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ACTIVITY-TIME BUDGETS OF SEA OTTERS IN CALIFORNIA 
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KAREN E. UNDERWOOD,' Board of Studies in Biology, University of California, Santa Cruz, CA 95064 
MARGIT J. KARMANN,2 Board of Studies in Biology, University of California, Santa Cruz, CA 95064 

Abstract: Daily time budgets and activity patterns of sea otters (Enhydra lutris) were determined by scan 
sampling at 4 study areas in central California. Diet was determined by direct observation of foraging 
animals. Average time invested in foraging ranged from 11 to 71%among viewing areas (1-2 km of coastline) 
and from 21 to 28% among study areas (8-10 km of coastline). Foraging time budgets were unrelated to 
season or the length of time that an area had been inhabited by otters. The diet of sea otters in California 
consisted almost entirely of marine invertebrates. These patterns were consistent with our review of other 
information on sea otter activity and diet in California. Diurnal foraging patterns were distinctly crepuscular 
at all sites and times sampled but one. Afternoon peaks in foraging activity were greater than morning 
peaks. Time budgets and diets were similar to those of sea otter populations in Alaska and the Soviet Union 
that were known to be below equilibrium density, thus suggesting that the presently curtailed growth of the 
California sea otter population is not due to food limitation. 
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An estimated 16,000-18,000 sea otters inhab- 1976 had grown to an estimated 1,800-2,000 
ited coastal waters of California prior to the fur animals, occupying a linear coastal range of 
trade of the 18th and 19th Centuries. By 1911, about 280 km in central California (Calif. Dep. 
when they became legally protected, the Cali- Fish and Game, unpubl. rep., Sacramento, Cal-
fornia population contained only 50-100 ani- if., 1976). Further increases in abundance and 
mals (U.S. Fish and Wildl. Serv. 1982). The range were expected because large expanses of 
remnant population increased thereafter and by unoccupied habitat occurred at each end of the 

vo~ulation'sranee. Available census and survev* * u 

data, however, indicate that the population has' Present address: 2242 82nd Avenue, SE, Mercer 
Island, WA 98040. not changed measurably in abundance since 

%Presentaddress: 413A 61st Street, Oakland, CA about 1970 (Estes and Jameson 1983). 
94609. There are 2 possible explanations for the ob-
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served lack of growth. One is that the popula-
tion, having increased during most of this cen-
tury, is now limited by density dependent 
factors, such as competition for food or other 
requisite resources. The other possibility is that 
the population is below equilibrium density, but 
with further growth limited by density inde-
pendent factors, such as human-caused distur-
bances. Documented sources of mortality that 
are likely density independent include white 
shark (Carcharodon carcharias) attacks (Ames 
and Morejohn 1980), illegal shooting, and in-
cidental entanglement in fishing nets (Ames et 
al. 1984; F. E. Wendell et al., unpubl. rep., Cal-
if. Dep. Fish and Game, Morro Bay, Calif., 
1984). Both possibilities have been argued (Mil-
ler 1980, Estes 1981) but with little direct, sup-
porting data. 

Eberhardt (1977) proposed several ap-
proaches for assessing the status of marine 
mammal populations. One approach, time bud-
get analysis, derives from an assumption of for-
aging theory-that net energy yield from feed-
ing increases concomitantly with an increase in 
time spent feeding (Schoener 1971). Thus, if a 
consumer's net energy requirement is roughly 
fixed, then a reduction in abundance, size, or 
quality of available prey would lower the yield-
time curve so as to increase the time invested 
in feeding. 

This study was founded on this assumption. 
First, we describe diurnal activities and time 
budgets of the California sea otter population 
and compare variation between seasons, among 
areas, and over time. Second, we compare our 
results with time budgets from Alaska popula-
tions of known status. On the basis of these and 
other data, we discuss likely causes for the pres-
ent lack of growth in the California sea otter 
population. 

