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Sea otter carcasses were collected in Commmander Islands from January 1984 to July 
1991 (1871 carcasses on Bering Island and 179 on Medny Island). The number, spatial 
distribution, age and sex composition, their seasonal and annual fluctuations were 
analyzed. The maximum mortality occurred in the winter-spring period. The abundance 
and composition of carcasses in each area of the coast depended on the local 
concentration of living animals, sea currents and wind directions. Within a year, the 
number of finds correlated positively with the frequency and intensity of storms. 
Meanwhile from year to year, the effect of changing weather conditions on mortality 
appeared weak. Information from sea otter carcasses collected over many years allows 
one to describe annual demographic situations and determine stages and trends of 
population development. The history of restoring the sea otter population in the 
Commander Islands is briefly reviewed. Developmental phases of the Bering Island 
subpopulation are characterized by increasing abundance predominantly at the expense of 
immigrants (mostly males) from Medny Island and by subsequent predominance of 
reproduction over immigration. Stabilization of the sex and age structure of both parts of 
the population is likely to occur in the near future. An increase in mortality, particularly 
among males, accompanied the changes in the developmental phases.      

 
Sea otters (Enhydra lutris L.) are a keystone species in North Pacific coastal ecosystems. 
The trophic effect of its growing abundance causes considerable structural changes to 
benthic communities. Developing a strategy to preserve the balance and specific 
biodiversity of ecosystems that contain sea otters requires understanding of self-
regulating population mechanisms of this predator. Monitoring of communities and their 
elements is feasible only in conjunction with population monitoring of key regulator 
species. 
 
It’s been demonstrated for a number of marine mammal species (Woodhous, 1991) that 
animal carcasses may be used as an indicator of seasonal population changes, habitat 
conditions, and birth and mortality rates. It has also been proven (Bodkin, Jameson, 
1991) that the abundance and allocation of marine bird and mammal carcasses on the 
shore depend on the abundance of live animals and their distribution relative to the study 
area and to zones where modifying factors (primarily winds and currents) are active. The 
quoted authors believed that with systematic coastal surveys, information collected from 
discovered animal carcasses will be adequate to calculate a relative mortality index which 
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could be used to identify long term trends in population dynamics, and sex and age 
structure of populations. Kenyon (1969) and Ryazanov (1990) had a similar point of 
view. 
 
Using data from sea otter remains collected over several years in Commander Islands, we 
have attempted to describe changes in mortality that occurred in the area and then use 
that information to analyze population dynamics. 
 

MATERIALS AND METHODS 
 

Sea otter carcasses were collected on Bering Island throughout the year, and on Medny 
Island in the spring and summer months. In each case the location, date and condition of 
the remains were recorded; an upper canine tooth was extracted to determine the age of 
the animal (Ryazanov, Klevezal, 1991). If the remains were badly damaged, the sex of 
the animal was determined by the width of the upper canines (Maminov, 1978) or by the 
shape of the hip bones (Morejohn et al., 1975). Data from 1,930 carcasses were collected 
on Bering Island between January 1984 and July 1991. For each annual cycle beginning 
with 1986, age and sex composition of the total annual carcass yield was determined. 
August 1 was chosen as the starting point of the annual mortality cycle, because mortality 
was at its lowest in the summer, and most of the carcasses remaining on the shore after 
the winter would have been picked up by then. Of the carcasses collected on Medny 
Island, only 179 had their sex and age identified. The data was also used to estimate 
spatial distribution.  
 
Figure 1. Wind index dynamics (a): 1 – total (left vertical axis), 2 – winds with speeds 
over 10 m/sec. (right vertical axis). The Nikolskoye aerological station data.  Wind rose 
(б) – distribution of the sum-total wind index by compass points for the last three annual 
mortality cycles (June-September months are excluded from the calculations). 
 
