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Otters

James A. Estes anp James L. Bopkin
U.S. Geological Survey, Santa Cruz, California

““the otters (Mustelidae; Lutrinae) provide a unique look
into the evolution of marine living by mammals. This is
.. because most extant marine mammals have been so
highly modified by long periods of selection for life in the sea
that they bare little resemblance to their terrestrial ancestors.
Marine otters, in contrast, are recent expatriates from terres-
trial and freshwater habitats, and some species still live in both
environments. Contrasts within this group, and among the ot-
ters, terrestrial mammals, and the more highly adapted pin-
nipeds and cetaceans potentially offer deep insight into mam-
malian adaptations to life in the sea. Among the marine
mammals, sea otters also provide the clearest understanding of
predation and ocean ecosystem function. This is due in part to
serendipitous opportunities provided by history and in part by
the relative ease with which shallow coastal systems where sea
otters live can be observed and studied. These two qualities of
the otters are what make them interesting to marine mammal-
ogy. Thus, our contribution to this volume on the marine mam-
mals is built around these themes.

I. Evolution and Phylogeny

Mustelids radiated from primitive arctoid carnivores at the
Eocene/Oligocene border. Early lutrine phylogenies were based
on the morphology of fossil and extant species, from which the
otters were viewed as a monophyletic group that diversified
into three clades: the fish eaters (Lutra, Lontra, and Pteronura),
crab eaters (Aonyx), and the sea otter (Enhydra). However, the
otters probably have been under strong selection for parallel or
CONVERGENT EVOLUTION, thereby confounding efforts to un-
derstand phylogenetic relationships based on morphology. Dis-
tinctive features of the three purported clades might thus have
resulted from differences among their common ancestors or
selective divergence resulting from different prey (fishes vs in-
vertebrates) or habitats (the ocean vs fresh water). Patterns of
brain form and function exemplify this problem in the otters.

Olters

Architectural and functional differences among otter brains
correlate with their principal foraging modes: invertebrate vs
fish feeding, Sensory and motor function in the brains of al]
mammals map mediolaterally along the prefrontal gyrus. The
ﬁs]l-c:lting otters, which r(:(luirce precise 5ensury;‘|nutur fune-
tion of the mouth and facial area, have well-developed proxi-
mal regions of the lm’fmlltal gyvrus. In contrast, the inverte-
brate feeding otters (Enhydra and Aonyx), which require
precise sensory/motor function of their forelimbs for prey cap-
ture, have more highly developed lateral regions of the pre-
frontal gyrus. But are these features primitive or derived? If
primitive, then they might accurately reflect phylogeny; other-
wise, they surely do not.

Nucleotide sequence analysis of the mitochondrial cy-
tochrome b gene was used to disassociate the confounding ef-
fects of adaptation in constructing a lutrine phylogeny for 9 of
the 13 extant species (Fig. 1). These data demonstrate that ear-
lier phylogenies based solely on morphology were grossly inac-
curate. The molecular analysis indicates three primary clades,
including: (1) the North American river otter (Lontra canaden-
sis), neotropical otter (L. longicaudus), and marine otter (L. fe-
lina); (2) the sea otter (Enhydra lutris), Eurasian otter (Lutra
lutra), spotted-necked otter (Lutra maculicollis), cape clawless
otter (Aonyx capensis), and small-clawed otter (A. einerea): and
(3) the giant otter (Pteronura brasiliensis). Fundamental life
history dlﬂ'm :nces (e.g., seasonal vs aseasonal reproduction; di-
rect vs delayed implantation) between Eurasian and North
American river otters, species once thought to have formed
only after the late-Pleistocene isolation of Asia and North Amer-
ica, make much more sense under the molecular phylogeny.
The pattern of long terminal branches and short internal
branches in the phylogenetic tree further suggests rapid evolu-
tionary radiation of the otters. Estimates of divergence time in-
dicate that the clades containing Pteronura and Lontra had
separated by the late Miocene. This phylogeny also suggests
that sea otters, the only fully marine otter and the most dis-
tinctive of all otter species in terms of their morphology, phys-
iology, and behavior, diverged recently but have taken on these
different characters because of strong selection imposed by life
in the sea. Lutrines appear most closely related to the extant
Mustela (mink, weasels, and polecats), although whether the
otters originated from one or multiple radiations of this group
remains uncertain.

II. Marine Otters

At least 6 of the 13 extant otter species are fully or partially
marine living (Fig. 2). All of the marine living species or pop-
ulations occur at high latitudes. Sea otters (North Pacific Ocean)
and the chungungo (Lontra felina; southeast Pacific Ocean) are
the only lutrines that feed exclusively in the sea. Sea otters
range from the northern Japanese archipelago, across the rim
of the Pacific to about central Baja California, Mexico. Chun-
gungos range along the west coast of South America from Peru
to southern Chile. Sea otters typically rest and give birth at sea
where chungungos only enter the sea briefly to hunt. Chun-
gungos often go ashore to eat their prey, rest, give birth, and
rear their young in dens formed in rocky areas just above high
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Figure 1 Phylogeny of the otters. Marine otter is Lontra felina; Olingo is Bassaricyon. For numbers,

see text. From Koepfli and Wayne (1998).

water. Sea otters occupy a broad range of habitats, from pro-
tected bays to exposed outer shores, whereas chungungos oc-
cur only along exposed shorelines. Marine living populations of
Lontra provicax occur in the protected inner waters of coastal
Chile and southern Argentina. Marine living populations of
North American otters occur northward from about San Fran-
cisco in the Pacific and Martha’s Vineyard in the Atlantic. Ma-
rine living populations of Eurasian otters have a roughly simi-
lar latitudinal distribution (from about Portugal northward to
northern Scotland and Scandinavia in the North Atlantic; from

Japan into Russia in the North Pacific). Marine living populations
of cape clawless otters occur in the southernmost regions of South
Africa. Tropical lutrines, in contrast, rarely enter the sea.

While marine living species or populations of otters occur
only at high latitudes, freshwater living otters occur over a much
broader latitudinal range: from the most poleward ice-free en-
vironments to the tropics in the northern and southern hemi-
spheres of both the Old and the New worlds. These distribu-
tional differences between marine- and freshwater-living otters
probably relate to latitudinal differences in production between
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Figure 2 Geographical distributions of marine-living otters.

freshwater and coastal marine habitats, and the fact that
otters have secondarily entered the sea from their primitive
freshwater environments. At low latitudes, freshwater prudlw—
tion exceeds that of the ocean, whereas at high latitudes this
pattern is reversed. This production gradient may have drawn
the primitively freshwater living otters into the sea at high lat-
itudes. The most compelling evidence for the proposal is pro-
vided by Hans Kruuks comparative study of freshwater and
marine living populations of Eurasian otters in northern Scat-
land. Kruuk found that marine living populations are able to
meet their energy requirements by 2-3 hr of fishing per day,
whereas those living in freshwater must double to triple the
time investment in furaging to meet their energy requirements.
Remarkably ditferent population densities of marine and fresh-
water living otters further indicate that production and food
availability are superior in coastal marine habitats. Reported
densities for Eurasian and North American river otters in rivers
and streams at high latitudes range between about 1 and 5 in-
dividuals per 10 km. Marine living populations of these same
species are about fivefold greater, and sea otter densities range
from 60 individuals per 10 km shoreline in California to =300
individuals per 10 km shoreline in the Aleutian Islands. These
data indicate that otters at high latitudes maintain higher pop-
ulation densities in the sea than they do in freshwater and that
freshwater habitats are only marginally capable of producing
enough food to meet their energy requirements.

