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ABSTRACT 

The role of sea otters in the dynamics and structure of near-

shore communities was studied from October 1970 to November 1972 at 

Amchltka Island, Attu Island, and Shemya Island, western Aleutian Is

lands, Alaska. The objectives of this study were to estimate the size 

and the amount of time budgeted to feeding, resting, and grooming of a 

sea otter population which is near equilibrium density, and to evaluate 

the ecological importance of sea otter predation in the nearshore com

munity. The number of sea otters at Amchitka Island was estimated by 

comparing shore-based and aerial counts within specific segments of 

coastlines and extrapolating these results to the entire coastline. The 

diurnal and seasonal patterns in the time budgeted to feeding, resting, 

and grooming were estimated by systematically repeating observations 

of sea otters at specific areas. The role of sea otters in nearshore com

munities was determined by documenting certain faunal and floral differ

ences between islands with sea otters and without them. 

Male and female sea otters probably do not differ in the amount 

of time spent diving or on the surface while feeding. Apparently, diving 

and surface times both increase in deeper water, but the percentages of 

time spent on the surface and submerged remain approximately constant. 

No differences in either the pattern or the percentage of time spent feed

ing, resting, or grooming were observed between summer and winter. 

Within localized study areas, shore-based counts of sea otters 

were consistently larger than aerial counts from helicopters, probably 
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because animals that would bo submerged and thus not seen during the 

short time that the helicopter is over the area would be detected by the 

shore-based observer who views the same area for a longer time. The 

Amchitka Island sea otter population was estimated at about 6,900 ani

mals, approximately 40 percent of which were located on the Bering Sea 

and 60 percent of which were on the Pacific Ocean. This distribution 

corresponds with the distribution of sea otter feeding habitat. Assuming 

that sea otters live within the 30-fathom (55-m) depth contour, there 

was an estimated density of 63 sea otters per square mile of habitat 

(24/km2) for the whole island. This estimate may be separated into 72 

animals per square mile (28/km2) on the Bering Sea and 57 animals per 

square mile (22/km2) on the Pacific Ocean. I believe that several prior 

estimates of the number of sea otters at Amchitka Island were biased 

low. 

A comparison of western Aleutian islands with sea otters and 

without sea otters shows this species to be an important member of the 

nearshore community. Sea otters control herbivorous invertebrate popu

lations. Removal of sea otters causes increased herbivore and ultimate

ly results in destruction of macrophyte associations. My observations 

suggest that a dense sea otter population indirectly supports island 

fauna associated with macrophyte primary productivity. 



INTRODUCTION 

The sea otter (Enhvdra lutris) evolved as an integral part of the 

nearshore ecosystem in the northeast Pacific Ocean and south Bering 

Sea. Before the intrusion of white men into this area, sea otter popula

tions flourished from northern Hokkaido and southern Sakhalin in the 

Japanese archipelago, through the Aleutian Islands and along the Pacific 

Coast of North America, south to Morro Hermoso, Baja California. Over-

exploitation by fur traders nearly exterminated the species during the 

150-year period from the mid 1700's to the beginning of the 20th century. 

Happily, a few remnant populations survived in the remote Aleutian Is

lands and along the rugged coast of central California. Presently, popu

lations are increasing and the sea otter has become reestablished over 

about one-third to one-half of its original range (Kenyon 1969). 

The first extensive account of the sea otter was published by 

Barabash-Nikiforov (1947). In 1969, Kenyon published a monograph on 

the sea otter, which brought up to date virtually everything known about 

the species at that time. Subsequently, Kenyon's monograph has been 

the most germane reference for a number of investigations, including 

studies sponsored by the U.S. Atomic Energy Commission on the sea 

otter population at Amchitka Island. 

As habitat was reoccupied, Kenyon (1969) studied the status 

and dispersal trends of sea otter populations throughout their entire 

range. He placed little emphasis upon estimating total population num

bers. Subsequently, sea otter population numbers have been estimated 
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several times at Amchitka Island. These efforts have produced a con

fusing array of results and probably some invalid suggestions of current 

population trends. 

The distribution, number, and female reproduction are aspects 

of sea otter population biology which have been intensively studied and 

are becoming more thoroughly understood. Conversely, little is known 

about reproduction in the male sea otter. Age and sex specific mortality, 

age class distribution, population limiting factors, and a myriad of other 

important aspects of sea otter population biology are either poorly under

stood or completely unknown. Even less is known about the population 

dynamics of other members of the nearshore community within which the 

sea otter lives. The dynamics of this complex community is a function of 

the interactions of all its populations and thus the total picture of all the 

intricacies of community dynamics is hopelessly complex. However, 

community dynamics are sometimes primarily controlled by certain "key

stone species" (Paine 1969). 

Today, the sea otter is one of the most conspicuous faunal ele

ments of the northeast Pacific Ocean. It is also the primary mammalian 

carnivore in the nearshore trophic-dynamic ecosystem at many of the 

Aleutian Islands and thus may fill the role of a "keystone species." The 

equilibrium density of sea otters has been estimated at about 60-70 ani

mals per square mile of habitat* (20-30 animals per km^) (Estes and 

Smith 1973). Adult captive sea otters consume 20 to 23 percent of their 

body weight daily, and in the natural environment energy requirements 

1. Sea otter habitat is the littoral and sublittoral within the 30-
fathom (60 m) depth contour (Kenyon 1969). 
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are perhaps even greater (Kenyon 1969, Morrison, Rosenmann and Estes 

n.d.). Considering that the average sea otter weight is about 50 lb (23 

kg) (Kenyon 1969)/ I therefore conservatively estimate that 200,000 lb 

of animal biomass per square mile per year (35,000 kg*km2.year) is con

sumed by foraging sea otters in some areas. Predation is known to be an 

important interaction within marine communities (Connell 1961b, Connell 

1970, Dayton 1971, Paine 1966, Porter 1972, and many others) and thus 

sea otter predation upon benthic invertebrates may be an important com

munity interaction in the western Aleutian Islands. 

Kelp and sea grass beds have been reduced or destroyed be

cause of overgrazing by dense sea urchin populations over a wide geo

graphical range. Himmelman and Steele (1971) believed that sea urchins 

are responsible for the scarcity of non-coralline algae at many coastal 

areas of Newfoundland. Kain and Jones (1965) and Jones and Kain (1967) 

stated that grazing by sea urchins determines the vertical distribution of 

algae in Nova Scotia. Kitching and Ebling (1961) and Jorde and Klavestad 

(1963) found that the distribution of dense sea urchin populations and 

abundant algal growth were mutually exclusive in the sublittoral of the 

northeast Atlantic Ocean. Dayton, Rosenthal and Mahan (1973) believed 

that the absence of large Macrocvstis beds in the Chilean archipelago 

was the result of sea urchin grazing. Benthic macrophyte populations 

have been reduced by sea urchin grazing along the coast of California 

(North 1965) and in the Gulf of Mexico (Camp, Cobb and VanBreedveld 

1973). Extensive beds of marine vegetation have developed following sea 

urchin removal by experimental manipulation (Paine and Vadas 1969, 

Kitching and Ebling 1961) and by accident oil spills (Nelson-Smith 1968). 
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The sea urchin (Strongvlocentrotus sp.*) is an important herbi

vore and an important food item to sea otters in the western Aleutian 

Islands. It is therefore logical that predation upon sea urchins by sea 

otters may indirectly affect vegetation associations and thus the dynam

ics of the entire nearshore community in the western Aleutian Islands. 

Insular environments may serve as natural experiments for test

ing biological hypotheses (MacArthur and Wilson 1967). Variable factors 

among islands of an archipelago can frequently be considered experimen

tal treatments and thus# experimental results may be observed in as short 

a time as is required for travel between islands. The long time which is 

sometimes required for manipulative experimentation to take effect can be 

eliminated. The danger of this method is in the allopatry of biogeograph-

ically isolated islands. Variable factors among islands, not considered 

as part of the experimental treatment, may confound the presumed treat

ment effects. Thus, the local control that is possible when experiments 

are designed on a sympatric format is sacrificed for immediate results. 

The purpose of this study is to define the role of the sea otter in 

the dynamics of nearshore communities of the western Aleutian Islands. 

I wanted to test the hypothesis that sea otters control benthic inverte

brate populations which in turn release the vegetation association from 

intense overgrazing, by comparing island groups with and without sea 

otters. A secondary object was to define the population density and the 

time budget of a sea otter population which is food limited. 

1. There is some doubt about species identification of the green 
sea urchin in this area (i.e., S.. drobachiensis vs. S.. polvacanthus). 



THE STUDY AREA 

The Rat and Near Islands are located at the western end of the 

Aleutian archipelago, approximately between 180° and 170° E latitude 

and between 50° and 55° N longitude. These islands form part of the 

boundary between the North Pacific Ocean and the Bering Sea (Figure 1). 

The Rat Island group consists of 10 islands, the largest of 

which is Amchitka (73,024 acres and 106 miles of coastline; 295 km2 

and 170 km). There are five islands in the Near Island group, the largest 

of which is Attu (223,812 acres and 153 miles of coastline; 905 km^ and 

245 km). Shemya Island is 3,526 acres (14 km2) and has 13 miles (21 km) 

of coastline. 

The climate is maritime and characterized by persistent over

cast skies, frequent and violent cyclonic storms, and high winds. Dur

ing summer months these islands are enshrouded by widespread fog. 

During winter cold clear air is more common. For example, at Shemya 

Island skies are overcast 80 percent of the time and average only six 

clear days per year. Shemya also averages 81 days of dense fog per 

year. Temperatures are moderated by warm water from the Japanese cur

rent, and the western Aleutian Islands are far south of the most southerly 

extension of the polar ice pack. There is no permafrost. The mean an

nual temperature at Amchitka, Shemya, and Attu Islands is 39°F (3.9°C). 

The minimum recorded temperature at each of these islands is 15°F 

(-9.4°C) and the maximum temperature, recorded at Attu Island, is 77°F 

(25°C). Temperatures infrequently range below 20°F (-6.7°C) or above 

5 
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60°F (15.6°C). The average wind velocity is 15-20 mph (23-32 km/hr) 

and maximum winds in excess of 100 mph (160 km/hr) are common. Cool 

temperatures together with strong winds produce a low wind chill. 

The Aleutian Islands average over 200 days of precipitation per 

year. During winter, violent snow storms may occur, although the snow 

melts rapidly at lower elevations. Heavy rain showers are rare. Drizzle 

and light rain are the most typical form of precipitation. 

The beach areas of the western Aleutian Islands are primarily 

cobblestone or precipitous cliffs. Inshore there are many reefs and sea 

stacks. * Intertidal platforms border many of the islands. 

Geologically, the Aleutian Islands are generally volcanic and of 

Tertiary or Quaternary origin. They were extensively glaciated during the 

Pleistocene epoch. Currently there are many active and dormant vol

canoes , although apparently there has been no volcanic activity in the 

Near Islands during the Holocene epoch. 

The topography is diverse, ranging from precipitous peaks to 

marshy table lands. The Aleutian arc is one of the world's most active 

seismic areas, being part of the Pacific Earthquake Zone. Tidal waves 

(tsunamis) and earthquakes are common. 

The first humans inhabited the Aleutian Islands in about 6000 

B.C. (Sekora 1973). These people were of Eskimoid origin and are thought 

to have arrived in the New World via the Bering land bridge about 10,000 

to 15,000 years ago. Maritime Aleuts occupied the Aleutian chain by 

about 2000 B.C. These people lived along coastal areas and foraged 

1. Sea stacks are pinnacles of land which have been isolated from 
the mainland by erosion. 
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primarily upon marine mammals, birds, fish, and marine invertebrates. 

Vitus Bering led the first expedition of white men to the Aleutian Islands 

in 1741. Shortly thereafter, Russian fur traders enslaved the Aleuts and 

began depleting the sea otter populations. Subsequently, fur traders 

from other nations arrived to compete for the precious furs of the sea 

otter and northern fur seal. Many changes accompanied the arrival of 

white men. Some of the most striking were the extinction of the Stellar's 

sea cow, depletion and local extinction of sea otters, and drastic reduc

tion of the aboriginal Aleut population. 

The United States purchased the Aleutian Islands from Russia in 

1867. Exploitation of sea otter populations continued until 1911, at 

which time the animals were protected by an international convention be

tween the United States, Russia, Japan, and Great Britain. Between 

about 1910 and 1940, there was fox farming on many of the Aleutian Is

lands. The U.S. Fish and Wildlife Service attempted to eradicate rats 

and predators from these islands between 1953 and 1959. 

During World War II there was extensive military activity in the 

Aleutian Islands. The remains of this activity are some of the most con

spicuous features of the landscape at southeastern Amchitka and eastern 

Attu Islands. Currently, there is an Air Force base at Shemya Island and 

a Coast Guard LORAN station at Attu Island. The U.S. Atomic Energy 

Commission and the Department of Defense detonated three underground 

nuclear devices at Amchitka Island during the period of 1965 to 1971. 

The biota of the Aleutian Islands is of both Old and New World 

origin. New World forms predominate at the eastern end and Old World 

forms predominate at the western end of the archipelago. Terrestrial 
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vegetation consists primarily of low-growing arctic-alpine species. 

Dense marine vegetation is conspicuous in shallow inshore areas. Large 

numbers of colonial sea birds live in the Aleutian Islands, and there is 

an important commercial fisheries resource in adjacent marine waters. 



MATERIALS AND METHODS 

Techniques for Determining Population 
Feeding Behavior 

I observed sea otter feeding and diving behavior from November 

1970 until September 1972 at the areas shown in Figure 2. Most of this 

work was done during January and .February, 1971 and during July and 

August, 1972. During early phases of the study, I randomly selected 

observation areas from some of the more remote coastal regions at Am-

chitka Island. Inclement weather and travel difficulties soon proved this 

method of selection impractical and forced me to use only those areas 

that were easily accessible by road. For this reason, Kirilof Point and 

Constantine Point were the observation areas most frequently used dur

ing later phases of the study. Large numbers of sea otters were always 

present and observable at these areas. Most of my observations were 

made along the Bering Sea coast of Amchitka Island because viewing con

ditions were generally superior there as compared to coastal areas of the 

Pacific Ocean. 

The primary objectives of behavioral studies were to determine 

(1) the amount of time feeding sea otters were submerged, (2) the per

centage of the population feeding as a function of time of day, and (3) 

seasonal variation in population feeding behavior. 

I recorded diving and surface times of feeding sea otters at 

Amchitka Island. When possible, the following information was noted 

about each .observation: 
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1. The sex and age of the animal (i.e., male, female, female with 

pup). Sex was determined by the presence of a penis or teats. 

All animals were classified as either adults or pups. 

2. The approximate water depth in which the animal was feeding. 

Water depth was estimated from the approximate position of the 

animal plotted on a depth contour map. 

3. Food items captured. 

4. Weather conditions. 

I determined the minimum sample size of diving times per in

dividual by incorporating the sample variance among diving times (s 2), 

obtained from a pilot study, and the desired confidence interval of mean 

diving times (2b) into the formula, n = s^t^/b^, where t is the tabulated 

t-value for the desired level of statistical significance and the appropri

ate degrees of freedom as determined by the sample size of the pilot 

study. 