 
The number of carcasses found each month beginning with March 1988 was correlated 
against weather conditions provided by the Nikolskoye meteorological station. The 
station measured wind speed and direction four times a day (i. e. every 6 hours). Wind 
speed was ranked by intervals 0-4, 5-9, 10-14, 15-19, 20 and more meters per second. 
Then the Wind Index was calculated (both total and for winds over 10 meters per second) 
according to the following formula: 

Iw = sum (vn)/d 
Where v is the median class speed, n stands for the number of observations of wind of 
this class in a month, d is the number of days in the month.  
 
To evaluate the effect of wind on the spatial distribution of carcasses, the total wind index 
constituent for each of the eight main compass points was calculated. 
 

RESULTS 
 

Distribution and age and sex composition of dead sea otters on Bering Island 
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The largest number of sea otter carcasses was found in the winter and spring of each year, 
particularly in February-April. The abundance of finds showed positive correlation with 
the frequency and intensity of storms (Figure 1, 2). During particularly cold and snowy 
periods, there was a delay in discovering the carcasses, since some of the dead animals 
would be buried in the hummocks or under the snow and would be found later following 
a thaw. Such delays were particularly pronounced in 1985 and 1989. 
 
The curve representing changes in the abundance of sea otter carcasses collected over the 
entire study period shows two major peaks - in 1984/1985 and 1990/1991. During the 
1984/1985 season, 236 carcasses were found. The following season (1985/1986), the 
number went down to 114. It remained below 200 for the three following seasons - at 
190, 133 and 134 respectively. In 1989/1990, the number of finds grew to 319 and then, 
in the 1990/1991 – to 804 (Figure 2). 
 
Figure 2.  Carcass discovery dynamics on Bering Island 
Vertical axis: Number of finds in 1 month/ 
Horizontal axis: Month and year 
 
Figure 3 shows the age and sex composition of the dead animals collected in each of the 
last five seasons. Inter-annual differences in age and sex distribution are statistically 
significant in most cases (see table). The predominance of males over females among 
adult animals is evident in all five age pyramids, but their proportion varied from year to 
year. From 1986/1987 to 1988/1989 the share of females grew, as did the proportion of 
older age groups of both sexes. In 1989/1990 the proportion of older age groups dropped 
while the share of females stopped increasing. In the 1990/1991 season when the total 
number of carcasses was at its highest the share of males in mature sea otter group 
sharply increased again largely due to the increase in the number of animals at the peak 
of their reproductive lives. We do not have full data of the sex and age composition of the 
animals that died during the other high mortality season of 1984/1985, but we know that 
adult male predominance was not as pronounced at that time (Vertyankin et al., 1986). 
Data obtained from 60 carcasses whose age at death was determined (unpublished data 
by T.V. Ryazanova) showed the peak age that season to be 6 to 8 years. 
 
Figure 3. Age and sex composition of sea otters that died during annual cycles of: a – 
1986/1987, б – 1987/1988, в -1988/1989, г – 1989/1990, д – 1990/1991. The length of 
the rectangle reflects its share of the total sample size.   
 
The relative abundance of the younger age group differed from year to year, apparently in 
connection with birth rates, while the proportion of males and females in it did not 
change significantly, remaining at about 50%. The share of 2-4 year old animals (puberty 
age in sea otters) (Maminov, 1979; Antrim, Cornell, 1980; Masayuki et al., 1988) was so 
small among the dead animals found in 1986/1987 and 1987/1988 that the age pyramids 
for those years show it as a very narrow band. In the following seasons, the share of this 
age group grew at the expense of males exclusively. In 1989/1990 the narrow band 
moved to the next older age group, and in the last season of high mortality, it disappeared 
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altogether. During the entire period of study most carcasses were found on the northern 
and eastern coasts of the island, as well as in the northern section of the western coast.  
Carcass numbers were consistently low over the years in Areas 9 and 10 (Figure 4). The 
abundance and composition of remains in different areas of the coast changed from year 
to year (Figure 5). During the high mortality season of 1984/1985 most carcasses were 
found on the eastern coast and near the northwestern haulout site (Area 1). There were 
particularly many dead animals on male haulout sites of Cape Tolsty (Area 8). 
 
