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Introduction 

Otters comprise the subfamily Lutrinae of the family MusteUdae, order 
Camiyora. Most are associated with fresh water; only two species are 
associated with the marine environment. The marine otter, or chungungo, 
Lutra felina, which ranges along the west coast of South America, is 
somewhat smaller than its more extensively studied counterpart in the 
North Pacific, the sea otter, Enhydra lutris (Mason and MacDonald, 1986). 
The ensuing discussion will focus on the latter species. 

The sea otter exploited the marine environment more recently in 
geologic time than did other mammals, and is consequently less spe- 
cialized for life in the ocean. Its dense fur, streamhned shape, and am- 
phibious habits are shared with its more terrestrial relative, the river otter. 
However, it possesses many aquatic adaptations (Estes, 1980), such as 
hindflippers, loss of the clavicle (which allows great flexibility of the 
pectoral girdle), and large kidneys. As a predator of marine invertebrates 
m the nearshore community, the sea otter possesses a modified dentition 
having strong, flattened premolars and molars well suited to crushing 
hard-shelled prey (Kenyon, 1969; Reidman and Estes, 1988). 

The sea otter is the largest lutrinid (Mason and MacDonald, 1986) 
and the smallest marine mammal. An aduU male can weigh up to 45 kg; 
females are considerably smaller (Estes, 1980). 
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Distribution and Abundance 

The sea otter originally inhabited a large area in the North Pacific, ranging 
from the northern islands of Japan northward along the eastern coast of 
Kamchatka, through the Commander, Aleutian, and Pribilof islands to the 
Alaskan peninsula, and south along North America as far as central Baja 
California (Kenyon, 1969; Estes, 1980) (Fig. 7-1). However, the species 
was heavily exploited for its fur and was reduced to scattered, remnant 
populations by the beginning of the twentieth century. Some of these 
populations subsequently became extinct, but others increased when sea 
otters won legal protection under a number of statutes, beginning with the 
Treaty for the Preservation and Protection of Fur Seals in 1911 (Kenyon, 
1969; Estes, 1980). 

Sea otters now reoccupy most of their historic range across the 
North Pacific, from the southern end of the Kuril Islands eastward to 
Prince William Sound in the northeastern Gulf of Alaska (Reidman and 
Estes, 1988). In the 1960s and 1970s, Alaskan sea otters were translocated 
to southeast Alaska, British Columbia, Washington, and Oregon (Jameson 

Figure 7-1  
Distribution of the sea otter (Kenyon, 1969). 
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et al., 1982). The Oregon population died out, but the others became 
established and appear to be increasing. In the late 1970s, the total popula- 
tion was estimated to number at least 100,000 individuals, and perhaps as 
high as 150,000 (Kenyon, 1981). 

The remnant population in California, which is classified as threat- 
ened by the U.S. Fish and Wildlife Service (Ladd, 1986a), also increased in 
size. It currently ranges along the coast between approximately Point Año 
Nuevo in the north and the Santa Maria River in the south, although some 
individuals wander beyond these limits (Leatherwood et al, 1978). The 
central part of the California range is inhabited primarily by adult females 
and pups, along with juveniles and some territorial males; the most north- 
em and southern areas are inhabited largely by males (Estes and Jameson, 
1983). In 1987, the U.S. Fish and Wildlife Service translocated sea otters to 
another part of their historic range, San Nicolas Island off southern Cali- 
fornia (Ladd, 1986a,b; Brownell, 1988). The California population con- 
tains 1800 to 2000 individuals (Kenyon, 1981). 

Preferred Habitat 

Sea otters are primarily a coastal species. However, in areas where the 
water is shallow, large numbers of individuals sometimes occur far from 
shore. They are frequently found over 8 km from shore off the Copper 
River Delta in the Gulf of Alaska (Monnett, 1987) and over 30 km from 
shore around Unimak Island in the Bering Sea (Kenyon, 1969). Sea otters 
prefer to rest in kelp, as it helps keep them from drifting and perhaps 
affords some protection from white sharks (Carcharodon carcharías). In 
California, sea otters are most commonly observed inshore of the outer 
limit of the giant kelp (Macrocystis pynfera) canopy (Reidman and Estes, 
1988). However, juvenile males spend much of their time in open water 
beyond the limits of the kelp (Siniff and Rails, 1988), and otters are 
abundant in many areas, such as Prince WiUiam Sound, Alaska, where 
there is very Uttle kelp. 