Different population densities of otters in freshwater and ma-
rine environments appear to have influenced the evolution of so-
cial behavior. Low-density freshwater environments afford little
or no opportunity for males to compete for females; conse-
quently; all of the freshwater living otters appear to have monog-
amous or promiscuous mating systems. In contrast, the elevated
production and resulting high female densities may have driven
sea otters to their strongly polygynous mating system.

I11. Status and Trends

Except for the sea otter, there is little current information on
the status and trends of marine Iiving otter pnpulaﬁnns_ The

chungungo, listed in IUCN’s “Red Data Book,” is believed by
some authorities to be threatened with exriveTion. llegal har-
vesting for fur, habitat destruction in the form ol deforestation,
mining, and pollution, and competition with fisheries are thought
to be the species’ main threats. Chlmgmlgus are rare [rom Pern
southward through central Chile, but there are conflicting reports
on their abundance from Chiloe Island southward to Cape Horn.
North American river otters are common to abundant '.Lh)ng
much of the west coast of North America. Their abundance
along the Atlantic coast of North America is uncertain, and in-
formation on pnptllati(m trends is ]:icking for both areas. Furasian
otters are common in marine habitats of Europe and Russia, es-
pecially from Norway to Scotland in the eastern North Atlantic.
However, as for marine Uﬁllg river otters in North America, in-
formation on the status and trends of these populations is lack-
ing. Coastal populations in Asia are practically unknown. The
status and trends of marine |iviug Impu]uh'mls of southern river
otters and cape clawless otters are unknown or unreported.

IV. The Sea Otter
A. History

Species resembling modern sea otters (based on body size
and dentition) had arisen l:y the Miocene. There are two rec-
ognized lineages, one of which led to the extinct Enhydriodon
and the other of which led to Enhydritherium and presumably
to modern sea otters, Enhydm Spp- Members of both ]ine:zgt'.s
possessed large flattened molars for crushing the exoskeletons
of their invertebrate prey. Fossil remains of these early sea ot-
ters are known from North America, Eurasia, and Africa. The

" distribution of modern sea otters, which apparently arose dur-

ing the late Pliocene or early Pleistocene, was restricted to the
north Pacific Ocean (Fig. 3). One extinct species, E. macrodonta,
is described from the late Pleistocene of California.

Aboriginal maritime hunters apparently depleted sea otter
populations, s evidenced by the character of faunal remains in
Aleut kitchen middens. However, judging from the large num-
bers of otters encountered by European fur hunters at the time
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Figure 3 Historical and eurrent distribution of sea otters in the North Pacific Ocean. Modified from Kenyon (1969).

of their first contact with H.[mrigimd puuplt‘s, these reductions
probably were limited to village sites. Sea otter populations
subsequently were hunted to near extinction between 1750 and
1900 in the Pacific maritime fur trade. About a dozen remnant
colonies in total containing no more than a thousand or so in-
dividuals survived into the early 20th century. Following pro-
tection in 1911, these colonies increased and several had again
reached historical levels by the late 1930s or early 1940s. Rein-
troductions were undertaken in the 1960s and 1970s to reestab-
lish sea otters in Southeast Alaska, British Columbia, Washing-
ton, and Oregon, and sea otters were relocated to San Nicolas
Island (southern Calitornia) in 1987. Most of the translocated
populations increased at rates of 17-20% per year, about the
theoretical maximum (R,,,,) for sea otters. The California sea
otter population has increased at a much lower rate: about 5%
per year. Although precise reasons for the slow population
growth in California sea otters are uncertain, the general cause
is elevated mortality rather than reduced fertility. All or most
of the sea otter’s range in Asia is now reoccupied. Several pop-
ulations in the Kuril and Commander islands had recovered to
historical levels by the 1970s or 1980s.

While sea otter populations generally have increased in
number and range during the 20th century, there are excep-
tions. In apparent response to increased killer whale predation,
sea otter puplli:llintls across the western and central Aleutian

archipelago declined by roughly 90% during the 1990s. The ge-
ographical extent of this decline is uncertain. Several tlmus.md
sea otters were killed Il} the Exvon Valdez oil spln in 1989, and
while the overall impact of this event on the pnpuluti(m is un-
clear, chronic detrimental effects appear to have persisted
thmugh the 1990s. The California sea otter pupula(iun, which
increased slowly throughout most of the 20th century, has since
declined by about 12%. The reintroduced population at San
Nicolas Island, after declining sharply because of emigration,
has remained mughly stable at 15-25 individuals since the
early 1990s. Reintroduced sea otter populations in Sontheast
Alaska, British Columbia, and Washington all continue to in-
crease in numbers and range.

B. Morphology and Physiology

Little is known about vision and hearing in sea otters. How-
ever, they are difficult to approach from upwind, thus suggest-
ing sensitive olfaction. Sea otters appear to sense estrous fe-
males and territorial males by moving to a downwind position
from other animals. Adult male sea otters may locate estrous
females by following water-borne scents. Upon entering a group
of conspecifics, sea otters often perform a ritualized greeting
that appears to involve scent recognition. They have a complex
vocal repertoire and at least one vocal modality, the scream, is
recognizably distinct among individuals.
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The high thermal conductivity of water presents severe
challenges to aquatic mammals. This is especially so for small
species (because of high surface/volume ratios) at high lati-
tudes or in areas of intense upwelling (because of the cold wa-
ter). The high capacity for heat loss probably explains why so
few marine mammal species are small. As the smallest fully
aquatic mammal, sea otters face an especially severe thermal
challenge because they spend all or most of their lives im-
memcd in cold water. This challenge has somehow been met
by increasing heat production or reducing heat loss. Like other
mustelids, the basal metabolic rate of sea otters is well above
that predicted from the Kleiber curve, and sea otters gain ad-
ditional heat by the specific dynamic activity (SDA) of diges-
tion. Sea otters lack the sBLuBBeR layer that insulates cetaceans
and pinnipeds, instead depending on their dense fur. Although
fur in air is a superior insulator to blubber. it has three disad-
vantages in water: high maintenance costs, the inability to reg-
ulate heat flow, and compressibility at depth.

In order to maintain the fur’s insulation, sea otters must
groom almost continuously, an activity that consumes up to
10% of their time. Because fur (in contrast to blubber) is an in-
flexible insulator, sea otters require some means of facilitating
heat loss during exercise. This upparentl_v is accomplished
mainly through the enlarged rear Hlippers, which are sparsely
furred and high vascularized. The sea otter’s flippers also may
absorb heat from solar radiation. The compressibility of fur
causes it to lose volume, and hence insulative value, with in-
creased depth. The rate of heat loss is doubled at a depth of
about 10 m (the equivalent of two atmospheres) and is essen-
tially unrestricted during deep dives. Water conservation also
presents a challenge to sea otters because they feed primarily
on marine invertebrates, which are isotonic to seawater. They
meet this challenge with a large and efficient kidney.

