s 1o 38 min. Kenyon reports that copulation may last
up 1o 35 min: in Culifornia, most copulations have been
reported to last 20-30 min, although briefer copulations
have occurred {Eses, Staedler. and Fiedman, unpublished
data Duetsch, personal communication: Jameson, per-
sonal communication). There are no reliable cues to en-
able a field ohserver to determine if and when ejaculaton
accurs. Interestingly, the briefer copulations frequently
take place with young females (Garshelis et al. 1984).

A female’s bloedy nose indicates recent mating activity
(Brosseau e al. 1975), and the resultam scars may aid in

Fig. 28, Female California sea ater with distinclive nose scar acquined during mating activiry (F, Bavendam).
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individual identification of adult females (Foott 1971
Fig. 28). Nose scars also indicate that a female is sexually
mature, although some mulliparows females have very
little or no scarring. Interestingly, cenain termitorial males
in the Monterey area iended 1o be consistently rougher on
females’ noses than other males were during musting.
These females often sustained extremely serious nose and
facial lacerations. In 1wo cases. most of the nose was
removed (Ames, Riedman, and Staedler, unpublished
datay. Ames el al. (unpublished manuscript) reparted that
complications stemming from severe nose or facial inju-
ries inflicted during copulation may cause death in some
females. and they speculated that some of the voungest
and oldesi females may be drowned during vigorous
mating bouts, Garshelis et al. { 1984) observed one [emale
that died shortly after a forced copulation in Prince Wil-
liam Sound. On iwo separate occasions, one tagged male
who held a territory along the northemn Monterey penin-
sula was abserved copulating with a tagged dead female.
In the first case, he appeared 10 have accidenally Killed
her during an attempted copulation. at which lime she was
accompanied by a large pup approaching weaming age. In
the second case. it was not known whether the male killed
the female, but she had a pup thar was muoch oo voung to
be weaned (Riedman, Staedler. and Estes, in preparation).
Jameson (personal communication) also observed a male
holding and guarding a female carcass.

Reproduction in the Male

Reproductive Physiolopgy

Although limited in scope. studies of male reproductive
physiology have taken place primarily in Alaska. Schnei-
der {1978 ) concluded thar Alaskan males did not reach
sexual maturity for 5-6 years. and became active breeders
several years later. Males 2-6 vears old were rarely found
in &.muh: areas during the breeding season (Schneider
1972h" ). Garshelis (1983) found that no males aged <6
years bred successfully. According o Johnson (cited in
Ralls et al. 1983), Alaskan males did not hold territories
until 8=10 vears of age. The onset of sexval maturity and
the age that males become reproductively active in Cali-
fornia has not been established. Green (1978) suggested
that California males reach sexuval maturity at about 5
years but probably do not establish erritories or actively
breed {or 2-3 or more years after reaching puberty. Sper-
matogenesis in the Alaskan population occurs throughout
the yvear, although individuals probably produce sperm on
an intermittent basis (Lensink 19621, Old males shown no
signs of diminished sperm production (Kenyon 1969},

Territoriality

California. In California, adult males establish and
mainiain ermtores in areas of high female density, sea-
sonally {Vandevere 1970"; Jameson 1989) and, some-

times, throughout the year (Loughlin 1977, 1980; Riced-
man et al. 1988 : Deutsch, personal communication).
Territorial mainenance is probably associated with the
availability of good habital (e.g., food, protecied resting
sites) and an adequare number of estrous females, both of
which vary seasonally.

The best termitories in California include canopy-lonm-
ing kelp (especially Macrocvsris pyrifera), sheltered
arcas for resting, and adequate food resources. The den-
sity, disiribution, and configuration of the kelp canopy, as
well as ropographical features of the coastline, may play
# role in delineating territorial boundaries. In the southern
part af the range, the seasonal kelp canopy reduction that
occurs in winter and spring may diminish the potential
number of male territories in preferred locations and
intensify competition for the remaining available sites,
Jameson (1989) found thai the kelpcanopy in an area near
Point Piedras Blancas diminished from 150 ha in lawe
summer o 8.3 ha during the following winter, with most
winter kelp concenirated in one-lfifth the area ol the
summer kelp distribution.

The number of potennally sexually receptive females
varies seasonally, as does rhe density and distribution of
reproductively active males that maintain territories
within female areas, Observations from the southermn part
of the range (Jameson 1983b) showed that throughout the
summer—fall breeding season. when the number of es-
trous females was potentially high. males held territories
within female areas. Tamesen ((1989) found that the num-
ber of werritorial males in female areas peaked in late
summer, with a mean arrival date of 28 May and a mean
leparture date of 21 December. During the winter—spring
pupping season, most adult males leave female areas o
join male groups at the southern end of the range. evi-
dently because of increased competition for suilable ter-
ritories, as well as the presence of fewer estrous females
at this time of vear.

In cenirast. Loughlin (1977, 19807 found thar territonal
males remained in female areas throughout the vear in the
northern part of the range near Monterey. He identified
seven lerritorial males and reported thar at least fwo of
these maintained werrilories continuously for 1 vear or
longer. Recent observations of territorial males along the
northern Monterey peninsula confimmed Loughlin's find-
ings that territories are maintained throughout the vear in
this area; many of these males have remained in their
territory for several vears (Ricdman et al, | O8% : Deutsch,
personal communication).

In summary. whether or not territories are maintained
on a year-round or seasonal basis in female areas may be
related 1o the following variables: topography, exposure
to storms, abundance and distribution of kelp beds, abun-
dance of food resources, number of sexually receptive
females, and distance from penipheral male groups, The
length of ume throughout the year thai temionies are
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maintained may vary depending on reprogductive benefits
or maling opportunities compared with costs of terriiorial
maintenance. There may be more opportunities for males
to mate throughout the year in Monterey. As Jameson
(1989) potnied out, the northern side of the Monterey
peninsula is more sheltered from storms than his study
area near Point Piedras Blancas, and the seasonal kelp
canopy reduction in Monlerey seems to be not as pro-
nounced. In addition. the kelp beds off northern Monterey
do nol extend as far offshore as they do in Lhe Piedras
Blancas area. and onshore—offshore “layering” of tecrito-
ries does not occuy in Monterey Bay.

Individual aduli males show long-letm site Ndelity,
returaing each vear to the same territory (Loughlin 1977,
Jameson 1989). Several males near Point Piedras Blancas
held the same territory each breeding season for up to 6
years, and each territorial male habitually rested within
several meters of the same site after returning 1o his
territory (Jameson (983b. 1989). Along the northern
Monterey peninsula, two males held the same territories
for a1 [east 7 and 8 years before their deaths. and another
male occupied a tecritory he has held for at leas( 9 years
(Deutsch, unpublished data: Riedman, Staedler, and
Esles, unpublished data).

Teritorial males near Monterey seem to rest exclo-
sively within their territories, although they sometimes
leave their territories to feed or search forestrous females,
occasionally trespassing through another male s refritory.
For instance, 1erritorial males are sometimes observed
feeding beyond the edge of the kelp bed up to several
hundred meters offshore of their territories (Deutsch,
unpublished data; Riedman, Siaedler, and Estes. vnpuh-
lished data). Territorial males have also been ohserved in
another male’'s territory attempting to drag a female back
to the first male’s territory: two males seem to employ this
mating strategy more often than other otters (Deutsch,
unpublished dala: Riedman, Staedler, and Estes. unpub-
lished dala). Females and dependent pups are allowed to
rest within the territorial boundaries while other males
generally are not. Resting females. however, ace some-
times disturbed by aresident male attempting to steal food
or initiate mating activity. Transienl males are osually
permitted 10 pass through or feed within a territory.

Males often pairol the boundaries of their lerritories,
sometimes seeming 10 advertising their presence with
pronounced displays of splashing and grooming. Fights
involving one or more territorial males are seen infre-
quently; they typically involve lunging, pushing, and
shoving motions directed toward the opponent’s chest,
face, and neck (Fisher 1939: Vandevere 1970 ; Loughlin
1977, 1980).

The elements of mating success in California males
(i.e., correlations with size, age, and territory qualily)
have not been determined. Jameson (1989) found that the
weights of territorial males averaged 30 kg (V = 10),

which is similar to the overall average weight of 29 kg
reporied for advlt males in California (Woodhouse el al.
l977v; Ames, unpublished data). The average weight of
transient males in Jameson's study was about 29 kg (N =
12), although it was possible that some of the transient
males were actoally temlorial males moving to or from
their tercilories at the (ime they were caplured.

Alasku. [n Alaska. 1ermitories are also maintained sea-
sonally (Schneider 1972b°. 19787; Garshelis (983: Gar-
shelis et al 1984) and. 10 a lesser exient, throughout the
year (Lensjnk 1962: Sinha et al. 1966 Antrim and Cornell
1980). However, with the exceplion of Garshelis's work.
less information is available on male territories in Alaska.
Keayon (1969) did not observe obvious male territonal
behavior on Amchitka Island. although lone adult male
otters weve repeatedly seen in the same locations in a
female area. and numerous instances of pair-bonding
were observed. He surmised that males traveled from
male to female areas when actively searching for estrous
females, without necessarily maintaining distinct tecrito-
ries in the female areas. However. Kenyon did no1 observe
individoally marked males, and it is likely ihat1erritoyies
are maintained at Amchitka.

Garshelis (1983) and Garshelis et al. (1984). who
wovked in Prince William Souad, presented the most
recent and comprehensive study of male 1erritonality in
Alaskan sea otters. They identified four criteria for char-
aclerizing 1emitory quality: availablity of food resources.
territory Size, degree of enclosure (protecied versus open
area). ang accessibility or defensibility of iecritory en-
trances. The presence of abundant food resources may
atgact females (o particular territories. although this is
dilficult 10 measure due to the patchy distribution of prey.
Females with pups preferred territories with shallow-
water areas and mussel (M. ednlis) heds where pups could
forage easily. Females also seemed altracted to well-
enclosed and protected territories. Female—pup pairs
ofien entered sheltered 1erritories to rest daring stormy
weather. which occurred frequently during the fal) breed-
1ng season. In addition. territories with nacrower entrance-
ways—il they were not obstructed by other temmitories—
could be more easily guarded to prevent other males from
entering or females from leaving. Simply by virtue of
their size, larger tecritories were more likely than smaller
territories (o contain adequale food resources and pro-
tected resling areas.

Garshelis et al. (1984) fouad that the average territory
size at midtide was 23 ha (N = 12), ranging from 4 to 50
ha, which was somewhal smaller thaa the 35—0 ha mean
reporied in Califorma (Loughlin 1980: Jameson 1989).
Calkins and Lent (1975) reported tecritory sizes for two
males in Prince Willitam Sound io be 75 ha and 125 ha.

Maiing success of individual males in Prince William
Sound varied wih tegritory quality. duration of teilory
occupation. age. and size ol the male (Garshelis et al.
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1984). Territory quality (ranked by the four qualities
mentioned) was significaatly correlated with the number
of copulations and pair-bonds formed with the different
females observed within each territory. Mating success
was also correlated with the length of time a male occu-
pied his territory. Only males that spent >2 months in their
territories mated more than once and formed mulriple
pair-bonds. Conversely, maling success was low for
males that occupied their territory for <1 month {although
mating success was nat determined for males when they
were not in their territorics). Males thal remained <1
month occupied the poorest quality lerritories.

Large males held higher quality territories than did
smaller (and presumably younger) males in Prince Wil-
liam Sound. Territarial males ranged in age from 6 years
to >12 years (N = 7). Males weighing less than 34 kg
occupied the poorest quality territories, while the best
territories weye occupied by the heavier. older males.
Garshelisetal. (1984) suggesied (hat females may choose
a mate not only on the basis of territory quality but size
and age of the male. Indirect evidence suggests that males
typically develop a white-headed appearance at about 6
years, while females do so at 8-9 years {Garshelis 1984).
Garshelis et al. (1984) speculated that earlier develop-
ment of white-headedness in males may have evolved
with the agracrion of females to older-looking males.
Individual males in Prince William Soung exhibited site
fidelity 10 their territory. as occurs among Califomia
males. Several males in Prince William Sound returmed
to the same territories for 2-9 years. However, one male
switched 1o the highest-rated leontory afler its occupanl
died (Garshelis et al. 1984). No displacement of territory
holders by ofher males occurred. All cases of territornal
desertion were evidently voluntary.

Territorial and agonistic bebavior of sea otters in Prince
William Sound appears to be similar 1o 1hat observed in
California. Territorial males often patsolled the bound-
aries of their territories with vigorous and highly visible
grooming, kicking, and splashing (Calkins and Lent
1975; Garsheljs et al. 1984). Most territorial males left
their territories for brief feeding excursions (gencrally
lasting <0 h. but up to 2 days), during which time
territorial encroachment by other males was most com-
mon. Territory holders frequently rested in the main en-
tranceway of their tlerritories at dusk, when transient
males often entered the study area (Garshelis ei al. 1984).
Actual fighting be(ween males as well as territorial tres-
passing by transient or other territorial males was infre-
quently observed. Territory holders usually repulsed tres-
passers without actual contact or by brief aggressive
interactions (lasting <5 3), alkhough one vigorous fight
lasted 9 min (Garshelis et al. 1984). Calkins and Lent
(1975) observed two brief fights (in defense of temitory)
in addition to numerous chases of the intruding male from
the mespassed Lerritory.

Although the breeding season in Prince Wiltiam Sound
peaks in fall, some males established territories as early
as Aprit or May. However, before August, territories were
no( rigorously maintained, and the tesritory holders often
lefr their territories for up 10 2 weeks in spring and early
summer o feed in areas where food resources were ap-
parently more abundant. By Seplembey, lermritorics were
well defined: most tecritories were vacated by December.
In winter. several temitorial males occasionally returned
to female areas, evidently in search of estrous females thar
became receptive afler the main fall breeding season
{Garshelis e( al. 1984).

Reproducrtion in the Femule

Reproductive Physiology

In Alaska, most females reach reproductive maturity
(enter lheir first estrus) between 4 and S years of age,
although some females enter their first esteus as early as
3 years (Kenyon 1969; Schnexder 1972a . 1973a ; Gar-
shelis 1983; Garsheljs et al. [984; Calkins and Schneider
1984 Jameson and Johnson, unpublished manuscript).
Although comparatively fittle information is available
concerning the onset of sexual maturity in female Cali-
fomia sea otters, preliminary observations indicared a
similarity with Alaska (Wendell et al. 1984; Jameson and
Johnson, unpublished manuscript). Wendell el al. (1984)
ceparted that one female gave birth for the first ume at 4
years. Jameson and Johnson (unpublished manuscript)
found that 67% (6 of 9) of the Califorrua females they
observed mated for the first time after reaching 4 years of
age. Of nine fernales. two pupped for the first time in their
third year of life. one in the fourth year. four in the fifth
year, one in the sixth year. and one in her seventh year.
Two females in Monterey mated for the first time at about
2 years of age. and one of these females gave birth at 2.5
years. alihough her pup died soon after birth (Riedman et
al. 1988 ). Jameson and Johnson {(unpublished manu-
script) found that 50% (N = 6) of females with first pups
lost their offspring before weaning.

Primiparous and multiparous females seem 1o come
into estrus and mate <1 day 10 a few \»"eeks afler weaning
their pups in Alaska (Schneider 1978 ) and in California
(Jameson and Johnson, unpublished data; Riedman et al.
1988"). Prejimsnary observations in the Monterey area
suggested that a female often comes into estrus im-
mediately after weaning her pup, at which time she cop-
ulates or forms a pair-bond (Riedman et al. 1988 ;
Decuisch, unpublished data). Jameson and Johnson (un-
published manuscnpt) found Lhat the mean interval be-
tween separation from pup and coputation was 2.7 days
for six Prince William Sound females (<1 day for four of
these females). Females in the Monterey Bay area that
have lost their pups (usually <2 weeks after parturition)
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came into estrus again and copulated about |-4 weeks
after the pup’s death (Riedman et al. 1988"). When cap-
tive Adaska females at the Tacoma Aquarium lost their
pups before weaning. each fernale canie into estrus within
a month after ber pup died (Brosseau et al. 1975).

Observations from Alaska and Califomnia suggesied
thal the average period of female sexual receptivity (du-
ration of estrus) seems 10 be 3—4 days (Garshelis ¢t al.
1984: Riedman et al. 1988 : Jameson, unpublished data:
Deutsch, personal communication). Yet several Califor-
nia fernales. especially older individuals, seemed to come
into estrus 2-3 or more times within 2-3 months or
possibly remained in estrus throughout this period uaul
they were successiully impregnated. suggesting that aged
females possibly experienced problems in successfully
conceiVipg or maintaining early pregnancy (Riedman el
al. 1988 ). According to Brosseau ¢t al. (1975). captive
Alaska females seemed (o be in estrus for aboul 5 days;
if conception did not occur. females seemed to come into
estrus again within 5 weeks. [t is not known for certain
whether a female would remain in estrus if she did nol
copulate. if the duration of estrus is vaciable as to when
and how often the female copulates or whar laciors or
mechanisms stimolate ovulation and the onsel of estrus.
Ovulation is induced by mating activily in other mustelids.
yet the cessation of lactation stimulates svulation in many
other mammals (Cowie 1972} and may do 50 in sea ollers.
However. Schneider (19787) Jound that a faicly high
proportion of females with pups in Alaska began estrus.
although mosi failed to produce a successlul pregnancy.
In California and Alaska, observations of mother and pup
pairs indicated that females rarely copulate while sill
accompanied by a pup (Kenvon 1969: Calkins and Lent
1975: Garshelis et al. 1984: Riedman. Staedler. and Estes.
unpublished data: Denisch. personal communication).

Like all marine mammal species. sea otters give birth
lo a singte pup (Estes 1979). Twinning is rave, but it has
beenreported occasionally. No case has been documented
in which a female raised both pups successtuolly. Williams
et al. (1980) found an adull female that evidently died
while giving binth (o twin fetuses (saine incident de-
scribed in Wild and Ames 1974). Jameson and Bodkin
(1986) observed a female that probadbly had recently
eivenbirth 1o live twins. Although initially she nursed and
cared for bath pups. one (a 1. -kg female) was abandoned
about 24 h following birth and was taken 1o the Moalerey
Bay Aquarium, where she is currently (Ociober (990) a
healthy 6-vear-old juvenile.

In the Aleutian [slands. Keayon ()969) found no (win
fetuses in 178 female reproductive tracts. Sinha el al.
(1966) also found no evidence of twinning in &3 pregnant
females. Both Kenyon (1969) and Sinha et al. (1966)
found reproductive racts containing two corpora lutea
althougb only one fews was present. Schneider (1972a )
examined 365 reproductive tracts and found 24 cases of

multiple ovulations. Of these, five resulled in twin fetuses
and one n Iriplet fetuses: most of the fetuses were rela-
tively large-sized and appeared o have developed nor-
mally. These daia indicate that move than one ovulalion
100k place in 4.2% of the estrus cycles. and about half of
these resulted in the developmeni ot more (han one felus.
In the Commander Islands. Barabash-Nikiforov (1947
found twin embryos in utero. 2nd cited two shnilar cases
reporled by Japanese traders.

1t is highly unlikely that a molher could successfully
raise two aewbom pups at once. However. a number of
observations of females accompanied by (wo pups of
different ax well as similar ages have been made in the
Commander Islands (Barabash-Nikiforov 1947
Barabash-Nikiforov et al. 1968) and in Alaska (Snow
1910; Lensink 1962; Kenvon 1969: Garshelis 1983). Tt is
uncleac whether one of the paps was an orphan or the
female’s pup from a current or previous burth.

Sea otlers undergo a pcriod o) delaved implaniation
(Sinha et a). 1966). The unimplanted gestation peciod in
Alaska has been eslimated 10 last from a nunimum of
3.5-4.5 months (Schneider 1972a°, 19732, 1978 )10 7-8
months {Kenyon 1969). There is more recent evidence
indicating that the length of preimplanted pregnancy may
be variable (Kenvon 1981) and. in some instances. brief
(less than 1-2 months). especially in California (Loughlin
et al. 1981). Detailed gross and microanatomical descrip-
tions of the temale reproductive tract are provided by
Sinha et 2l. (1966) and Keonyon (1969).

The composition of xea ower milk is similar 1o (hat of
other marine and aquatic mammal specics in its high fal
and low lactose conlent (Estes 1989). Fat and protein
contenl of four milk samples (aken in Califomia ranged
from about 21-26% and 9-12%. respeclively (Jenness et
al. 1981). The fat content of sea olter milk is considerably
higher than that of other mustelids. sucb as badgers
(Taxidea toaus;, Jenness, unpublished data) and ferrets
(Mustelo putorius. Jenness and Sloan 1970). in which
milk fat content has been reported (0o be 9.5 and 8%.
However. many phocid seals and cetaceans have higher
average concentrations of milk fatthan sea otters. exceed-
ing S0% in some stages of tactation (Riedman 1990). The
high proportion of fal and protein in the milk provides a
high-energy diel and promolex capid tissue gcowth in the
pup. which is imporant for survival in the marine cnvi-
ronment.

[t is unknown il changes in milk composilion occur
throughoult Jactalion in sea otters. ln other mammals tbat
feed throughout lactation. fat and protein content lend to
remain conslant during the nursing period (e.g., northem
fur seal; Ashworth et al. 1966) or increase slightly (e.g.,
black-1ailed deer, Odocoileus hemionus. Mueller and
Sadleir 1977). Therefore. pronounced increases (n mitk
lat composition over time probably do not occur in sea
otters as they do in fasting and lactating marine mammals,
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such as northern elephant seals (Mirounga angusrirostris;
Riedman and Ortiz 1979).

Temporal Parameters Characterizing
the Reproductive Cycle

There seems 10 be a potential for considerable individ-
val as well as geographical variation and plasticity in the
temporal phases of the female sez oter’s reproductive
cycle. Evidence from California indicated that most adult
females give birth to one pup each year. with the repro-
ductive cycJe yanging from 1) 10 14 months (Vandcvere
1978 . 1979 ; Jameson and Johnson 1979, Loughlin et al.
1981; Esics and fameson 1983a"; Wendell et al. 1984;
Sinift and Ralls 1988 : Jameson and Johnson. unpub-
lished maauscript). fameson and Johason (unpublished
manuscript) calculated a reproductive cycle or mean pup-
ping interval of 12.4 months (N = 11: SE = 0.20). The
natality rate among California females is estimated 1o be
85-90% (Jameson and Johnson, unpublished manu-
script). Siniff and Ralls (I988*) radio-tagged adult fe-
males in California and found them to produce 0.87-0.90
pups per year. These and other data (Loughlin et al, 1981
Wendell et al. 1984: Riedman, Staedler. and Estes. unpub-
lished data) indicate that adult female California sea
ollers most frequently give birth annually.

Lensink (1962) believed that females at Amchitka
Island gave birth every 2 years, while Kanaga Island
Jemales gave burth each year. He suggested that geograph-
ical differences in reproductive cycles might account lor
the higher proportion of pups in the Kanaga Island popu-
lation. On the basis af histological and gross morpholog-
ical examinalion of female urogennal tracts, Chapman (in
Kenyon 1969). Kenyon (1969), and Schneider (19717)
estimated thal the reproducive cycle of females in the
Aleatian Jslands was abour 2 years. Kenyon (1982) sug-
gested that females in Alaska gave birth every 2 years in
areas of high population density.

