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Visual observations of a limited marine area (about 0.16 km2) populated by sea otters 
were conducted using the methods of instantaneous and scan sampling and focal animal 
sampling. Zones of intensive and occasional foraging by sea otters were identified. 
During the observations period the otters preferred foraging near the exterior boundary of 
the sample area. Early morning and evening peaks in the foraging activity were observed. 
Sea urchins Strongylocentrotus polyacanthus and S. pallidus were the main prey species. 
Preferred sizes of harvested sea urchins were 4-5 cm in diameter.  In most cases sea otters 
brought 4-12 urchins. The number of harvested urchins did not depend on the time otters 
spent underwater. The scatological analysis revealed 39 prey species, represented, in 
addition to sea urchins, mostly by crustaceans, chitons and bivalves. Among consumed 
urchins recovered from the scat 25 mm individuals appeared to predominate. The size 
difference between observed sea otter prey and that recovered from scat is probably 
caused by the fact that the analyzed feces had been deposited in springtime and/or during 
storms when sea otters could not be selective in their choice of prey. 

      
 

According to marine survey data, the abundance of Commander Islands 
population of sea otters (Enhydra lutris) decreased from 3,600 to 2,300 during the period 
from 1990 to 1993 (Zimenko, 1995; Zimenko, Shevchenko, 1995). The drop in numbers 
occurred due to increased mortality of males on Bering Island, which resulted in 
considerable changes in the sex and age structure and distribution within the population. 
The causes of such changes remain unknown, although several hypotheses have been 
proposed. One of them explains the decline through food source depletion. A number of 
scientists (Kenyon, 1969; Shitikov, 1971, and others) believe that the abundance and 
condition of sea otter populations and sub-populations depend primarily on the condition 
of their prey species, sea urchins in particular. Others (Estes et al, 1981; Kvitek et al, 
1993) espouse the view that profusion of food resources is not the main factor affecting 
internal population processes. The data collected by Estes, Kvitek and their coauthors 
(Estes et al, 1981; Kvitek et al, 1993) demonstrate that in some areas where traditional 
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food sources become depleted sea otters switch to other species or (as is the case in the 
Aleutians) continue preying on their traditional sources notwithstanding their obvious 
decline as revealed by hydro-biological studies. 
 
 Researchers have studied the effect of sea otter foraging on populations of benthic 
invertebrates for some time. Most of those studies fall into one of two kinds. The first 
kind is monitoring, i. e. tracking the abundance, size and age structure, and other 
characteristics of invertebrate populations in areas of manifested changes in sea otter 
abundance. The second type of studies focuses on comparing characteristics of prey-
species in areas where sea otters are present and those where they are absent (Shitikov, 
1971; Shitikov, Lukin, 1977; Estes, Palmisano, 1974; Estes et al, 1978; Simenstad et al., 
1978;Zorin, 1984; Sidorov, Burdin, 1986; Sidorov et al., 1987; Burdin, Sevostyanov, 
1987; Sevostyanov, Burdin, 1987; Estes, Harrold, 1988; Reidman, Estes, 1988, 1990; 
Oshurkov et al, 1989, 1991; Estes, Duggins, 1995).  
 

The purpose of this research was to study sea otter foraging and prey species 
condition as one of the possible factors affecting sea otter abundance in the Commander 
Islands. For this study we developed and applied a new method of concurrent and 
complimentary research of sea otter foraging spectrum and its effect on benthic 
populations using data obtained though visual observations, hydro-biological studies of a 
sample area, and a scatological analysis. This paper describes the results of visual 
observations and a scatological study to identify sea otters’ strategy of foraging in the 
sample area and the composition of their prey. 
 
Figure 1. Study area chart indicating location of diving sites (1 – 14).  
A – left side of the chart. B –right side of the chart. Б – the charts’ connecting line. 1-18 – 
numbers of horizontal rows starting from the shore. I – weed free areas; II – occasional 
alaria beds; III – alaria groves/fields of average density; IV – dense alaria fields; V – 
rocks.    
 