From this formula (Steel and Torrie 1960), I determined the num

ber of observations (n) required for a particular confidence interval (2b) 

at the 0.05 level of statistical significance. Preliminary estimates of 

mean diving and surface times were gathered from two feeding sea otters. 

The means and variances of diving and surface times recorded for these 

two animals are shown in the following table. 



Diving 

X s2 

Sea otter #1 36 106 40 44 
(female with large 
pup) 

Sea otter #2 22 91 19 10 
(lone female) 

Because of nonhomogeneous sample variance between the diving 

times of the two animals, the larger sample variance (i.e., 106) was 

used to calculate n. I arbitrarily defined the confidence interval at +10 

seconds. Therefore, n = 4.8). A minimum of five observations of diving 

and surface times was taken from each animal and additional observations 

were taken when possible. Between observations, food items were iden

tified by using binoculars or a spotting scope. Food items were simply 

classified as fish or invertebrate unless they could be more specifically 

identified. 

Diurnal patterns in sea otter feeding behavior were also esti

mated from these same study areas at Amchitka Island. I originally at

tempted to observed continuously a single individual animal through long 

periods of time. This technique was impractical and was soon abandoned. 

Therefore, I decided to note the activity of all s ea otters within the view

ing range of 10X binoculars at one-half hour intervals and during day

light hours. Sea otter activity was divided into the following categories: 

1. Feeding. 

2. Grooming. 

3. Resting. 

After practice, sea otter activity could be categorized after only several 
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seconds of observation on a single animal. Furthermore, the classifica

tion process was quite invariant among observers. Animals whose be

havior I could not classify or behavior not falling into one of the above 

categories were not tabulated. Most of the sea otters I observed could 

be classified easily into one of the three behavioral categories. 

Only sea otter which exhibited one or more of the following 

behavior patterns was categorized as feeding: 

1. Possession of a food item. 

2. The exhibition of a characteristic chewing movement in which 

the head moves sharply up and down. 

3. Rolling in the water to wash accumulated food scraps from the 

fur. 

4. The close accompaniment of gulls in search of discarded food 

scraps. 

5. The onset of a dive. 

Sea otters were categorized as grooming if observed vigorously 

cleaning their fur. Often this included repeated rolling or violent splash

ing in an apparent attempt to force air into the pelage. Grooming may 

occasionally be mistaken for feeding at long distances. 

Resting sea otters lie motionless on their backs in the water or 
i 

"haul out" on land.* Frequently, resting animals congregate into large, 

closely associated groups, although solitary resting individuals are not 

uncommon. 

1. The term "haul out" is commonly used to describe marine mam
mals resting out of the water. 
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I observed sea otters1 activity during summer (July and August) 

and winter (January and February) seasons at different times of the day. 

The number of observations and the total number of animals observed 

during each time period, in summer and winter, are shown in Figure 3. 

Techniques for Estimating Population Numbers 

Sea otters were counted from shore-based stations using I OX 

binoculars and a 15-60X variable powered spotting scope and from air 

by observers seated in an Alouette II helicopter. The boundaries of 

shore-based counting areas and viewing stations are shown in Figure 4. 

I selected two study areas on both the Pacific and Bering sides of Am

chitka Island (labeled A through D in Figure 4). Area A is located adja

cent to the Cannikin site along the Bering Sea coast.* AreaBwas selected 

with prior knowledge of the sea otter population structure and the belief 

that it contained relatively large numbers of sea otters as compared to 

other areas around Amchitka Island. Areas C and D were selected with 

prior knowledge of neither their sea otter population structures nor the 

relative numbers of animals occupying the areas. Within each study area 

I selected a number of shore-based viewing stations from which animals 

could be counted by using binoculars and spotting scopes. Observers 

flew in a helicopter to individual viewing stations. Immediately preced

ing or following a shore-based count in a given area, sea otters were 

counted from the air. The first aerial counts were made by a single ob

server seated beside the pilot. However, we later found that by having 

1. Cannikin is the code name of an underground nuclear detonation 
by the U.S. Atomic Energy Commission in 1971. 
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an observer on each side of the aircraft more otters were seen. In this 

later method, the census area was divided into two parts along the lon

gitudinal axes of the aircraft. Aerial counts using two observers were 

also made for the entire island of Amchitka. 

I counted animals from shore by visiting contiguous viewing 

stations within a given study area. When personnel and equipment were 

available, counters began at either end of the study area and worked to

ward the center. After several visits to each study area, the observers 

became familiar with the confines of viewing stations and a concerted 

effort was made to avoid overlapping counts from contiguous viewing 

stations. All observable sea otters within the viewing stations were 

counted by scanning the viewing area from border to border. Although 

some diving animals were missed, I believe it is unlikely that many 

animals were counted twice during the scan. At viewing station boun

daries , errors were introduced either by counting one animal twice or by 

not including it in either station. I believe that the mean of these errors 

tends toward zero because of the large number of observations and the 

effort made to count only those animals within the predescribed boun

daries . Kelp beds or offshore rocks were used as markers or reference 

points between areas. * 

I made aerial counts around the entire coast of Amchitka Island 

or along large coastal segments of the island between June 1971 and 

September 1972. A number of different personnel assisted with these 

1. The following personnel and organizations assisted me with 
shore-based sea otter counts: C. Abegglen and C. Hardy, U.S. Fish and 
Wildlife Service; J. Faro and K. Schneider, Alaska Department of Fish 
and Game; R. Anthony, S. Brown and R. Glinski, The University, of Arizona. 



19 

operations, depending upon availability.* An additional person recorded 

the number of sea otters which were observed in 45 grids which subdi

vided the Amchitka coastline, during all island-wide counts made after 

May 1972 (Figure 5). 

The helicopter was flown counterclockwise around Amchitka Is

land at an altitude of approximately 150 feet (45 m) and sufficiently close 

to shore that the nearshore observer could easily see animals adjacent to 

the intertidal area. The seating arrangement in the helicopter was such 

that the pilot was located at the right front of the aircraft. The observers 

were located in the left-front and right-rear seats and the recorder sat 

in the left-rear seat. The counterclockwise flight pattern around the is

land allowed the forward observer a view of the area between shore and 

the helicopter. A zigzag pattern was flown through kelp beds or shallow 

areas extending far offshore. The same pilot was used throughout the 

entire aerial counting operation, and flight patterns remained relatively 

constant after the first several counts. We frequently had to fly several 

miles offshore at the east and west ends and at several other places on 

the Pacific Coast to make counts because these areas are shallower than 

than those along the Bering Coast. 

I assigned a subjective classification of sea state and weather 

conditions at the beginning of each counting operation. These conditions 

frequently changed slightly during the census or between areas of the 

island. 

1. The following personnel and organizations assisted me with 
island-wide aerial sea otter counts: C. Abegglen and G. V. Byrd, U.S. 
Fish and Wildlife Service; K. Schneider, Alaska Department of Fish and 
Game; R. Anthony and R. Glinski, The University of Arizona, 
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Description of Conditions 

Ocean surface glassy. Air clear. Sea 
otters can be seen at maximum range 
of 1 OX binoculars. Viewing conditions 
excellent. 

Wind blowing 5 to 10 knots (2.6 to 5.1 
m/sec). Light riffle on ocean surface. 
Sea calm. Sea otters far offshore may 
not be seen. 

Water choppy. Whitecaps present. 

Heavy seas. 

I made aerial counts only when the viewing classification was 

1 or 2. Reliable shore-based counts could only be made when viewing 

conditions were nearly perfect (i.e., classification 1). Viewing classi

fications 3 and 4 are equally inadequate for either shore-based or aerial 

counting. 

I separated island-wide counts of sea otters from the Bering Sea 

and Pacific Ocean. These data were then standardized such that total 

counts on each side of Amchitka Island were made equal to the highest 

total count for a particular side of the island during the entire study 

period. This was done so that comparisons could be made between the 

spatial distributions of the population through time. 

Amchitka Island is approximately 106 miles (170 km) in circum

ference. The 45 grids subdividing the island perimeter are therefore each 

about 2.2 miles (3.5 km) in width. 

Viewing 
Classification 

I 

n 

hi 

IV 
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Techniques for Analyzing Sublittoral Habitats 

Sublittoral communites were observed at Attu and Sheraya Is

lands in the Near Island group and at Amchitka Island in the Rat Island 

group (Figure 1). Most field data were collected at Amchitka Island be

tween May and December of 1971 and between May and September of 

1972. Shemya Island was visited for one week in September 1971 and 

for one week in June 1972. I visited Attu Island for four days during 

June 1972 with other members of a field party. 

The location of study areas at Amchitka# Attu, and Shemya Is

lands is shown in Figures 2, 6, and 7. I assume these areas are gen

erally representative of rocky sublittoral communites throughout the 

respective island groups. My qualitative observations at several dif

ferent areas throughout these islands confirmed this assumption. How

ever, the underwater observer is limited by visibility and bottom time, 

and my study areas represent only a minute portion of the total sublittoral 

habitat in the western Aleutian Islands. 

Time limitations and logistic problems allowed only a single 

dive on 21 June 1972 at Murder Point, Attu Island.* We also dived nine 

times during the period of August and September, 1971 and June 1972 at 

three different locations at Shemya Island. In view of the limited time 

available for work at the Near Islands, all of these study areas were 

chosen primarily because of their accessibility. 

I observed four sublittoral study areas at Amchitka Island be

tween March 1971 and September 1972. Forty-six dives were made 

1. A dive refers to the number of dives made by a team of two or 
three divers and not to individual dives. 
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during the observation period. I selected all my study areas from the 

Bering Sea side of Amchitka Island for the following reasons: 

1. The Bering Sea was logistically more convenient because sup

port facilities were located at Constantine Harbor (Figure 2). 

2. Weather conditions are generally more favorable on the Bering 

Sea than on the Pacific Ocean. Prevailing westerly winds 

cause the Pacific Ocean to be rough, whereas the Bering Sea is 

comparatively more calm. 

3. The rate of decreasing depth is greater along the Bering coast 

than it is along the Pacific coast of Amchitka, thus allowing a 

diver to observe a relatively greater depth spectrum without 

excessive swimming or the need of a boat. 

4. I confirmed a qualitative similarity between the sublittoral com

munity structures of the Bering Sea and Pacific Ocean following 

several dives made in the Pacific Ocean in the vicinity of St. 

Makarius Bay (Figure 2). 

The Bat Island and Kirilof Rocks study areas (Figure 2) are 

heavily exposed during storms off the Bering Sea. The Constantine Point 

study area is protected from the direct force of storm surf and is appar

ently only moderately exposed. Kirilof Point is well protected from heavy 

seas by Kirilof Hocks and the confines of Constantine Harbor. Thus, ob

servations of the rocky sublittoral community of the Rat Islands are more 

extensive and are from a wider variety of exposures than are my observa

tions of the Near Islands sublittoral community. 
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Divers using SCUBA (self-contained underwater breathing ap

paratus) observed sublittoral communities to depths of about 75 feet 

(23 m) at the Near Islands and to depths of about 120 feet (37 m) at the 

Rat Islands. Although we dived to 120 feet at Amchitka Island on one 

occasion, most work was between the surface and 80 feet (25 m) in 

depth. 

I studied the abundance and vertical distribution of the follow

ing benthic algal species and species groups: (1) Laminaria lonalpes; 

(2) the digitate Laminaria life form, including L. aroenlandica, L. den-

ticrera and L. vezoensis; (3) Agarum cribrosum: (4) Thalassiophvllum 

clathrus: (5) Desmarestia sp.; (6) foliose Rhodophyta; and (7) total 

macrophytic vegetation. These species or species groups will hereafter 

be referred to as vegetation classifications. Laminaria lonalpes is easily 

recognizable from a panoramic view of its characteristic life form of 

numerous stipes arising from an extensive holdfast. L. aroenlandica, 

L* dentiqera, and L. vezoensis appear similar because they all possess 

a single heavy stipe and terminate in a large digitate blade. L. vezoen

sis is recognizable upon close in situ examination by its characteristic 

discoid holdfast. L. aroenlandica and L. dentiqera, on the other hand, 

both have holdfasts consisting of branched haptera. The recognition of 

these latter two species requires sectioning (Druehl 1968). 

I estimated the coverage of each species or species group in 

the vegetation classification according to the following scheme: 
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Percent Coverage Code Number 

0—5 1 

6—25 2 

26—50 3 

51—75 4 
• 

76—95 5 

96—100 6 

Starting from a point arbitrarily selected along the shore, SCUBA divers 

assigned coverage code numbers to each member of the vegetation clas

sification beginning at a depth of 10 feet (3 m) beneath the surface and 

at 10 feet (3 m) depth intervals thereafter. When possible, vegetation 

coverage was estimated to a depth of about 80 feet (24 m), at which 

point the divers swam parallel to the shore a sufficient distance to avoid 

overlap with the area observed during descent. Vegetation coverage was 

also estimated at 10-foot (3 m) depth intervals during the ascent. At 

each estimation point, the observer ascended so that his head was about 

6 feet (2 m) above the bottom. The area included in a single coverage 

estimate varied and depended upon clarity of the water and substrate 

configuration. Although the coverage estimate included as much area as 

could be clearly seen, it generally included a radius of not more than 

15 feet (5 m). 

Tidal fluctuations were ignored when assigning depths to cover

age estimates. Water depth was determined from a standard oil-filled 

depth gauge, which is not accurate to more than 2 or 3 feet (approximate

ly 1 m). Tidal fluctuations in the western Aleutian Islands are not great. 
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The tidal range (difference in height between mean higher high water and 

mean lower low water) is 3.7 feet (1.13 m) at Sweeper Cove/ Adak Is

land, Alaska (Coast and Geodetic Survey 1970). The tidal range at Am-

chitka Island appears to be close to this value. 

Estimates of vegetation coverage were tabulated as midpoints of 

the appropriate coverage classification. These data were then trans

formed to arcsin square root percent values to approximate the normal 

distribution (Ostle 1963). The mean, standard deviation, and 95 percent 

confidence intervals were then determined within the transformation for 

each vegetation classification and at each depth, for the Kirilof Point 

study area. The data were then transformed from arcsin square root per

cent values to percentages. Only means were calculated for coverage 

data collected at the remaining three study areas at Amchitka Island be

cause of small sample sizes at each depth. 

Vegetative biomass was estimated from samples of the vegeta

tion classification described above. Ten samples of L. lonqlpes, A. 

cribrosum. T. clathrus, D. sp., and foliose Rhodophyta, and 11 samples 

of L. spp. (representing the digitate life form), 0.25 m^ each, were col

lected by SCUBA divers at the Kirilof Point and Constantine Point study 

areas. All samples were collected between 1 and 8 June 1972 and ac

cording to the following technique: 

1. Within the rocky sublittoral, divers located patches of vegeta

tion for which the estimated coverage of a particular species or 

species group was 100 percent. 

2. A three-sided, 0.25-m2 quadrat was then dropped by one of the 

divers arbitrarily into the patch of vegetation. 
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3. Each plant whose holdfast fell within the quadrat was removed 

at the substrate by prying it loose with a heavy-bladed knife. 