Mosl females observed by Garshelis (1983) in Prince
William Sound (seven of eight) gave birth every 2 years.
whereas one fernale pupped annually. Yet Garshelis esti-
mated that pup dependency lasted only 5—-6 months. He
concluded that, although females are capable of reproduc-
ing annually, they rarely do so under food-siressed con-
ditions. Garshelhs et al. (1984) speculated that poor phys-
ical condition may lengthen reproducitive cycles in some
females by causing delayed estrus, delayed implaatation,
or resorption of the embryo. Jameson and Johnson (un-
published manuscript) found that 77% (17 of 22) of the
fernales in Prince William Sound pupped annually, but the
remaining S females may have had longer reproductive
cycles.

The most accurale estimales of gestation lengih in sea
otters have been derived from observalions of marked
individual females 1n California. The gestarion period
there has been estimaied al 4-6 months (Loughlin e1 al,

1981) and 6 months (Estes and Jameson 1983a " : Jameson
and Johason. unpublished manuscript). Assuming 1hat
copulation occurred soon after weaning, fameson and
Johnson (unpublished manuscript) estimated maximum
gestation periods for 22 pups {bom 10 13 females) and
found a range of 5.0-7.8 months, with a mean of 6.0
months. They suggesled that the 6-month gestation period
consists of an jmplanted phasc of 4 manths and an vn-
implanted phase of 2-3 months. Among California otters,
variation seems 1o occur in gestauon length over lime
between successive reproductive cycles. The length of
gestanon periods may generally vary at the population
level in California, Prince William Sound. and the Aleu-
tan Islands; however, with the limited information and
rough estimates of gestation lengths from early studies in
Alaska, and because of the different methodologies em-
ployed in Alaska and Califomia. it is difficult to establish
that such differences exist.

In Alaska, estimates of gestanon length were derived
from examination of avaries and conceptuses of repro-
ductive tracts rather than by observauion of marked indi-
viduals. Tn the Aleunan [slands, Kenyon (1969) and
Chapman (in Kenyon 1969) estimaled gesialion 1o be
10—12 months. with the implanted period lasting 4.5-5.5
months; however. Lhese estimates were based on assump-
lions hat Lhe fetal growth rate during the mplanted
pregnancy was similar to that of river ofters. and thal (he
timing of the peak mating and pupping seasons was
representative of all of the reproductive tracts sampied.
They note that (he estimaltes of gestation period may be
high due to sampling errors. Schneider (19733”) es(i-
mated that females in the Aleutian Islands had a gestation
of 7.5 months with an implanted period of about 3.8
months. He also based his estimate on another estimale
of peak breeding and pupping periods derived by analyz-
ing reproductive tracts. Barabash-Nikiforov (1947) as-
sumed thal the gestation in Commander Island sea orters
was about 8-9 months. based on the timing of mating and
pupping seasons, stage of development of the pup at birih,
and one captive female that mated and gave birth 8
months later.

According to Wendell et al. (1984). pup dependency
periods in California were S—8 months, although most
pups seemed 10 be weaned at around 6 moaths. Riedman
et al. (1988’) found that pup dependency varied from
4.5-9.5 months. Jameson and Johnson (unpublished
maauscript) followed 23 females in the southein part of
the range near Point Piedras Blancas and foand that pup
dependency lasted 5.0-7.5 months, averaging 6.]
months. Estes and Jameson (1983a ) estimated that pup
dependency periods were about 6 months. Payne and
Jameson (1984) also calculated a mean pup dependency
of 6 monlhs; they presented ontogenetic information on
pup development showing that 6-month-old pups are
self-sufficient 1n all activities and seem capable of surviv-
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ing on their own, It seems likely that pups abandoned or
otherwise orphaned at <4.0—4.5 months do nol survive on
their own in California, although in Prince William
Sound, Monnett and Rotterman (l988b') found that pups
survived when weaned only an estimated 2.5 months afier
birth. Loughlin et al. (1981) reporied pup dependency
periods of 8.0-8.5 months for three female and pup pairs
and 3.5-6.0 months for two others.

In Alaska, the duration of pup dependency often seems
longer than Ihat observed in California. Kenyon (1969)
believed that Aleutian [sland females cared for their
pups for a least ) year—paossibly loager in some cases.
Schneider (197]‘) suggested that pup dependency peri-
ods in the Aleutian Islands were also about | year. In
Prince William Sound. Jameson and Johnson (l979l)
estimated that the duration of pup dependency was 6
months or longer. From radio-ltagged adult females in
Prince William Sound, the average duration of pup depen-
dency was estimated lo be 169 days (5.6 months), al-
though this varied from 76 to 333 days (2.7-12.0 months:

N =23). No sex differences were delecled in the duration
of pup dependency {Monnet: and Rotterman 1988b‘)A
Garshelis et a). {1 984) similarly found thal pup dependency
periods of 56 months seemed 10 be common in Prince
William Sound, although he thought most females gave birth
only every 2 years. In the Commander Islands, pup de-
pendency seemed to be 6-7 months (Barabash-Nikiforov
el al. 1968).

It is vaclear why pup dependency periods are so vari-
able among females in Ihe same area. although Monoett
and Rotterman (l988b‘] suggested that variables such ag
the abundance of food and a female’s age and health may
influence the duration of dependency periods. Observa-
tions in the Monterey area suggest that a female’s weight
may be related to the length of time she cares for her pup,
and long-term research jn the Monlerey area may be able
1o show how a female’s age. diet. and foraging behavior
untimately influence the length of her pup dependency
periods and reproductive success (Riedman, Estes, and
Staedler. unpublished data).

Fig. 29. California sea otier mother nursing small pup about 1 month of age (D. Buchich).
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Maternal Care and Pup Development

Parental care is psovided exclusively by the female.
Matemal behavior in California sea otters has been
described by Fisher (1940). Limbaugh (1961), and Davis
(1979). but various aspects of pup developmemnt and ma-
ternal care have been quantified or studied in greater
detai) (Vandevere 1972 : Sandegren et al. 1973; Payn‘e
and Jameson 1984; Siaedler 1987; Riedman et al. 1988
Faurot. unpublished data). Kenvon (1969) provides a
dclailed description of matecnal and filial behavior
among Alaskan seu ollers,

Observations from California indicate that parwrition
occurs both in the water (Sandegren et al. 1973: Riedman,
unpublished dala) and on land (Woodward 1981b: Jame-
son 1983a). Jameson (1983a) suggested that females may
give birth on land in areas where kelp beds are sparse.
Barabash-Nikiforov (1947) believed that birth occurred
on land in the Commander Islands. He observed one
female that gave birth on land. and he found placentas on
the shore on Lwo other occasions. Intensive posiparium
grooniing of the pup by ils mother begins immediately
after birth (Sandegren et al. 1973: Woodward 1981a .
Jameson 1983a).

Mothers with newboms often Llend 10 avoid other otters
(Fig. 29). Wichin several dayvs ol parturilion, however,
females will associate and rest with ofters 1n rafts contain-
ing other female and pup pairs (Sandegren er al. 1973:
Jameson, unpublished data). Sandegren er al. (1973)
found that during the peak winter pupping season. fe-
males with pups behaved aggressively toward other indi-
viduals, particularly during winter storms when sheliered
resting sites were scarcc and kelp beds were sparse.
Apparently, compeltition for such favored resring sites
was intensified al this time. During brief periods of in-
clement weather, mothers with young pups often repeat-
edly swam in a Jarge circular patiern, slowly traveling
downwind and then rapidly swimming upwind.
Sandegren et a). (1973} suggested that females may swim
in such a pattern in response to their pup's apparent
dislress during rough sea condilions as waves wash over
them—a smooth downwind ride allows the pup 1o suckle
and rest.

A female (nvests considerable resources in caring for
her pup. which is dependent on her for pourishment,
groomung, and protectiop, especially when young. Ac-
cording 0 Sandegren et al. (1973). mothecs nurse their
pups an average of six umes per day (during daylight).
with each nursing bout averaging 9 min. Females with
pups at Point Lobos, California. spent 4 (% of their day-
light hours resting. 16% feeding. 20% grooming their
pup. 10% grooming themselves, 13% swimming. and 8%
aursing their nup (which was always done in conjunction
with resting, swimming. or grooming of the pup). During
daylight hours. females with smaller pups spent slightly
more time nursing and grooming their pups. more lime

resting, and substantially less time leeding (2%) than
females with larger pups (26%: Sandegren et al. 1973).
Studies in Monterey also suggesied that fenales wilh very
voung pups spent more time resting and less time feeding
during the day than other anjmals (Riedman. Staedier, and
Estes. unpublished dala: Lyons. personal communica-
tion). It s possihile that females with voung pups spend
proportionally more ume feeding at night than indepen-
dencotters or females with large pups. Molbers with Jarge
pups. however. appear to spend an equivalent or greater
amount of time feeding Suring the day than independent
otters in the nocthern part of the Califorma range
(Sandegren et al. 1973: Lyons, unpublished data: Ried-
man, Staedler. and Estes. unpublished data) and o Alaska
(Garshelis 1983). In addition, females with large pups
obtain food not only for thermselves but also capture much
of the food eaten by their pup as well (Riedman, Staedler,
and Eg.tcs\ unpublished data). Howevec, Ralls and Siniff
(1988 ) found that females with small pups fed slivhiy
more (han females with large pups over a 24-h period in
the central and soulthemn parts of the range. although this
difference was not significant. Mothers with small pups
spent 40.6% of their time resting, 42.71% feeding. and
16.5% engaged m other activities; mothers wich large
pups spent 48 .45% of their time resting, 36% feeding, and
15.5% engaged in otheractivities. Sandegrenetal. (1973)
found that the divrnal activity cycle of females with pups
was sintlar (o that of independent otters. with aclivity
peaks al dawn and dusk, although observations in Mon-
terey indicated thal many females with large pups are
active (n the middle of the day (Riedman. Staedler, and
Estes, unpuhlished data). Over a 24-h peciod. Ralls and
Simiff ( 19847 observed early inoming and early evening
peaks in feeding activity among mothers with pups.

While pups are young. females remain with their pups
constantly vnless the mother is diving for food. In some
areas of Alaska. bald eagles prey on small pups. appar-
ently capturing them as lone pups floal on the surface
while their mothers arc underwater (Sherrod et al. 1973),
Although sightings of pup capture were rare. aumerous
remains of sea oiter pups were discovered at eagle nest
sites at Amchitka [sland in Jate spring and early summer,
which corresponds wich the seasonal peak in sea otter
births and the peciod just before fledging of eagle chicks.
Although some of the otter pups may have been obiained
by scavenging dead individuals. material examined from
some of the nests showed hematomas around taton punc-
lure wounds and other evidence of live procurement.
Eagles may cue in on (he distinct, piercing vocalization
typical of pups separated from their malhers. The extent
1o which nesting pairs of eagles explol sca otter pups
varies substantially. The remains of one or more pups was
found repeatedly in some nests while never occuring in
others. Al one nest site. nine pups were lound over the
breeding season.
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In 1972 at Amchitka Island, a mimmum of 56 pup
carcasses were rettieved from 34 nesis examined. Ar thar
time, there were 71 known active nest sites on the island.
und about 35=40% percen of the eagle population was
composed of nonbreeding individuals, Thus, pup logs 1o
eazle predation may have affected the dynamics of the sea
otter population. even though it contained at least several
thousand individuals (Estes 1977) The extent 10 which
similar inreractions occur in other areas containing boih
otters and buld eagles is unknown. It may be that eagle
predation on olter pups is restricted w areas where bath
species are at resource-limited population abundances. In
Prince William Sound, coyotes apparently killed several
recently weaned pups (Monnett and Rotterman 1988b ).

CIn numerous occasions, mothers have been observed
carrying and somenmes grooming their dead pups for up
to several davs in Alaska (Kenyon 1969) and in California
iAmes, Deulsch, Jameson. Lvons, Riedman. Stacdler.
unpublished data; Vandevere, personal commumication),
Muost of these pups are gither newborns or less than one
month old. In some cases, the pup had been dead For
several days, and parches of fur and skin were sloughing
from the carcass. One adult female (of unknown repro-
ductive slatus) was seen carrying and manipulating a dead
red phalarope (Phalarapus fulicarius) as if it were a pup
(Vandevere, personal communication), another female
that had recently lost her newborn pup held and manipu-
lated an empty beer bottle Like a pup (Ricdman. Stedler.
and Estes. unpublished daial.

Payne and Jameson (1984 ) provided a detailed analysis
of the omogzeny ol pup growrh and behavioral develop-
ment (N = 14 wild Califomia pups, | wild Oregon pup,
and 3 captive pups); they found that age could be deter-

mined approximately by appearance and behavion. For
instance, the naral pelage was completely replaced by
adull pelage by age |3 weeks. Nourishment was derived
primarily from the mother’s milk during the first month:
by 4 months. the pup subsisied mainly on solid food
obtained by the mother, The pup’s proficiency in other
activities, such as swimming, grooming, and the ability
to use tools, also increased gradually with age. By 14
weeks, most pups were able 1o swim independently, dive
proficiently. and groom themselves without help from
their mothers. Pups captured and broke open bard-shelled
prey, using a rock tool, by 20-24 weeks (Payne and
Jameson 1984; Fig. 30). Despite these general correla-
tions between age and the development of varous skills,
pups of similar ages may show siriking differences in
behaviors and proficiency in grooming, diving, and for-
aging skills (Faurot 1987 ; Riedman et al. 1988 7).

In California (Payne and Jameson 1984) and in Alaska
(Kenyon 1969 Schnetder 1'_-1?3;1‘] femaltes continue o
laciate until weaning, al which time—following an aver-
age pup dependency period of 6 months—Califomia pups
weigh abom 12 kg (Jameson, unpublished dara). and
Aleutian Tsland pups weigh [2-14 kg (Kenyon 1969,
Schneider I‘}?.’na*]. However, Schneider {1‘!?1.‘5‘] re-
porred that one male pup reached |7 kg before weaning
took place. Preliminary information from Califomia sug-
gests that the pup’s weight may be positively correlated
with 1ts mother's weight—that 1s, small females may
produce pups that are smaller than average in size at a
piven age (Riedman, Staedler, Estes. and Ames, unpub-
lished data).

As pups grow older and approach weaning age, infer-
acrions berween the mother and pup pair seem 1o change:

Fip. M. California sea ouier mather interacting with large pup, which is snempting fo nurse; pup is approaching weaning age,
which i 3-8 months (D. Buchich),
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for instance, the mother may not offer her pup food as
readily and may avoid her pup when ot solicils prey
(Staedler 1987; Riedman et al, 1988 ). Preliminary obser-
vations suggest that a mother may shift locations just
before, during, or immediately after her pup is weaned in
California (Wendell e al. 1984, Jameson, unpublished
data; Riedman, Staedler, and Estes unpublished data) and
in Prince William Sound, Alaska (Monnelland Rotterman
1988a’). In Prince William Sound. Garshelis et al, (1984)
reported three cases in which pups (both male and female)
traveled away from their mothers at the time of weaning.
Ciarshelis er al. (1984) suggesied thar sexval precopula-
tory inmeractions between the mother and a male may
instigate female and pup separation and play a role in the
WCH"II’IE 'FII'!}CESS.

Observations of eight female and pup pairs in Prince
William Sound indicate that a mother in poor health may
abandon her pup before 1113 old enough to survive on its
awn. Three of the mothers who were in poor physical
condition (1wo of which died |-2 days afler separation)
abandoned their pups, which weighed only 6-% kg at
separanon (Garshelis 19835, It is possible that periods of
severe storms and rough sea conditions also promote
premature separalion of female and pup pairs in Califor-
nia (Morejohn el al. 1975; Riedman et al, 1988 ; Ames
unpublished data: Jameson, unpublished data) and at Am-
chitka Island {Kenyon 1969).

It is unknown to what extent adolt females associae
with their offspring after weaning. In Prince William
Sound, Garshelis (1983} observed one instance in which
a female pup, weaned al an estimaled 7 kg, reuniied with
her mother about 1 year after birth. The pup foraged
independently throughout winter before rejoining her
maother, who did not have a second pup at this nme. The
mother and pup pair remained together continuously for
over 4 months, during which time the juvenile often 100k
food from her mother, especially when the mother cap-
tured more food items or larger prey than did the pup.
Separation of the pair seemed to be initiated by sexual
interactions between the mother and a male. Observations
of females accompanied by or caring for two pups of
different ages have been made in Alaska (Lensink 1962;
Kenyon 1969} and in the Commander [slands (Barabash-
Nikiforov 1947, Barabash-Nikiforov et al. 1968), al-
though in all these instances it was unknown il the larger
pup was the female’s previous offspring or an adopted
orphan. Barabash-Nikiforov (1947} reported that “a
grown cub often remains with the mother even after a new
one 15 born. so that the mother is seen topether with the
newborn and a yearling.”™ We regard this as unlikely in
view of the infrequent nature of such sightings in subse-
quent studies.

Along the Monterey peninsula, many females and their
adult female offspring {(some of which have produced
daughters of their own) have resided in the same general

vicimity for several years. Riedman et al. (19887) ab-
served cases in which juvemle or adult female offspring
{up 10 6 years old) interacted briefly with their mothers,
as well as two instances in which pups reunited with their
mothers after being separated or weaned. In one of these
cases, the mother cared for her pup an addinional 2 months
after weaning it for about | week. In another instance, a
14-kg female, who was nol accompanied by a mother
when captured in Monterey {and released several kilome-
ters from the capture site). was observed a few days later
being nursed and groomed by her apparent mother back
at the capture site. In another case a 2-year-old juvenile
female was sighted in the same cove with her mother near
Point Pifos (along the Monterey peninsula), but the pair
was not observed o interact during the observation period
(Lvons, personal communication), Swdies focusing on
the existence and nature of relatienships between females
and their prown offspring are currenlly in progress in the
nurthgrn part of the range in California (Riedman et al,
1988 ).

Alloparental Care and Adoption in Wild and
Captive Sea (Miers

An alloparent is an animal, other than the genetic par-
ent. that provides care for conspecific young (Wilson
1975). Mest alloparental and fostering behaviors are re-
ported among mammals and birds, where systems of
parental care are especially well developed. Because
many social mammals live in groups characterized by
matrifocal networks, and the primary burden of parental
care usually falls on the female., it follows thal most cases
of alloparenting and adoption in mammals involve female
rather than male assistants or foster parents (Riedman
1982).

Parental behavior directed toward nonfilial young su-
perficially seems to be a form of altruism in which the
loster parent assists other individuals at its own expense
{(Hamilton 1964) by investing its limited resources into
promoting the survival of another's offspring. However,
individuals that care for foreign young may acquire ad-
vantages associated with increased inclusive fitness
{hased on kin selection), parental experience, reciprocal
altruism, and exploitation of the fostered young, In many
cases, environmental constraints (such as scarce breeding
sites or food resources requiring cooperative foraging strat-
egies) seem to influence the occurrence of alloparenting and
adoption. In addition, proximate factors inCorporating repro-
ductive errors may be involved in some instances of foster-
ing. Often, several selective benelits, along with various
environmental pressures or reproductive mistakes, may
collectively promote the evolution of alloparental care
and adoption (Riedman 1982).

Reproductive mistazkes, as well as selective benefits
associated with increased parental expenence for juvenile
female sea otters and reciprocal cooperation in the form
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of “babysitting” behavior (allowing potentially increased
foraging freedom for females with pups), might seem to
theoretically promote the occurrence of some degree of
allomothering and adoption among sea otters; however.
few instances of alloparental behavior or adoption have
actually been observed in the wild. In captivity, the po-
tential for fostering behavior to occur, based on reprodue-
tive mistakes made by female sea otters, seems 1o be
relatively high.

Wild Orrers. Explanations for the scarcity of foster-par-
ent incidents among wild sea otters include the possibili-
ties that (1) fostering behaviors are difficult to observe in
the field and (2) such behaviors actually occur very infre-
quently. The latrer seems more likely. Given their social
organization and breeding behavior, fostering opportuni-
ties are rare for sea otters, unlike other mammals that give
birth synchronously and raise their young in crowded
breeding colonies, such as several species of bats (Brosset
1962; Davis et al. 1962), pinnipeds (Riedman and
LeBoeuf 1982), and ungulates. Under those more
crowded circumstances, mother—pup separations and op-
portunities for allomothering and adoption of orphaned
pups frequently arise.

Among the California population of sea otters, females
give birth throughout the year and raise their pups in
low-density groups in the water rather than in crowded
breeding colonies. The chances of an orphaned sea otter
pup encountering a potential foster mother—particularly
one that has recently lost her own pup—are probably
remote.

However, one well documented adoption in Monterey
lasted 2-3 weeks (Staedler and Riedman 1989). The
foster mother was a tagged adult female of known history.
She cared for a large female pup that had apparently
recently lost its mother. The adoptive female nursed,
shared food with. and rested with the orphan for at least
2 weeks. However, the orphan, was found dead on a
nearby beach 3 weeks after being adopted. (The pup was
30% underweight when it died, probably of starvation.)
Staedler and Riedman ( 1989) attributed this case of adop-
tion to reproductive mistakes on the part of the female.
who evidently lost her own pup soon after its birth, several
days before she adopted the orphaned pup.

In Alaska, orphaned wild sea otter pups, as well as
juveniles, are sometimes observed with a 1olerant adult of
either sex (Kenyon 1969). In the Monterey area, depen-
dent pups as well as recently weaned juveniles are some-
times observed trying to suckle from mothers with pups
or from independent females (Riedman et al. 1988,
Deutsch. personal communication)—for instance, near
Monterey, a tagged juvenile weaned in late August near
Monterey was observed about 3 months later in its natal
area attempling to suckle a 1olerant subadult female.

The quaiity and extent of care given to orphaned pups
by accompanying adults is unclear in many cases. al-

though to survive. a young pup requiring milk would
certainly need the care of a lactating female. Kenyon
(1969} describes one allomothering incident in which a
wild adult female cared for two pups of similar size,
allowing both pups to nurse. However, most of the mater-
nal care was directed towards only one of the pups, and
Kenyon concluded that the other pup was probably an
orphan. A number of other cases of females accompanied
by two pups of different (as well as similar} ages have
been reported in Alaska (Lensink 1962; Garshelis 1983)
and in the Commander Islunds (Barabash-Nikiforov
1947: Barabash-Nikiforov et al. 1968). In most instances
it was not clear if one pup was the female’s previous
offspring or an orphan, although Barabash-Nikiforov
{1947) believed that a grown pup often remained with its
mother after she gave birth to a new pup. Kenyon (1969)
suggested thal in a noncaptive situation. an adult otter that
Lolerates or cares for an orphaned pup might enhance the
pup’s chances of surviving: he also speculated that the
extent of alloparenting behaviors observed may decrease
during stressful conditions (such as during storms or a
shortage of food resources).

In California. a form of male exploilation of dependent
pups has been occasionally observed: it resembles the
exploitive alloparental care that occurs in many species
of primates, in which the male with an infant in his
possession may derive benetits such as increased social
slatus, protection from aggressive conspecifics. or vari-
ous reproductive opportunities (Riedman 1982). In sea
otters. the benefits resulting from possession of a depen-
dent pup seem to be related to “free” food: many incidents
have been observed in which an adult male stole the pup
of a foraging female and relinquished the pup only whe*n
the mother gave the male her prey (Riedman et al. 1988 :
Faurot, Schusteninan, and Vandevere, personal communi-
cation). However, the male did not actually provide care
for the pup (Riedman et al. 1988 ).

Captive Otters. Numerous instances of allomaternal
care. foster-parenting behaviors. and adoption of pups
have been observed among captive Alaskan sea otters at
the Seattle Aquarium (C. J. Casson. personal communi-
cation}, the Vancouver Aquarium. and Point Defiance
Zoo and Aquarium (S. Hewlett. personal communica-
tion). All of the fostering events occurred naturally—
there was no human inlervention, and no animals were
artifically primed to accept a pup.