MATERIALS AND METHODS 
 

Field studies were performed between July 21 and August 29, 1995, on Medny 
Island over a sample area of about 0.16 km2 (0.35 X 0.45 km) in the left part of Glinka 
Bay. The boundary of the sample area ran along the reef known and Lesser Beaver Pillars 
on the left (though this name is not indicated on charts) and a nameless reef at the edge of 
the sandy beach on the right. The area was tentatively divided into two zones: interior and 
exterior with the outer edge of a belt of brown algae (Alaria fistulosa) serving as 
boundary between them. The format and procedure for observations were developed on 
the basis of preliminary data on sea otters’ use of the area collected in the summer of 
1993. Between the 21st and 30th of July, 1995, three observers conducted visual 
observations during daylight hours (from 8 a.m. to 9 p.m.) from a stationary location 
using standardized charts (Figure 1) with a square grid. The charts depicted alaria fields 
and groves of various density, reefs and the main emergent rocks, which served as 
reference points. The chart was drawn from a panoramic photo of the sample area taken 
from the observation point; therefore Figure 1 has no indication of scale.   
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The time of day, wherever indicated, is Summer time, which is two hours ahead 

of the standard zonal time. Two different methods were employed in visual observations: 
the instantaneous and scan-sampling method and focal animal sampling method 
(Altmann, 1974). The first method requires the observer to record on the chart the 
number of sea otters and all their foraging locations every 20 minutes in the course of 4-6 
hours. A total of 158 charts were produced after 70 hours of observations.  To analyze 
foraging intensity during the day, eleven hour-long intervals were singled out (from 8 a.m. 
to 7 p.m.) and 14 charts were drawn for each interval. The data from all the charts were 
compiled into one which was then used to calculate the summary number of foraging 
activities in each square and identify the intensity of sea-otter foraging in the sample area. 
Following visual observations, diving and hydro-biological studies were conducted in the 
area between August 1 and 15, and after that visual observations continued on August 16-
29 (using only the instantaneous and scan-sampling method) to compare the data on the 
intensity of sea otter foraging in the 18 lateral strata (or rows on the chart) into which the 
sample area had been divided (Figure 1). For each row we counted the number of 
foraging spots (or dives) and their percentage of the total number of foraging dives 
registered in the area. In the first observation period were recorded 220 foraging dives, 
and in the second 244. 
 

The second method required two observers watching preselected foraging sea 
otters. The first observer recorded locations where the otter dived and surfaced, its 
movements between different sectors of the sample area and changes in behavior and 
activity recording the information on the chart. The other observer recorded the sex of 
each foraging otter, the quantity, quality and sizes of prey, timed the feedings and 
registered other behaviors and activities occurring in conjunction with the catching and 
consumption of prey. All information was recorded using a voice recorder. To identify 
the time spent on food procurement and consumption, we counted only those dive and 
surfacing behaviors that did not involve any other activities. Visual observations of 
preselected foraging otters were conducted in those locations where the distance between 
the observer and the selected animal did not exceed 200 m (maximum distance 
determined by the capabilities of our optical equipment – ZRT 30 X 60 telescope and 
BPC 12 X binoculars).  
 

Additionally, divers observed sea otter behavior underwater, noting their reaction 
to the noise from the motor boat and the presence of divers. 
 

We observed a total of 22 individual foraging behaviors of sea otters including 4 
foraging behaviors of single females, 11 foraging behaviors of females with cubs and 7 
foraging behaviors of two territorial males. A total of 273 foraging dives and surfacings 
were analyzed including 91 that were not linked to any other activities.   
 

Prey sizes were estimated relative to the size of the sea otter’s paw. To ensure 
correct visual identification of the consumed sea urchins’ diameters, the observer was 
tested by being shown sea urchins of various sizes from a distance of about 120 m 
(similar to the distance to observed sea otters in the water). A total of 74 sea urchins 
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collected by divers during area sampling were shown to the observer. The estimated sizes 
were then compared to the actual sizes of the sea urchins.  
 

Weather conditions (sea condition, wind strength, cloud cover, and precipitation) 
were also monitored during the study to track their possible effect on the study data.  
 