L. lonqipes was collected by cutting the stipe immediately 

above the holdfast. In shallow water, the holdfast of this 

species was difficult to remove because of its shape. 

I estimate that approximately 10 percent of the biomass was lost by this 

technique. After removal from the substrate, all specimens from a single 

quadrat were transferred into a plastic bag, taken to the surface, and 

labeled. 

Wet samples (shaken dry) were weighed as soon after collection 

as possible. Some samples were frozen shortly after they were collected 

and weighed at a later date. Each 0.25-m2 sample was transferred into 

a brown paper lunch bag before the wet weights were recorded. The 

samples were then dried at 30°C to 35°C for about a week. I eventually 

dried all samples to constant weight in a drying oven at 106°C. 

Most specimens of Laminaria exuded copious amounts of muci

lage shortly following their removal from the sea. Although I tried to re

tain this material with the sample when it was transferred to the paper 

bag, some of it was lost. 

Kain (1963) described a technique for the determination of age 

of L. hvperborea in the United Kingdom. Following a preliminary exami

nation of several species of Phaeophyta (brown algae) at Amchitka Island, 

I collected more specimens for age determination. Divers collected 205 

specimens of L. aroenlandica. L. dentiaera. and L. vezoensis between 

10 and 60 feet (3 and 18 m) and at 10-foot (3-m) depth intervals from the 

Kirilof Rocks study area. In addition, 16 specimens of T. clathrus and 
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16 specimens of A. cribrosum were collected between 20 and 40 feet (6 

and 12 m) and at 10-foot (3-m) depth intervals from the Kirilof Point study 

area. Each plant was removed from the substrate by prying loose the 

holdfast with a knife. A section of the stipe from each plant was taken 

immediately above the holdfast and preserved in 10 percent formalin for 

age determination. I collected about an equal number of plants through 

the entire size range. 

I observed populations of green sea urchins (Strongvlocentrotus 

sp.) at the Rat Island and Near Island study area, which were previously 

described. Sea urchin densities and size class distributions were esti

mated according to the technique described by Barr (1971). The tech

nique involved random placement of a 0.25-m2 quadrat on the ocean 

floor by a diver swimming parallel to the substrate. All of the sea ur

chins within the quadrat were returned to the laboratory where they were 

counted and their test diameters were measured. The data used to esti

mate the size class distribution and maximum density of the Rat Island 

sea urchin population are from Barr (1971). All data on sea urchin size 

class distribution at the Near Islands were collected at Shemya Island 

during this study. 

Sea urchin densities were measured at 10-foot (3-m) depth in

tervals between 10 and 60 feet (3 and 18 m) deep at the Bat Island, Kiri

lof Point, and Kirilof Rocks study areas at Amichitka Island. At each 

sampling location, SCUBA divers recorded the number of sea urchins 

within 10 randomly selected, 0.25-m2 quadrats. Sea urchin densities 

were recorded at depths of 10, 30, and 75 feet (3,9, and 23 m) from a 
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single study area at Shemya Island. Sample sizes at these three depths 

were 15, 10, and 5, respectively. 

Sea urchin wet weight (blotted dry) and test diameter were mea

sured from 112 individuals throughout the naturally occurring size spec

trum found at the Rat and Near Islands. I fit the linear model of Yi = 

p + to the data by the method of least squares, where Yi = log 

sea urchin mass, Xj = log sea urchin diameter, £ = -7.857, and = 

2.992. A correlation coefficient of 0,992 indicates a good linear fit of 

the log-log transformation. Parametric interval estimates, tests of 

hypotheses and an analysis of variance of linear regression are presented 

in Table 1. Obviously, V(E) is quite small in the above model. There

fore, simple least squares estimators of ji and p are quite precise. By 

using this model as my estimator, I calculated biomass distributions 

coincidentally from size class distributions of sea urchins. 

Table 1. Parametric interval estimates, tests of hypotheses, and analy
sis of variance of simple linear regression of log sea urchin 
biomass vs. log sea urchin test diameter 

Degrees of Sums of Mean 
Source of Variation Freedom Squares Square F 

Due to regression 1 289.226 289.226 7623.1a 

Residual 111 4.211 .0379 

Total 112 293.437 

95% Confidence Interval (jjl) = -8.114 to -7.636 
95% Confidence Interval (f0 = 2.924 to 3.059 
t test of hypothesis (p = 0); t = -65.307 a with 111 degrees of freedom 

t test of hypothesis (p = 0); t = 87.3103 with 111 degrees of freedom 

a. Significant at .01 level 
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Sea urchins were collected between 10 and 70 feet (3 and 21 m) 

depths at the Bat Island and Kirilof Point study areas and from about 45 

to 50 fathoms (82 to 91 m) with a bottom trawl off Kirilof Point. Sea ur

chins were also collected between the surface and 30 feet (9 m) in depth 

at Shemya Island and Attu Island. All specimens were preserved in 10 

percent formalin within several hours after they were removed from the 

sea. At a later date/ the diameter of each individual was measured and 

an estimate of its age was made by the technique described by Jensen 

(1970). Briefly, in this technique the largest interambulacral plates are 

cleaned in ethanol, heated over an alcohol flame, and immersed in 

xylene to show rings which can be counted. Age estimates and diameter 

measurements were taken from a total of 319 sea urchins throughout the 

size spectrum that was available (i.e., between 7 and 87 mm test diam

eter) . 

Growth curves (age as the independent variable, test diameter 

as the dependent variable) were plotted separately for sea urchins col

lected from each location at each specific study area. After I looked at 

these results, I pooled all of the growth data because there was no ap

parent difference in growth between the various locations of collections. 

A simple linear regression was fit to the data. Residuals around the lin

ear regression, in ascending order of the independent variable, were 

plotted to detect any pattern in lack of fit of the linear model to the 

growth data. After this analysis, I decided not to estimate age structures 

of sea urchin populations for reasons which will be discussed later. 



RESULTS 

Feeding Behavior 

The diving and surface times of feeding sea otters at Amchitka 

Island are summarized in Table 2. The animals' sex, age, the approxi

mate depth of water in which they were feeding, and the food item they 

were eating are also included. 

I observed no differences between sexes in either diving or sur

face times of feeding sea otters. Female sea otters averaged 50 seconds 

per dive and 43 seconds per surface period. Males averaged 50 seconds 

per dive and 41 seconds per surface period. 

Feeding in deeper water apparently causes an increase of both 

diving and surface time intervals, although this conclusion must remain 

tentative because of the small amount of data from animals feeding in 

deep water. The mean diving and surface times of sea otters feeding in 

water which I estimated to be 0—5 fathoms (0—9 m) in depth were 47 and 

41 seconds, respectively. The mean diving and surface times of sea 

otters feeding in water which I estimated to be between 5 and 15 fathoms 

(9 and 27 m) in depth were 83 and 84 seconds, respectively, Feeding sea 

otters spend about half (51 percent) of the time submerged and half (49 

percent) of the time on the surface. 

I made several attempts to obtain diving and surface times from 

sea otters feeding in water deeper than IS fathoms (27 m). Unfortunately, 

the animals were wary and always took alarm before I could get close 

enough to obtain any data. Therefore, most of my observations on 

33 
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Table 2. Mean diving and surface times, estimated depth, and forage 
items of 25 sea otters observed feeding at Amchitka Island 

Mean Mean 
diving surface Water 

time time depth 
Status of animal (sees) (sees) (fms) Forage items 

Female 44 19 0—5 unknown 
Female 43 17 0—5 unknown 
Female 37 18 0-5 unknown 
Female 47 36 0-5 unknown 
Female 38 34 0—5 unknown 

Female 48 — — 0-5 unknown 
Female 43 31 0-5 invertebrates 
Female 55 — 0-5 fish and invertebrates 
Female 79 — 0-5 fish 
Female 44 94 0-5 invertebrates 

Female 50 56 0-5 invertebrates 
Male 50 25 0-5 invertebrates 
Male 38 37 0-5 invertebrates 
Male 38 43 0-5 invertebrates 
Male 74 60 5-15 invertebrates 

Female with pup 36 22 0—5 unknown 
Female with pup 90 85 5-15 invertebrates 
Female with pup 57 82 0-5 invertebrates 
Female with pup 47 39 0—5 invertebrates 
Unknown 84 — 0-5 unknown 

Unknown 31 27 0-5 invertebrates 
Unknown 47 73 0-5 invertebrates 
Unknown 52 71 0-5 invertebrates 
Unknown 40 39 0-5 invertebrates 
Unknown 86 108 5-15 unknown 

^female 50 43 

^male 50 41 

x0-5 fm 47 41 

x5-15 fm 83 84 



feeding sea otters are from areas less than 5 fathoms In depth and where 

sea otters could be watched from shore. 

Presently available data are insufficient to indicate differences 

in diving behavior between sea otters feeding upon fish or invertebrates. 

Fish has been shown to be an important food item to the sea otter (Len-

sink 1962, Kenyon 1969, Burgner and Nakatani 1972). My observations 

on feeding sea otters indicate that fish are taken opportunistically and 

that individuals cannot be classified exclusively as either fish or inver

tebrate feeders. 

Diurnal patterns in sea otter behavior are summarized in Figure 

8. The percentage of feeding animals may be slightly underestimated in 

this illustration because at any instant many feeding animals are sub

merged. I have no way of estimating this error, but I believe that it is 

near zero because of the slow rate at which I scanned the area and the 

relatively short duration of a dive. No apparent differences in feeding, 

resting, or grooming behavior are evident between summer and winter. 

These seasons represent extremes in daylight and weather. Therefore, 

diurnal patterns in the population behavior are probably relatively con

stant throughout the year, at least regarding the amounts of time bud

geted for feeding, grooming, and resting. 

Two peaks in feeding activity, with concurrent declines in rest

ing activity, are evident during summer days. A peak in feeding occurs 

about 0800 and another peak occurs about 1730 (Bering Standard Time). 

During winter, it is dark at 0800 and 1730; however, a decline in feed

ing activity from the morning peak is apparent. Diurnal patterns of rest

ing behavior of the sea otter population are inversely related to patterns 
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of feeding behavior. Maximum percentages of resting animals occur dur

ing early morning and late evening. An extended peak in resting activity 

also occurs between 0930 and 1530. Population grooming activity re

mains relatively constant throughout the day during both winter and 

summer. 

My observations on feeding sea otters indicate that about SI 

percent of their time is spent submerged during daylight hours. This in

formation, in conjunction with diurnal feeding patterns, may be used to 

calculate the expected percentage of the population which is submerged 

during these times. Let a^ equal the percentage of the population feeding 

at time tj. Grooming and resting sea otters spend 100 percent of the 

time on the surface and therefore need not be considered. Thus, O.Slai 

is an estimate of the probability that any sea otter in the population will 

be submerged at time ti (this does not include young animals that are 

still dependent upon their mothers), and 0.51ai may also be interpreted 

as an estimate of the percentage of the population submerged at time ti. 

I assume that the relative amounts of time required to catch and con

sume food is invariant through the day. 

The expected percentage of the population that is submerged, 

as a function of time of day, is given in Figure 9. The increased per

centage of the population that is submerged during morning and evening, 

compared with the middle of the day, corresponds with increased feed

ing activity. Diurnal patterns during summer and winter are generally 

consistent, and the percentages of population that are submerged are 

nearly equal during both seasons. 
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Kenyon (1969) presented data collected at Amchitka Island which 

indicates that wild sea otters during the month of August spend 55 percent 

of the time feeding. My data are in general agreement, although they 

show a somewhat higher percentage of time spent in feeding. Of 1/758 

wild sea otters that I observed during the winter of 1971, 1,095 indi

viduals (or about 62 percent) were feeding. Sixty-six percent (1,910) of 

2,918 wild sea otters observed during the summer of 1972 were feeding. 

I observed the Attu Island sea otter population during a one-day 

visit to Chichagot Harbor (Figure 6) on 22 June 1972, This group of ani

mals probably numbers less than 100 (personal observation, Kenyon 1969) 

and is localized at the northeast end of the island. 

Several sea otters that I observed at Attu were feeding upon 

mussels (Modiolus, sp.), false jingle shells (Pododesmus sp.), and sea 

urchins (Stronavlocentrotus sp.). Sea otters commonly break open large 

invertebrates (e.g., mollusks and echinoderms) that cannot be cracked 

between their teeth by striking them on a hard object. This behavior is 

called "pounding" and is usually accompanied by holding the food item 

firmly between the forepaws and striking it repeatedly upon a small rock 

or another food item balanced upon the otter's chest. Sea otters at Am

chitka Island rarely pound food items because most of the benthic inver

tebrates there are sufficiently small that they can be crushed between 

the otters' teeth. 

I observed no sexual segregation of the distribution in space of 

the small Attu Island sea otter population. This contrasts sharply with 

the situation at Amchitka, where sexual segregation is well defined. 
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Sea Otter Population Numbers 

The results of island-wide aerial sea otter counts are shown in 

Table 3. The results of shore-based and aerial sea otter counts, which 

were obtained simultaneously from the study areas around Amchitka Is

land, appear in Table 4. 

I estimated the Amchitka Island sea otter population number by 

considering simultaneously obtained shore-based and aerial counts with

in localized study areas (Figure 4), and I assume that shore-based 

counts are the most accurate representation of sea otter numbers current

ly available. 

I used a least squares technique to estimate the sea otter popu

lation number (Y0) at Amchitka Island. A least squares estimator was 

used because if certain assumptions are satisfied, it provides an un

biased estimate of the parameter (vector). 

Two linear models for regressing shore-based counts from 

aerial counts were investigated. Strictly speaking, shore-based counts 

(Yi) and aerial counts (Xi) are random variables representing the ith si

multaneous observation. However, if a linear model, such as Yjj = ji + 

X±p+ Eij, is fit to the data of this study, there appears to be no means 

of separately estimating p, J3, and the variances of X and Y. For this 

reason, classical regression procedures in which the Xi are considered 

fixed will be used. 

Model I assumes the regression equation of shore-based to 

aerial sea otter counts passes through the origin. Intuitively, this 

seems to be a logical assumption because one would expect shore-based 

and aerial counts of sea otters in a given area to be related by a simple 



Table 3. Numbers of sea otters counted within areas indicated in Figure 5 during island-wide 
surveys 

Percentages of total Amchitka sea otter population occurring in Pacific Ocean and Bering Sea 
were calculated only for days when viewing conditions were consistent island-wide. 