Atthe Seattle Aquarium, all the allomothering incidents
occurred at successive intervals between one adult female
and four different pups that were unrelated to the female.
The adult male never exhibited interest in the pups. All
four pups (both males and females) were offspring of the
same female, and each pup grew to adult status. During
the fostering incidents, the pups' ages varied from 2
months to 10 months. The allomother was observed to
care for each of the four pups for short periods of several
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minutes while the genetic mother was present. The
allomother’s caretaking behavior involved grooming the
pup. offering the pup solid food, and protecting it from
adult males.

Two separate cases of adoption lasting 2-3 days were
observed between the adult female and the two most
recently born pups. The adoptions took place when the
pups were about 7 and 10 months old, at which time their
mother temporarily abandoned them. During the 2-3 days
of abandonment, the mother seemed to be in estrus and
spent most of her time close to, or mating with, the adult
male. At this time. the foster mother became the pup’s
exclusive caretaker. feeding the pup solid food, grooming
it, sleeping with it on her chest. and protecting it. Nursing
was not observed, although the adopted pup attempted to
suckle its fosrer mother several times. After the 2-3 days
of mating activily. the genectic mother took the pup away
from its foster mother and began to care for il again
(Casson, personal communicarion).

Al the Vancouver Aquarium. one case of adoption has
been observed in which the foster mother stole the 4-
month-old pup of another female (who had cared for it
successfully up to that point} and adopted it for several
months. At the time of adoption. the foster mother had
recently lost her own 8-month-old pup. The genetic
mother never seemed to offer resistance to the foster
mother that took the pup or iried to regain it. The adoption
was terminated by the aquarium staff when the [oster
mother gave birth to her oywn pup; this allowed her to care
for the newhomn. The adopted pup was well cared for and
apparently healthy and in excellent condition (Hewlett.
personal communication).

Al the Point Defiance Zoo and Aquarium. it is fairly
common for either nonlactating or lactating adult females
1o care for another female’s pup. For example, a 6-year-
old, 23-kg adult female (named Cordova) gave birth 10 a
healthy male pup (pup 1) on 16 June 1984 at 9:00 a.m. At
about [:00 p.m. on the same day. another adult female
(Nooka) of the same age and weight, stole Cordova’s pup
and began to care for it. One hour later, Nooka gave birth
1o her own pup (pup 2}. Both adult females ignored pup
2, which was removed from the display and revived twice
by the staff from near-drowning. Due to Nooka’s persis-
tence in keeping pup l—and the possibility of injury to
the pups in a tug-of-war between the two females—Cor-
dova was separated inLo a holding pool with pup 2 for the
night. Cordova immediately tossed pup 2 against the wall
and the impact killed it.

Cordova was returned to the display on 22 June. How-
ever, within 24 hours, the adult females {both of whom
wanted the pup) managed to mortally injure Nooka's
adopted pup with their pulling. The adoption of Cordova’s
pup by Nooka therefore lasted 7 days, but it might have
continued throughout the pup's dependency if it bad
survived. During this time, the 8-year-old male (Sitka)

and 4-year-old female (Ma-Linke) remained in the dis-
play with Nooka and her adopted pup. Although the male
showed no interest in the pup (at least during daylight
hours, when the staff was present), the young female was
allowed to act as allomother and to hold the pup several
times,

On 7 August 1984, Ma-Linke gave birth 1o a healthy
male pup. Cordova and Nooka both attempted to steal
Ma-Linke's pup, and the newborn was subsequently
killed within 24 h because of tugging and pulling by the
two adult females.

On 4 February 1985, Nooka delivered a stillborn male
pup and was placed on temporary loan to the Seattle
Aquarium. On 17 February 1985, Cordova gave birth to
a healthy male pup. On 26 March 1985, Ma-Linke gave
birth to a female pup. Although both females raised their
own young, botb pups were allowed to play on top of
Ma-Linke with no apparent concern from Cordova. How-
ever, both pups were killed during the night. on separate
occasions in early May, probably from injuries inflicted
by the adult male Sitka.

Jim Shott (personal communication) of the Point Defi-
ance Zoo and Aquarium concludes that if a mother were
to be removed from the display, another fernale would
adopt and attempt to raise her pup. An immature female
would probably also exhibit interest in the pup, al-
though her level of interest might eventually decline as
the pup aged. Adult males seem to either ignore pups
or behave aggressively and destructively toward them.
It is possible that the killing of young pups by adult
male otters parallels the occurrence of infanticide among
mammals such as laugurs (Presbyns spp.; Sugivama
1967. Hrdy 1974), lions (Panthera leo. Schaller 1972).
and bears (McCullough 1981), so that the female that
bas lost her offspring comes iuto estrus sooner. Al-
though some of the captive sea otter pups may have
been offspring of the male that killed them, this situa-
tion would be less likely in the wild. Infanticide by
adult males has never been reported among wild sea
otlers,

Kenyon (1969) documented one case of experimentally
induced allomothering that occurred in captivity. A
recently captured adult female was placed in an enclo-
sure with an orphaned juvenile (8.2-kg) lemaule several
months old. The juvenile approached the female within
afew minutes, and she allowed it to suckle. The female
also exhibited protective behavior towards the juve-
nile, clasping it around the neck when alarmed. The
female subsequently nursed and protected the juvenile
for 8-9 days, with increasingly longer intervals elaps-
ing between caretaking behavijors. After the ninth day.
the female did not allow the juvenile to suckle and
olten stole its food, although the pair rested in close
proximity and clasped one another with their forelegs
when alarmed.
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Population Dynamics

Hisrorical Distribution and Abundarnce

Historically. the sea otler’s range extended from the
northern Japanese archipelago (from at least northern
Hokkaido and southern Sakhalin) northward along the
east coust of Kamchatka, eastward through the Com-
mander Islands, Aleutian archipelago, and Pribilof Is-
lands to the Alaska Peninsula, and along the Pacific coast
of North America south to about central Baja Califomia.
Mexico (Fig. 7). The exact southern extent of the range
in Baja California is unclear due to the lack of adequate
historical records. According to Scammon (1870), sea
otters occurred at [sla de Guadalupe and Isla de Cedros.
Kenyon (1969) concluded that the sea otter’s range ex-
tended to Morro Hermoso, about 50 km south of [sla de
Cedros. Because of coastal habitat distribution and pres-
ent day oceanographic conditions, sea otlers probably
could have lived at least as far south as Punta Abreojos,
Baja California. This location marks the southern limit of
extensive rocky habitat and coastal upwelling along the
Pacific coast of North America. However, the southern
limit of distribution probably varied with the northward
intrusion of anomalously warm. nutrient-poor waters dur-
ing particularly strong ENSO (El Nifo) events. or with
the southward extension of cold, nutrient-rich water dur-
ing periods when the California current was especially
strong.

Before commercial exploitation. the worldwide popu-
Jation of sea otters was estimated to be 150.000 (Kenyon
1969) to 300,000 (Johnson 1982) animals. At that time.
the population in California was estimated 1o be 16.000-
20,000 (California Department of Fish and Game ]1976:
U.S. Fish and Wildlife Service 1982) and 20.000 (Johnson,
personal comimunication, cited in Ralls et al. 1983). Ac-
cording to Evermann (1923). the estimated total number
of otters killed in California and Baja California between
1786 and 1868 was 200,000. an average of 2,400 per year.
Ogden (1941} estimated that 100,000 pelts were laken in
California between 1776 and 1911, an average of 800 per
year. Historical records suggest that the population may
have been especially abundant in the central and northern
portions of the State and in the Channel Islands of south-
ern California (Ogden 1941; Kenyon 1969).

Aboriginal hunting of sea otters took place throughout
the range. In some areas, localized overexploitation and
substantial reduction of sea otter populations by indige-
nous people apparently occurred (Simenstad et al. 1978),
Evidence for this conclusion comes from faunal remains
in the Aleut kitchen middens at Amchitka Island. The
calcareous remains of sea urchins, from which size of
living urchins can be estimated, are abundant throughout
the middens. Ecological studies of this area have shown

that sea urchin size varies predictably with the presence
or absence of sea otter predation. Habitats without sea
otters contain sea urchins ranging from 60 to 80 mm in
test diameter, whereas sea urchins >35 mm test diameter
are almost never found where sea otters are present,
regardless of how long the otter population has been
present. Thus, the presence of 60-80 mm test diameter
sea urchins throughout the kitchen middens indicates that
sea otters were absent from at least certain areas during
the era of Aleut prehistory. However, it is unlikely that
any such effect was widespread because abundant popu-
lations were encountered by the Russians and other early
fur hunters.

Extensive exploitation of sea otters began in 1741,
following the discovery of Alaska, the Aleutian Islands,
and the Commander Islands by the Bering expedition.
Subsequent exploitation in the eighteenth and nineteenth
centuries reduced the species throughout its range. By
1911, when protection for sea otters was established
under the International Fur Seal Treaty. only 13 small
remnant populations are thought to have persisted. These
occurred in the Kuril Islands and along the Kamchatka
Peninsula, the Commander and Aleutian islands, south-
western Alaska, the Alaska Peninsula and northemn Gulf
of Alaska. the Queen Charlotte IsJands in British Colum-
bia. the Point Surarea in California. and Islas San Benitos
in Mexico (Fig. 7). The total population at this time may
have contained as few as 1,000-2,000 animals {Ogden
1941: Kenyon 1969). Several of the remnant populations
declined to extinction, including those in Mexico and
Bntish Columbia (Kenyon 1969: Estes 1980).

Sea otter populations from the Kuril Islands northeast
to Prince William Sound have subsequently recovered
and presently occupy most of their historjcal range. How-
ever, sea otters became extinct along the Pacific coast of
North America from Prince William Sound to central Baja
California, except for the remnant population in central
Califomia and. more recently. translocated populations in
southeastern Alaska, British Columbia. Washinglon. and
Oregon. Legal protection of sea otters began in 1911:
recovery patterns following this action are poorly known.
Kenyon (1969; 192-193) concluded that “... an isolated
population having ample unused habitat may grow
through local reproduction (no immigration) at a rate of
about 10 to 12 percent per year.” However, an analysis of
survey data from several recently rcestablished sea otter
populations (the naturally recolonized population at Attu
Island and the populations translocated to southeastern
Alaska. British Columbia, and Washinglon State) indi-
cates that these populations all have increased ar rates ol
17-20% per year (Estes 1990a). In contrast, the popula-
tion in California has increased at a rate of 4-5% per year
(Estes 1990a). Chapman’s (1981) analysis of Kenyvon’s
data indicates that the population at Amchitka Island
grew 19% per year, an estimate consistent with Estes’s
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Table 6. Size and probable starus of sea otter (Enhydra luiris) population in the North Pacific Oceon. Dato from
Internotionol Union for the Conservation of Naiure, Outer Action Plan. and Estes. 1990b.

Date Count or Populaton
Locauon surveyed estimate® slams Comments Sowrte
Soviet Union
Kunl Islands 1984 6.000-7.000 1 Survey methods and estnanon Marninov 1984
techn ique vaknown
Kamchatka Pejasula 1984 2132 3 Sievey methods unknown: population Khromovskikh 1984
may be lumited by winler sea ie¢
Commander Isfands 1988 4714 2 Survey methods unknown: Medny A Zorinand A. Budin
Gsland a1 or near equilibrivm densicy: {personal conmgnunication)
Benlug island below squitibriun density
Alaska
Near LsJinds 1986 1.599 2 Skut and shore survey. Altu Estes 1990
Island only: Agatiu Island unsurveyed
Rat [slands 1965 ESEM ! Aerial survey: presenlly mny Kenyou 1969
suppan 14,420-20.650 olteys (see text)
Andreanof [slands 1969 2,393 1 Aevial survey: population probably Schineider and Faro 1969°
much larger
Islands ot 1682 60 2 SKiff survey: smal) colony Bailey and Trapp 1986
Four Mountain eslablished recently
Fox Islands 19%6 858 3 Aeriul sucvey Brueggeman ctal. 1987
Adaska Peninsula 1986 15,244 3 Aearial urvey Brueggeman ¢l «. 1087
Pribilof Tstands 1988 7 2 Occasional sightings: may be A L. Sowls
wanderers from Brisiod Bay {personal conmunication
{o A, DeGange)
Kodiak anchipclago 1985 2811 2 Aerial survev Simon-Jacksan et al. 1986
Kenai Peninsula 1982 880 3 Aerial survey Schmidi 1983
Prince William } 98485 4747 3 Skiff survey withirt 200 m of <horc: Irons e al. 1988
Sound occarional offshore aneas surveyed
Nomthern Gulf of 1986 1.432 2 Aegial survey: all sighlings berween Simen-Jackson 1986
Alaska Orca lrdet and Cape Suckling Sirnon-Jackson and
Hodges 1986*
Southeast Alaska 1988 4520 2 Skiff and shore surveys Piicher 1987 and
unpublished dala
British Columbia 1987 380 2 Aerial survey MacAskie 1987
Washingion (State) 1689 2n 2 Aenl, skiff, and shore surveys R. Jameson (personal
COMMUARICA ON)
Central California 1989 1.864 3 Share and aerial surveys R. Jameson and
J. Estes (unpubJished data)
San Nicolas Tsland 1989 15-20 2 Shore survey's U.S. Fish and Wildlife

Service (unpublished dat)

* Estimate.

| = at or aear equilibrium; 2 = below cquilibrium; 3 = unknown or uncertain popudalion sratus,
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calculanon of rmyy for sea otters

Sea oners occur throvghour most of their hisiorical
range from Prince William Sound west (Table 6), Al
though the size of these populations is not precisely
known, they may wial more than 150,000 {Estes 1980
Johnson 1982, Calkins and Schneider 1985 | Rotterman
and Simon-lackson 1988). Populations n the Kuril Is-
lands presently number an estumated 6.000-7,000
{Maminov, personal communication). Most of the avail-
able habitat along the Kamchatka Peninsula also is ocon-
pied and coniains an esiimated 2.500 olters
(Khromovskikh. personal commumicanon), In the Com-
mander Islands, Medny Island contains 900-1.200 indi-
viduals, which are probably resource-limited. whereas
Bering Island has an estimated population of 1,500=1.8(K)
and is still increasing. Alaska populations are less well

known, although all available data are summanzed by
Rotterman and Simon-Jackson (1988) and in Table 6, Sea
otters probably are at or nearequilibrium density through-
oul the Aleutian archipelago, except for the western end
{Mear I=lands) and from the eastern Andreanof Islands
through part of the Fox Islands. It is likely that the most
recent survey data from the Rat and Andreanof islands
(Fig. 24} prossly underrepresented the size of these pop-
ulations. For example. 3,145 otters were counted in a
1965 survey of the Rat [slands even though Estes (1990a)
estimated that Amchitka Island alone supports a papula-
tion of 35008500 oners. Recem surveys of the Alaska
Peninsula, Kodiak archipelago, Kenai Peninsula, north-
ern Gulf of Alaska, southeastern Alaska. and Prince Wil-
liam Sound provided respective counts of 15,244, 2811,
BE(, 4.747, 1,432, and 4,320 sea otters {Table &),

Fig. 31. Large group of sea otiers discovered at Biaby Creck cove in Big Sur. Califorma, on 15 Apnl 1938 (W, L. Morgan).
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Status of the California Sea Otter Population

Population Growth and Abundance (1914-1984)

In 1914, the total California population was estimated
to be about 30 animals (California Department of Fish and
Game 1‘.1?6'}.nf'[er Bryant (1915} reported at least 32 oters
observed near Point Sur. In 1938, a group of about 50
otters was observed off Bixby Creek (Bolin 1938: Fig, 31},
at which time the population size was estimated at 100150
(Fisher 1939) o 300 animals (Boolootian 1961; Califor-
nia Depariment of Fish and Game IQ?ﬁ‘}. The population
was estimated o be approximately 1,000 animals by 1960
(California Department of Fish and Game 1976).

Periodic surveys of the California sea otter population
were conducted from 1958 fo 1979, primarily by the
Califgm]u Depa.rtrnellt of Fish and Ggme iMiLIcr [958,
1976 ; Carlisle 1965 ; Wilson 1968a |, 19680 ; Odemar

1969 Wild 19737}, Most were acnal surveys ol parl or
all of the range, and some were supplemented wirh vari-
ous tvpes of shore-based counts, Results of these surveys
are summarized in Boolootian (1961), Carlisle { 1966).
Wild and Ames (1974), California Department of Fish
and Game (1976 ). and Geibel and Miller (1984). From
VORO to 1983, 16 acnal surveys of the enlire range were
conducted (Bonnell 1982; Bonnell et al. 1983 ). Estex
{1982 ) also conducted aerial survevs in 1981 and 1942
Since different methods were used in these various sur-
veys, il is nol possible to determine population changes
from the data, except for general wends, Quality of the
early daw is particularly difficult 10 evaluate—io soine
extent. apparent population increases have probably re-
sulled from improved methodology. Tn 1982, standard-
ized survey methods, primarily involving shore-based
counts, were adopted wo eliminate this source of variation
from future counts

Table 7. Resulis af 198289 ghare-based Califormia sea oner (Enhydra luiris) censuses of the envive range. These dara
were caaperarively collected by the Fish and Wildlife Service and California Department of Fish and Came, Small
pups are <3 monphs, amd large pups are 23 months (Pavne and Tameson F984 5.

Number af
independant Mumber of Mumber of Tenal Tmal
Census Hers small pups large pups P olers
1982 Spring 1,124 " : 222 1,346
Fall I 72 72 44 I.338
1983 Spring [,F53 56 fify 22 1.275
Fall |62 ) T 64 1.226
1984 Spring gl 4 39 123 |30
Fall b 5 » b 9
1983 Spring 1,124 44 52 236 13603
Fall (R 74 ] 155 1.221
1936 Spring 1.345 128 a7 225 1.570
Fall 184 59 54 13 1.2
1937 Spring 1,430 #1 139 220 1,650
Fall 1,261 a7 fil 108 1.369
1988 Spring L3053 136 K3 219 1,724
Fall ] b [ b I
1959 Sprng 1574 142 [48 240 1,564
Fall | 484 32 6 B ] 1,545
1990 Spring I 464 1303 84 204 | 678

Nl separared,
® Mol surveved,
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The most recent method involves shore-based censuses
of approximately 80% of the population. supplemented
with aerial surveys of the remaining 20%. These surveys
have been conducted twice each year {in spring and [all)
since 1982. Results to date (spring 1990) are summarized
in Table 7. These data indicate a stable population through
aboul 1983-84 and then an increasing population from
the mid-19807s to the present, with the exception of a 10%
decline in the tolal number of otters counted in the 1990
spring census compared to the 1989 spring census. The
reason for this decline is unknown: most of it occurred in
the center of the range between Malpaso Creek and Dolan
Rock (just south of Esalen).

To estimate the number of sea otters not seen during these
surveys, a calibration study was begun in 1984. The calibra-
tion was done by a double-counting technique in which two
teams of observers simullaneously counted sea otters in
predetermined areas. otherwise using the same methods
emploved during the rangewide surveys. These counts were
replicated five times in each of six areas. and the proha-
bility of sighting individual otters was estimated as P =
2A/2A + B, where A = the number of otters seen by both
teains and B = the pumber of otters seen only by either
one of the teams. Data from this study indicate an average
probability of 0.945 that otters counted from shore will
be sighted by a single team (Estes and Jameson 1988).

During the most recent survey (spring 1990), 1.464
independent sea otters (that is, all but dependent pups)
were counted. When the correction factor of 0.945 is
applied to this count, it provides an estimate ol 1.549
independent otters. However, this is probably conserva-
tive since aerial counts—which detect a lower proportion
of sea otters than do shore-based counts—were included
in the survey total.

The number of pups in the population varjes seasonally
and possibly among years, with actual pup counts ranging
from 122 10 290. Pup abundance usually is highest in
spring. which reflects the peak pupping period ol January
to March (Estes and Jameson 1983a", 1983b"). The ratio
of dependent pups to independent animals from 1982 to
1990 during spring surveys varied form 10.4 to 21.0 pups
per 100 independent otters, averaging about 16:100.

Population changes can be estimated from the data in
Table 8. We based these calculations on estimated numbers
and lineal extent of range. For each of these data sets, we
made two series of calculations for average annual rate of
population change. Thecalculations inone series were based
onchanges in estimated population size and range from 1914
through each succeeding year for which estimates were
made. The other series of calculations was based on each
sequential pair of years lor which data were available—
for example. 1914 and 1938, 1938 and 1947. and so forth.

From 1914 to 1984, the annual rate of increase in
population size and range was about 5% (Fig. 32). Aver-
age rates of range increase, calculated from 1914 onward,

seem to have declined slightly. The same pattern is evi-
dent in changes in rate of increase in the number of otters
counted, although the magnitude of change is somewhat
higher. indicating that density has declined within the
established range. Patterns of change in rate of increase
between sequential estimates are more variable, but they
indicate a distincl reduction of growth during the last
several decades and a modest decline in numbers from the
mid-1970's. These data indicate that the California sea
otter population has never increased more than about
6—7% each year, at least during this century. Al hest, the
California population has increased at an average rate of
about half to one-third the 17-20% per year growth rate
of populations in Alaska (Estes. 1990a).

Range Expansion (1914-84) and Present
Distribution

The range of the California population encompasses
approximately 353 km of coastline extending from near
Afio Nuevo Point in San Mateo County to the Santa Maria
Riverin San Luis Obispo County. Most of the established
population—which includes the consistent presence of
female and pup pairs or groups of three or more animals—
is centered between Afio Nuevo Point and the Santa Maria
River. However, widely scattered individuals or pairs of
otters occur north and south of these limits (Leatherwood
et al. 1978). Temporal changes in distribution that have
occurred from 1914 to 1984 (Fig. 33; Table &) indicate
that the rate of range expansion to the south has been more
rapid than that Lo the north (Lubina and Levin 1988).
Lubina and Levin (1988) analyzed the historical data on
range expansion with a mathematical model incorporat-
ing population growth, diffusion. and advection. They
concluded that growth and diffusion largely account for
the observed patterns. Ames et al. (1983 ) suggested that
the rate of range expansion may be limited in part by
mortality from entanglement in shallow water set-net
fisheries, white shark attacks, and shooting.

Thbe northern peripheral group of males moved north-
ward from Seaside (near Monierey) to Soquel Point (nezir
Santa Cruz) in February 1977 (Estes and Jameson 19834 .
1983b"). Before then. the male peripheral group at the
northern end of the range was located along Cannery Row
olf Hovden Cannery in Monterev (Loughlin 1977). In the
1970’s, sea otters were occasionally observed singly or in
pairs along the north coast between Santa Cruz and Afio
Nuevo Istand: most sightings probably were of males.
although in one case, a female and pup were seen crossing
the channel between Afio Nuevo Island and the mainland
(Wilson et al. 1970-1976"; Yellin et al. 1977 : Riedman,
unpublished data; F. Wendell, California Department of
Fish and Game. Mortro Bay, personal communication).
From 1980 to 1983, the abundance of otters between Afio
Nuevo Island and Santa Cruz increased slightly. Most ot
these animals were centered at Sand Hill Bluff, where at
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Fig. 32. Trends in the California sea otter population, 191488,

least one mother and pup pair was consistently observed
(Bonnell et al. 1983"). In February 1984, a group of 19
otters containing 5 female and pup pairs was observed
ncar Sandhill Bluff (Ames and Hardy, unpublished data).
During 198083, the size of the large male raft at Soquel
Point decreased (Bonnell et al. 1983 "; Estes, unpublished
data), and the abundance of otters occupying the eastern
Monterey Bay from La Selva Beach to Marina corre-
spondingly increased (Bonnell et al. 1983 ). A group of
otters, presumably males, inhabited lower Elkhorn
Slough and Moss Landing in winter of 1984. The size of
this group seems to fluctuate seasonally (Kvilek and
Oliver 1988: Kvilek et al. 1988), as does the male group
near Soquel Point (Estes, unpublished data), both reach-
ing highest numbers in winter and spring.