Additionally, to identify sea otters’ prey spectrum as well as size composition of 
consumed prey, 28 scat samples were collected from the reef along the right boundary of 
the study area. The feces had most probably been deposited in the spring and/or during a 
storm. The scat was processed to establish the species and, if possible, the number of 
consumed prey.  
 

In large scat samples the abundance of consumed sea urchins was estimated by 
counting the total number of teeth from the Aristotle’s lanterns and dividing it by 5. In 
small samples the teeth were sorted by size. The number of sea urchins was then 
estimated for each size separately. The number of hermit crabs and other craboid species 
was estimated by the number of walking-leg tips divided by 6 and separately by the 
moveable portions of the left and right claw pincers. A similar process was used to count 
the number of spider-crabs, except that the number of their leg-tips was divided by 8. The 
number of isopods was identified by counting their telsons. Bivalves were counted by the 
number of unpaired valve apexes and half the number of paired apexes. We counted 
opercula, columellas, and (for limpets) apexes for Gastropods; back plates for Chitons; 
jaws for Nereid Polychaetes, and tubes for Sabellid Polychaetes. We extracted from the 
scat and measured 883 teeth of Strongylocentrotus polycanthus and 133 teeth of S. 
pallidus. Teeth measurements were accurate to 0.025 mm. To standardize the 
measurement error, all measurements were taken by the same person. Later, diameters of 
sea urchins found in the scat were reconstructed according to the following formula: 

D = 13.0631 X (w + h)1.2325 
Where w is the width of the tooth and h is its height (Ryazanov, 1991). 

 
Table 1. Weather conditions during the time of visual observations in 1995. 
Date Sea condition Cloud cover Wind Precipitation 
07.21 Low seas High clouds Light None 
07.22 Low seas Low clouds Light None 
07.23 Low seas Low clouds Light None 
07.24 Calm seas Low clouds None None 
07.25 Low seas Low clouds Light None 
07.26 Calm seas Low clouds Light Drizzle 
07.28 Low seas High clouds Light None 
07.29 Calm seas Low clouds Light None 
07.30 Calm seas High clouds Light None 
08.25 Moderate seas Low clouds Light None 
08.26 Ripples High clouds Light None 
08.27 Calm seas Low clouds Light None 
08.28 Low seas Low clouds Light None 
08.29 Low seas Low clouds Light None 
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RESULTS 
 

Meteorological conditions.  Meteorological conditions were sufficiently stable 
during the entire period of observations (Table 1) and therefore could not have affected 
animal behavior in any significant way. 
 

Dynamics of sea otter abundance in the sample area.  The total number of sea 
otters in the sample area (Figure 2) varied from day to day, but abundance fluctuations 
within each observation interval were not significant. The smallest number of otters 
recorded in the sample area was 2, and the largest was 60, however, usually the 
abundance remained between 6 and 30.  The variation coefficient (Cv) was 61%. The 
average abundance for the observation period was 18 + 0.87 animals, and the linear 
density of 29 animals per 1 km of shoreline. Animal abundance during daylight hours 
(according to the summary data for all observation days) tended to go down towards the 
end of the day (Figure 3).  
 
Figure 2. Average sea otter abundance dynamics (with the error of mean) in the sample 
area during the period of observations. 
Vertical axis: Average abundance during daylight hours 
Horizontal axis:  July,       August,         Data 
 

Sea otter foraging in the sample area. The intensity of sea otter foraging varied 
during the day (Figure 4). We observed two peaks in the foraging activity: the morning 
peak occurring before 9 a.m., and the evening one occurring after 4 p.m. The lowest 
feeding frequency was recorded between 10 a.m. and 1 p.m. after which it would increase. 
We noticed a significant inverse correlation between changes in sea otter abundance 
during daylight and foraging intensity (correlation coefficient r =  –0.67, P < 0.05): with 
an increase in the intensity of foraging the number of sea otters in the sample area went 
down.  
  Distribution of foraging sea otters in the sample area. Preliminary data obtained in 
1993 has shown that foraging sea otters were distributed throughout the sample area 
unevenly. Firstly, sea otters foraged mostly in thinner alaria fields.  Secondly, 55% of all 
foraging behaviors were recorded in the interior zone of the sample area at a distance of 
about 130 meters from the shoreline, 34% occurred between sections of dense kelp 
growth approximately 200 meters from the shore, and only 11% happened outside the 
outer boundary of the main kelp fields at a distance over 200 meters from the shore. 
 