We thank J. A. Ames, R. G. Anthony, C. J. 
Deutsch, J. S. Pearse, K. Ralls, and G. R. 
VanBlaricom for comments on earlier drafts of 
the manuscript. We are grateful to the Board 
of Stud in Biol., College VIII and the Environ. 
Field Prog. at the Univ. California, Santa Cruz 
and the U.S. Fish and Wildl. Serv. for funding; 
to the Environ. Field Prog. for access to the Big 
Creek Reserve; to Hopkins Marine Stn., Pebble 
Beach Corp., and the Cypress Point Country 
Club for granting access to and use of facilities 
in these respective areas; to the Inst. Marine 
Sci., Univ. California, Santa Cruz for support; 

to R. J. Jameson for field assistance, advice, and 
use of the U.S. Fish and Wildl. Serv. facility at 
Piedras Blancas; to J. S. Pearse for unpublished 
data; and to P. H. Thorson for help in the field, 

STUDY AREAS AND METHODS 

Study areas were located at: (1) the north 
shore of the Monterey Peninsula, (2) the south 
shore of the Monterey Peninsula, (3) Big Creek, 
and (4) Piedras Blancas (Fig. 1). Although oc-
cupied by otters for differing lengths of time, 
they were common at each location. Following 
near extinction from overhunting during ear-
lier years, Big Creek was 1st reinhabited in the 
mid-1940's, Piedras Blancas and the southern 
Xfonterey Peninsula both in the late 1950's, and 
the northern Monterey Peninsula in the late 
1960's (Calif.Dep. Fish and Game, unpubl. rep., 
Sacramento, Calif., 1976).On the basis of range-
wide population surveys done in spring and au-
tumn 1982, from 39 to 82 sea otters inhabited 
each study area (Table 1). All areas contained 
females with pups. Together, the areas con-
tained 15-18% of the population in California, 
currently estimated at 1.350-1,400 individuals 
(R. J. Jameson and J. A. Estes, unpubl. data). 
All study areas contained extensive rocky reef 
and kelp forest habitat, with giant kelp (Macro-
cystis pyrifera) or bull kelp (Nereocystzs leut-
keana) the principal surface canopy-forming 
species. 

Each study area was divided into contiguous 
subsegments (hereinafter called "viewing areas," 
Fig. I), of such sizes and locations that, using 
binoculars and a spotting scope, all sea otters 
within each viewing area could be seen and their 
activities identified from a single observation 
post. Viewing area boundaries were determined 
by natural landmarks, such as breaks in the kelp 
canopy, islets, and rocky promontories. 

We observed otter activity at the 2 Monterey 
Peninsula study areas from January through 
October 1981, and at Big Creek and Piedras 
Blancas from April through July 1982. Each 
study area was sampled 4 times. The Monterey 
Peninsula study areas were sampled in alter-
nate months, and the Big Creek and Piedras 
Blancas study areas were sampled each month 
during the respective study periods. One day 
(dawn to dusk) was spent in every viewing area 
during each sample period. The order in which 
viewing areas were observed was randomly se-
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Fig. 1. Boundaries of viewing areas on the 4 study areas in central California. 
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Table 1. Number of sea otters counted in the study areas in central California during population surveys conducted in 1982 
(see Estes and Jameson [I9831for survey methods). 

Springa 1982 Fall 1982 

Indz- Indr-
5tud\ arra prndents" Pups Tr~tal pendrnts Pups Tutdl 

rjorth h4onterev Peninsula (A)  35 13 68 35 3 38 
South hlontere) Peninsula (B) 55 16 71 70 12 82 
Big Creek (C) 48 10 58 49 11 60 
Piedras Blancas (D) 40 8 48 33 6 39 

Totals 245 219 

" p r ~ r ~ g  = \lar-\la\ and fall = Oct-Drc 
'3 .All i e d  otters excrpt dependent pups 

lected. In total, the study was based on 1,150 
hours of observation time. 

Activity was estimated by scan sampling 
(Altmann 1974) the viewing areas at 0.5-hour 
intervals with 7 or 10X binoculars. This was 
found to be the minimum time interval re-
quired to carefully observe each animal in a 
viewing area. Scans were done at such a rate as 
to virtually eliminate the chance that an animal 
submerged on a foraging dive would be missed. 

The activity of each sighted otter was cate-
gorized as foraging, resting, or other. Proce-
dures were similar to those described by Estes 
and Smith (1973) and Estes et al. (1982). Nor-
mally, all viewing areas at 1 study area were 
sampled before work at another area was be-
gun. Periods of inclement weather or poor 
viewing, which occurred infrequently during 
the course of this study, were avoided. 

