UPDATE

December 1996
Vol. 13 No. 12

School of Natural Resources and Environment
THE UNIVERSITY OF MICHIGAN

Special Issue:

Conservation and Management
of the Southern Sea Otter



Monitoring the Status of the Wild Sea Otter Population:
Field Studies and Techniques

James L.. Bodkin and

Fundamental to the conservationand
management of wildlife resources is an
understanding of a population's status,
both in terms of abundance relative to its
naturally occumring equilibrium level or
carrying capacity. and rate of change
(Caughley 1977. Fberhardt and Siniff
1977). A variety of criteria for determin-
ing the status of wildlife populations have
been suggested (Eberhardt and SinilT 1977,
Hanks 1981; Fowlerand SimifT1992), and
are summarized in Table 1. Proposed
criteriainclude both direct measures, such
as the ratio of current abundance to carry-
ing capacity abundance, and indices, such
as time-activity budgets or body condi-
tion, that may be indicative of population
status. Routine monitoring of population
stalus improves managenment capabilities
and may be particularly relevant w re-
SOUTCE conservalion.

Due to the recent history of exploita-
tion and recovery (see Anderson et al.;
Estes et al., this issue) and the resulting
spatial separation of populations, sea ot-
ters in the north Pacific provide a unique
opportuntity to cvaluate techniques for
monitoring population status. Within the
current range of sea otlers, populations
exist that have been at or near equilibrium
density for as long as 50 years (e.g..
Architka, Alaska; see Figure 1). Other
populations have recently attained equi-
librium density {e.g., Bering Island, Rus-
sig and Prince William Sound, Alaska)
while others remain below (e.g.. Olympic
Peninsula, Washinglon; Vancouver Is-
land, British Columbia; and Southeast
Alaska). The status of the mainland Cali-
fornia population apparently remains un-
certain. The known variation in status
among populations, a well described natu-
ral history, and the relative ease of en-
merating sca otters provide a solid foun-
dation for testing techniques to estimate
sea otter population status. The results of
research atmed at evalvating sea otter
population status may be transferable to
other wildlife populations, including en-
dangered species, which are not as readily
studied. Our purpose in this paper is to
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describe those measures of population
status that have been applied to sea otters
{see Table 1), discuss their relative meerits,
and recommend directions for research
that may improve our ability 1o accuratel y
monitor sea otter population status.

Population parameters
Distribugion

Observations of animals reoccupy-
ing arcas they had historically inhabited.,
or of vacant habitat where they were pre-

viously present, s a clear indication of

population change. Available informa-
tion suggests that the distrtbution of otters
remains fairly stable over decadal time
scales in equilibrium populations such as
Amchitka. althoughabundance may vary.
but that seasonal shifts may be pronounced
and possibly predictable. Change in dis-
tribution in growing populations appears

less predictable, particularly in areas of

complex coastal physiography, such as
southeast Alaska, compared to popula-
tions occupying more linear coastlines,
such as California. Accurately describing
changes in distribution requires system-
alic population surveys that should in-
clude arcas adjacent to occupicd habitat.

Rate of chunge

Population status may be inferred
from the direction and rate of change in
numbers in a population. Rate of change,
resulting from the balance between re-
cruitment and mortality, likely reflects a
response Lo prior conditions rather than
present, or future conditions. However,
alterations in the rate of change might
provide some predictive power (e.g., a
population that continues to grow, but ata
decreasing rate, may be approaching equi-
libriunmy), Generally, remnant populations
haveexperienced slower growth rates than
translocated populations, or naturally re-
colonized islands (Estes 1990a; Bodkin,
unpublished data). Annual growth rates
observed from several remnant popula-
tions range from about 3% (California) to
6-8% (Prince William Sound and Kodiak)
to 13% at Amchitka, compared to about

204 consistently observed for translo-
cated populations in Southeast Alaska,
Washington and British Colunmbia.

Several types of data can be used to
calculate rate of change. These are sum-
marized below, with assets and liabilities
noted for each.