In 1995 sea otters also appeared to prefer feeding in particular locations, but their 
distribution throughout the area changed. Having processed the charts, we discovered that 
during the first period of observations there were three obvious zones of different 
foraging intensity.  The zone of intensive foraging coincided with the outer boundary of 
the fields of A. fistulosa (Figure 1, Rows 14 – 18), and the zone of limited foraging with 
the interior zone of the sample area including alaria fields (Rows 6 – 13). No foraging 
was recorded in the near-shore zone (Rows 1 – 5). Eighty six per cent of all foraging 
behaviors were recorded in the exterior zone. Comparison of data for the first and the 
second periods of observations revealed that during the second period the number of 
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foraging behaviors in the previously intensely used zone went down to 51%, which 
means that the distribution of foraging otters throughout the area changed as well. Those 
changes are detailed in Table 2. 

 
Qualitative and quantitative composition of prey. Focal animal sampling of 

foraging sea otters revealed that 250 out of 273 foraging dives were successful (in 23 
cases otters failed to catch any prey). In 181 cases out of 250 otters harvested sea urchins. 
Most often the number of urchins brought up in one foraging dive was 6 – 10 (Figure 5); 
the largest catch numbered 38 individual sea urchins. In addition to sea urchins, otters 
harvested sand lances (Ammodytes sp.) (2 cases and 35 foraging dives) beyond the outer 
boundary of the seaweed fields. When foraging for sand lances, sea otters caught a total 
of 240 fish bringing up an average of 6 – 7 in one dive (the largest number of fish in one 
take was 12). There were a few isolated cases of foraging for octopus, greenling and 
opilio crab. Rarely, sea otters brought up sea stars (5) and red algae (once). In the latter 
case the prey was probably small bivalves Vilasina pseudovernicosa, which often 
inhabits the red algae and which we found in sea otter scat. In three cases the otters 
brought up rocks. Additionally, 22 harvested objects remained unidentified, although we 
can ascertain that in three cases they were definitely not sea urchins.  
 

According to visual estimate, diameters of harvested sea urchins varied between 2 
and 8 cm (Figure 6) with most urchins measuring from 4 to 5 cm in diameter. The testing 
of the observer revealed that he tended to underestimate the actual sizes of the urchins. 
The error was bigger in case of smaller sizes, but in case of larger sea urchins, it did not 
exceed 15% of their actual size. Therefore, we can assume the estimated size distribution 
of consumed sea urchins to be fairly accurate.  

 
Analysis of correlation between the number of sea urchins harvested during a 

foraging dive and the time spent underwater showed that harvesting success was 
practically independent of the duration of the dive (correlation coefficient of 0.23). A 
closer significant connection (correlation coefficient of 0.56, P = 0.05) was observed 
between the number of harvested sea urchins and the time of their consumption. 
 
Scatological analysis. The analysis of sea otter feces (Table 3) yielded 39 prey species.  
Apart from sea urchins, frequently encountered species included some crustaceans, 
chitons, and bivalves. Analyzing size distribution of S. polyacanthus extracted from the 
scat (Figure 6) revealed that sea otters preferred sea urchins with shell diameters of 2-3 
cm.  
Figure 3. Dynamics of average sea otter numbers during daylight hours (with the 
standard error of mean) derived from the data for the entire observation period. 
Vertical axis: Average abundance during the hour interval for all days of observations. 
Horizontal axis: Time of day 
 
Figure 4. Dynamics of sea otter foraging activities during daylight hours (with the 
standard error of mean) derived from data for the entire observation period. 
Vertical axis: Percentage of foraging otters (average for all days of observations) %. 
Horizontal axis: Time of day 
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DISCUSSION 