From 1977 10 1982, southward range expansion oc-
curred from Pecho Rock to Oceano (about 25 km); in
1983-84. it expanded an additional 15 km from Oceano
south to the Santa Maria River (Figs. 33 and 34: Estes and
Jameson I983b’). From 1973 to 1979, southern periph-
eral groups of males occurred at Point Buchon and Diablo
Cove. In 1979, females began to occur in this area. which
at latest observations contained a low-density populatio*n
of females. pups, and territorial males (Benech 1981 ;
Estes and Jameson 1983a’; California Department of Fish
and Game and U.S. Fish and Wlldhre Service. unpub-
Jished data). Estes and Jameson (1983b ) reported a pop-

ulation decline of 79 otters from 1976 to 1982 in the area
between Diablo Canyon and Point San Luis, while there
was a net increase of 16 otters south of Point San Luis,

The southernmost established group of otters. centered
in the Shell Beach to Oceano area, appears to be predom-
inantly composed of males. Female and pup pairs have
not been observed south of Shell Beach. A number of
otters, presumably males, were seen south of Oceano to
the Santa Maria River. Several otters, mostly single ani-
mals, have been sighted between the Santa Maria River
and Point Conception from 1983 to the present (February
1989; Bonnell et al. 1983"; California Department of Fish
and Game, unpublished data).

There have been recent changes in abundance through-
out the center of the range. From 1981 to 1983 the density
of otters declined in the Monterey Bay area and along the
Big Sur coast [rom Pfeiffer Point to Gamboa Point: cor-
respondingly, density increased from Cypress Point 10
Point §ur (Bonnell et al. 1983 Esleb and Jameson
1983b ). Estes and Jameson ( 1983b" ) reported an overall
decline in numbers from Monterey Harbor to Diablo
Canyon between 1976 and 1982.

Environmental Variables Affecting Distribution
Patterns

Small-scale. tocal distribution patterns throughout
most of the range seem to be affected by weather and sea
conditions, and especially by the abundance and distribu-
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tion of the kelp canopy. all of which vary seasonally. The
location of protected rafting areas also influences sea
otter distnibution, especially during winter—spring periods
ol high winds and rough seas (Sandegren et al. 1973:
Riedman 1984:.\*‘ l984bu; Jameson. unpublished data).
Sandegren et al. (1973) found that during prolonged pe-
riods of inclement weather or rough seas, mothers with
pups moved to calmer, protected coves. In addition. pre-
limipary information suggests that rough seas. high
winds, and heavy rain may cause a more dtspersed distri-
bution pattern by disrupting groups of resiing olters in
California (Sandegren et al. 1973; Estes et al. 1986: Ried-
man. unpublished data) and in Alaska (Garshelis 1983).
Local distribution patterns of sea otters are conelaled
with seasonal changes (hat occur ¢in the surface kel
canopy (Estes and Jameson 1983a ; Ricdman 1984a ,
1984b " Jameson 1989: VanBlaricom and Jameson, un-
published data). Tn winter and early spring, the kelp
canopy tvpically is substantially reduced; kelp that re-
mains is usually in areas prolected [rom heavy seas and

ocean swell. at which time sea otter distribution becomes
more dense as the animals aggregaie in the few available
kelp beds. The winter~spring reduction in kelp canopy
may also increase male—male competition for suitable
ierritories. in part aftecting the seasonal movement of
adult males from the cencer of the range (Jameson 1989).
In summer and fall. disoribution becomes more dispersed.
and olters may vest farther offshore. reflecting the sea-
sonal increase in kelp canopy abundance and offshore
kelp distribution (Jameson 1989: VanBlaricom and Jame-
son. unpub)ished dara).

Demographic Variables Affecting Dynamics
of the California Population

Population changes could be affected by three general
factors: emigration, natatily. and moriatity. Each factor
may vary with age and sex. and each may be affected by
density-dependent and density-independent processes
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(Estes 1981; U.S. Fish and Wildlife Service 1982: Ralls
et al. 1983).

Extralimilal occurrences of sea atters are relative)y rare
and do not seem (0 constitute a significant level of emi-
gration. Over the past 30 years. extralimital sightings of
sea otlers have been made north of the establhished range
as far as Tillamook Bay. Oregon (Pederson and Siout
1963), and Cape Mendoacino, Califormia (Osr and Poulter
1964: Bonnell et al. 1983": Wendell, personal cornmuni-
cation). and as far south as ceatral Baja California, Mex-
ico (Leatherwood et al. 1978: Esies. unpublished datu;
Wendell, personal communication). Because exiyalimital
sightings are (nfrequent (and in some cases probably
represent consecutive sightings of the same individual),
and since large numbers of oliers are nol seen concentral-
ing outside of the established range. it seems unlikelv that
substantial Josses to Lthe population have occurred through
emigration (Estes 1981:°U.S. Fish and Wildlife Service
1982).

Annual recruitment to the California popuiation seems
to be comparable to that observed in Alaskan populations
(bur see Estes 1990a). In both California and Alaska.
average proportions of 20-30 pups per 100 independent
olters are found during censuses taken near the end of the
pupping season; average proportions of 13-16 per 100 are
observed throughoul the year. although rangewide cen-
suses conducted in California indicate that this ratio may
vary from year (o year. Overall birth rates appear similar
in both populavcons (Estes 198): Esies and Sameson
(983a°); therefore, the recent lack of growth (even possi-
ble decline in numbers) sbown by the California popula-
tion probably is due to elevated monality (Estes 1981).

Growth-limiting monality of the California sea otter
population may result from density-independent or den-
sity-dependent factors. Miller (1980) believed Lhat the
California population was at equilibrium densily and that
starvation wzy the principal (density-dependent) limiting
factor. However. Estes et al. (1986) found that the propor-
tion of time allocaled 1o foraging was indicative of pop-
ulations below equilibrivm density in Alaska and Orezon.
Esies et al. (1986) believed this conclusion to be further
supported by the facts that ([) unoccupied habital inlo
which the population presumably could grow exists at
both ends of the present range, and (2) recent estimates
of sea otler entanglement mortality in the coastal set-net
fishery are 7-8% of the 10lal population each year (Wen-
delleral. I985'). ljowever. by usingradiotelemetry. Ralls
and Siniff (1988 } found 1hat juvenile females in the
central panl of the range spen1 more time foraging and
experienced higher mortality than other age and sex
classes (except adult males. which had the lowest survival
rates). They believed these dala were inconsistent with
the conciusion of Estes et al. (1986). thus implying that
further growth in the Califoria sea otler population was
limited by food availability. Ralls and Siniff (1988")

reasoned thal juvenile ferales were at a compelitive
disadvantage with other age and sex classes in foraging.
so they experienced a resulting higher rate of mortality.
Consequently, food availability was probably Jimiting
further population growth because of the high reproduc-
tive value of juvenile fernales. The possibilily also exists
that density-dependent processes may be operating in the
center of the range. where the population has been estab-
lished for the longesl ime. while density-independent
factors may be affecting population growth at either end
of the range. where the frequency of mortality due 10
set-net fishing. shark attacks (nomhern periphery). and
shooting incidents (southern periphery) is highest (Ames
etal. 1983 ).

Siniff and Ralls (1988b) found that half (8) of 19 sea
oller pups bomn to radio-instrumented adult females in
Califoria survived to weaning. Similar data obtained by
Garshelis (1983) in Prince William Sound led Siniff and
Ralls 10 suggest that early pup sarvival rate iy lower in
ceatral Calilomia than in Alaska. This conclusion is fur-
ther SuPporlcd by the work of Monneut and Rofterman
(1988b ). who found that. excluding human-caused
dealbs. nearly 100% of the pups they studied in Prince
Willlam Sound survived from the time Lhey were in-
strumenied W Lhe lime they were weaned. These differ-
eaces could account for the lower growth rate of the
Califormia sea otrer population compared with that in the
Aleutian Islands, Washington State. Bnilish Columbia.
and southeastern Alaska (Estes 1990a). It should be noted.
however, that Monnett and Rolteriman (I988bx) found
pups to survive in Prince William Sound that were
weaned only an estimated 2.5 monltbs afier bicth. Heisey
aad Fuller (1985) developed methods for estimating an-
nual survival from telemetry data: with these methods.
Siniff and Rals (1988 ) estimated the following survival
cales for sea otters in California; adul females, 0.9 1 adul(
males, 0.67-0.71; juvenile females, 0.77-0.85; and juve-
nile males. 0.86-0.88. Because hese radio-tagged sea
olters were also {lipper-tagged. Siniff and Ralls (19887
were able to eslimate annual Nipper tag survival 1o be 0.74.
They found, in addition. that sienificantly more of (he
radio-tagged outers lost both Mipper tags than cxpecied
from the single 1ag loss rate. indicating that individual sea
otters have different tendencies 10 lose (ags. Riedman.
Staedler. and Estes (unpublished data) have also found
individual variation in raie of 1ag loss among otiers in the
Monterey Bay area.

Sea otter natural morntality outside California is known
mainly from swdies done in Prince William Sound (Gar-
shelis 1983: Monnett and Rotterman 1988b") and the
westernt Aleutian Jslands (Kenyon 1969). Kenvon (1969)
ceported that as the sea otter population at Amchitka grew
towargd food limiration, starvaton-related monality in-
creased substaatially. From carcasses found on the beach.
he deiermined that abouwl 70% of these animals were
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juveniles. and thal the sex ratio was biased toward males.
Few data are available {rom other populations because
those that are probably food limited have not been stud-
ied, and carcasses from those that are below food limita-
tion are seldom found on the shore. This is probably
because individuals in populations that are not food lim-
ired rarely haul out, and because the moriality rate. espe-
cially among juveniles, is low. In their study of radio-
tagged weanling sea otters, Monnett and Rotterman
(]988b‘) showed that males and females died or disap-
peared in nearly equal proportions. However, female
losses were concentrated in January-April whereas male
losses were more evenly distributed among Lhe seasons.
This pattern is different from the one reported by Kean-
yon (1969) at Amchitka Island. Unfortunately, whether
food 1s an important limiting resource 10 sea otlers in
Prince William Sound is unclear, Since the habirat there
is very different from that at Amchitka Island (Prince
William Sound consists mainly of soft-sediment beathos
and is protected from ocean swells, whereas Amchitka
Island is a highly exposed, rocky benthos system). these
appareat differences in juvenile mortality palterns are
hard 10 interpret.

Sources of Documented and Potential
Mortality

Documented Mortality

Introduction and Summary

The California Depariment of Fish and Game has in-
vestigated sea otter mortality tn California since 1968.
Ames et al. (1983 ') and Ames (unpublished data) sum-
marized information on 1.733 sea otters that died or were
otherwise removed from the populaton from 1968 to
1989. Percentage of the total mortality that is recovered
is unknown. and recovered animals undoubtedly repre-
seat only a portion of the total sea otter mortality.

Ames et al, (1983‘() pointed out that a number of vari-
ables relating to temporal and spatial differences in car-
cass recoverability and search effort must be considered
when interpreting trends in these data. The following
factors may influence the likelihood that a dead oter will
wash ashore and be recovered; cause of death, wind and
current patterns, the presence and density of kelp cano-
pies, location, age of the otter (pup versus independent
animal), search effort, and public awareness of the sal-
vage program. Recoverability may be influenced by
cause of death (e.g., sea otlers drowned at depth in gill
nets tend to sink. but otters that are shot tend to float on
the surface). This is because normal air volume in the

lungs is the principal source of buoyancy (Kooyman
1973). In addihion. some sea omer carcasses have been
known 1o drift considerable distances: therefore, the area
of recovery along the coast does not necessarily indicate
the area of death.

The proportion of dependent pups recorded is probably
especially low relarive 10 actual mortality, due to difficul-
ties associated with recovering small pup carcasses. Be-
cause of the rapid rate of decomposition and the likeli-
hood of sand and other debris obscuring them, dead pups
are less conspicuous than adults when floating in kelp
beds or lying on the beach. In addition. females some-
times care for dead pups for severaldays, further reducing
the likelihood of recovery (Ames et al. 1983).

Sea otter carcasses are recovered most frequently at the
ends of the range (Fig. 35)., Some possible explanations
for this pattern include (1) systematic salvage efforts were
not conducted in much of the center of the range until
1983; (2) the remoteness and low human population
density in the center of the ranpge result in few public
repocs of otler mortality; and (3) mortality may be com-
paranvely [ow in the center of the range.

Monthly salvage effonis inthe relatively isolated centrat
and southern portions of the range have resulied in in-
creased carcass recoveries in these areas (Jameson 1983",
1984". Bodkin, personal communication) Information
collected during a study in the northecn part of the range
from March to August of 1984 showed that monthly
salvage effons increased the number of carcasses re-
trieved in isolated areas but nol in areas of high accessi-
bility or human population density (Riedman 1984¢ ).

Weekly salvage efforis conducied by the Fish and Wild-
life Service near Point Piedras Blancas have shown that
a sea otter carcass remains oo the beach for an average of
18 days, although there is considerable variation (maxi-
mum = 100 days; Bodkin, personal communication).

From 1968 (0 1984, the number of sea otler carcasses
recovered generally increased (Table 9). However, the
number of dead sea otters reporied each year has also
increased over this period, along with an increase in
public awareness of the California Department of Fish
and Game salvage program. After 1984, sea otter mortal-
ity declined, probably bccause fewer otters were bein
drowned in gill and trammel nets. Gerredetie (1983 )
reviewed sea otter salvage efforts conducted from 1968
to 1983 ang discussed inadequacies in the avallable data.

The causes of death classified by California Depart-
ment of Fish and Game (CDFG) and the number and
proportion of otters within each mortality calegory are
presented in Table 9. Ames et al. (1983*) and Ames
{unpublished data) provided a description of each mortal-
iy category. Of the 1,733 sea otters that died or were
otherwise removed from the California population from
1968 10 1989, 53 were animals either accidentally killed
or captured for public display or research purposes. Of the
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Pacific Ccean

Fig. 35. California Department al Fish and
Game mortality recovery ateas incentral
California.

remaining 1,680 recorded deaths. 933 (56%) died of
unknown canses (CDFG mortality calegories [, 2, and 3).
Many of these carcasses were badly decomposed. The
cause of death was conclusively or probably determined
in 402 (24%) of the cases (CDFG categories 4,5.7. 8, 10,
[l 14, and 16). Monality involving dependent pups
(categories 2. 13, and [5) represented 301 cases. or 18%
of the toral mortality.

Information on 1,027 dead sea outers collected from
1968 10 1982 showed thal when sex. age. and slate of
decomposition were recorded. 525 (589%) were males and
386 (42%) were females: 525 {52%) were adults, 183
(18%) were subadults. and 293 (29%) were pups; 607
(60%) were decomposed, and 402 (40%) were relatively
fresh or in fair condi‘lion (Ames et al. I983i).

Ames e( al. (1983 ) documenied the following trends
with respect 10 sea ottey morality. Monthly mortality data
were characterized by a bimodal frequency distribution,
with mostality peaking in early spring (March—Apri}) and
summer (June~August). The frequency of pup mortality
almost always peaked in winter—spring, while the fre-

o°

quency of adult mortality often peaked in summer—fall.
The winter-spring peak in pup mortality. which occurs
during the peak pupping season, suggests that many fe-
males may lose their pups at a young age. Males predom-
inated in the sample of small dead pups (<75 cm total
Jength). Monality of females and pups was generally
higher in the center of the range (Point Pinos to Cambria).
while the proportion of male carcasses recovered was
highest at either end of the range.

The most significant sources of sea otier mortality in
Catiforma seem to be (1) incidental drowning in commercial
set nets, (2) while shark attacks. (3) 2 combination of condi-
tions related 1o pathologica) disorders. starvation. and ad-
verse winter weather. and (4) possible shooting incidents
occurring primarily in the southem part of the range.

Mortality Caused Directly by Humans

Net Entanglement. Several kinds of evidence indicate
that incidenlal drowning of sea otters in pill and trammel
nets may represent a significant source of mortality. From
June 1982 10 January 1985. 29 otters were observed
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Table 10, Estimares af incidental drowning of sea otrers
iEnhydra lutds) in gl and trammel nets, calclared
from estmaltes of ser-ner effart 197383, (Fram Wendell
et al. 1985 ).

Mupnber of Estimated number
Year landings of dead sea otters”
1973 457 449
1874 (43 fi4
1975 b 69
1976 0&0 105
1977 iR 71
1978 R74 o3
15979 [, 449 154
19K | . 407 150
981 1,578 168
1982 1057 113
1983 96 73

Y Estimaie af effort i bosed on e nimber of landings of seione boals
witlin the sea oiter rnge, Bsimuled take is hised only on ihe rale of
fuke observed in 1983 and pan of 1982, Therefore, the estimated number

bul’dﬂd 2023 olers is only 8 rough approximation in years before 1982,
Mo data

drowned (or otherwise known to have drowned) in com-
mercial fishing nets: 6in 1982, 6in 1983, 1610 1984, and
| in 1985 (1o January 5; Ames etal, 1983 ; Rishop 1983,
1984 Croll and Keating 1983 Wendell et al. I'}HS*}_
However. only a small proportion of the set-net fishing
effort within the sea ofter’s range was sampled for sea
otter mortality. For example, 3% of the halibut set-net
cffort in 1982 was sampled for recovery of dead oters
{Ames et al. 1983%), 10% was sampled in 1983, and 15%
was sampled in 1984 {California Department of Fish and
Game, unpublished data). Therefore, the actual frequency
of net-enanglement mortality for the California popula-
tion was presumed to be substantially higher than indi-
caled by the confirmed cbservations of drownings. Ex-
trapolations from the number of otiers observed drowned
and the proportion of the set-net fishery sampled indicated
that from June 1982 1o June 1984, an average of 80 sea
otiers drowned in gill and trammel nets each year (Wen-
dell et al, 1985%). Wendell er al. (1985%) artempled o
estimate annual entanglement mortalines between 1973
and 1983 and found that they may have ranged from 49
tor 168 otlers per year (Table 10), However, the esnmates
betore 1982 were based on a rough approximation of set-
nel fishing effort as well as uncertain changes in the
distribution of otters and fishing activity that varied from
year to year (Hardy, personal communication),

An analysis of set-net effort and temporal and spatial
aspects of sea otter moctality also supports the idea that a
significant proportion of otter mortality is associated with
commercial set-net fishing. Ames et al, (1983) compared

the monthly fishing effort {(defined as the landing and sale
ol starry flounder [Plarichthys stellarus] or California
halibur [Paralichthys californicus] by lishermen using
entangling nets) with monthly fluctuations in numbers of
decomposed, independent otters that died of unknown
causes and were recovered from areas close W inlensive
set-pet fishing. From 1979 o 1982, there was a high
correlation (¢ =0.88; P < 0.1) berween the two vanables;
that is, summer was the peak [or both halibut set-net effort
and mortality involving independent, decomposed otter
carcasses near intensive fishery areas. There was also a
correlation in previous years, although the sample size of
dead otrers was low in some areds during cernain years,

Decomposed beach-cast sea ollers were used i the
analysis because evidence suggests thal net-drowned or-
ters sink and remain underwater until decomposition
gases accumulate (Ames. personal communication).
Ames et al. ( 1983) found that the frequency of beach-cast
otrer carcasses in fresh condition peaked in late winter,
while the number of decomposed otter carcasses tended
to peak in summer, when sel-net fishing operations were
most infensive.

Although gill and trammel nel fishing occurs through-
oul the sea otler 's range. the principal set-nel commercial
fisheries—starry flounder and California halibur—are
situated in sandy-bottom areas al both ends of the sea
ouer s range: in Monterey Bay and in the Morro Bay and
Avila Beach areas (Fig. 34). Monofilament and mulufil-
ament nylon set nets have incidentally caught and
drowned thousands of diving marine birds and numer-
ous marine mammals. especially in the early 1980°s in
the Monterey Bay area (Croll and Keating 1983, Before
1979, the gill net fishery in Monterey operated at a fairly
low level, with aboul five boats fishing in the bay each
year. In the early 1980, set-net fishing operations in-
creased to include about 18-26 commercial fishing boats
per year (Croll and Keating 19837 Wendell et al.
1985 ); set-net fishing activity subsequently declined
to about 810 commercial fishing boats per year (Hardy,
personal communication).

Because many sea ofters were suspected of being
drowned in gill nets—and since it is difficull to positively
determine that drowning was the cause of death, even in
fresh cercasses (eg., Yagil et al. 1983)—a number of
ohserver programs were implemented to monitor inciden-
tal take of sea otlers in set nets. In the Monlerey Bay.
observations of gill and rammel net fishing operations
were conducted by the California Department of Fish and
Game (CDFG) in 1980 and by students of both CDFG and
Moss Landing Marine Laboratories in 1981 and 1982
(Croll and Keating [983), CDFG has maintained an ob-
server program in Monterey since 1983 (C. Haugen,
California Department of Fish and Game, Monierey,
Calif.. personal communication). The Morro Bay and Port
San Luis set-net fisheries have been monitored since 1982
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(Rishop 1983°. 1984 ; California Department of Fish and
Game, unpublished data). Direct observations of entan-
glement mortality are made from shore through tele-
scopes or at sea from small boals stationed close 1o the
fishing boats. Observers record the number of sea ouers
caught during each occurrence of net pulling: they also
record the number of birds, fish. and other marine mammals
and the depth, location, and estimated net length.

The use of large mesh set nets in Monterey Bay was
prohibited within the [0-fathom (18-m) isobath (depth
contour) by California law in 1982; use was restricted
from waler <15 fathoms (27 m) in spring 1984, Since the
15-fathom closure, fewer sea otiers have been drowned
in gill or rrammel nets in the Monterey Bay area. In late
January 1985, a temporary emergency closure prohibited
the use of entangling fishing ncts (with mesh >3 inches)
within the | 5-lfathom isebath from Monierey 1w the mouth
of the Santa Maria River. On 24 May 1985, the governor
ol California signed into law a similar closure 10 gill and
trammel net fishing (with net mesh 23.5 inches).

Hardy (personal communication) estimated that the
effect of the 1985 closure was to reduce net entanglement
by about 50%; in 1982-84. an estimated B0 ofters
drowned each vear in gill and rammel nets, but since
1985, the yearly number of net-drowned otlers declined
1o an estimated 30—340. Ten ollers were observed drowned
in gill nets throughout the range herween | Fehruary 1983
and | April [986. All but one of the net drownings
occumed in the southern and central parts of the range
(south of Point Sur). especially in the area between Cape
San Martin and San Simeon Point; this arca was subse-
quenily closed o 20 fathoms. In addition. only 69 otuer
mortalities were recorded in 1985: this represents a de-
cline from the 131 oulers recorded in 1984 { Ames, unpub-
lished daia).

The importance of entanglement maortality o other sea
otter populations is largely unknown. although various
nets and fraps thar are probably capable of entangling and
killing sea otters are used throughout much of the species’
range. Significant numbers of sea otters seem 1o be lost
to fishing gear in Prince William Sound and the nearby
Copper River Delta {(Simon-Jackson and Rotterman
1987: Monnett and Rotterman 1988b ).