Like all marine mammals, sea otters must dive to feed. This
poses three problems: oxygen debts are incurred, with associated
changes in CO; concentration and pIl; lactate buildups occur
during prolonged, anaerobic dives; and rapid and extreme pres-
sure forces nitrogen from the hlng into blood and other tissues,
resulting in nitrogen toxicity and “the bends.” Although sea ot-
ters do not dive to such extreme depﬂh as many other marine
mammals, they are considerably better divers than other otter
species, being able to attain depths in excess of 100 m. The res-
piratory system is appropriately modified for deep diving. For in-
stance, the tracheal length—width ratio is less in sea otters than
in river otters, thus permitting more rapid and complete air ex-
change before and after a dive. Like the pinnipeds, sea otters
have cartilaginous airways that empty directly into their alveoli,
thus ensuring patency until alveolar compression collapse during
deep dives. Sea otters also have comparatively large lungs that
pr‘(wil]e both oxygen storage and increased hlln_\-":llll:!}', A]ﬂlmlgh
the sea otter’s blood hemoglobin concentration is similar to that
of most terrestrial mammals and less than that of most phocid
seals, oxygen—hemoglobin affinity in the sea otter is relatively
high, thus increasing their hluod—mygul storage capacity.

C. Locomotion

Locomotor efficiency of the semiaquatic otters is reduced
on both land and in the water compared with fully terrestrial
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or fully aquatic mammals (Fig. 4). Among the lutrines, sea ot-
ters possess the most extreme modifications for aquatic propul-
sion. These include enlarged. flipper-like hindlimbs, a loosely
articulated skeleton that permits increased flexibility, reduced
forelimb length, and an increased tendency toward bodv move-
ment and away from paddling in swimming.

The sea otter has retained a limited degree of terrestrial
mobility while exhibiting morphological adaptations for im-
proved aquatic locomotion. They rarely leave the water in some
areas, whereas in others they haul out regularly. In rare in-
stances, when sea ice prevents foraging north of the Alaska
Peninsula, sea otters travel many kilometers inland in an ap-
parent attempt to reach the Pacific Ocean.

Two types of terrestrial LocomoTion—walking and bound-
ing—follow the pattern typical of terrestrial carnivores. In walk-
ing, the general motion is one of forward movement of alter-
nate limbs in a rolling gait parallel to the long axis of the bady.
The head and neck are held close to the ground and the back
may be horizontal, with the abdominal region contacting the
ground, or the back may be arched. In some instances, sea ot-
ters pull themselves along the substrate with their fore paws.
Running, described in Lontra spp. as a rapid forward move-
ment in the same pattern as walking, has apparently been lost
in the sea otter. Rapid movement of the sea otter on land is ac-
complished through bounding, where both forelimbs are moved
forward simultaneously followed by simultaneous forward
movement of the hindlimbs. During the bounding motion the
back is usually highly arched. A maximum velocity on land of
about 5 m/sec can be achieved in short bursts.

There are three forms of aquatic locomotion. Two of these
are used predominantly while on the sea surface. One is ac-
complished by a sweeping motion of the tail and is used for
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slow movement while feeding, grooming, and maintaining its
position while resting. The other, a paddling motion, consists of
vertical thrusts and recovery of the hindlimbs while in either a
supine or a pronate position. This type of movement is typically
used during long-distance travel and may be interspersed with
submerged travel, grooming, or foraging behavior. Pacddling ve-
locities range from about 0.5 to 1.0 m/sec.

A third means of aquatic locomaotion in sea otters is accom-
plished by eraniocaudal thrusts of the pelvic limbs, often in-
cluding bending of the lumbar, sacral, and caudal regions for
increased speed. This movement is used in diving, While swim-
ming, the posterior margins of the hind Hippers approximate

the lunate pattern and undulating movement of the caudal fin

of cetaceans. The sea otter loses swimming efficiency in the re-
sistance and turbulence during the recovery stroke and through
spaces between the flippers and tail.

Travel velocities over short distances (<3 km) range from
about 0.5 to 0.7 m/see, with a maximum of about 2.5 m/sec. Es-
timated average rates of travel over long distances (10-75 km)
range from 0.16 to 1.5 m/sec. Submerged swimming speeds av-
erage about 1.0 m/sec.

D. Diving

Diving occurs during grooming, traveling, and foraging ac-
tivities. Grooming dives usually ocenr before feeding or resting
periods and are of short duration and shallow depth. Because
locomotion is more efficient underwater than on the surface,
otters frequently make relatively long (30-60 sec), shallow dives
while traveling between resting and FEEDING areas.

The characteristics of foraging dives have been described at
numerous locations within the sea otters range. Two general
types of data have been obtained: direct visual observations and
remotely acquired information through radiotelemetry. Dive
attributes from visual observations include dive duration, sur-
face intervals between dives, and approximate water depths at
the estimated dive locations. These data are inherently biased
against animals foraging further from shore. Thus, estimates of
average and maximum dive duration from animals instrumented
with radio transmitters are substantially longer than those ob-
tained visually.

Mean swimmING speeds during descent and ascent in for-
aging dives average about 1 m/sec. In California, average dive
times vary with age and sex, with maximum values estimated
from juvenile males and minimum values from adult females
with dependent pups. The differences likely reflect differential
habitat utilization, with juvenile males foraging in deeper wa-
ter offshore and females with pups foraging in shallower water
nearshore. Maximum reported dive durations are 246 sec in
California and 260 sec in Alaska. Dive times and their inter-
ceding surface intervals correlate with water depth, although
the deepest dives are not necessarily associated with maximum
dive times. Surface intervals are highly correlated with prey
size and type, with the longest intervals allied with the largest
prey, thus reflecting associated increases in handling and con-
sumption times. Sea otters commonly dive to depths exceeding
40 m in the Aleutian Islands, and there is one record of a sea
otter drowned in a crab pot set in 91 m of water.

Information obtained using time—depth recorders (TDRs)
from Southeast Alaska further indicates individual- and gender-

e 1

related differences in mean and maximum foraging dive depth
distributions. Generally, adult females dive to shallower depths
than adult males, uhhuugh some females regularly dive to
depths exceeding 60 m. Most adult males foraged at depths be-
tween 40 and 60 m, although several repeatedly dove to depths
exceeding 60 m. Maximum respective dive depths were 76 and
100 m for females and males, respectively.

E. Feeding Ecology

With a few notable exceptions, sea otters forage on sessile
or slow-moving invertebrates from soft sediments, rocky reefs,
and ]v:(‘,lp canopy habitats (Table 1). Prey are {:aplu.red majn]y;
with the forepaws rather than in the mouth. Vision probably is
used to capture highly motile prey, such as fish. However, the
fact that sea otters forage at night, in highly turbid water, and
at great depths suggests that vision is not a requisite sensory
modality for successful feeding.

Sea otters use their enlarged molariform teeth to crush the
exoskeletons of their invertebrate prey. Tool use has developed
in both the sea otter and Cape clawless otter as a further aid to
foraging. This is accomplished by using rocks or other hard ob-
jects to break open the exoskeletons of their invertebrate prey.
Tool use is unknown in all other mammals, except primates.
Tool use renders any marine invertebrate, regardless of size or
shell thickness, vulnerable to sea otter predation.

Foraging for infauna requires excavation of sediments, ac-
complished by digging with the forepaws while offsetting the
effects of neutral buoyancy with the hind flippers. Excavations
for burrowing clams may be up to 1 m in depth and require
displacement of large amounts of sediments. Sea otters also ob-
tain prey by pirating it from conspecifics. Territorial males most
commonly employ this method by stealing food from females
that forage within their territories.