5 June 1972 7 June 1972 23 Aug. 1972 25 Aug. 1972 1 Sept. 1972 11 Sept. 1972 

% of % of % % of % of 
• 

% of 
Subunit No. Subtotal No. Subtotal. No. Subtotal No. Subtotal No. No. Subtotal 

Pacific 

1 31 2.74 16 0.67 40 2.23 55 2.44 
2 79 6.97 67 2.82 43 2.40 64 2.84 
3 165 14.56 103 4.34 177 9.89 96 4.26 
4 25 2.21 27 1.14 110 6.15 82 3.64 
5 99 8.74 300 12.64 30 '  1.68 . 223 9.90 
6 39 3.44 70 2.95 10 0.56 84 3.73 
7 78 6.88 177 7.46 34 1.90 120 5.33 
8 66 5.83 147 6.19 35 1.96 113 5.02 
9 44 3.88 83 3.50 25 1.40 156 6.93 

10 46 4.06 66 2.78 50 2.79 77 3.42 

11 59 5.21 139 5.96 113 6.31 66 2.93 
12 28 2.47 110 4.63 229 12.79 84 3.72 
13 55 4.85 103 4.34 104 5.81 26 1.15 
14 30 2.64 132 5.56 48 2.68 158 7.02 
15 22 1.94 76 3.20 52 2,90 42 1.87 

15 23 2.02 36 1.52 54 3.02 85 3.77 
17 44 3.88 70 2.95 87 4.86 55 2.44 . 
18 45 3.97 97 4.09 128 7.15 111 4.93 
19 35 3.09 176 7.41 99 5.S3 97 4.31 
20 48 4.24 76 3.20 52 2.90 137 6.08 

21 72 6.35 292 12.30 270 15.08 321 14.25 
Subtotal 1,133 2,363 1,790 2,252 

Percent of 
total 44% 60% 51% 56% 



Table 3. Numbers of sea otters counted—Continued 

5 June 1972 7 June 1972 23 Aug. 1972 25 Aug. 1972 1 Sept. 1972 11 Sept. 1972 

% of % of % of % of % of 
Subunit • No. Subtotal No. Subtotal No. Subtotal No. Subtotal No. No. Subtotal 

Berincr 

22 84 5. .87 135 8. ,81 171 11. ,57 120 6, ,92 101 168 9. ,39 
• 23 50 3. .49 S3 3. ,46 65 4. ,40 37 2. ,13 27 33 1. .84 

24 69 4. .82 63 4. ,11 54 3, .65 84 4. ,84 46 49 ' 2. .74 
25 68 4. .73 66 4. ,31 81 5, ,48 91 5. ,25 50 64 3. .58 

26 71 4. .96 60 3. ,92 " 95 6. .43 50 2. .88 51 42 2. ,35 
27 45 3. .14 48 3. ,13 20 1, .35 20 1. .15 41 52 2 ,  .91 
28 41 2. .87 81 5. .29 24 1, ,60 32 1. ,85 23 58 3, .24 
29 45 3. .14 IS 0. .98 37 2, .50 50 2. .88 35' 43 2 ,  .40 
30 98 6, .85 195 12. .73 149 10. .08 129 7. ,44 88 132 7 ,  .37 

31 31 2, .17 34 2. ,22 62 4. .19 101 5. .82 90 93 5, ,20 
32 51 3, .56 70 4, .57 30 2, .03 87 5, .02 53 45 2, .51 
33 59 4, .12 54 3, .52 B2 5. .55 78 4, ,50 46 123 6. .87 
34 38 2, .66 59 • 3. .85 18 1. .22 41 2 ,  .36 22 63 3, .52 
35 43 3, .00 - 28 1. .83 13 0, .88 41 2, .36 26 . 50 2. .80 

36 40 2, .80 33 • 2. .15 16 1. .08 104 6. .00 39 77 4, .30 
37 67 4, .68 47 3, .07 123 8, .32 60 3, .46 39 87 4, .86 
38 42 2, .94 58 3, .79 104 7, .04 35 .2, .02 53 100 5, .59 
39 69 4, .82 125 8, .16 8 0, .54 149 8. .60 98 119 6. .65 
40 37 2, .59 45 2, .94 11 0, .74 25 1, .44 7 20 1, .12 

41 7 0 .49 4 0, .26 10 0, .68 28 1, .61 18 1, .01 
42 184 12, .86 135 8. .81 106 7, .17 137 7, ,90 140 7, .82 
43 20 1 .40 14 0, .91 43 2, .91 22 1, .27 27 1, .51 
44 37 2 .59 73 4, .79 76 5 .14 57 3, .29 79 4, .41 
45 135 9 .43 37 2 .42 170 11 .50 156 9, .00 108 6, .03 

Subtotal 

Percent of 
total 

Total 

1,431 

56% 

2,564 

1,532 1,568 

40% 

3,931 

1,734 

49% 

. 3,524 

935 1,790 

44% 

4,042 
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Table 4. Comparison of shore-based and aerial sea otter counts from 
selected study areas around Amchitka Island 

Date 
Viewing 

conditions a 
Shore -
based Aerial 

Study 
area" 

Shore-based— 
aerial count ratio 

5/20/72 II—Rain 182 50 A 
Banjc 
Cyril 

3.64 

5/21/72 II—Clear 641 191 . D 3.35 

5/25/72 II 346 172 A 2.01 

5/25/72 II-III 420 215 D 1.95 

5/26/72 II 343 185 C 1.85 

5/27/72 II 382 221 A 1.73 

5/29/72 I 602 186 D 3.24 

5/29/72 I-II 452 202 A 2.23 

6/07/72 I 450 288 A 1.53 

8/24/72 I 521 297 A 1.75 

8/24/72 I 797 . 436 D 1.83 

8/31/72 II 501 348 A 1.46 

Mean 1.96 

a. Viewing conditions are defined on p. 21. 

b. Study areas are shown in Figure 4. 
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ratio. However, at Amchitka Island there are large numbers of sea otters 

in all sufficiently large coastal segments and therefore the regression 

function near the X and Y axes is only conceptual. In reality, shore-

based counts and aerial counts within relatively large study areas (i.e., 

about 10 miles of coastline) are both much greater than zero and a best 

fit line through these points may well depart significantly from the origin. 

By Model I, 

Yi = XiP! + Ei (1) 

where Y* represents the ith shore-based sea otter count (estimated popu

lation number within study area); X^ = the ith aerial sea otter count with

in the study area, \ - the slope of the regression equation, and Ej = 

error. 

To estimate the entire Amchitak Island sea otter population (Y0), 

it is sufficient to substitute X0 into equation (1) to give - X0^>j, 

where XQ = the island-wide aerial count (4,042 sea otters); 4,042 sea 

otters was the highest island-wide aerial count. I believe this count is 

most nearly representative of aerial counts made within the study areas 

under near ideal viewing conditions. By using the standard least squares 

technique of parameter estimation (i.e., by evaluating the normal equa

tions) , J3 i = 1.86. An analysis of variance of Model I is presented in 

Table 5. 

Model II assumes the regression line is linear but not con

strained to pass through the origin. By Model II, 

Yi = p. + XJ£2 + ^2 ^ 

where ;i = the Y intercept, p 2 ~ the sloPe of the regression equation in 

Model II, and E2 = error (residual mean square) in Model II. 
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Table 5. Analysis of variance of Model I and Model II regressions of 
shore-based vs. aerial sea otter counts 

Model Source d.f. Sum of squares Mean square 

I Due to pi 1 2,382,735 2,382,735 

Due to Ei __9 103,813 11,535 

Total 10 2,486,548 

II Due to (^,£2) 2 2,462,925 

Due to E2 _8 23,623 2,953 

Total 10 2,486,548 

Equation (2) is an estimator of shore-based sea otter counts (or 

the estimated number of sea otters) within the ith study area. If ju proves 

significant, the must be summed around the entire island, rather than 

simply substituting XQ for Xj, as in Model I, because must be accounted 

for on an island-wide basis. This idea may be represented by the equa

tion: 

*o = A fac + XkP2> 
k=l 

where = Ji2 = • • • = Mn anc* n is the number of segments of coastline 

(which are of similar length to the study areas) required to complete the 

entire island perimeter. By this method, the line is not being extrapo

lated beyond the data but is rather the sum of interpolated values. The 

analysis of variance of Model II is given in Table 5. The elements of 

the parameter vector (i.e., ji andj&2) are estimated by the normal equa

tions. To test the significance of ji, I have set up two hypotheses: 
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H0 : ji = 0 

H a : n  ̂ 0 .  

By Ho» the 

Total Sum of Squares - (Sum of Squares #2 + Sum of Squares E2) 
Mean Square E2 

is distributed as F^s* ^he level of significance was arbitrarily chosen 

at 0.05. The probability that Fi#8 — 5.32 is equal to 0.05. Because 

27.16 (the observed value of F > 5.32, H0 must be rejected and Model II 

must be used to estimate the island-wide population number. From 

Model II/Y0 = 936 + (1.48)(4042) = 6,918 animals. This is my best 

estimate of the Amchitka Island sea otter population number. A 95 per

cent confidence interval is 6,235 to 7,601 animals. 

Figure 10 shows 30- and 50-fathom (55 and 91 m) depth contours 

around Amchitka Island. There are 38 square miles (35 percent of the 

total area) on the Bering Sea side of Amchitka Island and 72 square miles 

(65 percent of the total area) on the Pacific Ocean side within the 30-

fathom depth contour. Data from is land-wide population surveys suggest 

that a greater proportion of the Amchitka Island sea otter population lives 

on the Pacific than on the Bering side of the island. On 23 August 1972, 

when viewing conditions were comparable on both sides of Amchitka Is

land for counting sea otters, 40 percent of the population were observed 

on the Bering Sea side and 60 percent on the Pacific Ocean side. On 11 

September 1972, the day of the highest aerial count for the entire island, 

44 percent of the population was seen on the Bering Sea side and 56 per

cent was seen on the Pacific Ocean side. The general distribution of the 



Figure 10. The 30- and 50-fathom depth contours at Amchitka Island -j 
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population between the two sides of Amchitka is similar to the distribu

tion of available habitat. 

Most sea otters observed by Kenyon (1969) during aerial counts 

were located within the 20-fathom (37-m) depth contour. In order to 

make a rough estimate of sea otter density at Amchitka Island, I assumed 

that the entire area within a particular depth contour is usable sea otter 

habitat and is of equal value to the population. Two factors that may 

also be important but which I have chosen not to consider in the interest 

of simplicity (and lack of information) are variation in productivity as a 

function of depth and,heterogeneity of substrate type and configuration. 

From my data, I estimate that 6,918 sea otters live at Amchitka 

Island, 60 percent of which are on the Pacific Ocean side and 40 percent 

on the Bering Sea side of the island. By assuming that these animals 

live within the 30-fathom (55-m) depth contour, I calculated an island-

wide sea otter density of 63 animals per square mile (24/km2) of habitat. 

This estimate may be divided into 72 animals per square mile (28/km2) in 

the Bering Sea and 57 animals per square mile (22/km2) in the Pacific 

Ocean. 

Variable weather conditions and variation in the distribution of 

sea otters are probably the two most important factors influencing num

bers of animals counted during aerial surveys. I previously mentioned 

that flat, glassy, calm seas and high cloud cover provide the most ideal 

counting conditions. That the distribution of animals is also important 

became evident after making several island-wide counts. On 25 August 

1972, I counted 3,524 sea otters (island-wide) with near ideal viewing 

conditions. On 11 September 1972, I observed 4,042 animals with 
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viewing conditions of light surface chop and occasional rain. On 25 

August, sea otters were scattered in the kep beds and throughout off

shore areas, whereas on 11 September, large numbers of otters were 

bunched at the outer edges of the kelp beds. Thus, even though superior 

viewing conditions existed on 25 August, a greater island-wide sea otter 

count was obtained on 11 September because grouped sea otters are eas

ier to count than are scattered animals. 

Sublittoral Communities 

Subtidal macrophyte vegetation is generally absent from the 

solid rocky bottom at the Near Islands. It is found only as small, iso

lated patches on submarine pinnacles and is often in a state of variable 

destruction from heavy sea-urchin grazing (Figures 11 and 12). 

Subtidal macrophyte associations at the Rat Island group ex

tend from the intertidal and cover most solid rock bottom to depths of 

60 to 80 feet (18 to 24 m) (Figures 13 and 14). The primary components 

of the sublittoral macrophytic association are Alarla fistulosa. Laminaria 

lonqipes, L. qroenlandica, L. vezoensis. I. dentiqera, Aqarum cribro-

sum, Thalassiophvllum clathrus, Desmarestia sp,, and various Rhodo-

phyta. The most important genera of the association are Laminaria and 

Aqarum (Figures 15, 16, and 17). 

Laminaria lonqipes is found from the lower littoral to a maximum 

depth of 10 to 30 feet (3 to 9 m). This species possesses a flexible stipe 

which gives it great flexibility in an area where wave shock is intense. 

The flexible stipe of L. lonqipes also allows it to conform generally to 

the contour of the bottom during low tide, thus escaping desiccation. 



Figure 11. Isolated patches of macrophytes on submarine pin 
nacles at Shemya Island 



Figure 12. Heavy grazing of a Lamlnarla stipe at Shemya 
Island 
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The association of three species of Laminaria (L. qroenlandica. L. den-

tiaera. and vezoensis) begins at Mean Low Water (MLW) and is found 

to a maximum depth of 70 to 80 feet (21 to 24 m). This association of 

species is dominant between about 10 and 40 feet (3 to 12 m). Agarum 

cribrosum begins at a minimum depth of about 20 feet (6 m) and is found 

to a depth of at least 75 to 80 feet (23 to 24 m). Agarum is most abun

dant between 40 and 60 feet (12 and 18 m). Thalassiophvllum clathrus 

and Desmarestia sp. are only relatively minor components of the sublit

toral macrophyte association and seldom cover more than 10 percent of 

the rocky bottom (Figures 18 and 19). Thalassiophvllum ranges in depth 

between about 10 and 60 feet (3 and 18 m) and is most abundant at a 

depth of about 30 to 35 feet (9 to 11 m). Desmarestia also ranges between 

depths of about 10 and 60 feet (3 and 18 m), but it shows no distinct pat

tern of maximum abundance. Foliose Rhodophyta grow from the surface to 

beyond 80 feet (24 m) in depth (Figure 20). Near the surface, foliose 

Rhodophyta grow beneath the Laminaria canopy as well as epiphytically 

upon the Phaeophyta. Abundant space is available upon the rock sub

strate in these shallow areas because blades of sublittoral Laminaria 

extend several feet toward the surface on thick, inflexible stipes. 

Rhodophyta are continuously abundant from the surface to beyond 80 feet 

(24 m) in depth with perhaps a slight increase in abundance in deeper 

areas. 

Estimates of vegetation biomass from the sublittoral at Amchitka 

Island, expressed both as grams wet weight and grams dry weight per 

0.25 m2, are shown in Table 6. In addition, I have calculated the 
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Table 6. Vegetation biomass from the rocky sublittoral at Amchitka Island 

Wet Weight, gm/0.25 Dry Weight, gm/0.25 

Species X sj 95% C.I.b X sj 95% C.I. 

Laminaria 
aroenlandica 1,486 251 

U = 

L = 

2,046 

926 
209 38 

II 
n 

294 

124 

Laminaria 
lonaiues 2,646 272 

U « 

L = 

3,261 

2,032 
452 28 

U = 

L = 

516 

388 

Acrarum cribrosuro 
792 78 

U = 

L = 

968 

616 
147 14 

U = 

L = 

179 

115 

Thalas siODhvllum 
clathrus 881 112 

U = 

L = 

1,134 

628 
164 19 

U = 

L = 

207 

121 

Desmarestia 

984 165 
U = 

L = 

1,357 

611 
188 30 

U = 

L = 

257 

119 

Folios e 
Rhodophyta 1,551 186 

U = 

L = 

1,971 

1,131 
250 28 

U = 

L = 

313 

187 

a. Samples were taken at various depths where coverage estimates for a single 
species or species group were 100 percent. 

b. 95% C.I. = X + (sx/ViiHty, .025) d-f- t.025 = 2.228; 9 d.f. t#Q25 = 2.262 
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standard error of the mean (s^) and 95 percent confidence intervals for 

each blomass point estimate. 