Meustires of abundance
Lstiniates of relative abundance. Counls
of sea otlers have been made from shore,
skiffs, larger boats. a varety of (ixed-
wing aircrall, and helicopters, or acombi-
nation of these. 1t bas been generally
recognized that some proportion of the
population is not observed during sur-
veys. In Prince William Sound. Udevitz
etal. (1993 ydemonstrated that 30%: of the
sea olters present were missed during
skifl’ survevs, because of avoidance by
olters and failure o observe otters present.
[t1s likely thatdetection probabilitics
ditferamong surveys, evenif methods are
similar. Average sea otter detection prob-
abilities from fixed wing aircratt were
<(.50 and varied widely both within
and among observers (Bodkin and
Udevitz 1996: Bodkin, unpublished
data). Conscquently, if indices of abun-
dance are 1o provide unbiased estimates
ol the proportional change in a popula-
tion, the probability of detecting otters
must be known for each survey. How-
ever, estimating detection probability
can be difficutt, and mostsurveys do not
account for undetected otters, compli-
cating conparisons among surveys.

Estimates of absolute abundance. Esti-
mating absolule sea oller abundance
through systematic sampling requires a
method to estimate the proportion of ani-
mals not detected while sampling. Bod-
kin and Udevitz (1996) have developed
an aerial survey method consisting of a
strip transcct design where all otters ob-
served in 2 400 m wide stnp on one side of
an aircraft are counted. The proportion of
otters not seen is estimated by conducting
intensive searches within the sirip
transects. A similar procedure was at-
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Population Parameters

1. Distribution 1

2. Rate of change 2.

3. Measures of abundance 3.

4. Reproduction

3. Survival rates 4.

6. Age/Sex structures 3.
6.
7.
8.
9.

Physiological Parameter:

. Growth rates and individual size

Sertint chemistry and hematolo QY
Deposited fat (kidney,

bone marrow, fat mobilization)
Disease

Parasites

Imtmune response

Adrenccortical hypertrophy
Urinary excretion of hydroxyproline

Developmental stability (asymmetry)

Behavioral Parameters

Time activity budgets
Territory size
Group size
Agonistic behavior
Food habits
Intanticide

e

=

Table 1. Summary of indices proposed to estimate the status
Fowler and Siniff 1992). Techniqu

tempted from helicopters in Alaska
{DeGange et al. 1995), The aerial meth-
odology should be validaled in a popula-
tion of known size, and may provide
additional information on the California
population,

Estimates of absolute abundance can
be important in population management.
For example, sea otter abundance data
would have been of great value in deter-
mining the magnitude of mortality [rom
the 1989 Exxon Valdez oil spill (Ballachey
etal. 1994; see Bonnell et al_, this issue).

Population census, Counts of sca otlers
fromthe shore have generally beenrecog-
nized as the most accurate means of enu-
merating sea otter abundance. Estes and
Jameson (1988) estimated the detection
probability of sea otters using standard-
ized shore counts at 94.5%. This was the
first rigorous evaluation of this survey
method, and provided a baseline against
which other methods could be tested. Due
to access constraints, however, shore-
basedcounts have limited application over
the large areas occupied, or potentially
occupied, by many sea otter populations.

In California, & combination of a
census (ground count) and index of abun-
dance (aerial counts) are combined to
provide annual minimum counts. These
counts are biased low to the extent that
eachmethod does notaccount for animals
not detected. To retain comparability
over time (assuming relative abundance
remains constant). it will e important to
continue using each method proportional
to its use in previous surveys,

Population density. Assuming equilib-
rium densities are similar among similar

habitats, density estimates should provide
an objective and dircct measure of popu-
lation status. Following complete
reoccupaiion, about 30 years ago, a de-
clineindensity was observed at Amchitka
Island (Kenyon 1969). In 1991 at Bering
Island. 4 40% reduction in sea otter den-
sity was observed following complete
reoccupationofthe istand during the 1980s
(A. Burdin, unpublished data), Estes
{19904) used densities to evuluate the
recovery of seaotters at At Island, Com-
parison of densities hetween Attu and
Amchitka Island led Fstes (1990) to de-
velop a hypothesis regarding multiple
equilibria, where sea otter densities
reached a second. higherequilibrium den-
sity, following a diversification of dict,
The possibility of multiple equilibria
should be consideredin interpreting trends
in population density.