The sampling procedure was used to describe 
diurnal activity patterns and time budgets for 
sea otters. We further analyzed these data for 
the following sources of variation: (1) among 
viewing areas within study areas (time budgets 
only), (2) among study areas, and (3) over time 
within study areas. Percent activity data were 
transformed to arcsin square roots for statistical 
analyses. 

Diet was determined by observation of for-
aging animals through a 50-80X telescope, at 
distances between about 50-250 m, while they 
were on the ocean's surface consuming their 
prey. Prey were identified to the lowest possible 
taxa. Data from Big Creek were gathered con-
currently with the activity study. Data from 
Piedras Blancas (Estes et al. 1981) and the Mon-
terey Peninsula (K. J. Lyons and J. A. Estes, 
unpubl. data) were gathered before and after 
activity studies at the respective areas. 

RESULTS 
Time Budgets 

The proportion of time devoted to the 3 cat-
egories of activity was highly variable among 
viewing areas (Table 2). For example, time spent 
foraging ranged from 22 to 60% at the northern 
Monterey Peninsula area and from 11 to 71% 
on the southern Monterey Peninsula. Variation 
among contiguous viewing areas was lower at 
the Big Creek and Piedras Blancas areas. 

Sea otter abundance was not uniform among 
viewing areas (Table 2). Foraging intensity 
among viewing areas was negatively correlated 
with sea otter abundance. Correlations between 
transformed percent foraging and percent sea 
otter abundance were significant for the 2 sites 
on the Monterey Peninsula ( t , ,= 3.84, P < 
0.005), Big Creek and Piedras Blancas (t, = 2.47, 
P < 0.025) and for data gathered by Shimek 
and Monk (1977) in 1974 ( t i  = 16.86, P < 
0.005). This pattern might be explained by an 
aggregated distribution of resting animals in 
several viewing areas, superimposed on a uni-
form spatial distribution of foraging activity. 
However, we reject this explanation because the 
total number of sightings of foraging animals 
over viewing areas was significantly different 
from uniform (x2tests, P < 0.001) at all 4 study 
areas. However, the correlation between abun-
dance of foraging animals (as indicated by 
numbers of sightings) and percent foraging ac-
tivity was not significant (t-tests, P > 0.05) in 
all cases. 

Despite the variation in activity among view-
ing areas, activity time budgets were similar 
among study areas. Mean foraging time across 
viewing areas within each study area ranged 
between 21 and 28% (Table 2). No seasonal ef-
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Table 2. Percent activity of sea otters by viewing area at North Monterey Peninsula (A), South Monterey Peninsula (B), Big 
Creek (C), and Piedras Blancas (D), in central California, 1981-82. (Standard deviations are given in parentheses.) 

- -- -~- p~ - - - - - p~- - - -- - - - -

% tlme spent 

Stud) area Vlem~ngareaa .V obserhations Foraging Hest~ng Other 

A 1 
2 
3 
4 
5 
6 

Total 

1 
2 
3 
4 
5 
6 

Total 

1 
2 
3 
4 
5 

Total 

1 
2 
3 
4 
5 

Total 

a L.ocatiorr of areas in F I ~1 

fect on activity budget was detectable at either 
area on the Monterey Peninsula (x2,= 0.8, P = 

0.93; x2,= 0.6, P = 0.96 for winter-spring vs. 
summer-fall samples at the north and south 
study areas, respectively). There also was no 
significant change in foraging activity between 
1974 and 1981 at the north Monterey Peninsula 
Study Area (x2,= 0.1, P = 0.74). 

Activity Patterns 
The diurnal pattern of activity consisted of 

morning and afternoon peaks in foraging, sep-
arated by a mid-day lull (Fig. 2). The number 
of resting animals was inversely related to the 
number foraging so that their combined per-
centage was uniform over time. The activity 
category "other" appeared to be of similar 
magnitude at all study areas and times. For-
aging activity began to intensify near dawn, 
peaked at about 0600 hours (PST),and declined 
to minimum levels by about 0900 hours. The 
afternoon foraging peak began about 1300 
hours, reached a maximum at 1600-1800 hours, 

and continued until dusk. The afternoon peak 
in foraging was higher than the morning peak. 
Morning peaks in foraging activity ranged be-
tween 32 and 37%,afternoon peaks between 48 
and 63%. A single departure from this general 
pattern occurred during winter at the north 
Monterey Peninsula Study Area (Fig. 2), where 
no changes in activity through the day were 
evident. However, data were not collected in 
winter at this site before 0600 or after 1700 
hours because of the shortened daylength. 