Sea otters occur over a variety of substrate types and nearshore 
communities. In California, areas with rocky bottoms support higher den- 
sities of otters (approximately 5 individuals/km^) than those with sandy 
bottoms (0.8 individuals/km^) (California Department of Fish and Game, 
1976). This difference indicates that rocky bottoms are more productive 
communities and support a greater variety of invertebrate prey species 
taken by sea otters (Reidman and Estes, 1988). 
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Site Fidelity and 
IVIovement Patterns 

Individual sea otters typically remain within a small area from day to day. 
In California, the average distance between successive daily locations, 
determined by radiotracking, ranged from 0.7 km for adult males to 2.4 km 
for juvenile males (Siniff and Rails, 1988). Movements of over 10 km per 
day are infrequent, but in both California and Alaska, otters sometimes 
move over distances of 100 km or more within a few days. Thus, home 
ranges consist of heavily used areas connected by travel corridors. Indi- 
viduals can also range over extended areas (Ribic, 1982a; Garshelis and 
GarsheUs, 1984; Monnett and Rotterman, 1987; Siniff and Rails, 1988). 
During a 2-year study period in California adult females visited an average 
of 24 km of coastUne, juvenile females 47 km, adult males 98 km, and 
juvenile males 128 km (Siniff and Rails, 1988). 

In Alaska, sea otters often make long-distance seasonal move- 
ments between breeding and wintering areas (Garshelis and Garshelis, 
1984; Monnett and Rotterman, 1987). In California, males may (Estes and 
Jameson, 1983; Jameson, 1989) or may not (Loughlin, 1980; Siniff and 
Rails, 1988) show similar behavior; females in California do not move 
seasonally. 

An otter's movements appear to be governed by its preference for 
specific kelp beds and feeding areas (LoughUn, 1977). Otters of all ages and 
both sexes, including territorial males, sometimes travel for long distances 
and then return to the same area (Loughlin, 1977; Estes and Jameson, 
1983; GarsheUs and GarsheUs, 1984; GarsheUs et al, 1984; Siniff and RaUs, 
1988). At least 5 of 17 male California sea otters that were tagged and 
moved a distance of 72 km returned to the vicinity of their capture location 
within 9 months (Odemar and Wilson, 1969; Wild and Ames, 1974). We 
observed two males in California that were moved approximately 150 km. 
One returned within a week and the other in about 1 month. 

Reproduction 

Sea otters can mate and pup throughout the year; reproductive activities 
are more seasonal in Alaska than in California. In Prince William Sound, 
mating generaUy occurs in fall and most pups are bom in May (Garshelis et 
al, 1984). The same pattern probably exists throughout Alaska, although 
the pupping peak may extend into summer in some areas, with mating 
activity common as late as December (Kenyon, 1969; Schneider, 1973). In 
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the western Pacific, there may be two reproductive peaks, one in June- 
July and the other in September-October (Barabash-Nikiforov et al, 
1968). In California, there is a pupping peak in spring and a smaller, 
secondary one in fall (Siniff and Rails, 1988). 

In California, the period from copulation to birth is about 6 months 
(Estes and Jameson, 1983), and is thought to include a variable period of 
delayed implantation (Kenyon, 1981). Kenyon (1969) estimated the gesta- 
tion period in Alaska to be about 120 days. Birth may occur on land 
(Jameson, 1983) but aquatic births•at least in California•are thought to 
be more common. Although twins are reported, they are apparently never 
successfully raised (Jameson and Bodkin, 1986). Most pups are weaned 
within 5-8 months (Garshehs et al, 1984; Payne and Jameson, 1984; 
Wendell et al., 1984; Monnett, 1987). After about 4 months of age, the 
pup's diet consists mostly of prey captured by its mother, although the pup 
continues to suckle until they separate (Payne and Jameson, 1984). 

Female sea otters reach sexual maturity at 3-5 years of age in 
Alaska (Kenyon, 1969; Garshehs et al, 1984). There are no comparable 
data for California, except for the single observation of a pup produced by 
a 4-year-old female (Wendell et al, 1984). Males are thought to reach 
sexual maturity at 5 or 6 years of age (Green, 1978; Schneider, 1978) but 
generally begin breeding at a somewhat older age. Garshelis (1984) found 
that none of the breeding males sampled from Prince William Sound was 
younger than 6 years. 

Eariy studies of reproductive tracts from animals collected in the 
Soviet Union and Alaska suggested that sea otters generally give birth 
only once every 2 years (Barabash-Nikiforov et al, 1968; Kenyon, 1969; 
Schneider, 1973). However, subsequent observations of tagged individ- 
uals showed that most females pup annually (Jameson and Johnson, 1979; 
Loughlin et al, 1981; Estes and Jameson, 1983; Garshehs et al 1984- 
Wendell e/a/., 1984; Siniff and Rails, 1988). 