Estimation of density requires delin-
eating suitable habitat accurately. Poten-
tial sea oter habitat can be defined from
the high intertidal to a bathymetric con-
tour beyond which sea otters cannot for-
age due to diving limitations. Our data
from Prince William Sound suggest that
sea otters between the shoreline and the
20} m contour interval are not evenly
distributed. Approximately 80% of the
otters observed on surveys between the
shoreline and the 200 m contour were
within the 40 m contour interval, which is
about a third of the total area. Until the
relation among the distribution of sub-
strate depths, habitat characteristics, and
sea otter density is defined, the use of
density to compare populations should
be limited to areas of similar hathym-
eiry and habitat. Data on the distribu-
tion of dive depths of individual otters

of a population relative to an equilibrium level (after Hanks 1981;
es applied to sea otters are in italics,

may prove useful in describing this rela-
tion. Additionally, a potential relation
between diving depths and population
Slatus may cxist.

Indices of density will result if the
survey method does not estimate the pro-
portion of sea otters not detected { Udevitz
etal. 1995). Valid comparisons across or
within populations using an index require
the assumption that detection probabili-
ties do not differ among surveys. It is
unlikely that this assumption is valid. If
detection probabilities can he estimated,
unbiased estimates of abundance will re-
sult. The results of a complete census or
an unbiased estimate of abundance will
result in unbiased density estimates that
should be comparable within and among
populaiions.

Reproduction

Two specific reproductive attributes
have been proposed as indices of sea otter
Popuiation status: age at first reproduction
and age-specific reproductive rates, Most
studies to date have found relatively
consistent results among populations in
these variables, Generally. a small
proportion of female sea otters reproduce
at age 2, most are mature by age 4, and
age-specific rates are relatively high and
consisteni among mature females
(Riedman and Estes 1990; Jameson and
Johnson 1993; Bodkinetal. 1993: Monson
and DeGange 1995; Monson 19933,

Reproductive characteristics in fo-
male sea otters have heen studied through
analysis of reproductive tracts and moni-
toring known individuals. Tract anal ysis
requires carcasses in good condition,
which usuaily are not available in large
numbers, Monitoring known individuals
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Figure 1. Map of the northern Pacific Ocean showing some sea otter populations near equilibrium density and
others below equilibrium density.

has been accomplished most efficiently
wilh the aid of radio telemetry.  Adult
female reproductive rates are generally
high (0.80-0.94) among those popula-
tions sampled { Schneider 1973; Jameson
and Johnson 1993; Siniff and Ralls 1991;
Bodkinetal. 1993; Monsonand DeGange
1995; Manson 1995), and include esti-
mates from populations of differing status
{California. Amchitka, Prince William
Sound and Kodiak). However, reproduc-
live rates appear o vary among ages,
leading lothe need torestrict comparisons
to similar ages. Much less work has been
done on aspects of male reproductive
biology, although sperm samples collected
in Prince William Sound indicate that
males may attain maturity as early as age 3
{Bullachey, unpublisheddata). In summary,
it appears that the reproductive characteris-
tics studied to date arc relatively invariant,
and therefore unlikely to provide a sensitive
index to population stalus.

Survival rates

Survival rates, particularly of
juveniles, have been suggested as the life
history variable most sensitive to
environmental conditions (Eberhardt
1977 Hanks 1981). Annual survival rates
among adult sea otters are generally high

{0.75-.96) and have been obtained {rom
monitoring known animals in California,
Kodiak and Amchitka (Siniff and Ralls
1991; Monson and DeGange 1995;
Monson 1995), and through analysis of
age structure of carcasses collected at
Amchitka (Eberhardt and Siniff 1988)
and in Prince William Sound, following
the Exxon Valdez oil spill (Udevitz et al.
1996). Most studies have found higher
survival rates in adult females, compared
to adult males,

Juvenile sea otter mortality can be
evaluated in two components:  through
dependency, and after weaning. Depen-
dent juvenile survival has generally been
estimated by following known females
from pupping through weaning. Com-
patisens of pre-weaning survival rales
suggest variability among populations.
Estimates from California are 0.46 (Siniff
and Ralls 19910), 0.64 (Jameson and
Johnson 1993} and (.60 (Riedman et al.
1994y, and from Alaska are (.85 at Kodiak
[sland (Monson and DeGange 1995), and
0.29and 0.54 at Amchitka (Monson 1995).