Comparison of dead otter sex and age distributions on Bering Island in different years. 
Time period under comparison λ1 Significance level 

1986/87 – 1989/88 2.39 p<0.001 
1987/88 – 1988/89 1.44 p<0.01 
1988/89 – 1989/90 0.82 p>0.05 
1989/90 – 1990/91 2.72 p<0.001 
1986/87 – 1990/91 3.26 p<0.001 

    
In the two following years, the finds were distributed throughout the coastal areas more 
evenly, but the majority of carcasses still occurred on the eastern coast. Beginning with 
the 1987/1988 season, the number of remains showing up in the northern part of the 
island started growing. Though up to 1988/1989, a considerable abundance of finds near 
the haulout site on Cape Tolstoy persisted, the share of northern haulout (area 3) 
discoveries rapidly increased. When in the last two years the overall quantity of collected 
remains began growing, a greater part of them came from the northwestern haulout site. 
Just like in the 1984/1985 season, most carcasses were those of adult males. 
 
To establish connections between territorial distribution of remains and specifics of 
winds and currents for all three coasts with different geographic exposure, total wind 
index was correlated against the number of carcass found each month. It turned out that 
the abundance of finds was positively correlated with the winds, which in conjunction 
with currents, created a resultant force directed towards the coast and negatively 
correlated with those that caused the remains to be washed off the beach and carried 
away by high tide (Figure 4).   
 
Figure 4.  Diagram of the main currents near Bering Island (after Leonov, 1960) and 
correlation of winds with the abundance of carcasses found on the western, northern and 
eastern coasts of the island. Vector length in circular diagrams represents the value of the 
correlation coefficient of the total index of winds of this direction with abundance of 
finds. A dotted line represents negative values. The radius of the circumference 
corresponds to r = |0.5|. The numbers define different areas of the coast. 
 
These connections can be seen clearly for the northern and, particularly, for the eastern 
coasts. On the western coast the picture is somewhat controversial: an “onshore” westerly 
wind shows a weak negative correlation with the number of carcasses found, while the 
side northerly and southerly winds a week positive correlation. The reason for such 

                                                 
1 The Kolmogorov-Smirnov criterion  
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differences lies in the fact that Bering Island’s western coast is in the lee of the main 
currents (Figure 4). Weaker reversely directed currents are known to form in such places 
due to the turbulence effect. Bering Sea pilot charts (1969), indeed, indicate the presence 
of such northward directed currents near the western coast of Bering Island. When 
“onshore” storm winds blow, wave action forces sea otters to seek shelter in more 
protected areas of the coast or swim away from the shore into the sea. In the latter case 
carcasses of dead animals would be carried by the main current into the ocean. With a 
side wind blowing, animals would find shelter near the shore where they would haul out, 
protected from the wind by the capes. Consequently, they would die either on shore or 
near the shore where their carcasses would be picked up by the secondary current.  
 
Therefore the abundance of sea otter remains on Bering Island’s coasts and stability of 
their distribution are indeed linked to the effect of winds and currents. But comparison of 
predominant wind directions (wind rose)(Figure 1) for the three last seasons showed that 
interannual differences in wind index distribution by horizon points were not significant, 
unlike changes in the abundance and composition of the remains, as well as their 
distribution on the coasts. Thus, the wind index distribution in the 1989/1990 season 
differed more (but statistically not significantly) from those of adjacent seasons. At the 
same time the age and sex composition of the sea otters whose carcasses were found in 
the preceding season was statistically not significantly different, while that of those found 
in the following season was reliably different (see table). Contrariwise, the distribution of 
finds through the areas of the coast differed more in the preceding season, and was 
similar in the following one. One can conclude that changes in remains distribution along 
the coast were linked to changes in the spatial structure of the population, while 
significant changes in the distribution of finds by age and sex groups reflected the 
changes in natural mortality. Apparently, interannual changes in the effect of 
meteorological and hydrological factors did not affect in any significant way the 
composition of material collected in different years, while the actual number of carcasses 
did depend on the weather conditions. 
 