While more than 150 prey species are known to be con-
sumed by sea otters, only a few of these predominate in the
diet, depending on location, habitat type. season, and length of
occupation. In California, otters foraging over rocky substrates
and in kelp forests mainly consume decapod crustaceans, gas-
tropod and bivalve molluscs, and echinoderms. In protected
bays with soft sediments, otters mainly consume infaunal bi-
valves (Saxidomus nuttalii and Tresus nuttalltii), whereas along
exposed coasts of soft sediments, Tivela stultorum is a common
prey. Important prey in Washington include crabs (species of
Cancer and Pugettia), octopus (Octopus sp.), the intertidal
clam (Prototheca sp.), sea cucumbers (Cucumaria miniata),
and the red sea urchin (S. franciscanus). Less frequently re-
covered prey include the gumboot chiton (Cryptochiton stel-
leri) and the purple sea urchin (S. pupuratus). The predomi-
nantly soft sediment habitats of southeast Alaska, Prince
William Sound, and Keodiak Island support populations of clams
that in turn are the primary prey of sea otters. Throughout
most of southeast Alaska, burrowing bivalve clams (species of
Saxidomus, Prototheca, Macoma, and Mya) predominate in the
sea otters diet, accounting for 50% of the identified prey. In
Prince William Sound and Kodiak, clams account for 34-100%
of the otters prey. Mussels (Mytilus trossulus) apparently be-
come more important as the length of occupation by sea otters
increases, ranging from 0% at newly occupied sites at Kodiak

847



848 Otters

o e B 4 e e L e T i el M| A i e O A P T L by T ¢ o e il T e ma e R SR b 1 S

TABLE 1
Prey ltems of the Sea Otter”
. Prince
Southeast  Aleutian  Cowunander  William Kodiak 2 Shumagian
Prey California  Oregon  Alaska Islands Islands Sound  archipelage  Washington Istanels
Echinra
Echiurus echiurus . . X 5 : X X
Urechis caupo X
Sipuncula 2 . : . : > . X
Nemertea
Emplectonema sp. i : . X
Annelida
Polychaeta
Arenicola sp. 5 : : X
Eudistylia polymorpha X . : ' . : g
Eudistylia sp. : : : . : X X
Nervis sp. . ;i ; X 5 X
Nereis vexillosa X
Arthropoda
Crustacea
Cirripedia
Thoracica
Balanus cariosus v 5 2 g X i ‘ 1
B. nubilus X i X : R 3 5 X
Balanus sp. : . X : :
Lepas anatifera 5 5 g . X
Malacostraca
Isopoda
Idatea sp. . : : X
Isopad (unidentified) : . < X
Amphipoda
Amphipod (unidentified) ‘ ; ‘ X
CGananarns sp. 5 4 3 3 X
Decapoda
Blepharipoda vccidentalis X
Cancer aniennarius X X . X
C. gracilis X
C. magister X X X . X X X X
C. oregonensis : " - X . X
C. productus X X £ —E : 5 X
Cancer sp. . . X X : . . X
Chionecetes bairdi : v X X : : : .
C. opillio : : : : X
Cryptolithodes sitehensis X ; : : :
Dermaturus mandtii - 5 3 X
Emerita analoga X
Hapalogaster cavicauda X . : - -
H. grebnitzkii : ; . ! X
Hemigrapsus sp. X =
Hyas coarctatus : 2 5 : X
Lopholithodes foraminatus X
Loxorhynchus erispatus X : 2
Oregonia gracilis : : X
Pachygrapsus crassipes X 5
Paguristes sp. X
Pagurus gilli ; ; X i
P, hirusutiusculus . 4 ; 4 X X
Pagurus sp. . X .
Panulirus interruptus X . 4
Paralithodes camtchaticus ’ : X
Placetron wosnessenski i 4 5 X
Pleuroncodes planipes X 5
Pugettia producta X X X
B richii X

(continues)
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Mollusca

Prey

B e S ——

Pugettia sp.
Sclerocrangon boreas
Telmessus cheiragonus

Gastropoda

Astraca gibberosa
A undosa

Argibuecinium oregonensis

Buccininm sp.
Calliostoma sp.
Crepidula adinca
Fusitriton oregonensis
Neptunia sp.

Haliotis cracherodii
H. kamtschatkana

H. rufescens

H.
Haliotis sp.

Lottia gigantca

L. ochracea
Megathura crenulata
Natica clausa
Notoacmaen persona
Polinices lewisii
Tectura spp.

Tegula brunnea

T. funchralis

T. montereyi

T. pulligo

Tegula sp.

Thais sp.

Bivalvia

Chlamys sp.
Clinocardium ciliatum
Clinocardium facanum
C. nuttallii
Entodesma navicula
Cari mf{ﬁ;mm
Hiatella arctica
Hinnites giganteus

H. multirgosus
Humilaria kenerlia
Lioctyma viridis
Macoma incongrua
Macoma inquinata

M. nasuta

Macoma sp.
Mactromeris polynyma
Modiolus modiolus
Musculus niger

M. vernicosa
Musculus sp.

Mytilus ealifornianus
M. trossulus

Mya arenaria

M. truncata

Fanapea generosa
Pecten beringianus

P islandica
Pododesmus cepio

P macroschisma
Protothaca staminca

T T

34 .

El i

California  Orcgon  Aluska

e

Prince
Southeast  Alewtian  Conmnander  William Kodiak
Istaneds Islunds Sound - archipelago  Washington
. X
- X z 3
X X . X X
X
X "
X X
X X
X :
X
X X :
X
X
X 5
. X
X
X X X
X
X X
X
X . X X
X :
X -
2 5 X X :
X - A X
. X - X
X . X ! :
X X X X X
X
X
X G ; X
X X X X X
X ! X X
X X X X
X -
X
: X :
X X X : E
X X X
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TABLE I (Continued)

Ofiers

Prey

Protothaea sp.
Saxidomus gigantcus
S, nuttalli

Saxidomus sp.
Servipes groenlandicus
Siliqua patula

Solen sicarius

Spisula hempelli
Tagelus californianus
Tivela stultorum
Tresus capax

T. nuttallii
Venericardia paucicostatus

Voluplopsius beringi

Polyplacophora

Callistochiton crassiocostatus
Cryptochiton stelleri
Ischnochiton sp.

Mopalia sp.

Schizoplax brandiii

Tonicella marmorea

T. ruber

Cephalopoda

Loligo opalescens
Octopus sp.
Polypus sp.

" Echinodermata
Echinoidea

Dendraster excentricus
Stronglyocentrotus drobachiensis
S. franciscanus

S. polyacanthus

S. purpuratus

Asteroidea

Asterina miniata
Ceramaster sp.
Evasterias troschelii
Henricia sp.

Leptasterias sp.

Pisaster brevispinus

F. giganteus

P. ochraceus

Pycnopodia helianthoides
Solaster

Ophiuroidea -

Brittle stars (unidentified)
Gorgonocephalus eucnemis

Holothurioidea

Chordata

Cucumaria miniata

C. piperata
C. fallax
Cucumaria sp.

Parastichopus sp.

Ascidiacea

Pisces

Styela montereyensis
Tunicata

Ammodytes hexapterus
Anuplopomna fimbria
Aptocyclus ventricosus
Cottidae species

ERE -

E ]

E

e .