The relative blomass contribution of each species or species 

group to the sublittoral macrophyte association in areas with solid rock 

bottoms can be determined from the data presented in Table 6 and Figures 

IS through 20. I have developed a rough quantitative index of the bio-

mass contributed by each species or species group by multiplying the 

blomass estimate and the coverage estimate for a particular species at a 

given depth and at each study area. These products were then summed 

for each species or species group and divided by the grand total 

{Table 7). 

Table 7. Blomass contributed by dominant macrophyte species or species 
groups within the rocky sublittoral at Amchitka Island 

Species or Species Group Importance Index 

Laminaria lonaiDes 0.261 

Laminaria SDD. (dicritate life form) .363 

Aoarum cribrosum .094 

ThalassioDhvllum clathrus .029 

Desmarestia so. .014 

Foliose Rhodophyta .238 

Species of the genus Laminaria contribute approximately 62 per

cent of the blomass to the sublittoral macrophyte association. These 

species dominate the plant association in rocky areas less than about 30 

feet (9 m) deep. Foliose Rhodophyta also contribute a relatively large 
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amount (approximately 24 percent) of the total biomass to the macrophyte 

association. Whereas the Rhodophyta are locally not as abundant as 

Laminarla (i.e. / in shallow water), they occupy a wider range of depths. 

Both Desmarestia and Thalassiophvllum clathrus are locally of moderate 

abundance; however, both species have patchy distributions and con

tribute small amounts (1 and 3 percent, respectively) to the total bio-

mas s of the sublittoral macrophyte association. Of the six species or 

species groups considered in this analysis, Agarum cribrosum contribute 

the smallest biomass density. However, coverage estimates for Agarum 

in deeper water (i.e., greater than 30 feet, 9 m, In depth) are relatively 

large. In these deeper waters, Agarum contributes an important amount 

of the total macrophyte biomass. Agarum contributes approximately 9 

percent of the total biomass to the sublittoral macrophyte association. 

Sea urchin population densities generally increase as a function 

of depth at the Rat Islands (Figures 13 and 14). Within this Island group, 

sea urchins are infrequently seen immediately below MWL unless asso

ciated with algal holdfasts or protective cracks and crevices in the sub

strate. Openly exposed sea urchins are occasionally seen in shallow 

water, i.e., at depths of about 20 or 30 feet (6 to 9 m). Beyond about 50 

to 60 feet (15 to 18 m), high-density sea urchin populations are openly 

exposed in some areas. The size class distribution of a typical high-

density sea urchin population from Amchitka Island is shown in Figure 21. 

Biomass increases as an exponential function of increasing test diameter 

and thus biomass and size class distributions are asymmetric. Biomass 

density is probably more indicative than numerical density of the requi

site resource exploitation by various size classes of sea urchins. Thus, 
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65 

larger sea urchins would be expected to have a greater impact than small 

individuals upon environmental requisites, and the impact would be be

yond that that would be predicted by differences in test diameter. 

Sea urchin population structures differ strikingly between the 

Rat and Near Islands (Figures 21 through 24). Near Island population 

densities decrease as a function of water depth. Immediately below 

MWL, sea urchin populations frequently completely cover almost the en

tire bottom. The size class distribution of a typical high-density sea 

urchin population in water from about 5 to 10 feet (2 to 3 m) in depth im

mediately adjacent to the littoral is shown in Figure 22. There appears 

to be two peaks in the size class distribution of animals at this area. 

One is about 15 mm in diameter and another at about 65 mm in diameter. 

The maximum test diameter of sea urchins from this population sample 

was 87 mm. Sea urchins with test diameters over 100 mm were found 

while specifically searching for large individuals. The biomass distri

bution of this population is also shown in Figure 22. A total biomass 

density of 2,082 g/0.25 m^ was estimated for the Near Island sea urchin 

population in areas of high population density. The biomass of the Rat 

Island sea urchin population in areas of maximum density was estimated 

to be 374 g/0.25 m2. Of the total Near Island sea urchin biomass den

sity, 2,918 grams (95 percent) is contributed by that segment of the pop

ulation that is larger than the largest sea urchin observed from the Rat 

Island samples. 

At depths of 30 to 45 feet (9 to 14 m) at the Near Islands, the 

size class peak of small individuals is smaller than at 0 to 10 feet (0 to 

3 m), and the peak in numbers of larger individuals is absent (Figure 23). 
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The biomass density also has decreased to 206 g/0.25 m2. At this depth, 

65 percent of the biomass is contributed by animals larger than the Rat 

Islands maximum size. 

At depths of 60-75 feet (18 to 23 m) at the Near Islands, the 

sea urchin population density is smaller yet and no peaks in the size 

class distribution are apparent (Figure 24). The biomass density is 52 

g/0.25 m^, 39 percent of which is contributed from animals larger than 

the Rat Islands maximum size. 

The maximum sea urchin population density at the Rat Islands is 

located at a considerable distance beneath the surface of the ocean, i.e., 

at least 60-75 feet (18 to 23 m). Conversely, the most robust sea urchin 

population density at the Near Islands is at the sublittoral fringe or just 

below it, and attenuates rapidly with increased depth. 

A plot of the estimated age of 319 sea urchins versus growth 

(diameter of the test) is shown in Figure 25. Several characteristics of 

sea urchin growth are immediately obvious. First, the growth curve ap

pears to flatten somewhat in the region of older individuals. From the 

data in Figure 25, growth is distinctly nonlinear because of a decreased 

growth rate among older individuals. A plot of the residual growth values 

around the linear regression of Y - 11.17 + 4.35X, where Y = growth in 

mm test diameter and X = age in years, by order of ascending sea urchin 

age, further confirmed nonlinear growth. 

Sea urchins at the Near Islands commonly live to an age in ex

cess of 15 years, and some individuals may live more than 20 years 

(Figures 22 and 25). Sea urchins at the Rat Islands, however, appear to 

live rarely longer than 5 or 6 years. 
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The analysis of variance of simple linear regression is given in 

Table B. Whereas it is obvious that growth is nonlinear and therefore an 

estimate of growth as a linear function of time is inappropriate as a 

growth function, it is also apparent that the error mean square around 

any functional form will constitute the majority of the residual mean 

square. Therefore, I believe that an attempt to find the best nonlinear 

fit would be inappropriate and I have decided not to extend sea urchin 

size class distributions (Figures 21 through 24) to estimates of popula

tion age structure. 

Table 8. Analysis of variance of simple linear regression of sea urchin 
growth vs. age 

Source d.f. Sum of Squares Mean Square F 

Due to regression 1 141/456 141/456 1/588 

Residual 318 28.332 89 

Total 319 169,788 



DISCUSSION 

The Population Time Budget 

Sex determination of sea otters in the field was more difficult 

than I originally suspected. After examining several subadult males held 

in capitivity, I must conclude that definite sex determination of anything 

but adults at close range is not possible. Even at short ranges, sexually 

identifying characteristics of subadult animals are often not apparent 

(i.e., the male's penis or the female's teats). Adult females with pups 

are obvious at long ranges. 

Prolonged rough seas certainly cause many sea otters to seek 

shelter near shore (Lensink 1962, Kenyon 1969). However, I have ob

served individuals feeding in extremely rough water, and I have also 

noted that the number of animals hauled out or concentrated in sheltered 

areas during severe storms never approaches the number of animals 

known to inhabit those same areas. To support this idea, it is also 

thought that certain sea otter populations in other geographical areas 

(i.e., north ofU.nimak Island in southern Bristol Bay) rarely, if ever, 

come ashore (K. B. Schneider, private commun. 1971). I therefore con

clude that a substantial portion of the Amchitka Island sea otter popula

tion is able to maintain itself in the open sea, despite inclement weather. 

However, the severe storms common to the Aleutian Islands make obser

vational work difficult, and undetected changes in population behavior 

may accompany changes in the weather. On calm days, at least, I have 

72 
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seen sea otters at distances which I estimate to be about 2 miles from 

shore. 

The similar diurnal time patterns and population proportions of 

feeding behavior during summer and winter (Figure 8) suggest that either 

sea otters feed during hours of darkness in winter or that less time is 

spent feeding by the population during winter than during summer. Be

cause of their high and continual nutritional requirements, i.e., sea 

otters are unable to store large energy reserves, such as by blubber ac

cumulation, to sustain them for more than several days {Kenyon 1969, 

Morrison et al. n.d.), I believe that decreased food consumption over 

long periods of time is unlikely. Kenyon (1969) presented evidence that 

sea otters have well-developed tactile and olfactory senses and it is 

thus not inconceivable that they can feed in the absence of light. How

ever, no data are available that prove sea otters to be nocturnal feeders. 

Therefore, the significance of Figure 8 remains unresolved. 

The apparent increase in grooming during winter over summer is 

probably not real but rather is probably an artifact of limited offshore 

visibility during winter months. At long distances, grooming animals 

are difficult to distinguish from those that are feeding. Therefore, a 

smaller percentage of the population was identified as grooming during 

summer months. 

A limitation of the observational technique I used is that, if the 

observer does not have a thorough knowledge of the structure and behav

ior of the local sea otter population his data may be unreliable. Other

wise, the observed area might not be representative of the population. 

For example, resting sea otters tend to congregate into groups at 
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traditionally used areas. If these areas are not included in the observa

tion areas, a bias will exist toward feeding activity. Conversely, when 

poor viewing conditions exist, a bias toward resting activity would be 

observed in an area where sea otters are resting. For this reason, the 

technique is valid only on days when visibility is such that a sufficiently 

large (representative) expanse of ocean can be observed. In my opinion, 

this generally should include at least several miles of coastline. Further

more, home range, territoriality, individual movements, and factors that 

relate to spatial strategies of sea otters are not well understood. In 

view of these unknown, any supposition that a "representative" segment 

of the population is being observed should, at the very least, be con

sidered with skepticism. 

In the results section, I mentioned a small discrepancy between 

my data and data collected by Kenyon (1969) on the percentage of time 

sea otters budget for feeding. Differences between my data and Kenyon's 

may be the result of different study techniques or real changes in popula

tion feeding behavior since 1955 when his data were collected. As I sug

gested earlier, the differences that my data indicate between summer and 

winter feeding behavior may not represent changes in population foraging 

strategies. 

In contrast to the Amchitka Island sea otter population, the Attu 

Island population is far below equilibrium density. This probably results 

in an abundant food supply for those animals at Attu. Sea otters that 

were observed feeding at Attu were all near shore (I estimate 200 yards, 

183 m, or less), and they moved only small distances while feeding. 

Feeding sea otters at Amchitka may be scattered to over a mile from 
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shore and frequently they move considerable distances during a feeding 

period. These behavioral differences are probably related to an abundant 

nearshore food supply at Attu. The sea otter food supply at Amchitka is 

probably being maximally exploited. Sea otters must therefore search 

more and dive to their maximum capabilities to obtain sufficient food 

under these circumstances. This probably results in longer periods of 

time spent in foraging by the sea otters at Amchitka Island as compared 

with those at Attu Island. Although I have no quantitative data from Attu 

to compare with the diurnal feeding pattern at Amchitka, most of the ani

mals I saw at Attu were resting. 

Sea Otter Population Estimates 

Overton and Davis (1969) comprehensively discuss the basic 

theory, methods, and practical limitations of estimating wildlife popula

tion numbers. The general problems of estimating sea otter numbers are 

similar to those of other wildlife populations. With this in mind, I will 

discuss prior sea otter population estimates and develop the arguments 

that support my estimate of the sea otter population size at Amchitka 

Island. 

A parameter estimate § (to be distinguished from an index) 

should be (1) unbiased and (2) relatively precise. By definition, a param

eter estimate is unbiased if the expected value of the parameter estimate 

E(§) is equal to the parameter 0, for all 0. In this study, 9 = the total 

number of animals in a population. Bias is the difference between the 

expected value of the parameter estimate and the value of the parameter, 

e.i., E(§-0) (Hoel 1971). Direct population counts are almost always 



76 

biased low as estimates of population numbers because some individuals 

are invariably missed. 

Most wildlife population estimates are qualified or defined by 

assumptions. Erroneous assumptions in the estimator will interject bias 

into the estimate. All assumptions must be critically evaluated biologi

cally and statistically if the estimate is to be valid. 

An estimate should also be relatively precise. That estimate 

that has minimum variance is referred to as the best estimate. Frequent

ly, the minimum variance estimate will not be unbiased and the objec

tives of the study must consider the tolerability of bias and lack of 

precision. Obviously, estimates with large and unknown bias are only 

valuable as population indices and are relatively worthless as estimates 

of population numbers. Conversely, highly variable estimates, even 

though they may be unbiased are of little value unless a large number of 

repetitions are available. Furthermore, the variance of an estimate can 

be determined through repetition of the experiment while bias may remain 

obscure unless specific techniques are developed to evaluate its magni

tude and direction. I believe that most investigators in wildlife are in

tuitively more aware of variance than bias. 

Thus, the concepts of bias and precision are critical and they 

must be considered carefully when evaluating population estimates. I 

will consider the Amchitka Island sea otter population with these con

cepts in mind. 

The first large-scale studies of Alaska sea otter populations 

were made by the U.S. Fish and Wildlife Service. Usually, they cen-

sused sea otters from a DC-3 aircraft flying at about 120 knots (212 
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km/hr) between altitudes of 200 and 400 feet (61 and 122 m). Two obser

vers in the cockpit counted sea otters. From these aerial counts, the 

number of sea otters at Amchitka Island was estimated to be from about 

1,500 to 2,500 animals between the years 1949 and 1965 (Kenyon 1969). 

Lensink (1962) estimated the number of sea otters at Amchitka 

Island in 1956 to be between 4,000 and 7,000 animals on the basis of 

aerial counts and counts made from headlands using binoculars and spot

ting scopes. These estimates were dismissed by Kenyon (1969) and ap

parently were not seriously considered in subsequent work. 

Helicopters were first used as census vehicles from which to 

count sea otters by the U.S. Fish and Wildlife Service in 1968. The 

technique and preliminary results were discussed by Spencer (1969). A 

single observer seated beside the pilot counted sea otters as the aircraft 

was flown at about 150 feet (64 m) altitude and at a maximum speed of 

about 70 knots (127 km/hr). In 1970, 3,927 sea otters were counted 

during island-wide censuses. From this count, the Amchitka Island 

population was estimated at slightly over 4,000 animals (U.S. Fish and 

Wildlife Service, unpublished data). 

Stephan (1971) used oblique infrared color photography to esti

mate sea otter population numbers at Amchitka Island. He photographed 

population concentrations with a helicopter-mounted camera and visually 

counted additional scattered animals. This technique led him (1971, p. 

6 80 ) to estimate the Amchitka Island sea otter population to be "as 

many but not more than 2800 sea otters" during 1969. 