Finds on Medny Island 
 

As has been mentioned before, remains were collected on Medny Island only during 
spring and summer. Therefore,we limited our research to the study of spatial distribution 
of the carcasses and sex and age composition of the dead animals. Since the sex and age 
composition of animals who died during each year between 1986 and 1990 showed no 
significant differences, and the sample area was rather small (Ryazanov, 1990), we 
decided to consolidate the data for the entire period. 
 
Most carcasses were found on the Bering Sea shore and on the southeastern tip of the 
Island (Figure 6a, 6б, areas 3-7). The same areas yielded the highest number of cubs of 
the year. (Figure 6в). 
 
Figure 5.  Distribution of sea otter carcasses by coastal areas on Bering Island: for each 
coastal area the first and second columns represent males and females over one year of 
age; the third column is cubs of the year. The vertical access shows the percentage of the 
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total number of finds for the annual mortality cycle.  
Horizontal axis: Areas of the coast. 
 
 
Compared to Bering Island, the share of the youngest age group among the finds on 
Medny Island was typically very high. Animals of puberty age were few just like on 
Bering Island. The narrow band (Figure 6в) can be seen in the age pyramid for 1990/1991 
as well. Females were persistently predominant among the remains of adult animals over 
the entire 1986-1990 period. In 1990/1991, the ratio changed drastically (Figure 6в). It is 
possible, that during that particular annual cycle there was increased mortality in both sex 
groups, and the overall number of carcasses found on Medny island was the same as in 
the previous years simply because the island was surveyed and searched only once during 
that annual period.    
 
Figure 6.  Distribution of finds (б) - see the legend for Figure 5, (в) age and sex 
composition of dead sea otters by coastal areas of Medny Island (a).  
 
 

DISCUSSION 
 
Seasonal changes in sea otter mortality recorded in Commander Islands are typical for 
most of northern populations of the species. The sole winter-spring peak in mortality was 
also observed in the Kuril Islands (Shitikov, 1973), in Kamchatka (Bednikh et al., 1986) 
and in the Aleutians (Kenyon, 1969). 
 
In northern populations where most young are born in spring (Barabash-Nokoforov et al., 
1968; Kenyon, 1969), the cubs usually reach the critical for survival age of independence 
during the winter-spring season. Although this age is strictly individual (Garshelis, 
Garshelis, 1987), one peak in mortality is typical. The positive link between sea otter 
mortality during winter-spring season (with storm frequency and intensity described 
above) is also evident in the California population (Morejohn et al., 1975) and in the 
Aleutian Islands (Kenyon, 1969).  
 
During the study period, over one half of all sea otters concentrated around the northern 
part of Bering Island (Vertyankin et al., 1990) while most of the others kept near the 
eastern coast, i. e. in areas regularly surveyed for carcasses. Those are also the areas 
exposed to the cumulative effect of dominant winds and currents. Consequently, that 
gives us firm ground to presume that the age and sex structure of collected remains was 
not significantly affected by modifying factors. Changes in the spatial distribution of both 
total finds and specific age-and-sex groups were evidently linked to changes in the spatial 
structure of the population.  Therefore, sea otter remains found on the coast provide a 
sufficiently representative source of information reflecting not only long-term population 
trends (Bodkin, Jameson, 1991), but annual fluctuations caused by contemporaneous 
demographic processes.  
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The following is a brief history of the Commander Islands population. At the turn of the 
twentieth century following decades of indiscriminate harvests, only a very small 
population of sea otters remained near Medny Island. Later, due to the species’ protected 
status and resulting population growth, the otters spread through all near-shore waters 
around Medny Island, and by the end of 1960s, signs of overpopulation appeared in the 
area (Marakov, 1975; Khromovskaya, Marakov, 1972). The spreading otter population 
re-colonized Bering Island where the first winter haulout was recorded in 1971/1972 
(Mymrin et al., 1972). That was the beginning of the contemporary Bering population 
group, which according to Burdin (1988) belongs to a single Commander Islands sea 
otter population.  
 