 
The presence of peaks in the foraging activities of sea otters on the Commander 

Islands and in other regions has been mentioned by several authors (Barabash-Nikiforov, 
1933; Sevostyanov, 1989; Estes et al, 1982, 1986). We observed afternoon increases in 
the foraging activities in Topolevsky Bay of Medny Island in 1987 and 1988 as well. 
Peaks in foraging activities do not always occurr and, according to Estes and his 
coauthors (Estes et al., 1982), may be caused by various factors. Thus, on the island of 
Amchitka, due to the decline of the main prey species (urchins), sea otters switched to 
fish, whose biology is tied to brown algae. Since catching fish requires greater 
expenditure of time and energy, the otters compensated for that by changing their 
foraging regimen and feeding only during the time when the fish were more readily 
available. In California (Estes et al, 1986), however, peaks in foraging activities were 
also present even though sea otters there fed mainly on abundantly occurring benthic 
invertebrates.  The authors suggested that sea otter activity could have been affected by 
the diurnal changes in the intensity of wind-induced waves.   
 
Table 2. The use of sample area of the bay by foraging sea otters 
 

Percentage of foraging sea otters, % Row  
June 15 – 30 August 25 – 29 

1 – 5 0 0 
6 1.36 0 
7 1.36 0.41 
8 1.36 0.82 
9 0 0.41 
10 1.36 2.87 
11 0.91 4.51 
12 3.18 7.79 
13 3.64 11.48 
14 14.09 22.54 
15 16.36 13.93 
16 23.18 18.44 
17 22.27 11.89 
18 10.91 4.92 

 
Neither of those hypotheses fits our case. Though we did observe sea otters 

foraging for fish (fish actually made up a considerable share of its diet), the fish was sand 
lances, which are most easily available in the morning and early afternoon when they 
“sit” on the bottom (Hydrometeorology, 1993). Therefore the evening activity peak 
cannot possibly be linked to its daily biological rhythms. Nor could the foraging activity 
have been affected by the wind-induced wave intensity since the weather was mostly 
calm and windless during our observations (Table 1).      
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Figure 5. Frequency of various numbers of sea urchins harvested during one dive. 
Vertical axis: Frequency, % 
Horizontal axis: Number of harvested sea urchins. 
 

We believe that observed peaks in foraging activity may be connected to the high 
and low tide cycles, since during the observation period they appeared to coincide with 
the morning and the evening high tides. On the one hand a rising water level would lead 
to the thinning of the surface layers of alaria fields, on the other, dense kelp growths 
during low tide are more convenient for resting. 
 

Additionally, high tide conditions expand the area available for foraging, allowing 
for the use of the shallows all the way to the beach. Even though we did not observe any 
near-shore foraging in the sample area, we often saw it happen in other places. 
 

A decrease in sea otter numbers during increased foraging activity may be 
explained by the fact that the observer might have missed some of the foraging otters 
because they were underwater. Alternately, some feeding otters might have simply 
moved to adjacent areas.   
 

The data on success rate of foraging dives are similar to the information from 
other regions available from literature (Kvitek et al. 1993; Doroff, DeGange, 1994) and 
supports the assumption by the last two authors that success of foraging dives is not 
linked to benthic abundance.  
 

Our observations revealed that linear density of otters in the sample area was 
rather high. According to multiyear data, sea otter density in the region where the sample 
area is located has shown the least interannual fluctuations and remained quite stable 
(1994 annual report by I. N. Shevchenko, N.P. Zimenko, KamchatNIRO). Data from 
literature and reports from other scientists also speak of sea otters’ preference for this 
region (Barabash-Nikiforov et al., 1968; 1978 and 1979 annual reports by B.V. 
Khromovskikh, KamchatNIRO). 
 

One could expect that intensive and long-term use of the sample area by foraging 
otters would lead to depletion of prey species including sea urchins. And yet, back in 
1973 A.M. Shitikov (1973 annual report of the Fisheries and Oceanography Research 
Institute, Vladivostok) described a great abundance of sea urchins around the sample area. 
Our visual observations (see above) and hydro-biological studies (Ivanyushina et al., 
1998) showed that today, too, sea urchins’ abundance in the benthos remains quite high 
while they continue to be sea otters’ preferred prey.  
 