The primary advantage of fixed-winged aircraft (hereafter called: 

airplanes) as census vehicles is that large areas may be covered in 
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relatively short amounts of time. Considering the hundreds of miles of 

shoreline inhabited by sea otters, from the western Aleutian Islands to 

Prince William Sound, this technique was most practical for early U.S. 

Fish and Wildlife Service studies. The primary contribution of these 

studies was the establishment of trends in sea otter distribution and 

density over the entire Alaskan range of the species. Large numbers of 

animals were undoubtedly missed during these operations because of 

limitations imposed by the large, rapidly flying aircraft. 

Kenyon (1969) concluded from these studies that the majority of 

sea otters live within the 20-fathom (37 m) depth contour and rarely are 

they found in waters as deep as 30 fathoms (55 m). Although there are 

reports of sea otters diving in deeper areas (K. B. Schneider, private 

commun., 1971), Kenyon's conclusion defines the area within which 

counting efforts should be concentrated. This conclusion also implies 

that coastal areas where the subtidal platform descends gradually will 

be more difficult to census than areas where the sea otter habitat is nar

rower . 

I believe that the numbers of sea otters estimated from these 

studies were biased low. In view of the techniques and the scope of the 

investigations, no data were collected with which to estimate the mag

nitude of bias. Additionally, the relative precision of these estimates is 

unknown becauses the censuses were not replicated (over sufficiently 

short time periods). 

A summary of data obtained from the U.S. Fish and Wildlife 

Service helicopter censuses which were begun in 1968 is presented in 

Table 9. Only maximum counts are included for each survey period. 
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Table 9. A summary of aerial and photogrammetric sea otter counts at 
Amchitka Island between 1968 and 1972 

(Number in parentheses is number of counts) 

Maximum Count 

1968 1969 1970 1971 1972 

Bureau of Sport 
Fisheries & 
Wildlife a 2,302 (7) 3,927 (5). 3,241 (1) 

Battelle 
Memorial 
Instituteb 2,354 2,773 

University of 
Arizona 4,042 (4) 

a. Visual counts. b. Visual and photographic counts. 

Watson, Jolly, and Graham (1969) showed that helicopters are 

significantly better vehicles than airplanes from which to census terres

trial mammal populations. The primary advantage of helicopters over air

planes as vehicles for counting sea otter populations are greater 

maneuverability and slower flying speed. Thus, kep beds, offshore is

lands, and otherwise inaccessible areas can be thoroughly searched. 

Consequently, estimates of sea otter numbers at Amchitka Island during 

these studies are almost twice as large as earlier estimates obtained by 

using airplanes. 

Because of the time interval between these two studies of sea 

otter population numbers at Amchitka Island, the differences in popula

tion estimates might be construed as an increase in population size. 

There is no other evidence to support this argument. In fact, Kenyon 
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(1969) presented data that suggest that the sea otter population at Am-

chitka Island was limited by food availability during the time of his early 

studies. I believe the reported differences in sea otter population num

bers are primarily the result of reduced bias. However, there were no 

attempts during either of these studies (other than by intuition) to sta

tistically estimate bias and even these later estimates probably severely 

underestimate the size of the sea otter population at Amchitka Island. 

All direct visual counts of sea otter populations are distinctly 

unprecise, i.e. / the counts, when repeated, are highly variable. This 

high variability is apparently primarily correlated with variable viewing 

conditions and an unpredictable spatial distribution of sea otter popula

tions. Poor viewing conditions are caused by inclement weather, which 

prevails almost continuously throughout the Aleutian Islands. Strong 
r 

winds blow during the entire year, and fog and rain are frequent during 

calmer months. Sea otters are most easily seen when seas are glassy 

calm and the air is clear with a high unbroken overcast. The best times 

to count sea otters at Amchitka Island are late May through early June 

and late August through late September or early October. Occasionally 

during these periods, the wind will abate and the air will clear suffi

ciently so that counting conditions are ideal. 

Sea otters also tend to clump together into large groups at times 

or to scatter in a more or less random spatial distribution at other times. 

Clumped distributions of sea otters tend to increase the size of the 

counts. 

A summary of the sea otter counts that were obtained at Amchit

ka Island from infrared color photogrammetry is also given in Table 9. 
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The advantage of this technique is apparently a more precise estimate of 

the population number. Presumably, infrared photography reduces the 

counting variability due to the effects of weather. This is a definite ad

vantage at the Aleutian Islands. However, there are also several dis

advantages . Population numbers estimated by this technique are 

considerably lower than direct visual counts from the helicopter during 

the same years. Thus, although there is an apparent gain in precision 

from the photogrammetric technique, it is accompanied by increased 

bias. Perhaps with further improvements, specifically the development 

of a method to estimate and correct for bias, photographic counting 

techniques may prove valuable. However, there are additional disadvan

tages. The cost is very high. A large amount of film is required to 

photograph all of the sea otter habitat between shore and the 30-fathom 

(55-m) depth contour, even along relatively small expanses of coastline. 

Species are also difficult to identify from photographs, e.g., sea otters 

may be confused with other small marine mammals. 

By using a spotting scope from shore-based stations, Lensink 

(1962) counted about 1.75 times more sea otters in a given area than he 

was able to see through binoculars. This suggests that many animals at 

Amchitka Island are distributed far offshore. Lensink's estimate of the 

number of sea otters at Amchitka Island has been criticized on the basis 

of overlap between contiguous counting areas and localized movements 

of animals. U.S. Fish and Wildlife Service observers believed they were 

seeing 50 to 75 percent of the sea otter population during counts from 

airplanes and that Lensink's estimates were biased high (Kenyon 1969). 

I believe that Lensink's technique, although not statistically designed 
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to provide an unbiased estimate, applies a logical estimate of correction 

for bias. The lack of replication precludes any comment on precision. 

There are several disadvantages to the shore-based counting 

technique. During Lensink's study, the unavailability of a helicopter 

necessitated travel by foot between counting areas. This is a time-

consuming process, which limits the amount of coastline that can be 

covered in a single day. Simultaneous shore-based and aerial counts of 

the same area were also not possible during the time of Lensink's work, 

thus precluding the development of an index by which shore-based and 

aerial counts could be compared. 

Counting from shore offers the advantage that a nearly unlimited 

amount of time may be spent thoroughly searching for sea otters in a 

given area. This is important when one considers the large percentage 

of time spent feeding (and therefore diving) by the Amchitka Island sea 

otter population. Even during periods of minimum feeding activity, ap

proximately 30 percent of the population is beneath the surface at any 

given instant (Figure 9). An instantaneous observation of a given area 

during this time, such as a photograph, will therefore detect approximate

ly 70 percent of the sea otters in that area. Figure 26 shows the cumu

lative percentage of the population which will subsequently surface from 

the time of the instantaneous observation. By assuming that individual 

dives are independent events, I predict that the cumulative percentage 

of surfaced animals increases linearly as a function of time and ap

proaches 100 percent at approximately 50 seconds in water 0 to 5 fathoms 

(0 to 9 m) in depth, and at approximately 85 seconds in water 5 to 15 

fathoms (9 to 28 m) in depth (see Table 2). Thus, photographs (or other 
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forms of instantaneous observations), no matter what their quality or how 

inclusive their area of detection, will never detect more than 70 percent 

of the population. Visual aerial counts are also biased low, although . 

less so than photographs, by the effect of diving animals. Also, the ob

servation time required to correct for this biasing effect will be greater 

in deep than in shallow water. The primary point of this discussion is 

that direct counts are biased estimates (by at least 30 percent) of the 

number of sea otters at Amchitka Island because of population diving 

behavior. Animals that are on the surface but are simply not seen con

tribute additionally to this bias. Thus, I believe that even the best 

aerial counts are biased low by 30 percent or more. 

Geographical Ecology 

Geographical ecology attempts to explain patterns that are re

peated in space, not time. It is, therefore, the method of geographical 

ecology to compare events in different places (MacArthur 1972). By this 

method I have attempted to evaluate the role of the sea otter in north 

temporate nearshore communities. However, I have used the method of 

geographical ecology to study a problem which is not geographic. Ac

tually, I predict that my observations are not really geographic phenom

ena at all and that a predictable pattern will emerge in a particular area, 

given enough time and the proper ecological components. 

Sea Otters and the Nearshore Community 

Prior to discussing the role of the sea otter in the structure and 

dynamics of nearshore communities, I should mention the possibility 

that my data are merely a series of spurious correlations. Some may 
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argue that insufficient local control could explain the results as unknown 

effects, confounded with the stated treatment effects. In fact, I have 

not proved that this is not true. Local control is one of the basic prin

ciples of experimentation, and it is also the most glaring weakness of an 

ecological experiment of this magnitude. I offer the following evidence 

that the results of this experiment are a direct consequence of the pres

ence or absence of sea otters. 

R. D. Jones (in Kenyon 1969:128) reported that sea urchins 

were "abundant and obvious" at Adak Island in 1957 prior to the reestab-

lishment of a dense sea otter population. After sea otter reoccupation of 

the Adak area, Jones was unable to find sea urchins there. Furthermore, 

similar observations were made at the Sandman and Sanak Reefs, in the 

eastern Aleutian Islands, following the reappearance of sea otters. Ken

yon (1969) also reported a similar observation made at Amchitka Island 

by a native Aleut who had trapped foxes there during the 1930's when sea 

otters were considerably less numerous than they are today. 

Benthic invertebrate populations have drastically declined along 

the central coast of California, following the expansion of the range of 

the sea otter in that area (McLean 1962, Ebert 1968, Lowry and Pearse 

1973). 

The maximum depth to which sea otters can dive is probably 

less than 30 fathoms (55 m). Sea urchin samples from 45 fathoms (82 m) 

at Kirilof Point, Amchitka Island are thus from beyond the effective for

aging depth of sea otters. Interestingly, the maximum size of sea urchins 

from this sample is approximately the same as the maximum size of sea 
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urchins from samples taken in shallow water at the Near'lslands. This 

observation suggests that sea urchins at Amchitka Island are capable of 

growth in considerable excess of that observed in shallow water 

{Figure 21). 

Desautels et al. (1970) reported finding lenses of sea urchins 

in neo-paleo Aleut kitchen midden sites at Amchitka Island. Most strik

ing is the larger size of these sea urchins as compared with current 

populations in shallow water at Amchitka Island. Desautels et al. con

cluded that either (l) sea urchins from the intertidal and shallow sublit-

toral were considerably larger during the time of harvesting by the Aleuts 

than they are today or (2) the Aleuts were capable of harvesting sea ur

chins from very deep water. He rejects this second possibility in favor 

of an ecological interplay between the Aleut, sea otters, and sea 

urchins. 

By itself, any one of the above pieces of evidence could not be 

considered irrefutable proof that sea otter predation is responsible for 

the differences I observed between sea urchin populations at the Near 

and Rat Islands. Together, however, I believe they emphatically indi

cate that sea otters are primarily responsible for differences between 

these sea urchin populations. This conclusion is the basis on which all 

subsequent discussion depends. 

. Species Diversity in the Nearshore Community 

Increased species diversity in both terrestrial and marine en

vironments is a phenomenon generally observed as one progresses from 
i 

the arctic to the tropics (Hedgepeth 1957, Fischer I960, Sanders 1968/ 
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MacArthur 1972). Exceptions to this general pattern are the kelps (Phae-

ophyta) and red algae (Rhodophyta), and several terrestrial groups 

(Fischer 1960). A review of several theories on causal factors respon

sible for increased species diversity in the tropics in light of his own 

data on species diversity of the deep-sea benthos led Sanders (1968) to 

the stability-time hypothesis. Briefly, this hypothesis proposes that 

physically severe (unstable) environments tend toward an abiotic condi

tion , allowing the existence of only a limited number of species. Stable 

environments, on the other hand, given sufficient time, develop com

munities of high species diversity within the habitat. Recently, this 

hypothesis was challenged by Dayton and Hessler (1972), who argued 

that high species diversity is not necessarily solely the result of com

petitive niche differentiation but is caused by predictable disturbances, 

which reduce the importance of competitive exclusion and thus allow the 

coexistence of many species who share the same resources. 

The importance of disturbance in structuring certain commun

ities is becoming clear. In theory, a predictable disturbance releases 

a critical resource (light, space, nutrients, etc.) from monopolization 

by species with superior competitive ability. Thus, high species diver

sity within the habitat is maintained as long as resources are available 

to fugitive species. In the absence of disturbance, the tendency toward 

local extinction of species is predicted. 

The importance of predation as a source of local, predictable 

disturbance was proposed by Paine (1966) and further supported by ob

servations by Paine and Vadas (1969), Connell (1970), Dayton (1971), 

and Dayton and Hessler (1972). Paine (1966) found that species 
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diversity was directly related to the efficiency with which predators pre

vent monopolization of major environmental requisites by competitively 

superior species in intertidal communities. In his studies, predator re

moval led to local extinction of certain invertebrates and algae. The 

ecosystem thus became trophically simpler with decreased diversity and 

decreased primary productivity. 

Prior studies of sea otter food habits in the western Aleutian 

Islands (Lensink 1962, Kenyon 1969, Burgner and Nakatani 1972) sug

gest that sea otter predation is an important community interaction. Dur

ing recent years at Amchitka Island, invertebrates and fish have 

contributed approximately equally to the sea otters' diet. Studies by 

Kenyon (1969) showed at least 42 species of food items from sea otter 

stomachs. In Burgner and Nakatani's (1972) analysis, although food 

items were not reported as individual species, 15 different food items 

were reported from stomach analyses. Stomachs used in both studies 

were collected at Amchitka Island in 1962 and 1963, a time when the sea 

otter population of Amchitka had been at equilibrium density for at least 

a decade. Lensink (1962) reported analyses of sea otter fecal samples 

collected at the Commander and Aleutian Islands in the 1930's and 

1940's. Only six sea otter food items were reported from these observa

tions, with sea urchins and mussels composing nearly the entire volume. 

Lensink's studies suggested that the sea urchin was the dominant sea 

otter food item at Amchitka and other Aleutian Islands during the late 

1930's and 1940's. The later studies of Kenyon (1969) and Burgner and 

Nakatani (1972) showed an increase in species diversity of food items 

consumed by the sea otter. Of particular interest is the increased 
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amount of fish in the sea otters' diet during more recent years. Although 

the techniques used by these various investigators are not strictly com

parable, the general pattern of change in sea otter food habits through 

time is certainly significant. Apparently, as the sea otter population 

foraged during early stages of population recovery, the sea urchin was 

the primary food item. Later, as the sea urchin population was reduced 

by sea otter predation, invertebrate community structure and/or sea otter 

foraging strategies changed. This is reflected as an increased diversity 

in sea otter food items, paralleling temporally the development and es

tablishment of high-density sea otter populations. 

Similar observations and conclusions have been made on the sea 

otter population in California. A profound decrease in sport and commer

cial abalone fisheries was reported following the influx of sea otters in

to areas of previously unoccupied habitat {Wild 1973). A census made in 

1967 by the California Department of Fish and Game (Ebert 1968) revealed 

that throughout the sea otters' range, preferred forage items of sea otters 

were reduced in number and restricted to protected habitat when compared 

with habitat outside the range. Also, an increased diversity in sea otter 

food items has been reported in areas long inhabited by sea otters. This 

is apparently the result of reduced availability of preferred food items 

(Wild 1973). 