Diet 
Otters fed almost exclusively on inverte-

brates at each of the study areas although in 
somewhat different proportions. At the respec-
tive study areas of the Monterey Peninsula, Big 
Creek, and Piedras Blancas (18,577; 303; and 
820 foraging dives observed), diet consisted of 
about 24, 9, and 31% crustaceans (mostly crabs); 
32, 56, and 25% molluscs (mostly gastropods); 
18, 5 ,  and 3% echinoderms; and 22, 24, and 
38% unidentified. Unidentified prey probably 
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Winter-Spr ing 1981 

T I M E  OF DAY ( P S T )  

Fig. 2. Temporal patterns of sea otter activity at each of the 4 study areas in central California. Open circles = resting, closed 
circles = foraging, squares = other. (Dates were as follows: NMP winter-spring = Jan, Mar, and May; NMP summer-fall = 
Jul and Sep; SMP winter-spring = Feb and Apr; SMP summer-fall = Jun, Aug, and Oct; and BC and PB = Apr-Jul). 

were mostly invertebrates that could not be seen iting population growth of sea otters in Cali-
clearly because of their small size or the ori- fornia. Available evidence supports this asser-
entation of the otters. tion: 

DISCUSSION 1. The size and abundance of many inver-
tebrate prey species are limited by sea otter 

Sea Otter Population Assessment predation (Estes and Palmisano 1974, Duggins 
Activity time budgets should be helpful in 1980, Breen et a]. 1982, Hardy et al. 1982, Estes 

determining the factor or factors presently lim- and VanBlaricom 1985). 
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2. Food appears to be the main resource ul-
timately limiting the growth of undisturbed sea 
otter populations in Alaska (Kenyon 1969;A. M. 
Johnson, pers. commun.) and the Soviet Union 
(M. K. Maminov, pers. commun.). 

3. Sea otters in undisturbed populations at or 
near equilibrium density spend substantially 
more time foraging than do animals from pop-
ulations below equilibrium density (Estes et al. 
1982, Garshelis 1983). This information indi-
cates that time spent foraging can be variable 
and that individuals in growing populations, 
when eventually faced with depleted food re-
sources, will increase the time allocated to for-
aging before they starve. 

Together these ideas and findings provide a 
conceptual format and standard of comparison 
for judging whether the California population 
of sea otters is at or below equilibrium density. 
If time allotted to foraging was uniformly high 
(by Alaskan standards) throughout the sea otter 
population in California, we would surmise that 
further growth probably was limited by food 
availability. Alternatively, uniformly low for-
aging time allotments would suggest that some 
other factor was limiting the population, 
whereas variable allotments might indicate that 
the extent to which food was limiting differed 
between the center and ends of the population's 
range. 

Activity-Time Budgets 
The magnitude of spatial variation in activ-

ity-time budgets by sea otters in California de-
pends largely on the units of measurement. 
Among viewing areas (i.e., about 1-2-km seg-
ments of coastline) variation in activity is high. 
Causes for such small-scale variation in activity 
are unknown, although they likely relate to some 
aspect of habitat quality, such as food avail-
ability or the suitability of resting sites. Consis-
tently small standard deviations of percent ac-
tivity within viewing areas (Table 2) indicate 
that the high variation among viewing areas is 
not a result of sampling error. 