Shooring. About 4.6% (77 of 1,680) of the recarded sea
ofter mortalitics from 1968 10 1989 was altributed (o
known or probable instances of shooting (Mattison and
Hubbard 1969 ; Wild and Ames 1974; Morejohn et al,
1975; Amesclal. I‘:"ﬂ.f; Ames, unpublished data). Cases
of shooting can be conclusively determined by the pres-
ence of visible bullet wounds or by X-ray photography,
which allows the detection of bullets, shotgun pellets. or
fragements of bullets,

Each year the recorded number of sea orers that died
from being shot ranged from 0 to 9 animals and showed
no clear pattern of increase or decrease. However, shool-

ing was responsible for a greater proportion of monality
in the southern part of the range. From 1968 o [943,
about 95 of the sea otter carcasses found south of Cam-
bria had been shol. while 2% of those recorded north of
Cambria had been shot (Ames el al. 1983"). Ames et al.
(1983 ") suggest that shooring incidents occurring near the
southern edge of the range may tend w curb southward
emigration of sea ollers,

Cullisians with Baats and Propeller Injuries. Morality
associated with Jaceration and trauma resulting from col-
lision with boats and contact with propeller blades seems
to be negligible. Propeller injuries have been suspected
of causing significant mortality associated with lacerated
carcasses (e.g., Wild and Ames 1974; Morejohn et al.
1975). However, subsequent reexaminanon of moraliny
records revealed that most cases thought to be propeller
injuries were actually attributable to white shark bites.
and that boat collisions and propeller injuries were rare
(Mﬂrﬂjnhn*er al. 1975 Ames and Morejohn 1980; Ames
etul. [983 ).

Only one incident has been documenied in which a sea
otter was known to have been injured by a boat propeller:
In 1970, o small salmon boat (powered by a 63-hp oul-
hoard engine} traveling at full speed siruck an otler just
beyond Momerey Harbor, Although the omer was not
retneved, a considerable amount of blood was observed
in the water. A heached. lacerated ofter was found rwao
days later in the vicinity of the incident and died a week
later (Ames and Morejohn 1980,

The definitive criteria for diagnosing boal propeller
lacerations are unclear, but preliminary information {de-
rived from a California Department of Fish and Game
experiment in which two sea olter carcasses were inten-
tionally struck by a vessel vaveling at full speed) indi-
cated that one carcass susiained two parallel lacerations
preceded by a distinctive shaved area, while the other
carcass was evidently destroyed (Ames and Morejohn
19R0).

Enranglement in Fishing Lines. Sea otter mortality
from entanglement in fishing lines with and without fish-
ing hooks is extremely rare, From 1968 o 1989, only 11
(0.7%) of 1,680 otiers died after becoming emangled in
fishing lines (Ames, unpublished data).

Accidenial Mortality Associated with Field Research
fperations and Capture for Public Dispfays. This Cali-
fornia Depariment of Fish and Game mortality category
(9 includes all sea outers that incidentally died as a result
of field research and capture operations. as well as those
removed from the population for actual public display or
research purposes (some of which are still alive), Two
otters that drowned in entangling nets set by researchers
to sample fish (near Point Piedras Blancas and Moss
Landing} were included within another mortality cate-
gory (16}, encompassing all sea otters drowned in com-
mercial fishing nets (Ames el al. 1983*}. Atotal of 53 of
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1,680 ollers (3% of the total otters lost) erther died or were
placed in capuvity for n's:::m:h, rehabilitation. or puhlic
display (Ames er al, 1983 : Ames, unpublished data),

Natural Mortality

Predutiom by Whire Shavks. White sharks occur in tem-
perate coastal waters worldwide. On the west coast of
Morth America. the species is known from Washington to
Buja California. with large individuals in nearshore wa-
lers seeming 1o be most abundant in central and northemn
Califorma (Klimley 1983). Large white sharks (>3 m total
length) arrack and feed on marine mammals (Tricas and
MeCosker 1984: Klimiey 1985). Recenl increases in
white shark antacks on pinnipeds {(Amley et al, 1985) and
humans (Lea and Miller 1985) in California and Oregon
have caused some people to speculate that shark popula-
tions also have increased, probably in response (o grow-
ing pinniped populations. However, Lea and Miller
(1985) and Klimley (1985) pointed out that these patterns
may well have been caused by increasing numbers of
peaple and pinmipeds in coastal waters, regardless of any
change in size of the shark population.

Aunacks on sca otlers by while sharks muy represent a
significant source of natural mortality in the Califormia
population. Sea olter carcasses with definitive white
shark bites have been decumented since 1959 (O 1959
Wild and Ames 1974; Morejohn el al. 1975; Ames and
Morcjohn 1980; Ames ef al. 1983 ) and probably have
occurmed throughout the historical association of the two
species, Ames (unpublished data) atinibuted about 12%
{195 of 1,680 otter deaths) of the recorded mortality from
1968 10 1989 o white shark auacks; 61 of the carcasses
were definitely shark-bitten, 86 were probably shark-
bitten, and 48 were lacerated. Ames and Morejohn ( 1980)
determined that white shark bites seemed to be responsi-
ble for 9-15% of all recorded mortalities in California
from 1968 o 1979,

The frequency of white shark atiacks on sea otlers could
be higher than the number of definite or probable shark-
bitten, beach-cast oller carcasses if many of the badly
decomposed carcasses that were nol examined were
shark-bitten. Moreover, il is unknown if white shurks
regularly prey on sea otiers, nor 15 11 known whether they
actually consume many otters following an attack. IF so.
the proportion of otler mortality from shark attack would
be still higher. Becanse of the relaive size of the two
species, and the fact that surface shark anacks typically
involve jaw protrusions that produce a large mouth gape
(Tricas 1985}, sea onters could casily ke consumed with-
out leaving any remains

Several lines of evidence, however, suggest thar white
sharks prefer o prey on pinnipeds. such as northern
glephant seals and harbor seals, and that the apparent
increase in white shark atracks along the California coast
is related to increases in abundance of these pinniped

species (particularly elephant seals) over the past 20-30
years (Ainley et al. 1981, 1985 McCosker 19815 Le
RBoeuf et al, 1982), Sea oter remains have not been
discovered in white shark stomachs. although few sharks
have been caught or examined [rom within the sea otter’s
range (Klimley 1985). Furthermore. it seems unlikely rhar
sea otiers have the agility or speed necessary 10 escape an
altacking white shark, s some pinnipeds mighr (Ainley
etal, 1985), Therefore, the large number of oller carcasses
sustaining shark bites may represent animaly that the
shark mistook for another prey species. such as harbor
seals, and chose not to consume after the inilial atlack.
According to McCosker (981, 1985) and Tricas and
MeCosker (1984). the attack strategy of white sharks is
to severely lacerate thenr prey during a single. initial hit,
then w return and eal i1 alter the prey bas bled o death,
Based on the wounding parterns of humans ( Miller and
Collier 1980, pinnipeds (Ainley e1 al. 19851, and small
cetaceans (Armald 1972), white shurks uwsually attack
marine mammals from beneath their posteriors. This
sirategy seems o minimize risk of injury 1o the shark, that
might be incurred in a strugele with the lage. powerful
animals on which rhey typically prey. In view of the
exlensive lissue damuge often inflicted on large-sized
pinnipeds (Le Boeuf et al. 1982). it is peculiur that shiark-
bite injuries on sea otler carcasses are comparatively
mild. which also suggesis thar white sharks ofien do not
follow through after immal ottacks on sed ofters. 11 may
also be that the comparatively small mass of a sea otter
has msuiTicient statie inertia for a shark o work against,
in effect causing an anacked otter 10 be knocked aside
rather than sliced apart.

Although shark-bitlen sea otters in California have been
fonnd throughout their mnge, the highest proportion of
shark-bitten carcasses are recovered nonh of Point Sur,
especially in the Monterey peninsula area, Between Cy-
press Point and Point Pinos, Tor instance (Fig. 35), 36%
of the otter mortality from 1968 1o 1983 (including all
undiagnosed. lacerated carcasses) may have been due 1o
white shark attack (Ames and Morejohn [980: Ames et
al. 1983 ). This pattern is consistent with the distribution
of white shark attacks on humans (Lea and Miller 1985)
and pinnipeds (Klimley 1985}, most of which have been
reported north of Point Sur. Klimley (1983} speculated
that the number of pmnipeds in this area altracts large
white sharks 10 the nearshore environment.

Shark-bitten and lacerated sea otter carcasses have been
observed throughout the year, although they have béen
recovered most frequently in late winter and spring and
least frequently in fall (Ames and Morejohn 1980; Ames
etal, 1983°). In compurison, at Afio Nuevo (Le Boeuf et
al. 1982 and the Farallon Islands (Ainley el al. 1985).
most shark-bitten northern elephant seals were observed
in late full and winter. Ainley e1al. ( 1985) further reported
that white shark attacks on harbor seals at a coastal site in
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the Gulf of the Farallones were most frequent during
spring and suammer, from which they speculated thai
sharks mav make inshore~offshore movements in re-
sponse (0 seasonal availabilities of the relatively vulner-
able pups of the pinnipeds, These observations suggested
that the increased occuyrence of shark-bilten sea oiters in
late winter and spring may be caused by the seasonal
movement of sharks towards shore in search of young
phocid seals, for which the sea otters are perhaps mis-
taken. Althoueh the annual number of shark-bitten sea
otter carcasses observed from (963 to 1982 has vaned
from vear 1o year (Ames et al. 1983). shark attacks on
elephant seals north of the sea otter’s range near Afo
Nuevo and the Farzallon [slands bave increased since the
mid-1970’s along with the inceeasing abundance of pin-
niped populationsin these areas (Ainley et al. 1981, 1985:
Le Boeuf et al. 1982).

Predation by Other Predators. There have heen other
documented cases of predarion on sea otters, although
such interaclions may often go unnoticed because most
of the species’ range is remote and poorly studied. Al-
though a Soviet biologist (Nikolaev 1965) observed a
killer whale (Orcinus orca) capture one sea oteer (n the
Soviet Union, this rype of predation is probably very rare
(Kenyo 1969, 1982). On several occasions, Kenyon
(1969) observed killer whales swimming within a few
meters of resting or feeding sea otters; the whales never
attacked an otter. although uctive or foraging otters some-
times becarne inactive or lay still on the surface until the
whale passed. Sherrod et al. (1975) found tha bald eagles
captured and consumed newly bormn sea otter pups at
Amchitka Island, Alaska (also discussed in Maternal Care
and Pup Development). Amchitka Island supports high-
density populations of sea olters and bald eagles, both of
which probably were food-limjted at the 1ume of the
Sherrod et al. (1975) study. Prey capiures were deter-
mined by examining food remains in eagle nests during
the birds’ breeding season, which coincides with the
seasonal peak in sea otter pupping. Apparenily. only
centain breeding pairs or individual eagles prey on sea
otter pups, as the distnbution of otter remains among nest
sites was strongly skewed toward some of the nests, and
pup remains were never found in about half of the nests.
The consumption of otter pups by bald eagles was known
o occur from earlier swdies. although Kenyon (1969)
pcesumed that Lhe otter pups had been scavenged by
eagles following some other cause of death. In fact. this
may have been true in some cases; however, hemorrhagic
tissue around \alon punciure wounds in several closely
examined fresh ofter carcasses demonstrated that these
individuals were killed by the eagles. In addition. since
newborn dead pups were rarely found daring beach sur-
veys. Sherrod et al. (1975) concluded that most of the
otter pups found in eagle nests probably were not scav-
enged. Itis also possible (hat eagles captured pups aban-

doned by Lheir mothers—however, this is unlikely. since
adult female sea otters are highly attentive to. and rarely
become separated from, their newborn pups. Further-
more, several pup captures have been observed. and in
each instance the pup was taken whife its mother was
diving for food. Often the pups vocalize loudly while their
mothers are diving. and bald eagles that prey on sea otter
pups may cue on this stimulus.

Monnett and Rotterman (I988b'). working in norih-
eastern Prince William Sound, reported that newly
wedned sea otlers were killed and eaten by coyortes, The
presence of fresh blood at the kill site suggests that (as
with the bald eagle) these otters were kiiled rather than
scavenged. The tidal range in Prince William Sound is
extreme, and Monnett and Rotterman (1988b) speculated
that after hauling out at high tide, the orers became
separated from the water as the tide receded. so thai their
awkwardness on land made them easy prey for the coy-
otes.

A fina) example of predation on sea ollers is by brown
bears on the Kamchatka Peninsula {A. Zorin. personal
communication). Zorin reported thal numerous otters are
caplured and eaten by the bears in late winter o early
spring. when many otters appear lo haul oul in a weakened
condition from winter storms, and when hungry bears are
emerging from hibernation.

Pathological Disorders. About 4% (63 of 1.680 otter
deaths) of the wotal recorded in California mortality was
directly related o disease conditions, particularly enteri-
tis and pneumonia. Enleritis. or inflammaiion of the in-
testinal tract, is common in necropsied sea otlers in Cali-
fornia (Mattison and Hubbard 1969; Morejohn et al.
1975; Ames et al. 1983), as well as in Alaska (Kenyon
1969). The presence of enteritis (s associaled with other
diseases, poisoning, and various types of stress (Stulken
and Kirkpatnck 1955).

Other fairly uncommon direct of contributing causes of
death include perforated intestine. twisted intestine, in-
tussusception (an unfolding of one part of lhe intestine
into another), intestinal infecuon. stomach ulcers, pro-
lapsed uterus, prolapsed vagina. prolapsed rectum. acute
hepatitis. diaphragmatic hemnia, valley fever. aspergillo-
sis in the liver. severe peritonitis (inflammanon of the
membrane lining the abdominal cavity and enclosing the
viscera). and one case of (win feluses lodged in the birth
canal (Morejohn et al. 1975 Williams et al. 1980; Ames
eral. 1983)).

Heavy infeslations of acanthocephalan parasites (such
as Polymorphus) in the gastrointestinal fract are rare, but
may occasionally conwtibute to mortality from resulang
intestinal perforations. However, nonlethal cases of gas-
rointestinal tract parasiies are cOmmon among s€a otlers
in California (Macison and Hubbard 1969"; Hennessey
1972; Wild and Ames 1974; Morejohn et al. 1975;
Hennessey and Morejohn 1977: Hennessey et al. 1979 ;
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Ames et al. 1983°) and in Alaska (Rausch 1953; Kenyon
1969; Dailey and Brownel{ 1972: Margolis and Dailey
1972"). Nasal mite (Halarachnidae) infections occur in-
frequently in Alaskan outers; the few observed infesta-
tions were mild and did not affect the healith of wild otters.
although scvere nasal mite infestations may have contnib-
uted to the death of captive sea otters (Kenyon et. al. 1965.
Kenyon 1969).

One case of systemic coccidioidomycosis (a respiralory
disease) has been reported as a cause of death in one sea
otter near Morro Bay (Cornell e1 a). 1979). Williams and
Pulley (1981) found uterine leiomyomas (a rare, benjgn.
smooth muscle (umor) in 2 of t12 female sea oters
necropsied in California.

Storvarion. Many of the pathological disorders or un-
known causes of death included in CDFG mortahty cat-
egories 1 (case of death unknown), 3 (unceriain with no
trauma). and 1) (other natural causes)y—which collec-
tively account for S2% (869 of 1 ,680) of the1otal recorded
mostality—are observed in conjunction with an emaci-
aled condition indicative of siarvalion. Howevcr, it is
difficult 1o determine if the emaciated condition of the
carcass resulted from (1) insufficient availability of food
resources. (2) the inability of a diseased orner 1o forage
adequately. (3) the inability of mother and pup pairs.
juveniles, or aged animals to forage successfully (espe-
cially during harsh weather conditions): or (4) whether
diseases such as enleritis and pneumonia panially re-
sulted from a previously weakened condition caused by
starvation (Ames eral. 1983 ).

Prom the evidence. many small and large dependent
pups (included under CDFG mortality category (2: de-
pendenl animals with no trauma) died of siarvation.
About 15% (249 of 1,680 ottey deaths) of the total re-
corded morlalily Srom 1968 1o 1989 was composed of pup
carcasses showing 1o signs of trauma (Ames el al. 1983
Ames, unpublished data). Starvation mighr occur if the
pup became separated from i1s mother oy if the mother did
not provide sufficient nourishment in terms of milk or
solid food obtained while foraging. According 1o Ames er
al. (1983 ) harsh weather condilions are likely 10 promole
mslances of monality involving starvation.

Adverse Weather Conditions. Ames el al. ( 1983 ") found
that the numbes of emaciated carcasses secovered show-
ing increcased jndications that starvation contributed (o
death (whether the primary cause or secondary effect)
increased duning the winter period of severe storms. There
was a positive corrclation between rough sea conditions.
the winier peak in mostality (other than human-caused).
and the proportion of recovered emaciated carcasses and
otters that died {from unknown causes.

Thus, rather than chyonically occurring throughout
the year. starvation appears o be associsled with jin-
clement wintey weather. Mocejohn ¢t al. (1975) also
found that sea otter mortality (no( caused by humans)

increased during periods of winter storms. and that
human-caused mortalily peaked during summer when
human activity. including gil)-net fishing. was greatest
along the coasl.

Mating Wounds in Adult Females. During copulation,
the male grasps the female’s nose between his teeth,
causing nasal and facial injuries and scars that are fre-
quently observed in live adult female otters (Vandevece
1970"; Foou 1971, Brosseau ct al. 1975). Severe or n-
fected nose wounds have been reported in carcasses of
advulr fermales (Maittison and Hubbard 1969°: Wild and
Ames 1974: Ames et al. 1983 ). Although records of nose
mjuries in female carcasses are incomplete, mating
wounds do not seem to represent a significant source of
mortality. Severe nasal damage was recorded from 1968
10 1989 for at least 38 dead females (2.3% of the ioial
mortality). of these. about hal! sppear 10 have died as a
direct resull of injuries incuered during maring. Ames el
al. (1983 ) and Jameson (personal communicalion) sug-
gested that complications and infections stemming from
mating bile lrauma may be a contribuling cause of death
in a some females, and they speculale thal very young,
very old, and unhcalthy females may be espccially sus-
ceplible, not only 10 severe nose damage but also 10
drowning resulling from vigorous breeding activity. On
two occdsions, the xame terrilorial male was observed
mating with the carcass of an aduolt female; 1t was known
that he killed one of the females during mating activity,
and he may have killed the other female as well{Riedman,
Staedler. and Estes, unpublished data).

Atleast 10 immature female cdrcasses (about (% of the
total recorded moriality from 1968 1o 1983). measuring
90-105 cm tolal Jength. sustained severe bite injuries.
parlicularly on the rose and feet. Similar sorts of wounds
were found on some juvenile female carcasses measuring
<90 cm. bul these fernales were placed in CDFG mortality
calegory {3 (dependenl animal with trauma: Ames et al.
1983 ). It is possible that most of the severe bite injuries
on young females resulted from males attemptiog copu-
lation. Jameson (personal commurication) suggesled thal
it may be the younger, sexvally immature males that
inflict most of the injuries.

Fight Injuries in Males. Potentia) mortality resulting
from injuries incurred during male-male aggression
seems 1o be nepligible. Ahhough overt fights between
males are rarely observed (Loughlin 1977, 1980). at least
20 male carcasses examined from 1968 to 1982 sustained
severe fresh or old fight injuries. Most of the injuries were
found on the hind feet, but occasionally wounds were on
the nose. face. and penis. Fighting injuyies were Dbscr\'ed
more frequently inolder males (Ames el a). 1983 ). Ames
et al. (1983 ) suspecied that complications from fighl
trauma (included within caicgory 1]) were the probable
cause of death for some of the males thai sustained
injuries during aggressive inieractions.
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Potential or Undocumented Sources of
Mortality or Pathological Disorders

Potential Reduction of Genetic Diversity in the
California Sea Otter Population

Any population that has been reduced to a small size
may lose some of 1ts natural genetic variability and thus,
some adaptability (e.g., Denniston 1978). The sea otter
population along the Pacific coast of the United Stales
was reduced to an estimated 50 animals in 1914 (Bryant
1915; Califomnia Depariment of Fish and Game 1976 Y
this created a potential “genetic bottleneck.” However,
theoretical analysis indicated that significant loss of ge-
nelic variation in the California sea otter population is
unlikely (Ralls et al. 1983), and the population has sub-
sequently increased 1o aboul 1,700 independeni animals
(Estes and Jameson 1983a (983b ; California Depart-
ment of Fish and Game and U.S. Fish and Wildlife Ser-
vice, unpublished data). A reduction in genetic diversity
may occur in small populations by inbreeding and genetic
drift, frequently leading to increased homozygosity.
which in turn may result in reduced fertility, higher mor-
wality of young, and a decreased ability of offspring 10
adapt to changing environmental conditions (Kimura and
Crow 1963: Crow and Kimura 1970; Cavalli-Sforza and
Bodmer 1971: Packer 1979).

Ralls et al. (1983) calculated that the current Califomnja
sea otter populaton should theoretically retain a signifi-
cant proportion {minimum of 77%) of the genetic diver-
sity that occurred in the original population. Lidicker and
McCollum (1981") investigated genetic biochemical
variation in sea ofters from California, as well as Alaska,
and found 16.7% polymorphisms among 30 loci and a
mean heterozygosity of 6.0%. No rare alleles were de-
tected. No fixed dilferences were found between the
Alaska and California specimens, although the sample
size from Alaska was too small to conclusively establish
differences bctwccn the two populations. Lidicker and
McCollum (1981 )concludcd that the only effect of the
genetic botdencck in the Caljfornia population was the
loss of rare alleles at variable loci.

Environmental Contaminants

Adverse effects on sea otters from environmental 1oxi-
cants have not yet been documented, although variable
residue levels of a number of polychlorinated biphenyls
(PCB’s), chlorinated hydrocarbons (DDT and its deriva-
tives), and heavy melals have been found in sea oter
lissue samples. Because environmental contaminants
(e.g., organochlorine pesticides and some heavy metals)
exhibit biomagnification as they progress through the
food chain (Keith 1966; Meeks 1968), (op-level predators
such as sea olters may accumulate high and potentially
toxic residue levels of such contaminants.

From 1968 10 1980, California sea otter lissue samples
were analyzed for residues of chlorinated hydrocarbons.
heavy metals, and other elements by Shaw (1971), Rote
(1976), Martin (1979 ), and the California Department of
Fish and Game’s Fish and Wildlife Water Pollution Con-
irol Laboratory. There was no evidence of a detrimental
cavse-and-effect relarion between any environmental
toxicant and morality or pathological condition in sea
otters, with the possible exception of potentially harmaful
levels of naturally occurring cadmium found in tissues of
several old females (Ames et al. l983 Risebrough
1984° ). The residuc levels of heavy metals, polychlori-

nated biphenyis, and organochlorine pesticides in sea
otter tissves generally appeared (o be below levels known
(o be the principal cavse of debilitation or mortality,
although PCB residues in a number of liver samples were
higher than levels known to cause reproducuve failure in
mink (Ames et al. 1983": : Risebrough (984" ). However,
[ew rissue samples of sea oners that died after 1980 have
been analyzed to determine levels ol environmenta) con-
taminants, because such contaminants in mussels within
the sea otter range have been routinely monitored since
then hy the California Department of Fish and Garne's
(CDFG) State Mussel Waich Program.