Thus, the role of the sea otter in the nearshore community fits 

nicely into Paine's (1966) predation model. My observations from the 

Near Islands suggest that the absence of sea otters allow sea urchins to 

dominate sublittoral communities. From a "dominance diversity" (Sanders 

1968:260) standpoint, diversityis low. At the Rat Islands, high-density 
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sea otter populations prevent monoplization of sublittoral resources by-

sea urchins and dominance diversity is higher than at the Near Islands. 

In addition to general observations on community structure at the Near 

and Rat Islands, sea otter food habit studies at Amchitka and in Califor

nia further support the role of the sea otter in maintaining species di

versity . 

Sea otter food habits are also certainly affected by food avail

ability (or energy abundance). Schoener (1971) and MacArthur (1972) 

presented theoretical arguments which relate feeding strategies to food 

availability. Schoener's model considers species from an energy-time 

standpoint, and from it he concluded that there is an optimum number of 

species in the diet of a predator at any given general prey density that 

will yield a maximum amount of energy per amount of time expended in 

food-getting activity. This model predicts that as prey density increases, 

there is a decrease in the number of species that should be included in a 

predator's diet to optimize energy yield. MacArthur's model is based on 

time economy and prey selection but provides a conclusion similar to 

that of the Schoener model. As prey density decreases, species diversity 

in prey selection increases. Numerous examples that support this con

clusion are found in the literature, and it is reasonable to expect that 

the array of food items utilized by sea otters will increase as exploitation 

due to predation decreases the general food abundance. 

The control of sea urchins by sea otter predation releases algal 

associations from overgrazing, thus increasing vegetational biomass and 

primary productivity. Those species associated with sublittoral primary 

productivity are influenced indirectly. Sea otters, therefore, may 
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influence species diversity through two basic mechanisms: (1) species 

diversity may be increased by reduced competition with sea urchins or 

other benthic invertebrates for environmental requisites and (2) species 

diversity may be increased indirectly by increased primary productivity 

(Connell and Orias 1964), which results when grazing pressure by an 

uncontrolled sea urchin population is released. Thus, the presence of 

sea otters increases diversity, expands primary productivity, and perhaps 

raises the stability in nearshore communities. 

The dogma of complexity begets stability in ecological systems 

has been challenged recently by May (1973). By defining stability as 

the tendency for a system to recover from a perturbation, May used 

mathematical arguments to show that predator-prey interactions are con

sistent with qualitative stability, whereas competitive interactions are 

not. Predation is a limiting community interaction where sea otters are 

present. Competition apparently becomes more important where preda

tion by sea otters upon benthic invertebrates is removed from the sys

tem. This argument will be developed later. Thus, the sea otter may 

increase community stability. 

This discussion logically leads to the influence of overexploita-

tion of food resources by the sea otter. Paine and Vadas (1969) reported 

that algal associations of low species diversity are maintained not only 

by sea urchin overgrazing but also by undergrazing in areas devoid of 

sea urchins. In the absence of sea urchin grazing pressure, dominant 

algal species tend to exclude competitively those species less well able 

to compete and thus tend to monopolize the vegetation association. In

termittent sea urchin grazing provides a release of heterogeneous space, 
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allowing the colonization of fugitive algal species. This process in

creases the number of coexisting algal species. Maximum community 

diversity should therefore be approached when the sea urchin population 

is balanced between overexploitation and underexploitation of the plant 

association. 

The status of Amchitka Island's sublittoral plant diversity is 

begged by the above discussion. Amchitka Island's sea otter population 

is probably exploiting to its maximum natural ability the sea urchin pop

ulation. Is this, in fact, overexploitation and are vegetational associa

tions consequently experiencing dominant species monopolization? 

Unfortunately, further experimental work is required to answer this ques

tion adequately. A recent study by Dayton (private commun., 1973) may 

help answer this question. My data from the shallow sublittoral at Am

chitka Island suggest that in many areas four species of Laminaria com

pletely dominate the benthic canopy and that sea urchins, other than 

small individuals associated with holdfasts or other protective crevices, 

are rare. This observation in itself is open to interpretation of monopoli

zation by a single genus or diversity of species within the genus. An

other factor of probable importance as a source of disturbance is the 

frequent and violent winter storms which occur in the Aleutian Islands. 

Walker and Richardson (1955) stated that Laminaria is torn from the sea 

bed during heavy winter storms around Scotland. Large deposits of veg

etation on the beaches of Amchitka after violent storms indicate a similar 

occurrence there. Therefore, storms may provide a mechanism for the re

lease of space and the colonization of fugitive species. 
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The Sea Otter and Pattern in the 
Nearshore Vegetation Association 

Hutchinson (1953) described three basic forces that determine 

pattern in communities. These are (l) vectoral/ i.e., forces from the 

physical environment; (2) biological, which may be further divided into 

(a) reproductive, (b), social, and (c) coactive (interspecific); and (3) 

stochastic, i.e., random processes within the community. I will dis

cuss the basic sublittoral community patterns at Amchitka Island accord

ing to Hutchinson's organizational scheme. My tentative opinion of the 

causal factors of these sublittoral community patterns is based primarily 

upon the discussion and conclusions from studies of ecologically simi

lar areas. Further support or rejection of these conclusions as they ap

ply specifically to western Aleutian Island communities depends on 

direct experimental evidence which is presently lacking. 

Generally, community patterns are similar within coastal north 

temperate and boreal waters of the Atlantic and Pacific Oceans (Kitching 

1941, Walker 1947, Jorde and Klavestad 1963, Kain 1966, Vadas 1968, 

Himmelman and Steele 1971, Mann 1972a, among others). Sublittoral 

macrophyte associations are well developed in rocky areas throughout 

this geographic range. Various species of Lamlnaria are dominant in the 

shallow kelp zone and Aqarum frequently is found in slightly deeper 

water. Sea urchins are the dominant benthic invertebrate in many of 

these communities. 

Connell (1961a) proposed a general theory to explain the sharply 

defined intertidal community pattern; that is, vectoral factors limit the 

upper distribution and biological factors limit the lower distribution of 
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species. Sublittoral communites are apparently less strictly defined 

spatially (Kitching 1941) with their upper and lower limits of species dis

tributions not universally defined by vectoral and biological forces, 

respectively. 

Vadas (1968) believed that the major factors that limit marine 

algal distribution are temperature, salinity, light, suitable substrate, 

angle, exposure, and biological interactions. He further believed bio

logical and vectoral factors are about equally important in structuring 

marine algal associations. 

Some of the variability in sublittoral community structure at 

Amchitka Island is undoubtedly the result of stochastic processes. Be

cause large sample si2es are required for adequate analysis of this fac

tor and because I believe that most evidence points to vectoral and 

biological causality at the level of the community I am observing, sto

chastic factors will not be considered further. 

Of the vectoral factors discussed by Vadas (1968), all but 

light can probably be discounted as a causal factor of pattern in sub

littoral macrpphyte associations at Amchitka Island. Temperature and 
* 

salinity are generally constant throughout the depth range of the study 

areas. All study areas were located on solid rock substrate with gen

erally constant angles of decline. The four study areas at Amchitka 

Island varied in exposure from well protected to heavily exposed, but 

no consistent pattern can be attributed to this factor. Vectoral factors 

are probably also generally invariant between the Rat and Near Islands. 

The abundance of vegetation decreases as a function of in

creased depth in the sublittoral at Amchitka Island. There are similar 
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observations on other sublittoral plant associations over a wide geo

graphical range (Walker and Richardson 1955, Jorde and Klavestad 1963, 

Kain 1966, Walker 1947, Aleem 1956, McLean 1962, and Mann 1972a). 

Light attenuation as depth increases is certainly one factor responsible 

for this phenomenon. Also, red light and blue light are selectively ab

sorbed by clear ocean water, and green light penetrates most deeply. 

Because blue light and red light are within the action spectrum of green 

and brown algae, these groups are limited in depth by the shallow pene

tration of the light quality they require for photosynthesis. Red algae, 

which utilize the reduced light beneath the lower canopy (Dawson, 

Neushul, and Wildman 1960) and the deep penetrating green light (Blinks 

1955) in photosynthesis, are thus abundant throughout the depth range of 

the brown and green algae and beyond it. 

High-density sea urchin populations have been reported to be 

responsible for the scarcity of non-coralline algae in many communities 

(Himmelman and Steele 1971, Kitching and Ebling 1961, Vadas 1968, and 

others). I believe the high-density sea urchin population at the Near 

Islands is responsible for the almost complete absence of fleshy macro-

phytes from the sublittoral. 

Conversely, sea urchin population densities at the Rat Islands 

are extremely variable. However, sea urchins are rare in shallow areas. 

Rat Island sea urchin population densities increase with increasing depth. 

Grazing pressure may therefore also be partially responsible for the de

creased vegetation abundance in deeper water at the Rat Islands. 

Vadas (1968) found that Laminarla was the climax species in the 

absence of grazing at the San Juan Islands, Washington. In the presence 
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of moderate grazing pressure on Laminaria. Agarum entered the associa

tion because of reduced competition with Laminaria for light. He found 

that although Laminaria was dominant over Agarum in the undisturbed 

community Agarum was resistant to sea urchin grazing and could become 

established in the presence of moderate grazing disturbance. 

At Amchitka Island, Laminaria is apparently able to completely 

exclude Agarum in shallow water, MWL to about 20 feet (6 m) in depth. 

At the lower edge of this shallow zone, Laminaria is apparently limited 

by reduced light and perhaps by sea urchin grazing pressure, thus allow

ing Agarum to enter the vegetation association. 

The degree to which vectoral forces (light) and biological forces 

(grazing) structure sublittoral vegetation associations is not clear. Light 

is undoubtedly a controlling force. My data from the sublittoral commu

nities, in conjunction with the findings from other studies at different 

geographical localities, support the hypothesis that sea urchins also in

fluence the structure of sublittoral communities in the western Aleutian 

Islands. However, further investigations are necessary before definite 

conclusions may be made. 

Mechanisms of Sea Urchin 
Population Regulation 

There exist two classically understood methods of population 

regulation. First, populations may be resource limited, in which in

stance intraspecific or interspecific competition limit population growth. 

Requisite resources include nutrients, space, light, etc. Secondly, 

disturbances may also limit population numbers. Disturbances operate 
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as biological (predation) forces or vectoral (physical) forces (catastroph

ic events, physiological barriers, etc.). 

The upper distribution of sea urchins at the Near Islands appears 

to be primarily limited by disturbance. The upper distribution of sea ur

chins is physiologically limited because sea urchins require almost con

stant exposure to fresh sea water. I frequently observed the sea urchins 

at the edge of this area moving up and down with the incoming and out

going tides. Glaucous winged gulls (Larus olaucescens) also prey upon 

sea urchins at low tide. After picking up a large sea urchin, the gull 

flies high into the air and drops the urchin onto a rock surface, thus 

cracking the test so that he can feed on the viscera and gonads. Physio

logical limitations are probably primarily responsible for determining the 

upper limits of sea urchin distribution at the Near Islands. 

The lower limit of the Near Island sea urchin population extends 

beyond depths I was able to dive using SCUBA. However, the decrease 

in population density I observed at greater depths indicates the popula

tion is more severely limited there than it is in shallower water. Be

cause there are no apparent sources of disturbance to the sea urchin 

population at these depths, I suggest the lower limit of population dis

tribution is primarily resource limited. The limiting resources are prob

ably nutrients in the form of macrophytic algae. In fact, the pattern of 

distribution of sea urchin biomass density at the Near Islands resembles 

the pattern of macrophyte biomass at the Rat Islands. I further suggest 

that drifting algae is also important to the distribution of sea urchins at 

the Near Islands. After storms, large accumulations of algae were ob

served deposited upon the beaches at the Near Islands. The majority 
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of this material which is not washed ashore settles in the shallow sub-

littoral, thus serving as a source of nutrition for herbivores. In support 

of this idea, Figure 27 shows sea urchins massing about a strand of 

Alaria flstulosa, which has drifted into a large tide pool at the lower 

littoral, Shemya Island. Also, while diving at Attu Island I encountered 

a number of sea urchins massed together in the form of a ball. Upon 

separating one of these balls, I found a small piece of Thalasslophvllum 

blade near the center. Dissolved nutrients from the large standing crop 

of littoral macrophytes may also be important to the sea urchin popula

tion in the immediate sublittoral at the Near Islands. In fact, there 

appears to be almost no source of nutrient production associated sym-

patrically with sublittoral sea urchin populations. The expected distri

bution of nutrient input (drifting algae from other areas and nutrients 

washed from the littoral) corresponds closely with the observed distribu

tion of sea urchins. 

In direct contrast to the distribution of sea urchins at the Near 

Islands, the Rat Island sea urchin population is most severely limited in 

the immediate sublittoral and population densities increase with in

creased depth. I believe that sea otter predation is primarily responsible 

for this distribution. Certainly the abundant standing crop of algae at . 

the Rat Islands would preclude the sea urchin population from nutrient 

limitation. Competition for space with the algal association also seems 

unlikely, although the physical and biological configuration of the bot

tom may influence larval settling (Crisp and Barnes 1954). Perhaps pre

dation by diving birds, fish, or other invertebrates is of some 

significance, but the potential impact of sea otter predation is logically 



Figure 27. Sea urchins massing about a strand of Alaria 
fistulosa which drifted into a tide pool at Shemya Island 
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the most important limiting factor. As at the Near Islands, I was unable 

to observe the lower limits of the sea urchin population distribution be

cause of depth limitations of SCUBA. 

I observed numerous sea urchins at the Near Islands which had 

abraded areas with no spines on the outer surface of the animals' tests. 

This phenomenon was never observed at the Rat Islands, except among 

captive animals collected at the Near Islands. Himmelman and Steele 

(1971) observed test abrasions, which they attributed to cannibalism, on 

Strongvlocentrotus drobachlensis when insufficient food was available. 

I have no direct evidence that the bare areas on sea urchin tests at the 

Near Islands was caused by cannibalism, but it seems logical that popu

lation overcrowding is somehow involved. 

K- and r-selection and Sea Urchin Populations 

The concept of K- and r- selection, an idea on basic strategies 

of population maintenance and survival, was originally proposed by Mac-

Arthur and Wilson (1967). K- and r-selection relate to parameters of the 

logistic equation: 

dN/dt = rN (K ~ N) , 
K 

which, simply stated, maintains that the rate of population growth at 

time t is a function of the intrinsic natural rate of population increase 

(r), the number of animals in the population at time t (N), and the poten

tial number of animals which may exist at equilibrium density (K). Ob

viously, when K = N, dN/dt = 0 and when N = 0, r is fully realized and 

the population grows at the potential maximum rate (r). The concept of 

K- and r-selection was originally conceived to explain selection 
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strategies among species, and although it greatly oversimplifies the 

many complex forces governing population growth, it is useful in explain

ing and understanding differences between the sea urchin populations at 
t 

the Near and Rat Islands, 

Among species that are ecologically closely associated, r-

strategists are favored in an uncrowded environment (MacArthur and 

Wilson 1967). Selection preferences are extended toward species with 

the highest intrinsic rate of natural increase. The selection strategy is 

to convert a maximum amount of food into new members of the population. 