Post-weaning juvenile survival rates
estimated from Prince William Sound are
0.32-0.51 formales{Monnett 1988). Post-
weaning survival was an estimated 0.08
{males) and 0.21 (females) in 1990/91

{Rotterman and Monnett 1991) and (.47
{males) and 0.59 (females) in 1992/93
{National Biological Service, unpublished
data) in western Prince William Sound.
During the same periods of study survival
rates in eastern Prince William Sound
were (.33 (males) and 0.43 (females) in
1990/91 and 0.42 (males) and 0.89 (fe-
males) in 1992/63. At Amchitka, only 2
of 11 (0.18) pups survived one year post-
weaning (Monson 1995).  These data
suggest that juvenile survival rates are
lowest in populations that may be consid-
ered at or near equilibrium, and highest in
growing populations such as Kodiak. Post-
weaning juvenile survival appears to be
highly variable among years, as well as
within sub-populations. bhased on the
Prince William Sound data. The Prince
William Sound data are difficult to inter-
pret because. in studies to date, potential
oil etfects cannot be separated from po-
tential area effects related 1o differences
in length of occupancy. However, if we
assume no chronic oil spill effect, the
comparisons between western and east-
emn Prince William Sound suggest juve-
nile survival may be a sensitive index of
population status. Additionally, the large
inter-annual variation observed in juve-
nile survival suggests we guestion the
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assumption of a stable age distribution in
scaotter populations (Eberhardtand Siniff
1988; Monson 1995),

Ideally, a monitoring program would
include both periods of dependeney and
independency. If pre- and post-weaning
survival of pups are equally good estima-
tors of population status, monitoring pre-
weaning survival may prove more lea-
sible for several reasons: (1) following
females through years may control for
variability in pupsurvival among females;
{2y up o three annual estimates could be
gathered from asingle ransmitter; and (3)
potential effects of surgical implants (if
any) should be less 1n adults than in pups.
However, given the variability in post-
weaning survival, and the possibility of
ncarly complete failure of a cohort, we
suspect that post-weaning survival may
be a more sensitive estimator of current
population staws.

Physiological parameters

Although physiological measures
of populatien status have been consid-
ered for many years (Hanks 1981;
Fowler and Sinitf 1992), the 1989 Exvon
Valdez oil spill in 1989 in Prince Will-
iam Sound provided a major impetus to
evaluate health of (1) tndividual sea
otters captured for teatment and re-
lease and (2) the wild population, for
indications of continuing deleterious
effects of the spill. Examinations of
ailed sea otter carcasses demonsirated
that exposure to oil (based on contami-
nation of the fur) was associated with
liver and kidney damage (Lipscomb et
al. 1993, 1994). The question remained,
however, whether sca otters in oiled
areas would have poorer survival rates
and, if so, the time uniil health and
survival rates returned to pre-spill, nor-
mal values. To evaluate oil-related
population damage and recovery, a se-
rics of studies on sea otters were imple-
mented, primarily in Prince William
Sound (Ballachey et al. 1994). These
studies are still ongoing (see the NVP
project, below), und may provide in-
sight into new approaches [or assessing
population status.

CGrowth rates and individual size
Kenvon (1969} first described difter-
ences in weights and lengths of sea otters

from growing and equilibrium sea otter
populations. Results ol recent rescarchin
Russia, Amchitka and Prince William
Sound suggests that body condition { gen-
erally measured as the ratio of weight to
length) may be usetul as an indicator of
population status. For example, between
1980 and 1989 the Bering Island poputa-
tion grew at >20% annually, but by 1990
it had appwrently exceeded carrying ca-
pacity, as a large scale mortality event
occurred during 1990/91. During this
period of population growth, the mean
weight of adult male carcasses declined
significantly at Bering [slund (Bodkin
and Burdin, unpublished muanuscript). In
1990, weights of adult males ar Bering
Island did not differ from weights of adult
males collected in Prince William Sound,
a population at or near cquilibrium den-
sity.  The number of otters at Bering
[siand has apparently stabilized ator near
the number that persisied following the
1980/91 mortality event,

Although sample sizes were small,
Monson (19953 found differencesin the
condition of adult female otters between
1993 und 1994 at Amchitka [sland. Cor-
responding differences in pre-wesaning
survival were also observed. with fe-
males in better condition experiencing
areater weaning success.  Ino easlern
Prince William Sound, weights of moth-
crs of pups surviving at least 1.3 years
were significantly greater than those of
mothers of pups that died prior to 1.5
years. Additionally. capture data sug-
gest that animals in more recently occu-
pied arcas in the ecastern Sound are
slightly heavier than those in areas of
the western Sound (National Biological
Service, unpublished data). However,
we cannot discount the potential of an
oil spill etfect in observed ditferences.