E

e -

EEa

E i

X

Washington

X
X

R R R i S i S

Sh umagian
Islands

e

X

(continues)
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TABLE 1 [Continued)

Southeast
Prey California  Oregon
Cyclopterichthys glaber .
Embiotocidae species X
Gadus morhus
Gymnocanthus pistilleger
Hexagrammos superciliosus
ngxn,;{mnwm sp- X
Hemilepidotus hemilepidotus
H. jordani
Lepidopsetta bilineata
Mallotus villosus
Oncorfumchus nerka
Plevurogrammiss monoterygius
Theragra chalcograma . :
Ophiodon elongatus (egg mass) X
Aves
Anatidae
Anas crecea v
Melunitta perspicillala X
CGaviidae
Cavia immer X
Laridae
Larus sp. X
Phalacrocoracidae
Phalacrocorax sp. X
At’dl!iwpﬁnnﬂ oecidentalis X

] - FE AT

“Updated from Riedman and Estes (1990).

Tt

to 22% in long occupied areas. Crabs (C. magister} were once
important sea otter prey in eastern Prince William Sound, but
apparently these have been depleted by otter foraging and thus
are no longer eaten in large numbers. Sea urchins are minor
compaonents of the sea otters diet in Prince William Sound and
the Kodiak archipelago. In contrast, the sea otter’s diet in the
Aleutian, Commander, and Kuril Islands is dominated by sea
urchins and a variety of fin fish (including hexagrammids, gad-
dids, cottids, p(er(:ifurmes. cyclupterids. and sourpaenids). Sea
urchins tend to dominate the diet of low-density sea otter pop-
ulations whereas fishes are consumed in populations near equi-
librium density. For unknown reasons, fish are rarely consumed
by sea otters in regions east of the Aleutian Islands.

Sea otters also take advantage of episodically abundant prey.
Examples include squid (Loligo sp.) and pelagic red crabs (Pleu-
roncodes planipes) in California and smooth lumpsuckers (Apto-
eyclus ventricosus) in the Alentian Islands. Pelagic red crabs ap-
pear in coastal waters of southern and central California during
strong El Nifio events, and vast numbers of lumpsuckers appear
episodically in coastal waters of the western and central Aleutian
Islands to spawn. Sea otters, on occasion, attack and consume sea
birds, including teal, scoters, loons, gulls, grebes, and cormorants,

Dietary diversity increased through time as otter popula-
tions recolonized new habitats and grew toward resource limi-
tation. Similar patterns of increased dictary diversity have been
chronicled in the Aleutian Islands, Prince William Sound, and
California. These changes are probably the consequence of ot-
ters reducing the abundance of their preferred prey.

Alaska

e T e Tl £ M S £
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Studies of marked sea otters in California have shown ex-
treme individual variation in diet and foraging behavior. Most
otters specialize on one to three prey types. This individual
variation does not appear to be dircr_‘ﬂy influenced by prey
availability as different individuals often consume different
prey at the same time and place. Dietary patterns, which ap-
pear to be inherited matrilineally, persist for years and may be
lifelong characters of individuals. The causes and consequences
of individual foraging patterns remain uncertain.

F. Community Ecology

1. Food Web Effects In 1960, Hairston, Smith, and Slo-
bodkin proposed that “the world is green™ because predators
regulate herbivore populations, in turn releasing plants from
regulation by herbivory. Sea otters and kelp forests provided
early empirical support for this hypothesis. The sea otter’s role
in structuring kelp forest communities was discovered by con-
trasting islands in the Aleutian archipelago at which the species
was present in large numbers or absent, a serendipitous con-
sequence of the Pacific maritime fur trade. Shallow reef habi-
tats at islands with abundant sea otters had few sea urchins and
well-developed kelp forests, whereas abundant sea urchins had
destroyed the kelp forests at islands lacking sea otters (Fig. 5).
The explanations for this pattern is a straightforward conse-
quence of what has since come to be known as a "lmp]lic cas-
cade.” That is, sea urchin populations are regulated by sea ot-
ter PREDATION, in turn allowing the kelp forest to flourish in the
absence of siglliﬁ ant herbiw}r_v. When otters were removed,
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Alternate community states in areas with (kelp
ﬁn'{'.sr.s' ) and without (sea urchin barrens) sea otters. Pho-
hi,r_l:r‘ﬁf'lhs were taken of reef habitats at about 10-m :J’;.’_]J:‘h.\- in
the western Aleutian Islands.

Figure 5

sea urchins increased to such levels that deforestation oceurred.
Similar patterns between areas with and without sea otters
have since been documented in Southeast Alaska, British Co-
lumbia, Washington, and California. Time series studies of ar-
eas in which sea otters have become reestablished or declined
provide further evidence that the presence or absence of sea
otters maintains these alternative states ol community organi-

zation. Similar trnphit- cascades I'L'sn[ting from the effects of
apex predators are now known for many systems.

Numerous indirect effects of the sea otter-urchin-kelp
trophic cascade are known or suspected (Fig. 6). Most of these
relate to the role of kelp as habitat and a source of production
for other species of consumers in coastal food webs. The L‘l-]]‘-,o;
(order Laminariales) and other species of macroalgae are ex-

tremely productive, in large measure because none of the es-
sential ingredients for 11|1utu<yntlu-.-ais (light, water, CO,, and
nutrients) are limiting in shallow coastal waters at high lati-
tudes. Thus, systems with and without sea otters (and thus with
and withont WI‘”'I]HVt‘IIII}E’.d L‘:’.lp forests) vary .'in]]-HtunIial”}' in
total productivity. This fact was confirmed using the naturally
oceurring stable carbon isotopes to measure the relative pho-

rmynllu-lu- contributions of macro- vs microalgae across islands

of the Aleatian archipelago with and without sea otters. Total
prudul.'liml was estimated to be three to four times greater
where sea otters were present. Further tests of the otter-pro-
lll]l.’li‘-"il}’ hypothesis were done by nntp]:lnting rm't'nﬂl\' settled
barnacles and mussels from a common source to intertidal and
subtidal habitats at islands with and without sea otters. Growth
rates were two to five times greater in (}lti'I‘-"i\‘('lp-(I()I'[]iti.ill.‘(l

systems.

The limiting effects of otters on sea urchins and other her-
bivorous invertebrates reduce the disturbance from Inarhiwn'};
thus enhancing the strength oi‘uml}wtiliw- interactions among
l\'t-lp species. This effect has been demonstrated in the Aleut-
ian Islands, Southeast Alaska, British Columbia, and central
California. Further indirect effects on higlu_»r tr(]phi(_' level con-
sumers result from increased production, altered habitat, or
competition with otters for common food resources. The pro-
duction effects are so strong that they almost certainly influ-
ence numerous co-occurring species. Bald eagle (Haliaetus leu-
cocephalus) and harbor seal (Phoca vitulina) densities are
substantially greater on islands of the Aleutian :u‘chi]}c'lug_{n that
also support abundant sea otter populations. Radically differ-
ent DIETS and patterns of foraging behavior occur in glaucous
winged gulls (Larus glaucescens) between sites with and with-
out sea otters. Sea otters also appear to influence the popula-
tion densities of benthic feeding sea ducks. Common eiders
(Semateria mollissima), which feed mainly on sea urchins, mol-
lusks, and other benthic invertebrates, occur at lliglu-r densi-
ties where otters are rare or absent than where they are abun-
dant. Otters also influence predator-prey interactions between
sea stars and mussels in the Aleutian ;u‘chiprl;igu. The biomass
of sea stars at Attu Island declined by roughly two orders of
magnitude following the spread of sea otters into Massacre Bay

along the island’s southeastern shore, in turn substantially in-
creasing the survival rates of mussels and bamacles. This ex-
ample is of particular interest because the influence of sea star
predation on mussel beds (enhanced species diversity by the
prcdnLinu—im]uu.'t-.d reduction in competitive exclusion lny the
dominant mussels) is one of the mast well-known and influen-
tial paradigms in ecology. The influence of sea otters on kelp
al carrving ca-

beds even appears to elevate the environmen
pacity for otters themselves. r\](hul:gh sea otters limit the abun-

dance of their benthic invertebrate prey, coastal fish |)up|1|;l-
tions are enhanced by increased production and the habitat
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Harbor seal populations-