At the level of study areas (i.e., about 8-10-
km segments of coastline) variation in activity-
time budgets was much less than among view-
ing areas, indicating that patterns on this scale 
adequately characterized local segments of the 
population. Given that assumption, the data re-
ported herein, together with those obtained by 
other investigators (Table 3), demonstrate a 

general consistency in activity-time budgets by 
sea otters in California. There is no indication 
that sea otters spend more time foraging in areas 
where their population has been established the 
longest (i.e., where competition for food thus 
should be most intense). Available data span a 
variety of situations, from Big Creek and So-
beranes Point near the center of the popula-
tion's present range, to the area north of Santa 
Cruz at the northern periphery of the range. 
This finding is especially interesting in view of 
the broad range in time allocations reported 
from sea otter populations in Alaska (Estes et 
al. 1982, Garshelis 1983). Data gathered (by the 
same techniques employed in this study) from 
the Aleutian Islands, Alaska, and from Oregon 
indicate that otter populations below equilib-
rium density allocate 15-20% of their time to 
foraging, whereas those at equilibrium density 
forage 50-55% of the time. 

Results from radio telemetry studies of sea 
otters in California by Loughlin (1980), Ribic 
(1982), and Siniff and Ralls (unpubl. data) have 
been excluded from this summary, although Ri-
bic's (1982) analysis indicates that visual obser-
vations and the interpretation of radio signals 
provide similar results (see fig. 2 in Ribic [1982]). 
However, Ribic's data do not discriminate for-
aging from several other categories of activity; 
and Loughlin's (1980)data, which indicate 34% 
foraging, are based on a small sample (6 ani-
mals with only several days data from each an-
imal). Preliminary data from D. B. Siniff and 
K. Rall's ongoing study are consistent with those 
from the visual studies. 

The coastline at Santa Cruz was actually be-
yond the permanent range of sea otters (defined 
at its ends by large concentrations of males) at 
the time King's (1976), Yellin et al.'s (1977)and 
Pearse's (unpubl.) data were gathered (Table 
3). The animals they observed should be con-
sidered extralimital wanderers. Data from King 
(1976) and Yellin et al. (1977) were obtained 
prior to the establishment of a large congrega-
tion of resting males at Soquel Point in 1977, 
whereas Pearse's data were gathered after the 
group became established. However, Pearse did 
not sample the Soquel Point area (pers. com-
mun.) so his data may be biased against resting 
otters. 

Collectively, these data suggest that popula-
tion growth of sea otters in California presently 
is not limited by food availability, and further, 
that this nonequilibrium status occurs through-
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Table 3. Comparative findings from sea otter time budget studies in California, Alaska, and Oregon 

% time spent
Location and year 
(sourceI ,V obser\,at~ons Foraging Resting Other 

Piedras Blancas, 1982 
(this study) 

Big Creek, 1982 
(this study) 

Southern Monterey Peninsula, 1981 
(this study) 

Northern klonterey Peninsula, 1981 
(this study) 

Soberanes Point, 1983 
(Riedrnan 1984) 

Northern Monterey Peninsula, 1974 
(Shimek and Monk 1977) 

Northern Monterey Peninsula, 1977 
(Harris 1977) 

Santa Cruz, 1974-75 
(Yellin et al. 1977) 

Santa Cruz, 1981-83 
(J. S. Pearse, unpubl, data) 

Santa Cruz, 1975 
(King 1976) 

Blanco Reef, Oregon, 1974 
(Estes et a]. 1982) 

Attu Island, Alaska 
(Estes et al. 1982) 

Amchitka Island, Alaska, 1977 
(Estes et al. 1982) 

Amchitka Island, Alaska, 1972 
(Estes et a]. 1982) 

out the population. If the sea otter population 
in California is food limited, this situation must 
be reconciled with the comparatively small 
amount of time spent foraging because infor-
mation from food limited populations in the 
Aleutian Islands indicates a foraging effort about 
2 x that presently being expended anywhere in 
California. 

It is unlikely that different thermal environ-
ments between Alaska and California affect 
metabolism so as to constrain sea otters to be 
less active in California because summer sea-
surface temperatures are similar between the 
western Aleutian Islands (8-11 C, J. A. Estes, 
unpubl. data) and central California (10-14 C, 
G. R. VanBlaricom, unpubl. data from Piedras 
Blancas; Calif. Dep. Fish and Game, unpubl. 
data from Granite Canyon). Furthermore, sea 
otters have a broad thermal-neutral zone that 
extends in both directions well beyond the 
coastal temperature extremes of California and 
the Aleutian Islands (Morrison et al. 1974). 
There may be other factors that hold foraging 
times in California to the observed level al-

though it is presently unknown what these might 
be or how they differ between Alaska and Cal-
ifornia. 