Review ofthe studies presented above
suggest that the condition of animals in
growing, as well as equilibrium popula-
tions may be a fairly sensitive index to
short term changes in ccological condi-
tions experienced by the population, and
may vary on time scales suitable for pre-
dicting change in population growth. Mea-
suring body condition is a relatively non-
invasive and simple procedure.  Addi-
tional research relating body condition to
survival rates and changes in abundance
may be justified.

Serum chemisiry and hematofogy

Prior to the 1989 oil spill, blood
vaiues (hematology and serum chemis-
try) of California sca otters had been
reported (Williams and Pulley 1983; Wil-
liams et al. 1992). Subsequently, blood
data have been obluined on additional
populations, primarily in Alaska (Rebar
et al. 1995, 1996; National Biological
Service, unpublished data). Differences
have been identified between sea otler
subpopulations in Prince William Sound
{in westemn and castern areas} in serum
eneymes and levels of certain white blood
cells (Rebar etal. 1996: National Biologi-
cal Service, unpublished duta), but the
biological sigmficance ol these diller-
ences at either the individual or popula-
tion level is equivocal.  Blood samples
have heen collected from several other
sea otter populations in different stages of
cxpansion.  Comparison of blood valuey
among populations. and relations with
other measures of population status, should
provide clarilication of the utility of blood
analyses for assessing populations.

fmmune response

Immunological measures have been
developed to screen populations for ef-
fects of toxic chemical exposure (Weeks
ctal. 1992). However. these techniques
lave not been applied to monitoring the
status of wild populations when contami-
nants or disease are nolaconcem. Recent
work in Prince William Sound demon-
strated the feasibility ol an in vitro lym-
phoeyte proliferation assay using cells
isclated from blood of wild-caught sca
otters (P. Snyder, unpublished data): the
technique is currently being applied to
samples collected from Prince William
Sound subpopulations to evaluate poten-
tial differences in status.

Other

Otherbody fluids {urine, semen) have
beencollected from seaotters in southeast
Alaska, and Prince William Sound
{Ballachey 1995: Nanonal Biological
Service, unpublished data) but have not
been analyzed in termis of their relation-
ship to population slatus.

Parasites have been frequently ob-
served in necropsies of sea otters, includ-
ing infestations in carcasses recovered
from high density areas at Amchitka
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{Rausch 1953) and Prince William Sound
{National Biological Service, unpublished
data). Although it may be anticipated
that parasite loads might increase as
densities increase, no published data
existon parasite levels in sea otter popu-
lations of differing densities, or on the
ettect of parasite loads on survival and,
consequently, population growth.

As yet. the value of individual
physiological measures as estimators of
population status, and their variability
across populations in different stages of
growth, are undetermined.  Although
measures evaluated to date may not
prove to be useful tools for predicting
population status, they nevertheless
should be valuable for assessing health
of individuals and provide a tool for
understanding tactors that may be lim-
iting population growth.

Behavioral parameters
Time activity budgets

Considerable clfort has been allo-
cated in evaluating time activity bud-
gets as an index of sea otter population
status { Loughlin 1979; Estesetal. 1982;
Ribic 1982; Estes et al. 1986; Gurshelis
etal. 1986; Ralls and Sintff 1988; Estes
1990b; Garshelis et al. 1990; Ralls and
Sinift 1990; Gelan 1996).  Although
conclusions have been equivocal, there
does appear to be a general positive
relation between length of occupancy
and the proportion of time individuals
allocate 1o foraging. However, local en-
vironmental and seasonal effects poten-
tially may confound comparisons among,
populations.  Differcnces in activity
budgets among agefsex and reproduc-
tive status, as well as, local environ-
mental conditions, should be consid-
ered incomparisons among populations.
Both the apparent lack of sensitivity as
an index and the extensive cffort re-
quired in its estimation will likely limit
the application of time activily budgets
as an index of sea otter populations,