Some sea otter populations in Alaska have increased at rates as 
high as 16% per year (Kenyon, 1969; Estes 1982). Annual increment of the 
California population is currently above 5% (Jameson and Estes, 1988), a 
rate which characterized the population for many decades (Rails et al 
1983; Brody, 1987) except for a 10-15 year period beginning in the eariy 
1970s when there was no apparent increase (Estes and Jameson, 1983- 
Wendell et al, 1986; Brody, 1987). The population dynamics of sea otters' 
are not well understood. A recently developed computer model may 
provide some insights (Brody, 1987).The relevance of modehng to pre- 
dicting recovery rates after oil spills is addressed in Chapter 12 in this 
volume. 
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Social Organization 
and Reproductive Beliavior 

Sea otters are polygynous. Breeding males defend territories seasonally or 
year round in "female areas" occupied by reproductive females and their 
young (Kenyon, 1969; Calkins and Lent, 1975; Loughlin, 1980; Estes and 
Jameson, 1983; Garshelis et al, 1984; Jameson, 1989). A male usually 
forms a temporary consortship, lasting 1-4 days, with an estrous female 
(Kenyon, 1969; Vandevere, 1970; GarsheUs et al, 1984). The two remain 
close together during this period. Males may attend females with large 
pups, or even some with small pups, although copulation is rarely success- 
ful until after the nursing period is over (Kenyon, 1969; Calkins and Lent, 
1975; GarsheUs et al, 1984). Adult females do not always remain in the 
territory of a single male. 

Large numbers of males congregate in "male areas" where few 
reproductive females are present. The groups include individuals too 
young to breed and older males when these are not maintaining seasonal 
territories. Male otters are usually the first to colonize new habitat, so male 
areas tend to be located at the edge of the range, where food is more 
abundant (Benech, 1981; Estes and Jameson, 1983; Garshelis et al, 1984, 
1986). Otters often rest in groups called "rafts," their composition fluid. 
Groups consisting primarily of females are usually small in California and 
Prince William Sound, although aggregations of more than 100 females 
have been observed in parts of Alaska (Monnett and Rotterman, 1987). 
Throughout this range, males may rest in very large rafts consisting of 
hundreds of individuals (Kenyon, 1969; Garshelis et al, 1984). Otters 
sometimes emerge from the water to rest on ice or land; they do this more 
frequently, and in larger groups, in Alaska and the U.S.S.R. than in 
California (Kenyon, 1969; Faurot, 1985), perhaps because of the more 
severe climate and less human disturbance in northern waters. 

Mothers and pups have strong social bonds, remaining together 
until the pup is weaned (Payne and Jameson, 1984); however, mothers that 
are ill or in poor condition may abandon pups (GarsheUs and GarsheUs, 
1987). Weaning appears to be abrupt. In Prince WiUiam Sound, most male 
weanUngs move long distances soon after they separate from their moth- 
ers. They establish new home ranges in male areas; females tend not to 
travel as far and remain within the natal female area (Monnett and Rotter- 
man, 1987). Adult females sometimes reassociate with weaned pups 
(Garshelis and GarsheUs, 1987); nothing is known about the frequency of 
this behavior or the extent to which female otters might associate with 
older related individuals. 

Behaviors associated with reproduction can be injurious and even 



7. Sea Otters and Oil: Ecologie Perspectives       205 

fatal (Garshelis et al., 1984). While copulating, or attempting to, the male 
secures a bite-hold on the female's nose or face (Kenyon, 1969; Van- 
devere, 1970), sometimes leaving her with bloody lesions (Brosseau et al., 
1975) and lasting scars (Foott 1971). Although territorial males occasion- 
ally fight (Fisher, 1939; Vandevere, 1970; Loughlin, 1977), the frequency 
and extent of resulting injuries are unknown. 

Trophic Levels 
and Feeding Habits 

Feeding otters ahemately dive to obtain prey and float at the surface to 
consume it. Pups less than about 6 weeks old are unable to dive and must 
remain on the surface while their mothers search for food (Payne and 
Jameson, 1984). The use of rocks as tools to dislodge or break open 
hard-shelled prey is more common in California (Hall and Schaller, 1964) 
than in Alaska (Kenyon, 1969). 