Based on dala collected by Shaw (1971), Rote (1976).
Mantin (1979 ). and the CDFG Fish and Wnldhfc Water
Poliution Control Laboratory, Ames et al. (1983 ) con-
cluded that there were some significam relations between
sea ofters and residue levels of environmental contam:-
nants in their tissues, Temporal variation in the Jevels of
pesticide residues (DDT, DDD, and DDE), which accu-
mulates primarily in fat tissues, indicated ihal residues
were Jowest among otters that died between May and
August and highest in otters that died between January
and April. The higher levels of pesticide residues found
in otters that died in winter may be caused by agricultural
runoff, which is heaviest during rainy winter months. No
significant differences in pesticide accumulalion patterns
were found in relaton to sex or size of the otters.

However, variation in accumulation patterns of heavy
metals and trace elements in the liver and kidneys were
found in relation to sex and size of the otter. The amount
of cadmium. copper, iron, mercury, and zinc residues in
the liver or kidneys increased with sea olter size or were
higher in animals >100 cm 10tal length, while the level of
magnesium and silver residues in the liver were higher in
otters measuring <100 cm. The levels of cadmium, man-
ganese, and silver in the liver or kidneys were highest in
females. and levels of iron and mercury in the Kidneys
were highest in males. Silver and calcium residues in the
liver were higher in otters that died before 1974. Mean
levels of calcium residues in the liver consistently de-
creased over time. Ames et af. (1983") and Risebrough
(19847) noted that different methodologies employed by
the various Jaboratories ip analyzing sea otter tissue sam-
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ples may have affected some of the resultant conclusions
suggested by the collective data between residue levels
and sea oner size, sex. and time of yeur.

Smith et al. (1990) evaluvaled posindusirial lead accu-
mulation in sea otters aL Amchitka Island by comparing
lead concenwrations and isotopic compositions in teeth
collected from the modern population aad preindustrial
middens. Althovgh tead concentrations in the Nosth Pa-
cific Ocean have increased 5- 10 15-fold since preindus-
tria] ymes. there was no detectable difference in lead
concentration between preindustrial and modern sea otter
teeth, perhaps because of lead biodepletion wilh in-
creased trophic staius in inarine food webs. However. lead
ysotope analysis indicated that preindustrial animals con-
rained lead derived from natura) deposits in the Aleutian
arc. whereas contemporary animals contained pnmarily
industrial lead from Asia aad western Canada.

The level of cadmium residues found in sea oller tissues
were high compared to other marinc mammals. Cadmium
accumufated with age. especially in the kidneys. Old
females were found (o possess the highest levels of cad-
mium (Marin 1979": Ames el al. 1983"). Because simi-
Jarly elevaled levels of cadmium may be loxic in other
species. the high cadmium residue levels found in aged
fermale sea otters may present potenial health risks from
cadmium toxicity (Manin 1979; Risebrough 1984). The
cadmium found in coastal waters of central California
occurs naturally in niany ol the molluscs used for food by
sea otters. Riscbrough (1984) speculated (hal sea otters
may have evolved a biochemica) mechanism of cadmium
detoxilicalion, as piscivorous marine mammals have. 1o
reduce the toxic effects of mercury and possibly selenium.
which are present in fish.

Information collected by Role (1976). Martin (1979).
Martin and Castle (1984), and the CDFG Stale Mussel
Watch Program (which monitors the marine environment
for pollutanis; Stephenson et a). 1979) indicates an in-
crease in the following eavironmenial toxicanis within
certaia areas of the sea oller’s range: svnthetic organic
compounds. such as chlarinated hydrocarbons, Endosul-
fan 1. and Dieldrin; petroleum hydrocarbons: and trace
and heavy metals. including cadmium, copper. lead. mer-
cury. silver. and zinc.

The U.S. Fish and Wildlite Service (1982) noted that
the high degree o) pesticide use associaled with Salinas
Valley agricultural developmenr, muaritime traffic. and
discharge of industrial and municipal wasies scemed to
be the primary sources of environmental contaminants
within the sea olter’s range. High concentrations of pes-
ticides entered Monterey Bay from agricultural runoff in
the Salinas River and Elkhorn Slough: the most common
were Endosutfan 1, toxaphene. and DDT and its merabo-
{ites (Martin and Stephenson 1984).

In general. the sea otfer’s range has low conceniralions
of mast environmental pollutanis. Along the open coast,

concenirations of complex hvdrocarbon mixtures (princi-
pally petroleum) jn mussels were (he lowest in the Siale
and were equaled only by locations on the open coast of
northern California; concentrations in San Francisco Bay
and Los Angeles Harbor averaged 20-30 times greater
(Marun and Siephenson 1984). However. in Monterey
Bay very high concentrations ol some melals and pesti-
cides have been detected. Unusually elevated concentra-
tions of lead and zinc. for example. have been found
between Point Pifios and Monterey Harbor-—lead concen-
trations were 22 times those of ambient levels elsewhere
in the range (Martia and Castle 1984). While the sowrce
of the contaminanis has not been identified. it 1s believed
to be leachale from waste dumps associated with histori-
calcannery activity (Loehr and Collias 1933). In addition.
very high levels (about one part per million) of 1ributyltin
(2 10xic marine paint used on the bottom of vessels) were
found in the livers of two sea otters that were found dead
iu Moaterey Harbor (M. Mariin, California Department
of Fish and Game. Moaterey. Calif.. personal communi-
cation).

Rote (1976) found thar PCB levels in sea otler lissues
throughout the range were highest in the Moalerey urea
and speculated that industrial activity and vessel leakage
may have been responsible. However, data collected by
the State Mussel Waich Program indicated an overal)
decline in PCB levels in California coastal waters since
the 1970's. corresponding to the prohibition of PCB use
in the United States.

Municipal sewage owifalls are an additiona) source of
marine pollulion within the sca otter’s range. Water qual-
ity has been degraded (comlaining increased coliform
concenirations) in Monterey Bay and Morro Bay due to
dairy operations and trealcd municipal sewage. A large
outfall currently operates south of Moss Landing. about
I mile from shore: it discharges secondary wasles inlo
Monierey Bayv from the communities of Monierey, Sea-
side, Pacific Grove, Satinas, and Castroville (L. Espinosa.
California Depastment of Fish and Game. Monterey, per-
sonal communication). Other potenlial sources of marine
pollution in the sea oter's range include the Pacific Gas
and Electric power plani and magnesia refractory at Moss
Landiag, the Pacific Gas and Electric gas- and oil-fured
power plant al Morro Bay, 1the nuclear power plant at
Diablo Canyon (Point Buchon), taaker (and other ship)
traffic. and outer Continental Shelf oil resource develop-
ment.

The debiluating effects of PCB's and organochlorine
pesticides. especially to the rcproducuve sysiem, have
been documented in mammals and birds: river ouers
(Ralbrook et al. 1980; Henny etal. 1980), mink (Platonow
and Karstad 1973; Aulerich and Ringer 1977; Jeasen et
al. 1977: Henny et al. 1980; O'Shea et al. {980). rabbits
(Oryctolagus cuniculus, Hart et al. 1972). California sea
lions (Le Boeul and Bonnell 197(; DeLong et al. 1973;
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Buhler et al. 1975; Gilmartin e1 al. 1976). ringed seals
(Phocu hispida; Helle el al. 1976a, 1976b), mallards
(Anas planyrhynchos; Heatb el al. 1969); brown pelicans
(Pelecanus occidentalis; Anderson and Hickey 1970:
Gress 1970'), double-crested commoranls (Phalacrocorax
anritus; Gress et al. 1973), bald eagles (Wiemeyer et al.
1972). and ospreys (Pandion haliaents; Wiemcyer et al.
1975). Deletenious effecis of heavy merals. primarily
methylmercury. have been found in mink (Wobeser and
Swift 1976; Wobeser et al. 1976: O'Connor and Nielsen
1980). river otters (O Connor and Nielson 1980), domes-
tie cats (Davies and Nielsen 1977), domestic dogs (Da-
vies el al. 1977), swine (Sus scrofa: Tryphonas and Niel-
sen 1973), and California sea lions (Braham {973: Buhler
et al, 1975; Manin et al. 1976).

Nearly complete reproductive failure has occurred in
mink when experimemally allowed 10 eal food containing
PCB'’s, even at levels as low as 0.6 ppm. The livers of
female mink that exhibited reproduciive failare sustained
PCB levels of 1.2 ppm (Platonow and Karstad 1973;
Aulerich and Ringer 1977; Jensen etal. 1977: O’Shea et
al. 1980; Risebrough 1984). which is lower than PCB
levels found 1o be in the Yiver of a number of Califotnia
sea ofters. Ames el al. (J983 v) found PCB residues >1.2
ppm in about 20% (21) of the 102 sea otter liver samples.
Because mink and seu otters are both mostelids. the
reproductive system of olters might be similarly sensitive
10 Lhe effects of PCB’s (Risebrough 1984’). However,
censuses conducted in California by the U.S. Fish and
Wildlife Service and Californis Department of Fish and
Game suggested that vearly pup-to-independen{ animal
ranios {averaging 15-16 pups to 100 independents) and
annual levels of recruitment to the population were sim-
ilar to those observed in open-ended Alaskan populations
(Estes J981; Estes and Jameson 1983u; Estes 1990).
Therefore, binh rates among Califomia sea otters seem to
be within the expected range and unaffecied by accumu-
lated levels of PCB's in liver tissues.

Potential and Documented Effects of Oil
Contamination

Introduction and Summary

Sea otters are among the most sensilive marine mam-
mals o the effects of oil contamination (Kooviman et al.
1977"; Geraci and Si. Aubin 1980 Englehardt 1983).
Unlike most other marine mammals. the sea otter has little
subculaneous fat. and therefore depends on an elevated
rate of heal production and an eatrapped air layer within
its dense, water-resistant underfur, which provides insu-
lation against the cold as well as buoyancy (Kenyon 1969;
Iverson and Krog 1973; Morrison et al. 1974; Tarasoff
1974; Costa and Kooyman 1982).

The most harmful effect of direct exposure (o oil in-
volves fouling of the otter’s fur. which causes the fur to
lose its insulative properties. Loss of thermal insulalion
subsequently Jeads ro thermoregulatory distress. along
with an abnormally high rate of heat produc(on, loss of
buoyancy. hypothermia, pneumonia, and weight (oss. any
of which may cause death (Stulken and Kirkpartrick 1955:
Kenyon 1969. 1975; Geraci and Smith 1977; Kooyman
eral. 19777 Williams 1978 Kooyman and Costa 1979";
Costa and Kooyman 1979". 1980". 1982; Environment
Canada 1982": Siniff e1 al. 1982; Engelhardt 1983), Even
partial oil conlaminalion of the fur, equal to 30% of the
lotal body §urface, will resutt in death (Kooyman and
Costa [979 ).

In addition to the documented loss of thermal insula-
tion. another direct effect of oil contamination is the
ingestion of oil, which is acutely or chronically toxic 1o
sea otlers. Subsiantial monality associated with direct
effects of oil contamination were documented in 1964,
when over 100 sea otters died from a gasoline and diesel
fuel spill that ook place in the Kuri) Jslands (Barabash-
Nikiforov et al. 1968), and during the 1989 Exxon Valde:z
oil spill in Prince William Sound.

Although little information is available on sea oters
concerning the indirect effects of crude oil environmental
contamination, effects may include (1) loss of habirat and
(2) food reduction. doe to moriality or unpalatability of
prey organisms resulting from direct contact of oil with
marin¢ 1nveriebrales and overall degradation of the
nearshore marine ccosyslem (e.g.. Evans and Rice 1974,
Moore and Dwyer 1974; Hodgins et al. (977; Malins
1977. Adas et al. 1978: Roesijadi et al. 1978: Cross and
Thompson 1982"; National Research Council 1985).

The toxic or deleterious effects of oil contamination
have been demonstrated in a number of sea ouer prey
spectes (or closely related forms), including the following
macroinvertebrates: sea urchins (Srongviocentroties and
Paracentrotus: North et al. 1965: Allen 1971; Wells and
Keizer 1975: Axiak and Saliba 1981: Hose and Puffer
1983). crabs (Cancer and Uca, Caldwell el al. ]977,;
Krebs and Burns 1977: Johns and Pechenik 1980; Sanders
et al. 198(). clams (Protothaca, Myu, Mercinaria, and
Donax:. Avotizi and Nuwayhid 1974; Dow 1975: Gilfi)lan
and Vandermeulen 1978 Pearson et al. 1981; Hartwick et
al. 1982; Ollaetal. 1983). mussels (My(jlu.s; Dixon 1982),
and possibly turban snauls (Chan 1973 ),

It s still unclear whether or not sea otiers are able 1o
detect an oil slick in natsral surroundings. However,
capuive otters do not seem o avoid oil (e.g., Barabash-
Nikiforov 1947; Barabash-Nikiforov et al. 1968: Kenvon
1969; Williams 1978  1989; Siniff et al. 1982). The fact
that many sea oliers were killed by the 1989 Exxon Valde:
spill in Prince William Sound eslablished thar free-rang-
ing otters are unable Lo avoid large oil slicks in nature.



94 BioLocicaL RerorT 90 (14)

Direct Effects

Loss of Thermal Insulution. The contaratnation of a
sea ofter’s fur with sufficient quaniities of crude oil will
result in loss of warmth, buoyancy. and thermoregula-
tory abililies due to the destruction of the insulative
barrier of entrapped air mamumed in the dense undet-
fur (Kooyman et al. 977" Kooyman and Cosla 1979";
Costa and Kooyman 1979°. 1982). Sca orers copc with
the problem of thermal stress not only by means of their
insulative (ur, but also by maintaining an elevated rate
of heat production. which is higher than 1hat of similac-
sized mammals (Kenvon 1969: Tverson and Krog 1973;
Morrison et a). 1974; Costa 1978a: Costa and Koovman
1982, 1984}. A sea otter could not maintain the increase
in heat produciion for the prolonged period that would be
neccssary to compensate for a reduction in thennal insu-
larion resulting from oil fouhng of the fur {(Cosa and
Kooyman (982).

Kooyman and Cosla (1979“) found that the normal
metabolic rate of captive sea ollers immersed in water
(15Y C) increased by about 40% when 25% of the fur
surface was contaminated with oil. Melabolic rate in-
creased 110-130% above normal when the oil was re-
moved wirh detergents. One of the experimental oners
died and two contracted pneumonta. Kooyman and Costa
(1979 ) estimated that oil fouling of 30% oy more of the
sea otter’s pelage surfacc will resull in death from
hypothernia or pneumoniz. Subsequent studies have con-
firmed the los¢ of thermal insulalion and resuhant in-
crease in metabolism associated with ol contamination
of sea otler fur, especially following detergent washing,
which appears 10 remove the natural fur oils and thus
reduce the fur’s waler-cepefient quality (Costa and Kooy-
man 1979 Costa and Kooyman 1982: Siniff et al. 1982:
Williams et al. 1986 Davis e al. 1986, 1988a. 1988b :
Williams et al. 1988). Crude oil applied to pelt samples
caused a 2- t0 4-fold increase in thermal conductance
(Williams el al. 198R).

Davis et al. (1988a. 1988b ) contaminated 20% of the
fur surface area of several captive Alaskan sea otters with
fresh crude oil and found that average metabolic rate
increased 1.9 times and whole body thermal conductance
increased 1.8 times. After application of the oi}, \the otters
exhibiled several changes in behavior: lime spent groom-
ing tncreased from 35% 10 61%. time spent swimming
increased from 0% 1o 17%. and time spenl resting de-
creased (rom 49% 10 12%. Grooming atlempts worsened
the effects of the oil ¢contamination by spreading oil to
clean arcas and pushing oil deeper into fur. Al visible
evidence of oil was removed afler 40 min of washing with
Dawn detergent (Proctor and Gamble; 1:16 in water)
along with adequate rinsing. Within 3-6 days, core body
temperature, average melabolic rate, and thermal conduc-
tance returned (0 normal control levefs, although the
metabolic response 1o ¢leaning showed individual varia-

tion. with the metabolic rate of some otters relurning to
normal levels much more slowly than others. Natural oils
1n pejt samples were removed by cleaning, although water
repellency was retained (Williams et al. 1988); in live
anirats, the natural oils removed by cleaning had not
been restored after 7 days. Davis et al. (1988a. l988b )
concluded that oiled sea otters required 1-2 weeks to
resiore their fur and recover from the siress of cleaning.
Following the Exxon Valde: spill, oiled sea otters that
were properly captured, cleaned. and dried quickly recov-
ered their thermal insuladon (G. VanBlaricom, Fish and
Wildlife Service. Sania Cruz. Ca)if., personal communi-
cation).

Addilionz]) experiments have shown that wild sea ofiers
seem able 10 survive levels of ol contamination <(0% of
their total body surface for 4 days to 3 weeks. at least
during summer rmonths (Costa and Kooyman 1979
Siniff et al. 1982). However, in a major oil spiil. otters
encounlering oil slicks would probably contaminate more
than 10% of their total body surface. The effecis of oil
contamination on otters may be accentuated doring win-
ter, when cnergy expenditure may be higher due to colder
water temperatures. and ability to forage effectively is
diminished because of rouvgh seas. In all siudies, an in-
crease in grooming activity was documented, as otlers
autempted (0 remove the oil from their fur (Cosla and
Kooyman 1979 Siniff et al. 1982).

Little is known concerning the effects of weathered oil
on sea otters. Englehardt (1983) suggested that a heavy,
viscous oil would be most likely 1o adhere to an animal’s
pelage or skin. However. studies on the effecis of oil
contamination on sea otler pelts showed that fresh crude
oil and oil dispersant mixiures cauvsed water (o penetrate
most of the pelt, while S-day weathered crude oif caused
the least change in thermal conductance. This was appar-
enlly due to higher oil viscosity, which tended (o remain
on the guard hair tips. reducing oil penetration into the
fur, and maintaining insulating air pockets, The effect of
weathered crude oil on living sea otters, however, may be
comparable 1o that of fresh crude, since the otters would
probably spread the o1} and compress air pockets during
grooming (Williams et al. 1988).

Controlled experiments have demonstrated that oil-
contaminated fur also results in a loss of thcrmal insula-
tion and increase in metabolism tu potar bears (Hurst el

1982) and muskrats (Ondana zibethica: McEwan et
al. 1974). Kooyman et al. (1977') measured thermal
conductance in oil-fonled northern fur seal pelis and
concluded that a light oiling would substantially impair a
fur seal’s thermoregulatory abilities.

Porential Toxiciry of Ingested Oil. Sea otters may ingest
petroleum compounds in an oil-conmaminated area by
grooming soiled fur or by feeding on oil-tainted prey.
Resultant effects of oil ingestion could involve acule and
immediate impasrment o the otler’s health or lalenl
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pathological disorders. including gastrointestinal, renal,
and hematological abnormalitics (Baker et al. 1981: En-
gelhardt 1983; Orisland et al, 1981}, Pathological effects
of il were demonsirated conclusively following the 1989
Exvon Valdez spill in Prince William Sound: pulmonary
emphysema, subcutaneous emphysema, hemmorrhagic
enteritis, and liver and Kidpney dyvsfunction (DeGange
1990") resulted from the ingestion, inhalation. and exter-
nal exposure tooil, & number of petroleum hydiocarbons
are known to be highly carcinogenic.

Polentially toxic effects of ingested oil may especially
be of imporance in cases of lightly oiled otters that do
not die of thermoregulatory failure, hypothermia, or
poewmonia, since free-ranging sea otlers are evidently
able to survive crude oil covering £ 10% of the fur surface
{Costa and Kooyman 1979 Siniff et al. 1982), Costa and
Eocoyman {1932} did not find any evidence of oil 1oxicity
in caplive, oil-contaminated sea otters, although the oil
was cleaned from the fur within 12 h in all bul one case
(in which it was removed after & days). According 10
Siniff et al. (1982), it was possible that oil toxicity con-
tributed to the death of one captive olter that had remained
in an oil-contaminated pool for 12 h, Wild sea otters thai
were partially oiled (on about 10% of the total fur surface)
and monitored for 2-3 weeks did not have any visible
toxie reactions, although it was possible that oil toxicity
could have occurred afier the re]alively short observation
period (Costa and Kooyman 1979 : Williams et al. 1981;
Siniffer al, 1982),

Crther marine or aguatic mammals have exhibited vari-
able sensitivities (o ingested oil. Acute toxicity resulted
when three captive polar bears ingested oil while groom-
ing their oil-contaminuted fur. A number of serious patho-
logical disorders developed 5-6 weeks after oil ingestion
inall three bewrs, resulting in the deaths of rwo (Orilsland
et al. 1981 ). Baker ct al. (1981) found that at least 13
European olters (Lutra luira) died following an oil spill
hemaorrhagie gastreenteropathy (rom ingestion of oil dur-
ing grooming seemed ro be responsible for the deaths,
although hypothermia may also have been a contributing
factor.

Phocid pinnipeds have shown varied tolerance to the
presence and ingestion of crude oil, Duguy and Bahin
(1976) reported that a harbor seal died of oil toxicity from
ingested oil, Geraci and Smith (1976) found that ringed
seals immersed in a simulated crude oil shick for 24 h did
not exhibit any lasong toxic or pathological reactions,
although eye irritalion and lesions temporarily o¢curred.
Engelhardt et al. (19771 reported low levels of hydrocar-
bons in ringed seal tissue samples. Ringed seals fed 5 mL
of crude ail daily for 5 days accumulated hydrocarbons
in the blubber and liver, however, the seals were able 1o
clear tissues and blood of the accumulated residues within
T days by excreting hydrocarbons in the vrine and bile
{Engelhardt 1978).

Behavioral Avoidance of Oil Slicks

It is unclear if sea otters are able to detect and effec
tively avoid an oil slick in natural surreundings. The Jage
number of sea outers that died from oil contamination
following the Exxon Valdez spill in Prince William Sound
demonsirated that, even if sea otlers attempied 1o avoid the
oil, many of them were unable to do so. Williams (19787
and Sinill et al. (1982) found that sea otters did not avoid
oil ina captive situation. Two otlers were placed in asmall
peol (5-m diameter), half of which was covered with
crude oil, Although both otters spent comparatively little
time in the oiled side of the pool. each oller repeated|y
entered the oil-contaminated area for briel periods and
became covered with oil. One of the ouers was not
cleaned by the researchers and subsequently died.

According 10 Barabash-Nikiforov { 1947), tree-ranging
sed omters may have avoided areas purposely contami-
nuted with petroleum products by Japanese fishermen to
repel sea otters; Barabash-Nikiforov assumed that the
petroleum odor caused avoidance. However, sea otters did
not avoid g gasoline and diesel fuel spill near Paramushir
Istand (Kuonl Tslands) that may have killed =100 oters
{Barabash-Nikiforov el al. 1968), Bakeretal. {198 1) found
than free-ranging European otters did not avord oil slicks
in the water or patches of oil on shore (the result of o large
oil spill). Polar bears and many pinnipeds do not seem to
consistently avoid oil (Englehardr 1983),

Under certain conditions a major oil spill will come
ashore (e.g., VanBlaricom and Jameson 1982), irapping sea
ollers between the shore and the oil shick. This can create a
situation in which the otters are forced to swim through or
under the oil slick, in which case the ammals almaost
certainly become contaminated with oil,

Exxon Valdee O4f Spifl. The effects of oil spills on sea
otters. until recently. remained largely a matter of specu-
lation since there had been no well-documented case in
which an oil spill had come into contact with sea ofters,
The first such case occurred in December 1988 near
Gray's Harbor. Washingion. This spill spread northward
through the ranges of sea otter populations in Washington
and British Columbia. Although several sea ofer car-
casses conlaminated with oil were found on the beaches
following this spill, it has not been established that these
animals were actually killed by the oil. Subsequent sur-
veys of both populations have indicated no detectable
effects on the population.