Food habits

Relatively little work has been done
relating sea otter food habits Lo popula-
tion status. However, some generaliza-
tions may be warranted. Sea urchins
appear to be a preferred prey item of
otlers reoccupying former habitat. and

the proportion as well as the mean size
of urchins in the diet apparcently decline
as lengthof occupation increases. Simi-
lar changes may occur with clams in
soft sediment communities. Foraging
on fish appears 1o he an atiribute prima-
rily of populations limited by resources,
but may be observed throughoutthe Aleu-
tian [slands. And lastly, there may be an
increase in prey species diversity, as popu-
lations become food resource lmited.

The "NVP" approach

In 1995, we (along with a large
number of other scientists) tnittated a
siudy entitled "Mechanisms of Impact
and Potential Recovery of Nearshore
Vertebrate Predators” (the NVP study).
The primary objective is to determine
the status of the near-shore murine eco-
system in western Prince William Sound
affected by the Exxon Valder oil spill of
1989, Our approach is 1o compare popu-
fation, physiological and behavioral pa-
rameters in tour verlebrate predators, the
harlequin duck, pigeon guitlemot, river
and sea otter. in oiled and nearby, unciled
portions of Prince William Sound, as in-
dicators ol the ecosystem's status. Forsea
otters, we are estimating abundance and
reproduction, body condition, blood chem-
istry and immune response, and foraging
success and prey selection. In addition,
we are comparing sizes of sea otter prey in
areas where olter populations were re-
duced and in areas where they were not.
Sea otter predation is widely recognized
as limiting the larger size classes of some
invertebrate prey, such as sea urchins and
mussels (Riedman and Bstes 1990}, It sea
otter populations are reduced, prey popu-
lations might be expected to respond by
increasing in size. We are using this
knowledge as a way to measure if the
affected sca otler population in Prince
William Sound has recovered. Assuming
sea otler densities, relative to carrying
capacity, are similar between oiled and
non-oiled areas, we expect 10 see similar
size distributions of prey. Sea otter recov-
ery may be indicated by similar prey sizcs.

The NVP study and other ongoing
efforts analyzing and compuring mea-
surenments taken in sea otter populations
in dilferent stages of expansion (ex-
panding vs. at equilibrium) will provide
furiher assessment of the array of mea-

sures potentially available 1o monitor
population status.

Conclusion and
recommendations

Contemporary sea otter populations
are generally recognized by their geo-
graphic isolation. Although a population
may be perceived as "single” because of
geographic considerations, it may not be
homogeneous in terms of population sta-
tus, particularly if available resources vary
by location. Considerable vartation in
survival may exist among individuals if,
for example. juveniles born i the center
of a population's distribution had a greater
distance (o travel to unoccupied habitat
than juveniles born in areas closer to the
houndaries of the populations's distribu-
tion fassuming that a greater distance
traveled decreases the likelihood of sur-
vival}. Consequently, when evaluating or
implementing measures of population sta-
tws, it may be prudent to consider the
potential for within population variation
in status, particularly as remmant popula-
tions increase in numbers and distribu-
tion. With this in mind we make the
following recommendations.

(13 Continued moniloring of popula-
tion trends is critical. Standardized sur-
vey methodologies will accommaodate
comparisons across populations. Survey
methodologies should be evaluated by
sampling populations of known size.
Unbiased estimates of abundance provide
bencfits in documenting magnitude when
change occurs, particularly declines from
evenls such as oil spills.

(2} Ouwr review of available data
suggestthatarelation exists between body
condition and vital demographic variables,
such as juvenile survival, that may predict
change in population abundance. This
potential relation warrants additional con-
sideration.

(3) At least three ailributes of an
index of status are desirable:

a. (he method should be sustainable
over fime;

b, the index should predict change.
both direction and magnitude; and

c. the index should indicate cause of
chunge (e.g. intrinsic vs exirinsic).

(4) Develop an understanding of the
fundamental processcs that are structur-
ing sea otter populations, including the
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