Table 3. The list and abundance of invertebrate and other prey species revealed by the 
analysis of sea otter scat collected in Glinka Bay (28 feces samples) 
 

Species n % X Sx 
[Table in Latin]     
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 Note: n – species’ occurrence in the feces; % - the same as percentage;  X – average 
abundance of the species in the feces where it is present (number of individuals);  Sx – 
error of the mean for the N+ index. 
 
Figure 6. Size distribution of sea urchins harvested by otters according to visual 
observations and scatological analysis data. 
Vertical axis: Frequency of occurrence, % 
Horizontal axis: Shell diameter.     □ – scatological analysis,    ■ – visual observations 
 

Interestingly enough, the observed size distribution of sea urchins harvested by 
otters in the interior zone was quite different from the one obtained as a result of the 
scatological analysis (Figure 6). Although the number of analyzed feces samples was 
small and could have been left by just one or two animals, we believe that the results 
allow for some preliminary conclusions.  
 

As demonstrated by the testing of the observer, the difference in the size 
distribution can hardly be the result of observer’s error. Most probably, the reason for this 
divergence is that the scat was left in the spring and/or during a storm when the otters 
were foraging near the shore and could not be very selective in their choice of prey. This 
assumption is indirectly supported by the fact that the feces contain a lot of isopod and 
hermit crab remains. These invertebrates are few in the benthos at the studied depths 
(Ivanyushina et al., 1998), but are abundant on the rocky littoral and in the top layers of 
the sublittoral zone. Additionally, the size distribution of sea urchins estimated by their 
teeth in the scat corresponds to the size structure of sea urchin communities in the interior 
zone (Ivanyushina et al., 1998), which supports the assumption of the lack of selectivity 
on the part of the otters.  
 

The distribution of otters throughout the sample area deserves special attention. 
As was mentioned earlier, during preliminary observations in 1993, sea otters foraged 
mostly in the interior zone with no fluctuations throughout the season. This year the 
otters foraged mostly in the exterior zone (Table 2) during the first period of observations, 
while during the second observation period their distribution in the sample area began to 
resemble that of 1993. We considered several hypotheses as to the reasons for such 
redistribution, particularly in connection with the results of hydro-biological studies 
(Ivanyushina et al., 1998). But most likely, it was caused by human disturbance in the 
form of a poacher vessel that spent many hours trawling the area on the first day of our 
observations (July 21). We had observed sea otters’ reaction to various noises (coming 
from ships, boats, planes etc.) for several years. In all cases otters had reacted to noise 
disturbance by changing locations. In addition, we made a preliminary assessment of sea 
otter distribution throughout the sample area without taking exact counts of their numbers 
on the eve of the starting date of our observations (on July 20). According to that 
assessment the distribution of sea otters that day was similar to that observed in 1993.  

 
On the other hand, one may wonder if the sea otter redistribution in the second 

observation period may have been caused by the work of divers in the sample area. We 
do not believe it was, moreover, we believe that the otters were returning to their normal 
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distribution. Observing the animals during diving operations we noticed that short-term 
noise from the boat motor caused but a brief disturbance among the otters. Often they 
began foraging where the divers had just finished working, even though they kept some 
distance away from the working divers. Besides, had the diving operations been a major 
disturbing factor, the otters would hardly be returning so deeply into this enclosed area. 
They would more likely be keeping outshore, or leave the area altogether.    
 

This research was conducted under a joint program of the Kamchatka Research 
Institute of Fisheries and Oceanography (KamchatNIRO) and  Kamchatka Institute of 
Environmental Management of the Far Eastern Division of the Russian Academy of 
Sciences (KIEM FED RAS). The program was initiated and financed by KamchatNIRO.  
K.E. Sanamyan  (KIEM FED RAS) and N.A.Tatarenkova (Kommander Islands State 
Wildlife Preserve) participated in scat sorting and processing. 






