On 24 March 1989, the Fvxon Valdez ran aground on
Bligh Reef in Prince William Sound. spilling more than
1 million gallons of Prudhoe Bay crude oil and resulting
in the largest and most caastrophic oil spill in US.
history. This spill eventually spread >700 km 1o the south-
west, affecting coastal areas along the Kenai Peninsula,
Kodiak archipelago, and Alaska Peninsula. Althoogh
much was leamned about the effects of oil contamination
on sea ofters, work is still engoing, and many of the results
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are litigation-sensitive and thus unavailable 10 us. For
these reasons, we provide only a brief and preliminury
overview of this evenl. Much of this information was
provided through personal communmications from A,
DeGange (U.S, Fish and Wildlife Service, Anchorage,
Alaska) and G. VanBlancom (1.5, Fish and Wildlife
Service, Santa Cruz, Californial. A review of the effects
of the Exvon Valde: oil spill on sea otters is presented in
Bavha and Kormandy ([ 99,

Effects of the Exvon Valdez spill on the population and
ecosysiem of the sea ofter are largely unknown. and they
are likely to remain s0. Although numerous studies had
been conducted on sea otters in Prince William Sound,
the size and distribution of the population in the area
influenced by the spill was poorly known. Limited sur-
vieys were conducted in several areas before and afrer they
were affected by spilled oil, bur due 1o the imprecision of
sea otter counts and the ability of sea ofters to move long
distances over short periods, these surveys may be im-
possible o interpret. Even so. there are several general
points (o be made abour the effects of oil on sea ouer
populations there (Bayha and Kormandy [990). First.
contrary W0 initial expectations. local populations were
not exterminated over large areas of coastline. even at
sites that were very heavily affected. However, many
animals died. Eight hundred seventy-eight carcasses were
recovered from the area during the response phase of the
spill (through 13 September 1989); most of these wore
killed by oil. An additional 135 animals died during
capture and rehabilitation efforts. Thus, arleast 1013 sea
oners died as a result of the spill. and the number could
be much larger. The known causes of mornality were
briefly discussed earlier in this section.

One of the main efforts associated with the Excon
Valde: spill was to capture and rehabilitute ciled wildlife,
Most of this effort was directed toward sea ollers, Many
people were invalved and the estimated cosi for sea otler
rchabilitation alone was $18.3 million. Otter rehabilita-
tion facilities were constructed al several sites. Three
hundred sixtv-one sea oliers were brousht to the rehabil-
itation centers, where they were cleaned and cared for;
about 45% of these animals were found to be either
unoiled or only lightly oiled. One hundred ninety-seven
were evenlually released hack into the wild. 45 of which
were instrumented with surgically-implanted radio trans-
mitters for study. These studies are ongoing, but prelimi-
nary resulls indicate thal an unexpectedly bigh number
have died or are missing,

Finally, the Exyon Valdes spill confirmed the fears of
many thut spilled oil could not be cleuned up or contained,
The weather was clear and calin for 2 to 3 days following
the spill, so that conditions were 1deal for containment.
MNonetheless, the oil was not confained and probably
could not have been contained with avatlable equipment
and technology, Furthermare. most of the spilled oil was

never cleaned up and probably never can be. The long-
term effects of the oil vn the environment of the northerm
Ciulf of Alaska remain to be seen.

Review of Sea Otter Reintroductions
in North America

Introduction

As mentioned earlier, sea otters were exterminated
along the North American coust from Prince William
Sound to central Baja Califomia. except for the cemnant
population in central California. During the 1960°5 and
carly 1970%, in collaboration with various State and
Provincial wildlife management agencies, the Alaska De-
partment of Fish and Game atiempted 1o facilitale recov-
ery by rcintroducing small numbers of sea oflers inlo
areas that otherwise might not have heen recolonized for
decades or centuries. From 1965 w 1972, 708 sea ollers
capwred at Amchitka Island and in Prince William Sound,
Alaska. were reinfroduced ino unoccupied habitat in
Alaska. Canada, Washingion. and Cregon {Jameson el al.
1982). In most cases, sex ratios of the iniial papulations
were approximately 2:1. favoring females. In 1969, 17
sea oners capiured ar Cambria. Calilornia, were released
about 72 km north inlo éccupied habitat within the sea
olter’s range. In 1958=-84, 1Y sea ouers were caplured at
Shell Beach and released ar Maoss Landing, In [987,
reintroduction of sea otters from central California 1o 3an
Micolas Island. in the southern California Bight, was
initinted, This project is ongeing. Figure 36 shows the
locations of caplure areas and reintroduction sites from
Alaska 10 Californta and indicates the starus of each
reintroduced population. Results of each reintroduction
effort are summarized in Table 11

Alaska

The first five sea otter reinroductions were attempred
in 1951, 1955, 1956, 1957, and 1959, In each of these
early instances, ofters were captured al Amchitka Island
and ransporied 10 various sites in Alaska. All ol the early
reimroductions failed. Most of the relocated otters died in
caplivity during trunsport or immediately following re-
lease. Death resulted primanly from hypothermia, be-
cause the fur of captive animals became soiled and matted
during transport and handling (and conscquently lostits
insulative properties). Therefore. failure of the carly rein-
troductions was due [0 inadequate transport facilities and
insufficient knowledge of the importance of keeping the
otters” fur clean (Kenyvon and Spencer 1960 Kenyon
1969).
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Fig. 36. Locsuon and mlease sites of trans-
locoted sen olter populations,

On 20 May 1959, seven otters (four females and three
males) captured at Amchitka were released ar 5t Paul
Island in the Pribilof Tslands. All the ofters appeared o be
in good health immediately following the release, and
subsequent sightings were made near St. Paul Island until
spring 1961, However, the relocated population did not
survive and reproduce, probably due to its small inifial
size or to mortality from winter sea ice, which limus the
northem extent of the species” range (Schneider and Faro
1975).

In 1968, 55 sca ouers caplured at Amchitka Island were
released at S1. George Island in the Pribilof Islands. The
S1. George population eventually became extinet, During
a 1977 survey of the area. only three otters were sighted.
Litille or no reproduction appears to have taken place
within the relocated colony, and no pups have been ob-
served since the 1968 relocation (Jameson et al. 1982). In
1971 and 1972, the sea ice extended unusually far south.
to the north side of Unimak Island (Schneider and Faro
1975}, and may have reduced or eliminated the popula-
tion at the Pribilof Tslands. It is uncertain whether subse-
quent sightings are remnants from the reintroduction or
animals thar dispersed northward from sourhwestern
Bristol Bay. Seven oters were seen at St. George [sland
by A L. Sowls during summer 1988, and local residents
claim that up to 30 otters are present (A. DeGange, U.S.
Fish and Wildlife Service, Anchorage. personal commu-
nicatian).

From 1965 to 1969, 412 otters (89% captured a1 Am-
chitka, 1 1% from Prince William Sound) were reintro-
duced to various sites in southeastern Alaska (Fig, 37}
These efforts were successful, and the sea otter population
in southeastern Alaska 1s currently well established and
increasing in size and range. From 1975 to 1987, the

southeastern Alaska population increased about eighlfnld
(K. W, Pucher. Alaska Department of Fish and Game,
unpublished data). In & 1988 survey of southeastern
Alaska. 4,500 otters were sighted between the Barner
Islands near Dixon Entrance to the south, and north of
Cape Spencer (Pitcher. unpublished data). The total pop-
ulation in southeastern Alaska prohably contains 5,000 or
more sea olters, The l;aliu of pups 1o older ollers was 1:5
Johnson et al. (1983 ) reported that there seemed 1o he
excellent sea otter habitat for fulure population expansion
and predicted that the populations should increase 4- o
S-fold during the 1990%s. This population has increased at
arate of 17.6% annually (Estes 19%90a)

British Columbia

From 1969 10 1972, 89 sca otters were reintroduced o
the Bunsby Islands in British Columbia: 29 in 1969, 14
in 1970, and 46in 1972, Of the relocated otters. 33% were
captured al Amchitka Island, and the remainder were
from Prince William Sound {(Cameron 1972 MacAske
1975), Bigge and MacAskie (1978) sugzested that the high
postielease mortality thar took place during the [969
relocation occurred due to soiled pelage incurred during
transport—the otters were not keptin holding pens before
release and were therefore unable 1o feed or adeguately
groom and clean their fur before being liberated.

During a 1977 aerial survey, Bigg and MacAskie ( 1978)
sighted 70 sea oiters al the Bunsby Islands (55 ollers) and
Bajo Point (15 oners). includiag several pups (although
they did not specify the number of pups observed). The
populations seemed unchanged in 1978 (Breen et al.
1982). Based on the 1977-78 surveys, Famr and Bunnell
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(1980) estimated that the population conrained 70-120
animals. In 1984, MacAskie (1984) found that the popu-
lation in British Columbia had spli1 into two main groups.
which together contained an estimated 345 individuals:
370 otters were counted in a 1987 survey (MacAskie
1987). From these dala, Estes (1990a) estimaled thai the
British Columbia sea ouer population increased at 17.7%
annually.

Since the relocations 10 British Columbia, sea otters
have been sighted as far northwest of he reintroducticn
site as 320 km (10 the Queen Charlotte [slands and north-
e mainland) and 220 km southeast along the Vancouver
[sland coast. However, sightings ex(tralimital to the main
Brinsh Columbia population may represent sea otlers
from reintroduced populations in southeastern Alaska and
western Washington, since these reintroduction sites are

located aboul the same distance away from these areas as
are the Bunsby Is)ands (Bigg and MacAskie 1978).

Washington

From 1969 (0 1970, 59 sea olters were relocated from
Amchitka Island (0 Washingion. In 1969, 29 sea otters
were released at Point Grenville; atleast 16 died within 2
weeks of the reintroduction (Jameson and Kenyon 1977%;
Jameson et al. 1982). Most of the mortalities occurred
among otters whose fur became soiled in transit (Farr and
Bunnell 1980). A second reintroduction of 30 otiers was
made 1o La Push in 1970. During a 1983 survey of the
Washinglon coast. 52 otters (including 4 pups) were
sighted, fiom the Desiruction Islands in the south to the
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Bodelieh Islands in the north. The Waghington population
was again surveyed in 19835, during which 65 animals
were counted (Jameson et al. 1986). of which 5 were
dependent pups. A 1987 survey recorded 90 sea otters,
including 12 dependent pups. More than 200 otters wcre
counted during a 1989 survey {Jameson. personal com-
munication), although some of these were in a large group
offshore in an area thathad not been examined in previous
surveys. The small proportion of pups (8%) observed in
the Washington population during the 1983 survey prob-
ably reflccts the fact that the survey was conducted in
September, when most pups had been weaned (Jameson.
unpublished data). Jameson e1 al. {1986) reported that
from 1977 (0 1983, the average rate of populalion growth
was 18.3% and predicted that the population should con-
tain > 160 otiers by 1990. Estes (1990a) eslimated thal the
Washington population increased al 20.6% annually from
1978 10 1987. a rate similar to thal of other increasing
populations in Alaska and British Cotumbia.

Oregon

In 1970 and 1971, 93 sea otters from Amchitka Island
were released 1n Oregon 1n three relocations: 29 at Port
Orford in 1970. 24 at Port Orford in 197!. and 40 at Cape
Arago in J971. From 1972 to 1974, 21-23 otiers were
sighted during surveys of the Oregon coastline: pup-to-
independen( otter ratios varied from 1:20 to aboul 1:3.
The Oregon popularions declined dramatically after 1975
(Jameson 1975; Jameson el al. 1982). In a 1981 survey,
only one orler was sighted (Jameson et al. 1982). Sea
otters have not been seen since, and the population is
considered extinct (Jameson. personal communication).

Eleven sea otter monalities (including one stillborn
pup) were recorded in the Oregon population (Jameson
and Kenyon 1977 ; Jameson et al. 1982), Although little
postrelease monality was documented, it is possible thal
the incidence of moreality immediately following the (wo
1971 wanslocarions was high. High posirelease mortality
caused by exposure and thermoregulatory distress may
have resulied from an unseasonal storm, which prevented
the oners from recuperating (by cleaning their fur and
feeding) in holding pens: insiead. the anumals were re-
leased dircctly into open \water from their carrying cages
(Jameson 1975). .

Jameson and Kenyon (1977 ) and jameson et al. (1982)
suggested that failure of the Oregon reinooductions may
have been due (0 emigration. mortalicy. or habitat unsuit-
ability. Several sightings were made considerable dis-
1ances from the Oregon reintrodoction sites. [n 1972, 4-5
otrers were observed 204 km north of Cape Aragoin June.
and 3 outers were reported 290 km north of Cape Arago
in Awgust; the same olters could have been involved in
both sightings (Jameson er al. 1982).

Jameson et al. (1982) speculated that the sea otters
relocated from Amchitka might have been bener adapted
for survival in northem walers. Because Oregon and
Washington lie within a transjtional zoogeographic prov-
ince between the Alcutian and California provinces
(Ekman 1953). the more southerly habitat may have been
less than suitable for otters griginating from the Aleutian
Islands. However, the reason for failure of this relocation
effort is. in fact, unknown.

California

[n 1969. the California Department of Fish and Game
reJocated 17 sca otters. capiured and tagged ncar Camb-
ria. to Big Creek, located about 72 km north of Cambria.
This relocation differed from those discussed previously:
the California otters were released a fairly short distance
from the capture sile and into habial already occupicd by
sea otters. Jn addition, whereas the other relocations were
done 1o expand the otter’s range, this one was done lo
limit it. The relocations in California 100k place during
January. Apnl. July, and Augost. At least 30% (S5) of the
relocated sea otters relurned to the capture site at Cambria
within 9 months of their release (Wild and Ames 1974),
On 25 Sepiember 1969, the first relocated otter was
observed off Cambria (Odemar and Wilson l969b'). On
12 October 1969, four olters released al Big Creek were
sighted 6 km south of Cambria. According to Wild and
Ames (1974). it is likely that the proportion of ottess that
returned 1o the capture site was grealer than indicated by
the five otters actually sighted.

Another translocasion of California sea otters from the
southem 1o the northem part of their curremt range was
conducted in 1988-89 by Doroll et al. (1989 ). who
investigated the movement patterns of the translocated
animals. Sea otrers from the southern part of the range
were caplured and moved. because animals in this arca
may be at higher risk 10 oil spills if the proposed oil
development in the Santa Marta basin takes place. If an
01l spill occurred in this area, attempts would be made
to capture. clean, and relocate oil-contaminated otlers;
therefore, the movemenis of such relocated otters after
release in the northern part of the range are of inlerest; if
they return to their caplure site, they may risk oil recon-
tamination.

Doroff et al. (1989*) captored 19 sea otters at Shell
Beach and released them at Moss Landing dusing 3 peri-
ods: 9 during 17-20 May 1988. 6 during [8-19 January
1989, and 4 during 27 Apnl-2 May 1989. A 60-day
radio-transmitter rag was auntached to each otter’s
hindflipper. One of the otlers was a juveaile female, and
the rest were juvenile, subadult, or adult males, Nire of
the otters were released soon after being moved 1o Moss
Landing. while the remaining 10 were held in a flotation
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pen at Moss Landing harbor for 48 h to determine the
effect of such containment on homing behavior.

All otters detained in the holding pen remained between
Monterey and Point, Ao Nuevo for the entire study. Yel
56% (five) of the nine onmers not held returned 1o the Shell
Beach capture site, aboutl 291 km south of Moss Landing,
traveling this distance in an average of 12 days (range =
7-21 days), The remaming tour oteers moved southward
only once during the monitoring period. Four of the otters
that returned o Shell Beach immediately moved north
to Soquel Point (an area inhabited primarily by males,
27 km north of the Moss Landing release site) before
relurning o Shell Beach.

After being released without being held for 45 h, one
adult male (captured 17 May [988) moved 27 km north
tx Soquel Point where he remained for 6 days; he was
found back ai Shell Beach 7 days later. Interesiingly, afler
3 days. he returned 10 Soguel Poiny, and was last located
28 days later near Cayucos, 230 km south of Soquel Peint.
Alter the expiration of his radio-transmitter, the otler was
again sighted 3 times at Soquel Point, identified by his
hindflipper 1ags; the last sighting was 12 May 1989,

One old adult male died during the menitoring period,
and 1wo old adult males were found dead after the study
ended, a1 Half Moon Bay (116 ki north of Moss Land-
ing) and San Gregorio Beach (100 km north of Maoss
Landing); causes of all three deaths were unknown. ‘This
translocation experiment indicates that holding sea otters

LG

for a period of time before they are released influences
homing behavior, possibly making them less likely 10
retum o their caplure site.

The 1969 and 198889 California experimenis demaon-
strated thar relocations across continuous rocky sub-
strate—kelp forest habitat (apparently prefeired by sea
otlers) could not effectively prevent otters fram dispers-
ing from the release site and traveling back 1o the original
caprure site {Wild and Ames 1974). However, other fac-
tors such as the ape of animals, presence of territorial
males. and seasonal movements of males o and from the
range periphcries (Jameson 198Y9), may have influenced
attempts 10 relocale male ollers 1o a speeific area within
the established range in California. Doroff et al. (1989
pointed out that all five otters that returned 1o their Shell
Beach capture site were released in spring (late April 1o
migd-May].

Jameson et al. (1982) suggested that sea oners (espe-
cially adults) have an affinity For a specific home range.
Those most likely 1o return 1o their caplure site when
relocated 1o an unfamiliar arca, therefore, may be the
adult otters. Jameson (1989 found that some adult males
near San Simeon, California, returned to the same Lerri-
tories for 6 consecutive years. Jameson et al. {1982)
suggested that subadull orters, especially males, may be
mare likely Lo remain al the relocation site due to their
tendency 1o disperse 1o new areas from their natal site. [n
many species of mammals. it is the juveniles, particularly

s
.
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Fig. 38. San Nicolas sl translocstion zone,
where the relocated population of Calilomis
sea olters is protected, Sea otlers in the man-
agement zone are 1o be removed and frans-
ported back o the sea onter mnge north of
Point Conception.
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juvenile males, that disperse from the natal area seeking
reproductive opportunities (Murray 1967, Gadgil 19715
Hamilton and May 1977: Hom 1978). In the California
sea olter population. evidence suggesis that juvenile
males tend to disperse a greater distance I‘rm'n the natal
area than juvenile females (Ralls et al. 1988a ; Riedman
et al, 1988 Jameson, unpublished data), However,
Dioroff et al. (1989 ) found that 309 (3) of their sample
of 10 subadult males returned to their capture site within
their monitoring period,

San Nicolas Island

In August 1987, the U.S. Fish and Wildlife Service
began a major effont o reintroduce sea otters to San
MNicolus Island in the southern California Bight (Fig. 38).
This effort is ongoing. Unlike all previous sea oller rein-
troductions, this project included an intensive follow-up
study of the fate and behavior of the relocaicd ouers
(Rathbun et al. IEI'E".-’J"j. As of June 1990, 137 animals had
been moved to San Nicolas Island (U.5. Fish and Wildlife
Service 1990, Each of these animals was marked with
color-coded flipper tags. and some were instrumented
with radio transmitiers. By June 1990, 15 animals were
known (o have remained at San Nicolas Island. Of the
other translocated animals, 30 returned to the mainfand.
9 died from human-related causes (including caplure
siress), § were recaptured and returned (o their original
capture site (after they swam into the “no-oller” zone near
the southern California mainland), and 80 were unac-
counted for {(Rathbun et al. I‘}R‘}.]. Adults (>1.8 kg) seem
to be more likely 1o return to their capture sites than do
subadults and juveniles. Eight pups were bom on San
Nicolas Island; of these. one was weaned, three are still
with their mothers, and the fate of the remaining four is
unknown (.5, Fish and Wildlife Service I‘]QG'}. The
success or fatlure of this project is still undetermined.

Summary and Conclusions

Failure of all efforts 10 reiniroduce sea owers in the
1950% was principally due 1o a high mortality that oc-
curred during and immediately after transporiation to the
release site, Mortality in transit was caused by thermoreg-
ulatory distress resulting from soiled and mated fur.,
which lost its insulative properties when the otters were
released into open water. During subsequent atlempls,
this problem was largely resolved by preventing the ani-
mals from becoming soiled in transit and by placing them
in holding facilities containing clean seawater before
release allowing the animals 10 feed and 1o clean and
groom their fur, :

From 1965 10 1972, attempts to reestablish populations
of sea olters into unoccupied habital were suceessful in
southeastern Alaska, Hritish Columbia. and probahly

Washington. Reintroductions o Oregon and to the Pribi-
lof Islands in Alaska failed. The reasons some attempts
succeeded and others failed are largely unknown, al-
though postrelease dispersal has occurred in all ihe relo-
calion efforts (Estes et al. 1989); failure of the reimroduc-
tion to St George Island in the Pnbilof Lslands may have
been due to mortality caused by unseasonal winter sea ice
in the aren (Kenyon 1969; Jameson et al. 1982).

The Oregon reintroduction probably failed because of
emigration from the release area coupled with a high
mortality rate. Some degree of habitat unsuitability for the
transplanted Amchitka oters may possibly have pro-
moted the decline in the Oregon population {lameson el
al. 1982), although there 15 no evidence for this. The
reintroductions to southeastern Alaska. British Columbia,
and Washington apparently succeeded because of the
larger number of ouers relocared (although the Cregon
reintroduced population was larger than the one o Wash-
ington and comparable in size to the British Columbia
population). immigration of otters from other popula-
tions, or highly suitable habitat available at the reintro-
duction site (lameson et al. [982)

Based on the results of previous reintroduction efforts
for sea atters, Jameson et al. { 1982) coneluded the follow-
ing: (1) Soon afier release, the number of sea otters at a
reintroduction site may decline substantially: (2) emigra-
tion probably is the main cause of the decline: (3) it is
difficult o predict specific locanons where the relocated
populations will become established. although i iy possi-
ble to reintroduce otters 1o a general area: and i4) the
sucecessiul reintroduction of sea otlers into uneccupicd
habitat probably will require a fairly large nucleus popu-
lation, Jameson et al. { |982) suggesied that relocation of
2530 atters annually over 3=5 vears would be necessary
1o ensure adequate growth of the reintroduced population.
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alloparenting among.  71-72

consumption of kelp by. 4)
drinking of fresh water by, 20

estrus among females in. 64
Halarachnidac infection among, 90
infanticide among, 72
molting among. 20

Capture. otiers’ method of, 32,32 (illust )y
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Distribution, of sea otters
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1n the North Pacific Ocean. 74 (1ahle)
prey of, 43 uble)
range expansion of. 78 (tuble)
reiniroductions of, 98 (tahle)
size of, 7
subspecies of. 10.)2
taxonomic classilicatiou of, 12 (table)
gracilis, 12
lutris. 10

and E. luiris nereis. 12
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Evolution, 2-7
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Feeding (see¢ afso Behavior, foraging)
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Felis silvesnis (domestic cat)., 20.93
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Fights. and otter mortality,  90-91
Fish
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ihefl of, by otters, 32-33
Foraging. See Behavior, foraging
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Fulmar. See Fulmarus sp.
Fulmarus sp. (fulmar), 45
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for heat conservation, 5,6

94-95
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Gestation, duration of, 66
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Goose, emperor. See Chen canagica
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Gray's Harbor, Washington, 96
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as a predator, 6, 68-69, 89
Halibut, California. See Paralichihys californicus
Haliotis spp. (abalone), 26-27, 32-33, 41
Hauling out behavior, in sea oners, 2425 (illust.)
Hearing, sea otters’ sense of, 5. 19, 19 (illuse.)
Hexagrammaos lagocephalus (rock greenling),

30, 41

9 (¢llusr.). 48-50

INDEX

Hindlimbs, of sea otters, 8 (illiest.). 15
Hinnites spp. (scallops), 41
Hokkaido, Japan, 73
Home range,  54-59
Hopkins Marine Life Refuge, California, 27
Humans, as a direct cause of morality in otters,
84-88
Hunting, of otters, 73
Hydrocarbons, 92,95
chlorinated (DDT), 91
peuoleum, 92
Hydrodamalis., 4
gigas (Steller’s sea cow), 4

Implantation, delayed, 65
India, fossils in, 3
[nfanticide, among otters, 72
Insulation, thermal
conservation of. in marine animals,
loss of
during transporialion, 96. 97, 100, 102
from oil contamination, 93, 94-95
Internal organs, of 1he sea otier, 20
International Fur Seal Treaty (1911), 73
Intemational Union for the Conservation of Nature
(LUCN), Regd Data Book, 7
Invertebrates, otters’ predation on benthic,
Isla de Cedros. Mexico, 73
1s!a de Guadalupe, Mexico. 73
Islas San Benitos, Mexico, 73

5-6

25-26
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TUCN. See Inlernalional Upion for the Conservation of

Nature

Japap, E. I. gracilis in, 12

Juan de Fuca, Strait of, (U.S.A.—Canada), £. {. nereis
in, 10

Juveniles. dispersal of, 56, 57-58

Kamchatka Peninsula

sca oters in
E. L gracilis, 12
E. 1 s, 10, 12 (table)

population of, 75
as prey of brown bears, 89
range of, 73
remanant populations of, 73
lype locality for £. lutrs. 12
Kanaga Island. 66
Kelp
Alaskan, 28 (illust)
annual. See Alaria fistulosa
bull. See Nereocystis leutkeana
canopy, as a sea otter habilat,
giant. See Macrocystis pyrifera
hypothetical radiation of, 5

23, 81
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influences on communities in, 31
and numbers of fish. 30-3)
otter predation of. 2§, 29.29-30, 41
see also Laminariales; Laminaria
Kelp crab. See Pugerttia spp.
Kenai Peninsula, Alaska. 95
Kidneys. of rhe sea otter. 6. 20
Killer whale. See Orcinas orca
Killing of female sea ormers during mating. 62
Kodiak archipelago, Alaska. 30. 3640 (rable). 45.
75.95
Kuril Jslands, U.S.S.R.
mussels in. as ower prey, 27
oil spill in, 93
sea ouers in, 41.42 (map)
die1 of. 41,42 (ilflust.)
E. 1 gracilis. 12
E. 1 luris. 10. 12 (1abie)
population of, 73.75

Lactation. duration of. 69

Laminariales (kelps), evolurion of, and sea otters,
4. See also Kelp

Laminaria sefchellii (kelp). 30

Langurs. See Presbytis spp.