Bald eagle populations—| _
increased
Sea otters
Sea otter populations—| _
increased
Sea
urchins
Algal competition- L4
increased 1
“
Mussel predation-
decreased O

Kelp forest fishes—
increased

increased
S Total production-
increased
_. |Growth rate of filter-feeders—
l increased

Sea gulls-
altered feeding behavior

Eider and Scoter ducks—
decreased

Sea star populations—
decreased

Figure 6 A schematic of trophic cascades in kelp forest systems with and without sea otters (central
box). Known or suspected indirect effects of these interactions are represented at the perhipheries.

provided by kelp forests. Besides elevating the equilibrium
density, this interaction may stabilize sea otter populations be-
cause the fishes are less vulnerable than benthic invertebrates
to population regulation by sea otter predation.

The top-down influences of apex predators through trophic
cascades have been incorporated into a conceptual model re-
lating the strength of plant-herbivore interactions to trophic
complexity (Fig. 7). The model predicts that plant-herbivore
interactions should be strong in food chains with an even num-
ber of trophic levels (e.g., two, four, and so on) and relatively
weak for odd-numbered food chains (e.g., one, three, five, and
s0 on). The accumulated evidence from three decades of re-
search on sea otters and kelp forests is highly consistent with
that view.

2. Evolutionary Forces Strong species interactions main-
tained over sufficiently large scales of space and time should in-
evitably lead to selective responses in the interacting species.
This expectation, coupled with predicted differences in the
strength of plant-herbivore interactions between odd- vs even-
numbered food webs, has led to a view that kelp forests in the
North Pacific Ocean evolved in the absence of intense her-
bivory. While the kelps have no rossiL. RECORD, a variety of ev-
idence indicates that they radiated in the North Pacific Ocean
during the late Cenozoic in concert with sea otters, their recent
ancestors, and other groups of benthic feeding marine mam-
mals. The hypothesis that predators decoupled the coevolution
of kelps and their herbivores was evaluated by contrasting vari-
ous features of marine plants, invertebrate herbivores, and
plant-herbivore interactions between North Pacific and Aus-
tralasian kelp forests. Australasian kelp forests were chosen for
this contrast because they lack predators of comparable effect
to sea otters. Because kelp forest systems in the North Pacific

and Australasia, n'sqw.t.'liwly, evolved as odd-numbered (three)
vs even-numbered (two) systems, the coevolution of plant de-
fenses and herbivore resistance to those defenses were hypoth-
esized to be strong in Australasia and weak in the North Pacific.

Marine algae were known to use secondary metabolites as
their chief defense against herbivory. Therefore, the initial test
of this e&'ﬂlnﬁonury }Iypnlhl ’sis was to compare the diversi ty and
concentration of secondary metabolites between North Pacific
and Australasian seaweeds. This comparison demonstrated that
phlorotannins (the principal secondary metabolites in brown al-
gae) were roughly an order of magnitude more concentrated in
southern hemisphere kelps, in some cases approaching 20% dry

Higher predators O

® O
- O Q Q
- 0000

Trophic status

@ O OO O

Food chain length

Figure 7 Fretwell’s (1987) model of alternating plant-

herbivore interaction strength with increasing food chain length.
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weight. A second prediction of the hypothesis was that herbi-
vore resistance to algal secondary metabolites is stronger in
Australasian than in North Pacific species. This prediction was
tested by extracting the metabolites from both North Pacific
and Australasian seaweeds and measuring their strength of
feeding deterrence to Pacific and Australasian herbivores. Re-
gardless of their source, the strength of deterrence by
phlorotannins was dramatically greater on North Pacific herbi-
vores, thus suggesting that resistance to these compounds had
evolved in southern hemisphere herbivores. This perspective
and supporting data suggest that sea otters, their recent ances-
tors, and perhaps other predators have decoupled the coevolu-
tion of plant-herbivore interactions in North Pacific kelp
forests, thus explaining why North Pacific kelp forests were so
vulnerable to destructive grazing following the demise of sea
otters and other benthic feeding predators.

G. Population Biology

1. Geneties  Sea otters prm'ir.lr: unique opportunities for
the study of marine mammal population and conservation ge-
netics. The sea otter’s dependency on benthic/demersal habi-
tats and limited diving capacity restrict its distribution to shal-
low coastal environments. Its small home ranges (generally
<20 km of coast) probably restrict gene flow. Extensive human
harvests reduced and fragmented sea otters into a small num-
ber of isolated colonies, from which all current populations are
derived. Additionally, translocations from either one or two
remnant populations have resulted in viable reestablished pop-
ulations in Washington, British Columbia, and Sontheast Alaska.
Pleistocene glacial advances and retreats likely influenced ge-
netic exchange. Isolation and extinctions caused by ice sheets
extending over large coastal areas probably resulted during
glacial maxima, whereas high levels of gene flow must have oc-
curred as these areas were recolonized during periods of glacial
retreat. Both morphological and genetic examinations of sea ot-
ters indicate some level of population structuring prior to 16th
and 19th century fur harvests.

Sea otter skull size declines from Russia, across Alaska, and
into California, and variation in skull morphology forms the ba-
sis for the three currently designated subspecies: Russia, E. L
Iutris; Alaska, E. . kenyoni; and California, E. [ nereis. Mito-
chondrial DNA (mtDNA) haplotype frequencies identify at
least four distinct grouping of sea otters: California, Prince
William Sound, the Kodiak/Aleutian/Commander Islands, and
the Kuril Islands. The magnitude of difference in current
mtDNA haplotype frequencies suggests at least some level of
genetic differentiation among these groupings existed prior to
the population declines and isolation that occurred between
1750 and 1900, The extant California population probably rep-
resents a monophyletic mtDNA lineage that contains two
unique mtDNA haplotypes.

The extent to which luug—lerm uvuiutinnalry processes and
recent human P.xphlil:liiun have contributed to modern gcnctic
differences among and within the subspecies of sea otters is
unknown. The degree of difference in mtDNA haplotypes sug-
gests that there has been little gene flow across the range of the
species from California to the Kuril Islands of Russia. How-
ever, low levels of mtDNA sequence divergence in sea otters

across their range also suggest that major phylogenetic breaks
or long-term barriers to gene flow do not exist.

There is concern over the pntcntikll'for loss of genetic di-
versily stemming from severe pnpnluti(m bottlenecks experi-
enced by sea otter populations over the past two centuries.
However, theoretical analyses suggest that as little as 23% of
the ()righml genetic variation was lost from the California pop-
ulation because of this bottleneck effect. Subsequent empirical
studies show that a high proportion of diversity was maintained
during the period of recent isolation among populations, thus
supporting this theoretical result.