Re-colonization of the island started with the areas closest to Medny Island and 
proceeded northwards. By 1983, the otters were found throughout the entire island 
(Vertyankin et al., 1990). At that time, changes in the coastal ecosystems became 
apparent. In particular, the biomass and size of sea urchins (Strongylocentrotus 
polyacanthus) decreased under trophic pressure from the predator, while the proliferation 
and biomass of brown algae increased (Oshurkov et al., 1989, 1991; Bazhin, 1990). Only 
the area near the port and village of Nikolskoye in the northwestern part of the island 
remained relatively intact until 1986. At the time, the highest numbers of sea otters 
concentrated along the eastern coast (Sevostyanov, Burdin, 1987).  
 
In sea otters, adult males are known to occupy peripheral areas of the population range. 
They are also the ones to explore and occupy new areas (Garshelia et al., 1984; Jameson, 
1989). Thus, during the initial stage of population growth on Bering Island  through 
territorial expansion, males predominated in the population. Gradually, with the increase 
of the role of reproduction, the subpopulation began functioning as a self-reproducing 
system dependent on the condition of the ecosystem (Golubets, 1987) attaining 
homeostasis through structural changes regulated by birthrate and mortality (Victoroc, 
1975). 
 
Prior to 1985, despite the fact that all the waters around Bering Island had been occupied, 
the shaping of the population’s spatial structure was far from over. The relative density of 
males reflected in their mortality (Figure 5) was extremely high both in area of initial 
colonization closest to Medny Island, and in the farthest point from it. Evidently, 
population growth through immigration had played a significant part up to that moment. 
Later the relative abundance of males on the western coast gradually decreased, while the 
most significant changes occurred at the island’s northern shores. The same tendency can 
be observed in all areas – males predominate at first with the numbers of females and 
cubs of the year beginning to grow later. The slight discrepancies in areas 11 and 12 
(Figure 5) can be explained by the fact that at the time we began our research, occupation 
of those segments had just been completed.  
 
Such developmental sequence is typical for colonization of new territories by a growing 
sea otter population with stable sex-specific groups forming in areas that are already 
occupied (Riedman, Estes, 1990). The northwestern part of Bering Island was the last 
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area where the shaping of the spatial and social structure of the Bering subpopulation was 
completed. 
 
Abundance of resident females has been shown to regulate the density and migratory 
activity of males in other species of mammals (Galloway, Boonstra, 1989; Galindo, 
Krebs, 1987). Apparently, that is true for sea otters as well, since accumulation of 
resident females in any area indicates emergence of population structure which is typical 
for peripheral areas of the species’ range. Therefore, high mortality in males during the 
1984/1985 season with consistent reduction of their numbers in areas of Bering Island 
initial colonization was caused by the emergence of spatial and social structure and 
ensuing territorialism that prevented any further immigration. From that moment, self-
reproduction apparently became dominant.  
 
Concurrently with redistribution of the Bering subpopulation during the period when its 
social and spatial structure took shape, mortality rates got stabilized with increasing 
elimination of animals from older age groups until 1988/1989. The latter circumstance 
testifies to the decreasing average age of the population segment participating in 
reproduction. Perhaps that in turn led to a drop in specific birth rate similar to what 
Monkhov (1974) observed in a sable population. A simultaneous increase in the share of 
females among the carcasses was probably linked to population stabilization within the 
emerged population structure. At that time “redundant” males still had the opportunity to 
migrate to the remaining peripheral areas at the northwestern extremity of the island.    
 