Diurnal Activity Patterns 

Diurnal fluctuation in foraging and resting 
activity patterns is a general feature of sea otter 
behavior in California, but exceptions occur at 
some areas and times; e.g., winter-spring 1981 
at our northern Monterey Peninsula study area 
(Fig. 2). This observation suggests that activity 
fluctuations vary in response to environmental 
factors, rather than being endogenous rhythms. 
Die1 variation in activity among Alaskan pop-
ulations has been interpreted similarly (Estes et 
al. 1982, Garshelis 1983); the responsible vari-
able was food availability. 

Diurnal activity patterns also may be influ-
enced by factors other than food availability. 
We have observed that short-period wind waves 
disrupt resting animals, and Garshelis (1983) has 
shown that windy conditions tend to inhibit the 
formation of resting groups in Prince William 
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Sound, Alaska. Strong northwesterly winds typ-
ically blow along the west coast of North Amer-
ica during most of the year. This condition is 
especially prevalent in central California. Winds 
usually abate at night and begin to build again 
by mid- to late morning, reaching maximum 
intensity by mid- to late afternoon. Wind in-
tensity patterns, therefore, are consistent with 
the afternoon increase in foraging activity, pos-
sibly being responsible for the fact that foraging 
is typically more intense in the afternoon than 
in the morning. This hypothesis remains un-
tested however. One prediction of this hypoth-
esis is that the intensity of afternoon foraging 
should be greater on windy than on calm days. 

We recognize 3 potential difficulties in con-
structing activity time budgets from data ob-
tained by scan sampling. First, one would ex-
pect a bias against foraging animals in such data 
because foraging animals are submerged part 
of the time. Since we adjusted scanning rate to 
account for the normal range of dive times 
(Estes et al. 1981),bias against foraging animals 
probably was negligible. Second, the activities 
of individuals may be influenced by the area 
they happen to be in at the time they are ob-
served. Garshelis (1983) found that food selec-
tion varied markedly among small, contiguous 
patches of habitat in Prince William Sound, and 
we have shown here that activities often varied 
substantially among viewing areas. However, 
we sampled large expanses of coastline at each 
study area, and as discussed earlier, the overall 
consistency in results among study areas indi-
cates that the data adequately portray patterns 
of activity in local populations. Third, and po-
tentially more serious, we did not observe ac-
tivity during the hours of darkness. Because sea 
otters feed day and night in California (Lough-
lin 1980, Ribic 1982), time budgets ideally 
should be based on the full 24-hour day, rather 
than just the hours of daylight. Although we 
were unable to make observations at night, 2 
studies employing radio telemetry (Loughlin 
1980, Ribic 1982) found no differences in sea 
otter activity between day and night. These 
findings were consistent with Shimek and 
Monk's (1977) limited data on nocturnal activ-
ity based on direct observation with floodlights, 
and collectively, they indicate that 24-hour time 
budgets of sea otters in California are similar 
to those we have calculated for daylight hours 
only. The most important comparison, how-
ever, is with Amchitka Island where there is no 
information on nocturnal activities. If we as-

sume an extreme-case scenario, in which there 
is no nocturnal foraging, the sea otter popula-
tion at Amchitka Island would spend about 35-
41% of the 24-hour day foraging. This minimal 
estimate is still substantially greater than the 
time allocated to foraging by sea otters in Cal-
ifornia. 

Other Indicators of Population Status 
Several other kinds of information relate to 