Most sea otters feed almost entirely on macroinvertebrates, al- 
though in some areas they also consume epibenthic fish (Estes et a/., 1981; 
Maminov and Shitkov, 1970). At the population level, the diet becomes 
more varied after sea otters have occupied an area for several years (Estes 
et al., 1981; GarsheUs et al., 1986; Reidman and Estes, 1988). Typically, 
after colonizing a new area, most of the otters consume large, calorically 
rich prey items. As these become scarcer, the diet begins to include 
smaller items and less preferred species. Individual otters show marked 
variation in food preference; one individual may feed largely on clams and 
another on mussels and turban snails (Estes et al., 1981 ; Lyons and Estes, 
1985; Siniff and Rails, 1988). These differences persist over long periods of 
time (Lyons, 1987). Individuals also differ with respect to average dive 
length, time at the surface, feeding-bout length, and the interval between 
feeding bouts (Siniff and Rails, 1988). 

In the wild, otters can feed as much as 12 hours each day (Garshe- 
lis et al., 1986; Siniff and Rails, 1988). In California, juvenile females seem 
to spend more time feeding than males or females of other age classes, and 
often feed during the day, when other otters are resting (Siniff and Rails, 
1988). As a group, otters show no particular preference for day or night 
feeding, though they are most active during late afternoon, eariy evening, 
and eariy morning. Individuals differ in their diurnal feeding patterns, 
perhaps in association with the accessibility of their prey. The interval 
between feeding bouts is about 3 hours, which is the time it takes for food 
to be digested and cleared from the gut (Stulken and Kirkpatrick, 1955- 
Costa, 1978; Ribic, 1982b; Siniff and Rails, 1988). 
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Metabolism and 
Thermorégulation 

The otter's rapt attention to feeding directly reflects its need to fuel a 
metabolic rate which is over twice that of a terrestrial mammal of compa- 
rable size (Morrison et al, 1974; Costa and Kooyman, 1982; Davis et al., 
1988). Captive animals consume 190-250 kcal/kg/day (Estes, 1980). There 
are no comparable values for wild otters, but Costa (1978) estimated that 
they must consume the equivalent of 23-33% of their body weight per day. 
Sea otters are locked into a feeding mode which cannot be interrupted. 

Unlike all other marine mammals, the sea otter has little sub- 
cutaneous fat to aid in reducing heat loss; it must depend on its dense 
pelage for insulation. The pelage consists of an outer layer of guard hairs 
and an extremely dense underfur with over 100,000 hairs per square cm 
(Kenyon, 1969). The hairs are arranged in bundles, each containing ap- 
proximately one guard hair and 70 underfur hairs. Bundle density varies 
over the body, ranging from about 2400 per square cm on the forearm to 
851 on the dorsal surface. Air is trapped within the fur, adding to its 
insulative value (Kenyon, 1969; Costa and Kooyman, 1982; Davis et al., 
1988). 

The pelage must be continually groomed to be effective. Loughlin 
(1977) described a somewhat stereotyped sequence of grooming. After an 
initial period of vigorous rolling and somersaulting, the otter rubs various 
parts of its body with the forepaws. It then licks and rubs its tail, hindquar- 
ters, chest, and forepaws. Sea otters typically groom themselves rather 
than each other. However, young pups are unable to groom themselves, 
and a female may spend up to 20% of the daylight hours grooming her pup 
(Sandegrene/a/., 1973). 

Summarizing the Risk 

Many features of the life history of otters predispose them to exposure to 
spilled oil. They are coastal animals with strong site fidelity; they feed on 
benthic organisms that accumulate and store hydrocarbon residues from 
contaminated sediments (Neff, this volume, Chapter 1); and they spend a 
great deal of time at the surface moored to kelp beds that capture oil. The 
risk is amplified by circumstances that bring otters together to form loose 
associations, or rafts, sometimes numbering a hundred or more individ- 
uals. Under those circumstances, large groups of animals can be exposed 
simultaneously. 

Isolated populations, such as the one along the coast of California, 
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are most endangered. As we have learned from the 1989 Exxon Valdez 
accident in Prince William Sound, a regional disaster can kill many 
animals. The prognosis is not necessarily bleak, however, because "seed" 
or "pioneer" populations from remote areas can spread and recolonize, as 
they did after the near-extinction of sea otters at the turn of the century. 
And we now know that it is sometimes feasible to translocate otters to 
unoccupied areas where they once thrived. 

For the individual otter, contamination by oil spells an almost 
certain fate. An otter's normal preoccupation with grooming becomes 
obsessive, displacing other behaviors, including feeding, resting, and car- 
ing for young. Despite its efforts, the otter may not be able to restore the 
insulative value of its coat. 
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