Changes in the structure of the remains in the following years show that the age and sex 
composition of the entire Bering subpopulation of sea otters was approaching the state of 
equilibrium. According to Kenyon (1969), the male to female ratio in the reproductive 
part of a stable population is 1 : 3.   Beginning with 1988/1989, the removal of 
“redundant” males on Bering Island proceeded not only through direct elimination of 
males of reproductive age, but also through “advance” elimination, i. e. increased 
mortality of immature males. The disproportion of sexes in the mortality rate of this age 
group grew from year to year.  The process continued even during the 1990/1991 season 
of overall high mortality when elimination of males of reproductive age jumped again. 
That was the time when population structure began to emerge at the northwestern tip of 
the island, which meant that the range periphery as an area of population expansion with 
its absolute male predominance began to disappear. From that time, the waters around the 
islands were divided into male and female areas. Here, we believe, lies the principal 
difference between isolated island populations and continental populations where 
peripheral areas do not disappear due to either unlimited expansion or geographic 
distribution of the population to its optimal limits.  
 
The emergence of a rigid population structure is supported by mortality data from Medny 
Island. There, the percentage of pubescent and young adult animals among the carcasses 
was persistently low for a considerably long period of time (1986-1990), while mortality 
in the youngest age group was quite high with a predominance of females among the 
dead. Obviously, in conditions of established social and spatial structure, there is acute 
competition for space and food especially among females. 
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The high mortality of 1990/1991 was very likely caused by other factors, unconnected to 
population density, as it happened in California in 1982-1983 under the influence of the 
El Nino phenomenon (Bodkin, Jameson, 1991). The winter of 1990-1991 was very warm 
in Kamchatka and in the Commander Islands with a stable snow cover forming only by 
early spring. A contemporaneous increase in the number of sea otter carcasses found at 
the southern extremity of Kamchatka (S. I. Korneev, oral report) and in the northern 
Kuril Islands (V. N. Gaydukov, oral report) is another testimony to the possible presence 
of a common external factor.  One way or another, the increased elimination of males 
during that year helped stabilize the sex and age structure of the population. 
 
It is noteworthy that both periods of high mortality – 1984/1985 and 1990/1991 – 
coincided with pivotal stages in the development of the Bering subpopulation of sea 
otters: during the first period the exploration and settlement of new areas by immigrants 
from Medny Island was completed, and during the second the social and spatial structure 
of a self-reproducing population was formed.  
 
One can, therefore, single out the following main stages in the development of the 
Commander Islands sea otter population. 
 
The period from the beginning of the twentieth century to the end of 1960s saw the 
restoration of the remaining Medny Island population and its growth to the state of 
overcrowding accompanied by cardinal reshaping of Medny Island’s near-shore 
communities.  
 
From early 1970s to mid-1980s, sea otters expanded their range re-colonizing and 
resettling Bering Island. The growth in abundance on Bering Island occurred mostly at 
the expense of immigrants from the Medny Island population whose age and sex 
structure was stabilizing, but which was still geared to producing more males. This period 
also saw a growth in the role of self-reproduction in the Bering subpopulation, and the 
changes in local ecosystems as they were being colonized by sea otters.  
 
Between 1984/1985 and the 1990s, the Bering subpopulation’s spatial and social 
structure developed with self-reproduction becoming dominant and gradually stopping 
immigration from Medny Island. The subpopulation developed relatively autonomous 
mechanisms of self-regulating; age and sex structure became more complex giving more 
stability to the system and gearing it towards producing fewer females. Major ecosystem 
restructuring occurred in all areas. 
 
Beginning with 1991, the spatial and social structure has largely been formed. A balanced 
sex and age composition and abundance has been gradually emerging in both sub-
populations through a series of fluctuations (probably, waning). Ecosystems are gradually 
becoming stabilized under a new equilibrium.  
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