Reintroduced and remnant sea otter populalimls pl’m‘ide
the opportunity to study the effects of the duration and mag-
nitude of bottlenecks on genetic diversity and population
growth rates. In sea otters, mtDNA haplotype diversity is sig-
nificantly correlated with both minimum population size and
the number of years a population remained at that minimum
size. No relationship was detected between genetic diversity
and population growth rates, although translocated populations
demonstrated significantly higher annual growth rates (A =
1.15-1.24) than remnant populations (A = 1.06-1.09). Genetic
diversity is greater in translocated populations that were de-
rived from two source populations compared with those de-
rived from a single source population. Haplotype frequencies
in populations with estimated founding sizes of 4 and 28 ani-
mals (Washington and British Columbia) differed from the
source populations, probably signaling the effect of genetic
drift. This interpretation is supported by the fact that haplotype
frequencies from sea otters in Southeast Alaska, a translocated
population with an estimated founding size of 150 individuals,
did not differ from the source populations.

As sea otters continue to reoccupy former habitat, and cur-
rently isolated populations become contiguous, we may be af-
forded the opportunity to view the process of genetic exchange
across the species’ range. Genetic differences currently ob-
served among geographically isolated populations may dimin-
ish, reducing current levels of genetic population structure.

2. Demography  As in all sexually reproducing species, sea
otter populations are regulated by age- and sex-specifie rates of
reproduction and survival. These life history patterns in sea ot-
ters are more similar to those of the pinnipeds (with whom
they share the ocean as a common environment) than they are
to the other lutrines (with whom they share a more recent
common ancestor), Perhaps the most remarkable life history
feature of sea otters is that they almost invariably conceive and
give birth to a single young, a character shared with other ma-
rine mammals but not other lutrines (Fig, 8).

Female sea otters typically become sexually mature at 3
years, oceasionally earlier. The reproductive cycle is normally 1
year, with roughly 6 months from conception to birth and an-
other 6 months from birth to weaning. Substantial learning oc-
curs during this latter period. Primiparous females usually fail
to successfully wean their pups, probably because they have not
yet learned to be good mothers. Adult females apparently enter
estrus within several hours to a few days after mother/pup sep-
aration (either from weaning or death). The majority of prewean-
ing deaths occur shortly after birth, Thus, in many areas there
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A ﬁ‘iﬁfﬂi{’ sea otter with her pup.

Figure 8

is a biannual peak in births, with the primary peak occurring in
spring or early summer and the secondary peak (by females who
failed in their previous cycle) in fall or early winter. Females
continue to rcprmluf_t- 1||ml|gh(:||t life, with little or no evidence
for either repr{)(lllcti\‘(' Senescence or :llljll.'illnl’lll.'i of fertility
rate to environmental variation,

Population regulation in sea otters oceurs largely or exclu-
sively through variation in age- and sex-specific umrmhl\ rates.
The high rates of pnpu]dtmn growth that have been observed
in parts of Alaska, Canada, and Washington (17-20% per year,
near the theoretical R,,,.) could only be realized if the proba-
bility of mortality from birth to senescence were very low. As
growing populations become limited l)_\' resource availability,
the mortality rate in young otters increases greatly. Data from
the Alentian Islands and central California indicate that about
half of the pups born fail to reach weaning age. The probabil-
ity of mortality during the next 6 months, while as yet unmea-
sured, also seems to be relatively high. Mortality rates from
about 1 year of age to physiological senescence (10-15 years)
are low, even in food-limited populations. Thus, the principal
mechanism of pupul:aliun regulation in sea otters appears to be
starvation-induced mortality early in life.

Although the sex ratio at birth is about 50:50, the postwean-
ing mtm.lllts rate is greater in males than in females, thus result-
ing in a female Dinssd adult sex ratio. The elevated male mortal-
ity probably is cansed by aggressive interactions with adult males,
Ihlls fﬂrungjuwmlv lli:ll{"‘\ to lil\pt'm into lower- (1!1.1]1?\’ habitats.
These mortality patterns are reflected in the age and sex compo-
sition of beach-cast carcasses at locations where populations are
at or near equilibrium density. In California, the age composition
of beach-cast sea otter carcasses more tlml*h resembles the age
structure of living pupu!allnm thus indie: iting an elevated mor-
tality rate of prime-age animals. Because of the generally similar
age-specific birth rates across all sea otter populations, this ele-
vated mortality in prime-age animals is responsible for a de-
pressed growth rate in the California sea otter population.

H. Behavior

The behavioral ecology of sea otters strongly reflects life in
the sea. Vigorous grooming is the species’ behavioral hallmark.

Sea otters probably spend more time and energy grooming
their fur than any other mammal. This is .n:(,nmpln]wtl by ruh-
bing, rolling, hlowmj.,. and splashing. Grooming is necessary for
cleaning and replenishing air to the under fur.

Sea otters are unusual among both carnivores and marine
mammals in the generally small size of their home ranges, which
typically includes no more than several miles of shoreline, Both
males and females occasionally move longer distances for un-
certain reasons. Extralimital sightings in central Baja California
and near \’\’rungl‘l Island in the Chuchi Sea demonstrate that,
on occasion, individual sea otters move hundreds of miles.

Adult male sea otters maintain territories that in California
average about 40 hectares. Adult females zlppurvut]v move
freely among these territories, but the territory holder aggres-
sively excludes juvenile males. The precise function of male
temtnna]lty in sea otters is unclear, although ultimately terri-
tories serve to increase reproductive success. Adult males fre-
quently harass females with large pups in an apparent effort to
force separation, thus inducing the female to enter estrus and
bear his offspring. Copulation occurs repeatedly during brief
consorts, alter which the males and females separate. A male
grasps the female’s nose in his mouth and rolls vigorously on
the surface of the ocean to achieve intromission. Distinctive
nose sears in adult females often result from this behavior. In
severe cases, trauma to the nose and facial region may result in
death to the female. Some males seem usp{wiu"y prone to such
brutality. Upon killing their mate, these males usually continue
to copulate with the corpse, sometimes for days following her
death. Adult male sea otters have been observed attempting to
copulate with young harbor seals, in two such instances killing
the seals during the process.

This sea otter’s polygynous mating system (and the resulting
high male libido) likely evolved in response to their unusually
higll e lpululitm dtfnsil_v_ thus pmmoting male compel‘il‘ion for
females as the limiting resource in sexual reproduction. Polyg-
ynous mating systems are t_v‘pjl':l] of all otariids and some pho-
cids in temperate latitude systems but appu.reutly are rare or
absent in other species of otters. As is true for other polygy-
nous species, male sea otters provide no parental care.

I. Conservation and Management

I. Asia The status of sea otter populations throughout
most of Asia is uncertain. Sea otters currently occupy all of
their historic range in Russia and have been reportcd from
northern Japan. However, preseul-(luy abundance is believed
to be less than dllring the p:rull;m'cst period. as areas of low
density occur along the Kamchatka Peninsula and northern
Japan. Sea otters recolonized Bering Island, in the Comman-
der Islands, in about 1983. This lmpul.-llinn continued to in-
crease until 1990, at which time it declined by about 40%. The
population has remained stable since that time at about 3500
individuals. Systematic surveys of sea otter populations have
not been done throughout most of Asia as recent governmen-
tal change has resulted in dramatic reductions in support of
CONSERVATION and research programs.

2. Alaska Remnant and reintroduced sea otter populations
experienced rapid and widespread recovery during most of the
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20th century, probably due in large measure to the superabun-
dant prey resources that developed in their absence. In some
areas these growing pl}pulatimls 0\'{'."t1|il|]}" attained levels
where food or other resources became 1imiting, These patterns
of recovery and growth have been heralded as one of conser-
vation’s great success stories, However, there are new concerns
over the sea otter’s long-term welfare.