the question of status of the California sea otter 
population. First, if the population were food 
limited, fish might be expected to form a sig-
nificant component of the diet. This is based on 
findings from the Aleutian (Kenyon 1969, Estes 
et al. 1981) and Kurile islands (Maminov and 
Shitikov 1970; M. K. Maminov, pers. commun.) 
that sea otter populations at carrying capacity 
feed extensively on fish, whereas those below 
carrying capacity feed exclusively on inverte-
brates. Although kelp forests in California sup-
port a diverse and abundant assemblage of fish 
(Quast 1971a,b; Burge and Schultz 1973; Miller 
and Geibel 1973; Bodkin 1986), including sim-
ilar forms to those eaten in Alaskan and Soviet 
waters (e.g., hexagrammids, scorpaenids, and 
cottids), there were no observations of fish being 
eaten by sea otters at any of our study sites, nor 
have there been anywhere else in California 
(Ebert 1968, Wild and Ames 1974, Estes et al. 
1981, Ostfeld 1982). Second, apparently suit-
able habitat with abundant food resources oc-
curs at both ends of the present range. This 
situation. and the fact that ~ r i o rto human ex-
ploitation California supported a population of 
16,000-18,000 sea otters (U.S. Fish and Wildl. 
Serv. 1982),makes it difficult to understand why 
animals do not disperse into unoccupied habi-
tats if food is a limiting resource. However, 
Ames et al. (Calif. Dep. Fish and Game, un-
publ. rep., Sacramento, Calif., 1984) have di-
agnosed starvation as the cause of death in a 
number of sea otters from California in recent 
years. Although Ames et al. (Calif. Dep. Fish 
and Game, unpubl. rep., Sacramento, Calif., 
1984) interpret this finding to mean that food 
is a limiting resource, related mortality appears 
to be less extensive in California than it is in 
Alaskan popluations that are known to be at 
carrying capacity. 

CONCLUSIONS 
Our data support the hypothesis that food 

resources are not limiting further growth in 
California's sea otter population. What then is 
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limiting the population? A likely cause is en-
tanglement in fishing nets. The  average rate of 
population increase by sea otters in California 
was about 5%/year  from the early 1900's to the 
late 1960's (Calif. Dep. Fish and Game, unpubl. 
rep., Sacramento, Calif., 1976; Ralls et al. 1983). 
Based on this growth rate, and the present pop-
ulation estimate of 1,400 individuals (U.S. Fish 
and Wildl. Serv. and Calif. Dep. Fish and Game, 
unpubl. data),  a net gain of 70 individualsjyear 
would be expected. This value is roughly equal 
to a recent estimate of annual entanglement 
mortality (F .  E. Wendell e t  al., Calif. Dep. Fish 
and Game, unpubl, rep.,  Morro Bay, Calif., 
1984) and consistent with Ames et  al.'s (Calif. 
~ e ~ . ' ~ i s hand Game, unpubl, rep., sacramento, 
Calif., 1984) finding that the number of beach-
cast otter carcasses for which cause of death was 
unknown, and set-net fishing effort, were closely 
correlated in time 

This conclusion has important implications to 
the consequences of translocating sea otters to 
establish new colonies in  California, and to de-
veloping a strategy for achieving renewed 
growth in the existing population, both of which 
a re  objectives of the Southern Sea Otter Recov-
ery Plan (U.S. Fish and Wildl. Serv. 1982). If, 
for example, the present lack of population 
growth is a density dependent effect, then the 
loss of translocated animals should produce 
compensatory changes in natural mortality or 
reproduction causing the population to return 
to equilibrium density. If however, as we  argue, 
the lack of growth is largely a result of density 
independent influences, removal of animals 
should be  additive to existing levels of mortal--
ity. Similarly, a n  increase in  growth by the ex-
isting population, resulting from reduced en-
tanglement mortality, should not be  expected 
by the former (equilibrium) scenario, whereas 
it would be  expected by the latter (nonequilib-
rium) one. 

The  following information would be  helpful 
in further resolving the question of sea otter 
population status in California: 

1. A more thorough assessment of the causes 
and magnitude of mortality by age and sex. 

2 .  Time budgets and  activity patterns from 
a sufficiently large number of known individ-
uals. Such information might help to resolve a 
variety of important questions including: (1) in-
dividual variability in activity-time budgets, and 
(2) time budgets of sea otters a t  night and during 
periods of inclement weather. 

3. Comparative data from a sea otter popu-

lation that is known to be at  equilibrium density, 
such as the one at  Amchitka Island. W e  suspect 
that causes and magnitudes of mortality by age 
and sex will prove difficult to estimate with con-
fidence. However, activity budgets of sea otters 
can be estimated by several techniques. Because 
food appears to be a n  important limiting re-
source to sea otter populations at  equilibrium 
density, measurements  of foraging activity 
probably will continue to be  one of the best 
indicators of population status in this species. 
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