Larus (gull), 45
glaucescens (glaucous-winged gull), 31

La Selva Beach. Califoruia. 79

Lead. accumulation of postindustrial. 92

Life history. Enhydro luiris and Liura canadensis
compared, 9-10 (vable), 11 (iliust.)

Lifespan. of sea otters. 14-15. See also Age

Limnpets. See Patellogasdropoda

Lineage
dichotomies in, 3
radiation of, 3,4

Lion. See Panthera leo
Lithodes (king crab), 22
Liver, of \he sea otter, 20
Lobster, spiny. See Panalirus interrupius
Locomotion, adaplion of sea otters’. 6. B (iHust.)
Lotigo opalescens (squid), 35,44
Loon, common. See Gavia immer
Los Angeles Harbor, California, 92
Lungs. sea otters . 5.6 (1llust), 20
Luira, 2
canadensis {river otler)
cornpared with sea otter,
11 (illuse.)
hearing in, 19
felina (South American marine otter; sea cat;
chungungo), described, 7.9
{urro (Evropean outer), effects of oil contamination
on, 95

S—~10 (1ahle).

Macrocystis., 30
pyrifera (giant kelp)
in oller habilats, 23,62
olters’ consumption of, 4]
Males
home range of, 54-55, 56-57
reproduclion in. 62-64
territorial. as food thieves.
transienl. 63
Mallard. See Anas plaryr vachos
Malpaso Creek. California, 77
Mating
and otler mortality, 90

32-33

succesy in, and tecritory, 63-64
Maturity, sexva)

in females, 64

in males, 6]
Medney Island, U.S.S.R., 41,75

Melanitia perspicitlara {surf scoter), 44 (ilfusi.). 45

Merciraria (¢lam). 93

Mercury. 92

Merabolism, of sea otrers. 5,6.21(
Merals. heavy. 91.91-92,93

Merhylmercory, 93

Milk. composition of sca otter, 635

Mink. See Mustela vison

Mirounga angustirostris (northern elephant seal),
65. 88, 89

Mite, nasal. See Halarachnidae

Modiolus difficilis, 4|

Mollusc, bivalve. See Modiolus difficilis; Myrilus spp..
Tellina spp.

Molting. n sea otlers. 20
Monnoring. of ouer mortality from commercial
6ishing. 86-87

Montaguc Strail, Alaska, 44

Monrereyv Bay, Cahfornia, 434 44 (st ). 55.
56,79, 86-87.92

Monterey, Califomnia, sea otters n
adoption among., 71
breeding among.,  59.60. 61. 62, 64, 67
communicalion among. 50
diet of, 35
foraging by, 31
haul-out behavior of, 24 (Hlust)
hostage behavior of . 33
pups of. 70
range of.  53.55
shark auacks on. 88
(ag loss among, 59
territoriality among,
tool use by, 33.34
translocation and, LO(
travels of, 55.56

62-63



Monterey Harbor, California, 45.759.87.92
Moonstone Beach, California. 3
Morphology
of sea otlers, 13-22
Enhydra luiris and Lutra canadensis compared.
9-10 (rable) 11 (dlust.)
Morro Bay, California, 44, 48, 55. 86, 87.90, 92
Morro Hermoso, Mexico, 73
Monality, of sea ofters

accidenial, 87-88
causes of
docurnented. 8391

potenual (undocumented), 91-96
from the Exxon Valdez oil spill, 96
natural, 8891
and population changes,
translocation and, 102

81, 82-83

trends (o. 84, 85 (rable)
Moss Landing, Califorma, 55, 56, 79. 87-88. 92,
96, 100-104
Moss Landing Marine Laboratones (Califomia), 86
Movements, patterns. of, among sea otlers, 56,
58-59

Muskrat. See Ondatra zibethica
Mussels. See Mytilis

Mustelo
purtorius (ferret), 65
vison (mink), 45,91.92,93
Mya (clam), 93
Mytilus
$pp. (mussels), 35,41,44, 63,93
contaminants in, 91,92
californianus. 26, 27

edulis, 26,27, 41

Natality, and population changes, 81. 82

Near [slands, Alaska. 12, 75

Nelson Bay, Alaska, 48,57

Nereacystis leutkeana (bull kelp), in otter habitats,
23

Neits. See Fishing

New Zealand, algae in, 5

Noise, effecl of waterborne and seismic, on olters.
19

North Amenca, fossils 1n,

Nose scars, on female ollers,

3,4
61-62, 61 (itlust), 90

Oceano, California, 79

Oclopus. See Octopus spp.

Octopus spp. (0Clopus), 31, 35. 41
Odobenids, evolulion and, 4

Odocoileus hemionus (black-tailed deer), 65
Oil

contamination, and otter mortality, 93-96

I~NDEX

toxicity of ingested, 93, 94-95

weathered, effect of, on otters, 94
Olfaction, sea otters’, 5,15,19
Ondatrg zibethica (muskrat), 94
Orca Inlet, Alaska. 57

Orcinus orca (Killer whale). 19, 89
Oregon, sea otters in
diet of, 3640 (table)
E.! (unnamead), 10, 12 (table)
foraging behavior of, 47
reintroduction of, 96, 100, 102

Organisms, coastal, evolution of, and sea otlers,

Ovyciolagus cuniculus (rabbit). 93
Osprey. See Pandion haligetus
Outer
Amazonian. See Preronura brasiliensis
Asian small-clawed. See Aonyx cinereo
European. See Luira inrra
river. See Lutra canadensis
sea. See Enhydro luiris
South American marine. See Lutra fehina
southern sea. See Enhydra lutris nereis
Ovulation, 1n otmers, 65
Oysler, rock. See Pododesmus cepio

Pacific Gas and Electric Company, 92
Pacific Ocean. North
algae in. 4-5
kelp in, 28 (illust.), 28-29
lead conceatracions in. 92
sea otiers in. 11 (p/hest)
distribution of, Y (map)
population of. 74 (1able)
Pacific Valley, Califorma. 56
Pair-bongding, 60. 64
Pandion haliaerus (osprey), 93

Panopea generosa (geoduck). 26
Panthera leo (lion), 72

Panulirus interruprus (spiny lobster), 31
Paracenirotus (sea urchin), 93

Paralichthys californicus (California halibut).
Paralithodes (king crab), 22
Paramushir islands, U.S.S.R..
Parasite

acanthocephalan, 89

gastrointestinal,  89-90
Parturition, 6, 68
Patellogasdropoda (limpets), fossil record of,
Pathology. See Disease
PCB’s. See Biphenyls, polychlorinated
Pecho Rock. California, 79
Pelage (see also Fur), 20

color of, 21

and age, 15

41.95

86

123
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Pelecanus occidentolis (brown pelican), 93

Pelican, brown. See Pelecarus occidentalis

Peru, marine otters in, 7

Pesiicides, and onter monality, 9]1-92

Pfeiffer Point, California, 55,79

Phaeophyta (fleshy brown algae), phenolics and,
4-5

Fhalacrocorax
Spp. (cormorant), 19,45
auritus (double-crested cornorant), 93

pelagicus (pelagic cormorant), 45
Phalarope. See Phalaropus fulicarius
Phalaropus fulicarius (red phalarope), 60
Phenolics, as a defense against herbivory. 4-5
Phoca
hispida (nnged seal),
vitulinag (harbor seal),
Phyllaria, 4
Phylogeny, 24
Physiclogy. of sea otters, 13-22
female reproductive. 6465
male reproductive, 62
Pinnipeds
adaptation of, to a marine environment, S
dset of, 45
ingestion of o1l and, 95
shark amacks on. 88
Pisaster spp. (sea stars), 41
Pismo Beach, California, 27-28
Platichthys stellatus (starry Nlounder), 86
Pleurocodes planipes (pelagic red crab), 44
Pliopedia, 4
Pneumonia, among sea otters, 89
Pododesmus cepio (rock oysters), 33
Point Buchon, California, 53,79, 92
Point Conception, California. 79
Point Grenville, Washington State. 99
Point Joe. California. 48
Point Lobos, California. 45.55, 68
Point Lobos State Reserve, Califonia. 24
Point Piedras Blancas, California,
55, 56, 62, 63, 66, 83, 87
Point Pinos, Califomia.
Point San Lujs, California, 30, 53.55.79, 87
Point Sur, California, 55,73.76.88
Poisoning. paralytic shellfish (PSP), 25, 45
Pollutants, effect of, on sea otters’ fur, 20
Polymorphus, 89
Populalion, sea ofter
age composition of,

93,95
20,24, 31, 88, 89, 95

70, 84, 88,92

53.54

change in. 77,78 (table), 79 (ilust.)
density of, and substrate type, 23
dynamics of, 73-83

growth of, 7374, 7677

historical, 7375

46.48.53, 54,

mortality and, 81,8283

in the North Pacific Ocean. 74 (1able), 75

reintroduction and, 97.99, 100
sex composition of, 53, 54
variables affecting. 81-83

Port Orford, Oregon, 100
Predation, sea otier

effect of, 25-28
indirect, 28-31
Preshytis spp. (langurs), 72
Prey, sea otters’, 23
in California, 43 (table)
effect of oil-tainted, 94-95
Pribilof Islands, Alaska, 73,96-97. 102

Prince of Wales Islang, Alaska, 98 n.
Prince William Sound. Alaska
benthos of. 23
intertidal mussels in, as otter prey. 27
sea otlers in, 46 (map)
agpregations of, 48, 49 (illust)
breeding season of, 59, 60.62
diet of. 35. 3640 (table), 44

diwrnal aciivity cycles of, 46,48
diving depth of, 22

and Dungeness crab fishing sn, 27
effect ot o1l spill on. 93-96

E. luiris nereis in, 12

E. huris (unnamed) in, 12
foraging behavior of, 6,7
male areas of, 53

mortality of
and commercial fishing in. 87
rates in, 82

movements of, 46 (#ust.), 56-58. 70
populations of, 12,75
predalion upon, 69
pups of, 6667
sexual segregation among, 54
size of, 13
social structure of, 48-49. 49 (itlust.)
survival raies among, 82
territoniality in, 6364
tool use among. 33
ranslocaton of. 96
white-headed, 21
Propellers, as a cause of otler mortality, 87
Protogonyaulax spp. (toxic dinoflagellates),
Protorhaca (clam), 93
PSP. See Poisoning,. paralylic shetifish
Pteronura, 2
brasiliensis (Amazonian olter), size of. 7
Prerygophora californica (articulated coralline
algae), 30
Puffinus spp. (shearwater), 45
Pugettia spp. (kelp crab), 35 (ilust.), 41

45



Punta Abreojos, Mexico, 10

Pups
birthweight of, 13, 14, 14 (iflusr.)
dead, matemal hehavior and, a9
growth and development of, 13, 69
natal pelage of, 21,23 (iluse.)
newhom, 13, 14, 14 {illust.)
nursing, 67 (st}
pertod of dependency among, 66, 67
relationships with mother after weaning, 0
survival rate of, 82

Pupping, peaks of,  59-60.77

Pycnopadia helianthoides (sunflower star), 31

Queen Charlotte Islands, British Columbia, 713.99

Rabbit. See Oryetolagus cuniculus

Rafring sites, 50

Range, of sea ollers,
expansion of, in California,

B0 (iffuse.), B1 (ilwsr)

historical, 1l (map), 73

Rat Island, Alaska, 42 {map), 75

Red Data Book. See International Union for the Conser-
vation of Nature

Rehabilitation, of oil-polluted otters, 96

10, 11 (map), 12
77, 78 (table), 79,

Reinroduction, of sea otters, 30, 41, 96-102,
57 (map), 98 (rable)
Reproduction, sea otter, 59-72

adaptation of, 6

and diet, 35

female cycle of, 6667
Research, on olters, and accidental mortality,
Rock greenling. See Hexagrammaos lagocephalus

87-88

Runoff, agricultural, and otier mortality, 91,92
St George Island, Alaska, 97. 102

St Paul Island, Alaska, 9697

Sakhalin, USSR, 73

Salinas River, California, 55,92

Salinas Valley, California, 92

Sand Hill Bluff, California.  53,77.79

San Francisco Bay, California, 92

San Gregorio Beach, California, 101

San Juan Island, Washington State, 11 (iffuess )

San Miguel Island, California, 12

San Nicolas Island, California
E. [l nereisin, 12
reintroduction of otlers in,

T (fffusey, 102

San Pedro Formation, California, 3

San Simeon, California, 4%, 55, 56, 59, 101

San Simeon Point, California, a7

Santa Cruz, Califormia, 45, 46, 48, 53, 55

Santa Maria River, California, 77,79, 87, 100

11,96,
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Saxidomus
giganreus (burter clam), 44, 45
nutiallii, 27,44

Saxitoxin (STX), 45
Scallops. See Hinnires spp.
Scent glands, absence of, 19

Scenl recognilion, in sea otters, 5

Scorpaenichrys marmorams (cabezon), 3l

Seabirds, otters’ predation upon, 35, 44 (illus.),
44-45

Sea cat. See Lurra felina

Seal

harbor. See Phoca vitulina

northern elephant. See Mirounga anpustirostres

northern fur. See Callorhinus ursinus

ninged. See Phoca hispida
Sea lion, California. See Zalophus californianus
Seaside, California, 77
Season

diel and, 41

male territoriality and,
Sea stars. See Pisaster spp.
Sea urchin. See Strongylocentratus spp.

62—64

Sea water, otlers dnnking, 20

Segregation, sexual, among sea otters, 53
Semicossyphus pulcher (California sheephead), 3
Sense, adaptation of sea otlers® tactile, 5

Sensory organs, of sea otfers, 15, 19=20
Sewapge, outfalls of, and otter mortality, 92
Sex, determining, 13,13 (iltesr)

Shark, while. See Carcharodon carcharias
Shearwater. See Puffinus spp.

Sheep Bay, Alaska, 44

Shell Beach, California, 79, 96, 100, 101

Shemya lsland, Alaska, sea urchinsin, 286,
28 (illtust.)
Shooting, as a cause of otter mortality, 87

Shumagin lslands, Alaska, 14, 3640 {rahle)

Sight, 19-20. See alzo Eve
Silver, 92
Simpson Bay, Alaska, 57
Sirenians, 4,5
Sitka Sound, Alaska, i
Size, of sea oters, 7, 13-14
Skeleton, adult female sea otter, 6 (ilfuse)
Skull
analysis of, and taxonomic classification, 12

of a juvenile or subadulr. 16=17 (illust.)
SMR. See Standard metabolic rate
Soberancs Point, California, 14, 19, 45, 48, 59
Social orpanization, of sea otters. 6,9 (illusr ),

48-59, See also Behavior
Soguel Point, California,
South Africa, algae in, 5
South America, algae in, 5

36,77,79, 101
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Sovier Unioa, sea otters in
diet of, 31. 36. 3640 (rable). 40
effect of. on benthic invertebraies, 25
skulls of. 12

Spaia, fossils in, 3

Species, otlers as a kevstone., 25

Spermatogenesis, 61

Squid. See Loligo opalescens

Standard metabolic rate (SMR),
Metabolism

Starvalion. otter mortality and. 90

Steller’s sea cow. See Hydrodamalis gigas

Stillwater Cove, Californja, 45

Strongvlocentrotus (sea urchin) spp., 4]1.93
barrens. Shemya Island. Alaska, 28 (illust.)
populations of, and reintroduction ol otters, 26
predators vpon, 31

21.22. See also

otters as. 28 (ilfust), 28-29
size of. and otter populations, 30.72
francisanus (red sea urchin). 26,31,

32 (illust ). 4)
polyacanshus (green sea urchin). 26,27
purpuratus {purple sea urchin). 26.36

STX. §ee Saxitoxin

Substrate, rocky-bouom., as a sea otcer habilat, 23
Sunflower star. See Pycropodia helianthoides

Surf scoter. See Melanitta perspicillasa

Surge Bay, Alaska, 26

Survival. sea otter, rates of, 82

Sus scrafa (swine), 93

Swimming. sea otters’ speed of. [

Swine. See Sus scrafa

Tapetum, development of, in the sea otter, 20
Taxidea taxus (badger), 65
Taxonomy, onter, 7-12. 12 (rable)
Teu), common. See Anus creccu
Teeth. See Dentition
Tegula (turban snail),
Tellina spp.. 41
Territorialiry

among niale sea otters, 62-64

and kelp beds, 23
Territory. See Habiat
Tilamook Bay. Oregon. 82
Time budgets

of females with pups, 68

for sea otlers aclivilics, 45-48
Timms Point Silt Member. See San Pedro Farmation
Tiveta stultorum (Pismo ¢lam), 26, 27-28, 4144

35,41,93

Tool use, by sea otters,
Torch Bay. Alaska. 26
Torse Canyon. Californija, 56
Toxaphene. 92
Tresus nuntallii,
Tributylnin, 92
Turban snail. See Tegida
Twinning, 65

27.44

Uca (crab), 93
Umiak Island. Alaska. 14,97
Urchin, sea. See Strongylocentrotus

Urechis caupo (fal inakeeper worm), 35.41

Urine, ingestion of, by otters in captivity,
Ursus
arctos (brown bear). 6. 89
maritimus (polar bear), 33,94.95
Urup Island. US.S.R.. 4l

Valenicrus, 4
Vancouver [stand, British Columbia.

30. 99

S5, 33-34.34 (llus1.), 35

Vanabslity. genelic, reduction in, and otler mortality.

91
Villa Creek. California. 30
Vocalizalion, 50, 52-53
Walking. 15

Washington State
kelp forest in, 29
S€a oNers In
diet of, 36-40 (1uble)
growth rates of. 82
as a “keystone” species. 25
retntroduction of, 73,96, 99-100

Water Pollution Control Laboratory (CDIFG).

Weaning. 64. 66-67. 69-70

Weather, adverse, and otier mortality. 90
Weight. of sea otters. 13-14

Whale. killer. See Orcinus orca

Woll-eel. See Anarrhichthvs ocellaius
Worm, fat inakeeper. See Urechis caupo

Yakutai Bay. Alaska. 98 u.
Yankee Poin(. Califorma. 56
Yaokbi Island, Alaska, 98 n.

Zalophus californianus (California sea lion).

19-20.93
Zinc, 92

91



Riedman, Marianne L, and James A. Esies. 1990, The Sea Oiter (En-
hydra luiris): Behavior, Ecology, and Natural History. U.S. Fish
Wildl, Serv., Biol, Rep. 90 (14). 126 pp.

This monograph provides a comprebensive review of the biology of
the sea otter (Enhiydra lurris) and includes a summary and synibesis of
information on the following subjects: phylogeny and evolution, syste-
matics, morphology, physiology, habital, community ecology, foraging
behavior, activity, social orpanization, movements and home range, repro-
duction, morality, population dynamics, and reintroductions.

Key words: ecology, evolution, foraging, life history, momphology,
physiology, reintrxluction, sea otter, social behavior,

Riedman, Mardanne L. and James A. Estes. 199, The Sea Otter (Enhydra
luris): Behavior, Ecology, and Matural Histery. U.3, Fish Wildl. Serv.,
Biol Rep. 90 {14). 126 pp.

This monograph provides a comprehensive review of the biology of the sea
otter {Enhydsa lutris) and includes a summary and synthesis of information on
the following subjects: phylogeny and evolution, systematics, morphology,
physiology, habitat, commauniry ecology, foraging behavior, activity, social
organization, movements and home mnge, reproduction, mortality, population
dynamics, and reintmoductions.

Key words: ecology, evolution, foraging, life history, morphology, physiology,
rimtroduction, sea otter, social behavior,
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Riedman, Mananne L. and James A. Estes. 1990. The Sea Otter (En-
hiydra lutris): Behavior, Ecology, and Natural History. U.S. Fish
Wildl. Serv., Biol, Rep. 90 (14), 126 pp.

This monograph provides a comprehensive review of the biology of
the sea otter (Enhydra furris) and includes a summary and synthesis of
information on the following subjects: phylogeny and evolution, syste-
matics, morphology, physiology, habitat, community ecology, foraging
behavior, activity, social organization, movements and home range, repro-
duction, mortality, population dynamics, axd reintroductions.

Key words: ecology, evolution, foraging, life history, morphology,
phyziology, reintroduction, sea ofter, social behavior,

Riedman, Maranne L. and James A. Esies. 1990, The Sea Otter (Enhydre
lutrizy: Behavlor, Ecology, and Natural History. U.5, Fish Wildl. Serv,,
Biol Rep. 90 (14), 126 pp

This monograph provides a comprehensive review of the biology of the sea
omter (Enhydra lurnis) and includes a summary and syathesis of information on
the following subjects: phylogeny and evoluton, systematics, morphology,
physiology, habirat, communily ecolopy, foraging behavior, activity, social
organization, movemenis and home range, reproduction, mortality, population
dynamics, and mintroductions

Key words: ecology, evolution, foraging, life history, morphology, physiology,
retntroduciion, sza ofter, social behavior.
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