A. OIL SPILLS AND OTHER FORMS OF MARINE POLLU-
TION.  The Exvon Valdez oil spill killed large numbers of sea
otters—the minimum mortality estimate was 750 individuals.
Moreover, in the 10 years since the Exxon Valdez spill, sea ot-
ter pﬂpulatitmﬂ in t)il—im[)zlctud areas have recovered at an an-
nual rate of 3.3% per year, far below the gmwt}l rate observed
in this same population prior to the spill. This had led some to
conclude that chronic effects from the Exxon Valdez spill con-
tinue in Prince William Sound.

In the early 1990s, high levels of PCBs were discovered in
sea otters from the Aleutian archipelago. These now appear to
be associated with past military activities in the area. Although
concentrations measured in sea otter tissues exceed those
known to be harmful in mink, prescnt[y there is no other evi-
dence that they are having detrimental effects on sea otters.

B. HUMAN HARVESTS.  Alaska natives are permitted to
harvest sea otters for traditional purposes. Presently, most har-
vested animals are taken from Southeast Alaska and the Kodiak
archipelago. There are no restrictions on take and large num-
bers are currently being removed from some populations. Sus-
tainable harvest levels and take quotas need to be developed
from life table data and the spatial ecology of individual otters,
Quotas also should take into account the status and genetic
structure of populations, and the availability of food and space.

C. DECLINE IN CENTRAL ALEUTIANS. During the 1990s
the abundance of sea otters in the west-central Aleutian Islands
has declined by about 80-90%. Available evidence indicates
that these declines were caused by increased predation by killer
whales. Killer whales may have switched from consuming pin-
nipeds to sea otters following the collapse of Steller sea lion
and harbor seal populations in western Alaska during the late
1970s and 1980s. While the geographic extent of the sea otter
declines appears to be large, additional surveys are needed to

determine the range and magnitude of decline. As the result of

these declines, sea urchin populations have increased, followed
by a dramatic increase in the rate of herbivory and subsequent
deforestation of the nearshore community (Fig. 9).

3. British Columbia  The sea otter population in British Co-
lumbia continues to grow and expand its range. Conflicts with
arious shellfisheries are the primary concern of resource man-
agers, whereas others believe that the population is still precar-
i(msly small. Sea otter harvests have been [}mpnmf but at pre-
sent are not permitted under either national or provincial law.

4, ‘.’v’n.vfring!unl(_)negfm Like British Columbia, the Wash-
ington sea otter population continues to expand in numbers and
range. From the relocation site near La Push on the outer coast,
otters have spread around Cape Flattery eastward through the
Straits of Juan de Fuca. These animals now oceupy tribal waters
of the Makah Indians and are rapidly depleting red urchin pop-

ulations, which until recently supported a tribal fishery. Sea ot-
ters are presently absent from the coast of Oregon.

3. California  Calitornia sea otters have long been the ob-
jects of debate and controversy. Fishery interests have ma-
ligned sea otters because they compete with humans for vari-
ous commercial and recreational resources. Conservationists,
however, have been concerned with the small size and slow
growth rate of the California sea otter population. Increased
trafficking of oil tankers and outer continental shelf oil devel-
opment along the California coast have heightened concern
that a spill might reduce or even extinguish the California sea
otter population. For these reasons, the California sea otter
population was listed as “Threatened” in 1977 under the U.S.
Endangered Species Act. The U.S. Fish and Wildlife Service
adopted a recovery plan for the California Sea Otter in 1981.
Congress subsequently established Public Law 625 in an effort
to both enhance the California sea otter population and protect
shellfisheries. In 1987, under provisions of this law, sea otters
were reintroduced to San Nicolas Island in southern Califor-
nia. The otter population at San Nicolas Island dwindled to
about 15 individuals over the next several years, after which it
remained relatively stable through the 1990s, despite the birth
of at least 50 pups. Reasons for the growth failure of the pop-
ulation at San Nicolas Island are uncertain.

For most of the 20th century, the California sea otter main-
tained a slow but stead‘u increase in numbers and range. There
was a period of decline from the mid-1970s to the early 1950,
dppdrentl}' reqllllmg from increased losses in a coastal set net
fishery. The population resumed growth almost immediately
following the ilnl)lelm*nf.alicm of protective measures. The Cal-
ifornia sea otter population again began a gradual decline in the
mid-1990s. Reasons for the current decline are uncertain. Rea-
sonable possibilities include increased pollution and disease, in-
cidental losses in fishing gear, and food resource limitation.

During this most recent period of numerical decline, the
California sea otter’s range expanded southward, thus resulting
in ]arge numbers of otters moving south of Pt. Conception into
the “no-otter zone” established by PL 625. Shellfishery inter-
ests are presently demanding that these otters be removed,
whereas conservation groups are demandi ng that something be
done to curtail the ongoing [mpllht‘i(m decline. The U.S. Fish
and Wildlife has yet to decide how they will respond to this un-
fortunate dilemma.

fi. Mexico  Except for oecasional wanders from central and
southern California, sea otters are currently absent from the
waters of Baja California.

V. Concluding Remarks

After having been hunted to the brink of extinction, sea ot-
ters have recovered dramatically. While the status of other ma-
rine living otters is less certain, these animals appear better off
than their I‘reﬁ]lmlter—iiving counterparts, many of which are in a
very bad way because of human exploitation and various kinds of
habitat destruction. The relative well-being of marine otters is
thought to result from habitat destruction being less problematic
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Figure 9 Changes in sea otter abundance over time at several islands in the Aleutian archi-
pelago, and concurrent changes in sea urchin biomass, grazing intensity, and kelp density mea-
sured from kelp forests at Adak Island. Error bars indicate 1 SE. The proposed mechanisms of
dumgr' are lum'rmgycf in the margins: the one on the h:fr shotes how the hefp ﬁnt’st ecostystem
was organized before the sea otter’s decline and the one on the right shows how this ecosystem
changed with the addition of killer whales, an apex predator. Heavy arrows represent strong
trophic interactions; light arrows represent weak interactions. Reprinted with permission from
Science 282, Estes et al., Killer whale predation on sea otters linking coastal with oceanic ecosys-
tems, pp. 473—476. Copyright 1998 American Association for the Advancement of Science.

in the sea than it is on land. While that may be true, coastal ma- margin is a direct threat to coastal marine ecosystems and many
rine environments increasingly are the recipients of terrestrial of the species that depend on these systems. All of this does not
pollution and are being overexploited by numerous fisheries. bade well for the future of marine living otters. Overall, sea ot-
Furthermore, scientists are beginning to understand that the  ters are far more abundant today than they were 50 years ago.
coastal zone is linked in important and complex ways with both However, the recent and ongoing declines of otter populations
the open sea on its one side and land on the other. The fact that in Alaska and California may be among the first signs from these

people live in disproportionately high densities along the land-sea animals that coastal oceans are in peril.
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In the process of recovery, expanding otter populations have
come into conflict with fishery interests that developed during
their absence. Similar conflicts surround other camivores, but
in few cases is the effect so apparent as it is with sea otters and
shellfisheries. These conflicts strongly testify to the role apex
predators often play in regulating their prey populations. Nu-
merous other species and ecosystem-level processes are also
influenced by the indirect effects of sea otter predation. Again,
these examp]es‘. have helped lead to the growing realization that
apex predators often play complex but important roles in the
maintenance of bindiv(ersiiy, and thus that any affective strat-
egy for biodiversity conservation must be sufficient to include
viable populations of apex predators.
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