In a crowded environment, i.e., one in which the population is near 

equilibrium density, K-strategists are selected for. Efficiency of food 

utilitization is important in maintaining large populations, and wasteful 

exploitation of food resources, such as for the production of large num

bers of offspring, is selectively unfavorable (Crow and Kimura 1970). 

Pianka (1970) summarized some of the correlations of K- and 

r-selection. Those that are relevant in intraspecies considerations and 

that are also pertinent to a discussion of sea urchin population differ

ences between the Rat and Near Islands are further considered in 

Table 10. 

Sea urchin populations at the Rat Islands satisfy many of the 

criteria that define r-strategists whereas sea urchin populations at the 

Near Islands fulfill many requirements of K-strategists. I.propose that 

at the Rat Islands continual and heavy predation upon sea urchins by sea 

otters fulfills the r-strategist's requirement of density-independent mor

tality. This leads to a sea urchin population below equilibrium density, 

i.e., below K. Because K is not attained, the unsaturated community is 



Table 10. Some characteristics of populations employing r- and K-
strategles.—Modified from Pianka (1970) 
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Mortality 

Survivorship 

Population size 

Community characters 

Intra specific, and 
interspecific 
competition 

r-selection 

Often catastrophic, 
density independent. 

Mortality rate high 
in younger age 
classes, i.e., Type 
III (Deevey 1947). 

Variable in time, 
nonequilibrium; usu
ally well below car
rying capacity of the 
environment. 

Unsaturated commun
ities or portions 
thereof; ecological 
vacuums. 

Variable, often lax. 

K-selection 

Density dependent. 

Mortality rate either 
constant among age 
classes or relatively 
low in younger age 
classes, i.e., Type 
II or Type I (Deevey 
1947) 

Fairly constant in time; 
equilibrium; at or near 
carrying capacity of 
the environment. 

Saturated communities. 

Usually intense. 
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a "partial ecological vacuum" regarding the sea urchin population. Thus, 

r is more fully realized. Emphasis on r implies greater reproduction and, 

consequently, large numbers of animals in younger age classes. 

Sea urchin populations at the Near Islands are not controlled by 

predation and thus K is more nearly realized. Because of competition for 

what is apparently the requisite resource (i.e., nutrition or possibly 

space) mortality is density dependent. Intraspecific competition inhibits 

the full realization of r. I propose that whereas the Near Island sea ur

chin population fulfills many requirements of K-strategists, the species 

has evolved through r-selection. Thus, the tendency toward maximum 

energy exploitation by an uncontrolled population is incompatible with 

maintenance of the energy resource (e.g., macrophytic algae are de

stroyed) . 

A comparison of size class distributions between the Rat and 

Near Islands further supports these conclusions. The high intrinsic rate 

of increase (r) of the Rat Island sea urchin population is reflected by the 

relatively large number of individuals in smaller (younger) age classes 

(zero to 30 mm test diameter). The high biomass density of the large 

size classes at the Near Islands (40 to 90 mm test diameter) inhibits r 

and thus causes a relatively smaller number of animals in the smaller 

size classes. 

Actually, sea urchin population growth is classically described 

by Model III (Crow and Kimura 1970), that is, discrete overlapping gen

erations exist. Thus, population change from one generation to the next 

is defined by Nt = MNt-1, where Nt = the age class distribution vector 

at time t, M = the Leslie matrix (Pielou 1969), a square matrix with age 
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specific birth rates in row 1 and age specific survival rates on the sub-

diagonal; and Nt-l = the age class distribution vector at times t - 1. The 

time interval is one year. 

The elements of M are obviously density dependent, otherwise 

the shape of sea urchin size class distributions would be similar at the 

Near and Rat Islands. Although there are techniques to describe and 

analyze M as a density-dependent Leslie matrix (Fowler and Smith 1973), 

adequate data are unavailable for such an analysis of Aleutian Island 

sea urchin populations. However, the matrix approach provides a con

ceptual tool with which the dynamics of these sea urchin populations 

can be qualitatively discussed. 

At a specific population density, the principal eigenvector (e) 

of M represents the equilibrium population age structure and the corre

sponding eigenvalue (A) is the scalar multiplier that describes the 

growth or decline of e from one generation to the next. The shape of e 

characterizes age structure stability (or instability) of the population. 

For example, a peak at any point on e (i.e., more individuals at an old

er age class than there are at some younger age class) indicates age 

structure instability. Fowler and Smith (1973) showed that African ele

phant populations tend toward age structure instability at high (super 

optimum) population densities. Furthermore, they showed that observed 

population age structures and those predicted by the principal eigen

vector of the variable Leslie matrix were similar. 

If I could either (1) describe the variable Leslie matrix or (2) 

describe the age structure of sea urchin populations, I could determine 

the sea urchin population status with regard to age structure stability at 
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the Near and Rat Islands. The closest I can get to either of these ob

jectives is to describe the population size class distributions of sea 

urchins. If age were a linear function of time, I could infer age class 

distributions from size class distributions. Unfortunately, the sea ur

chin growth curve is nonlinear. 

A peak in the larger size classes of sea urchins at the Near 

Islands suggests age structure instability. However, this peak could 

also represent a size class buildup because of the shape of the sea ur

chin growth curve. Therefore, I can only conclude that sea urchin popu

lations at the Near Islands may be experiencing age structure instability, 

but further work is necessary to confirm or reject this speculation. 

The Sea Otter and Productivity of 
the Nearshore Community 

Benthic macrophytes are major contributors of the nearshore 

productivity in temporate waters. Blinks (1955) stated that, whereas 

littoral algae occupy only a narrow coastal zone, their productivity is 

perhaps several orders of magnitude greater than the rest of the sea, 

except in areas of upwelling. Mann (1972b) found that forests of Lami-

naria and Act arum. which characterize the rocky sublittoral zones of 

temporate oceans, are the major producers of coastal waters in the north 

Atlantic Ocean. He attributed this to the attachment of plants to the 

rocky bottom and thus to an unusually good supply of nutrients from 

tides and currents; i.e., free-floating forms can locally deplete nutri

ents because they move as part of flowing water, while water flows over 

attached forms and thus prevents local nutrient depletion. It is signifi

cant that the range of feeding habitat of the sea otter coincides with the 
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zone of attached sublittoral algae and extends beyond it because the sea 

otter may indirectly maintain the kelp beds by controlling sea urchin 

grazing. 

Species whose food webs originate from macrophyte productivity 

would certainly be affected by its removal. I believe some faunal differ

ences between the Near and Rat Islands relate to the presence or absence 

of benthic macrophytes as a nutritional base to the food web. 

Rock greenling (Hexagrammos lagocephalus), abundant and com

monly encountered while diving at the Rat Islands, are infrequently seen 

at the Near Islands. This species feeds largely upon Crustacean inverte

brates associated with kelp beds (Simenstad 1971). Nearshore fish popu

lations associated with kelp beds are therefore probably reduced in the 

absence of the sea otter (Quast 1968). Those species of animals that are 

dependent on fish at some stage of their food chain are probably reduced 

in numbers or at least they must employ a different foraging strategy if 

they are to maintain their populations. Sea otters consume greater 

amounts of fish at the Rat Islands than at areas of low sea otter popula

tion density (Lensink 1962). Harbor seals (Phoca vitulina) are not com

monly seen at numerous hauling-out areas at the Rat Islands (Kenyon and 

King 1965, personal observation). This species feeds predominantly up

on nearshore fishes (Scheffer and Sperry 1931, Scheffer and Slipp 1944). 

Bald eagles (Haliaeetus leucocephalus), whereas abundant at 

the Rat Islands, are absent at the Near Islands (personal observation, 

Sekora 1973). Bald eagles in the Aleutian Islands are largely dependent 

on marine productivity. Fish, marine mammals, and marine birds con

stitute most of their diet at Amchitka Island (White, Emison, and 
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Williamson 1971). Also, algal stipes are major constituents of bald 

eagle nests at Amchitka Island (J. F. Palmisano, written commun. 

1973).* The absence of eagles at the Near Islands may therefore be in

directly related to reduced macrophyte productivity. 

The common eider (Somaterla mollissima) is by far the most 

common duck in salt-water areas at Attu Island (G. V. Byrd, written 

commun. 1973). This species probably owes its extreme numbers to the 

abundance of sea urchins at the Near Islands. The common eider is much 

less abundant at the Rat Islands than at the Near Islands, probably be

cause of decreased food availability in the form of sea urchins. 

The sea otter may also play an important role in restoration of 

kelp beds (and associated species of animals) along much of the west 

coast of North America. Sea otters in California completely remove large 

sea urchins (Strong vlocentrotus franciscanus) from certain areas, permit

ting luxuriant development of the Nereocvstis-Ptervoqophera association 

(McLean 1962). Recent increases in sea urchin populations are respon

sible for kelp bed reduction (North 1965). Although this is obviously re

lated to happenings more recent than disappearance of sea otters (Anony

mous 1972), the reestablishment of sea otters should decrease inverte

brate populations and increase the range and biomass of vegetation 

associations. 

Island Bioqeoqraphy 

Two patterns of biotic distribution through archipelagos are 

recognizable (Darlington 1957). Immigration patterns are characterized 

by an orderly reduction of biotic diversity from the continental source to 

1. J. F. Palmisano, marine ecologist, College of Fisheries, Uni
versity of Washington, Seattle. 
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the most distant island. Relict patterns are nondirectional, random 

reductions of the continental biota. Relict patterns are typical of con

tinental islands or fringing archipelagos and, as such, they are the 

product of isolation from a once continuous continental land mass. Im

migration patterns are typical of oceanic islands or continental islands 

whose biota became completely extinct following separation from the 

continental land mass. The Aleutian Islands are oceanic and recent, 

having emerged during the Cenozoic. Biologically, they are even more 

recent because Pleistocene ice almost certainly destroyed any biouc 

development prior to that time. 

With this idea in mind, I will discuss certain biotic differences 

between the Rat and Near Islands. This discussion will specifically con

sider only those more obvious faunal differences that I have previously 

mentioned. 

The structure and composition of island communities during 

short time periods are primarily determined by three variables: immigra

tion, extinction, and niche dimension (MacArthur and Wilson 1967). Of 

course, during longer time periods, isolation and evolution are also im

portant. By niche dimension, I mean a hyperspace of resource availabil

ity and, of lesser importance, species interactions. Immigration and 

extinction rates are determined largely by the distance from continental 

land masses and the size and complexity of the island. 

It can be argued that the biotic variation between the Rat and 

Near Islands is part of an immigration pattern of faunal distribution. 

However, I believe that at least some of this biotic variation is not sim

ply the result of vagaries of random extinction or immigration. For 
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example, the absence of bald eagles from the Near Islands Is not likely 

because of the inability of eagles to immigrate. Birds are the best dis

perses of all vertebrates (Darlington 1957). That the Rat Islands are the 

western limit of dispersion of bald eagles is not likely, particularly 

when the Near Islands are a mere 200 to 250 miles (320 to 400 km) west 

of one of the most robust bald eagle populations in the world. Random 

extinc'.ion is also not likely. Aggatu and Attu Islands, in the Near Is

lands, are both large and seemingly they should have bald eagle carry

ing capacities of similar magnitude to those of the larger Rat Islands. 

MacArthur and Wilson (1967) showed that the extinction probabilities 

(or the expected times to extinction from the introduction of a single 

propagule) vary strongly and nonlinearly as a function of K (carrying 

capacity). In fact, from MacArthur and Wilson's theoretical predictions, 

the expected time to extinction of a single propagule (one male and one 

female) employing the reproductive and survivorship strategy of bald 

eagles is conservatively between 10^ and 10^ years, assuming K - 50, 

which is approximately the number of breeding pairs of bald eagles at 

Amchitka Island. Furthermore, the fact that the Near Islands are an is

land group, comprising two larger islands and a group of smaller islands, 

makes the probability of local extinction even less likely. 

If one discounts immigration and extinction, niche dimension is 

the only remaining variable by which to explain these biotic differences. 

I believe that differences in niche dimension (resource spectrum dimen

sion) is, in fact, the most logical explanation. It also seems logical to 

me that this difference between island niches is more likely the result of 

biological accommodation rather than of a physically Imposed 
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phenomenon. If the sea otter is truly responsible for Indirectly main

taining the macrophyte associations (and thus nearshore primary produc

tivity) and if nearshore primary productivity is the limiting resource (the 

limiting niche dimension) to many faunal elements of the western Aleutian 

Islands, then the sea otter may locally and indirectly influence the car

rying capacities (K's) of many species. As MacArthur and Wilson (1967: 

74-75) have shown, the magnitude of K is critical to the probability of 

extinction in island environments and even relatively small changes in 

K can explain the tendency toward either rapid extinction or extremely 

long periods of survival. Thus, changes in K may simply reflect differ

ences in the abundance of individuals, e.g., harbor seals, rock green-

ling, and common eider. In other instances, a sufficiently small K may 

locally exclude a species, e.g., the bald eagle, by greatly increasing 

the probability of local extinction. 

A change in a single niche dimension is probably not the only 

factor responsible for biotic differences between the Rat and Near Is

lands . All patterns of community structure are the result of many factors 

and factor interactions of such complexity that they can never be per-
| 

fectly explained. My argument simply is that a large amount of biotic 

variation between the Rat and Near Islands is probably explainable, 

either directly or indirectly, by the presence or absence of sea otters. 

The theory of island biogeography is also pertinent to a discus

sion of the reestablishment of sea otter populations. After near extinc

tion from overexploitation, sea otter populations have become 

reestablished in many areas and eventually, given sufficient time and 

protection, they can be expected to reoccupy most of their original range 
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(Kenyon 1969). However, the sea otter is a poor disperser, and popula

tion transplants have been implemented to hasten this process. For ex

ample, the wide, deep oceanic passes between the Rat and Near Islands 

have been an effective barrier against the dispersal of sea otters to the 

Near Islands. Although population growth or decline after several sea 

otter reintroductions has not been well documented (partly for logistic 

reasons and partly because there has not been adequate time to do so), 

in no instance has immediate and rapid population growth been observed, 

and local extinction has followed several transplant attempts. 

The question thus arises: What is the optimum size of a nuc

leus population such that the probability of successful reestablishment 

will be maximized and cost minimized ? (Sea otter transplants are expen

sive!) Unfortunately, the presently available data are insufficient to 

provide a clear answer to this question. Realistically, the maximum 

size of any transplanted population is primarily determined by available 

funds and support. However, in the following I will discuss the problem 

of sea otter- reintroduction in view of recent theory on island coloniza

tion. Undoubtedly, this theory offers an oversimplified solution to the 

question of "how many is optimum." Although I am able to offer no fur

ther quantitative solutions to the question, some qualitative insight is 

provided, which I hope will stimulate further thought on the matter, 

Pielou (1969) showed the probability of extinction Po(t) of a 

population governed by a simple birth and death process as time becomes 

very large is (jj/A)^ where A = birth rate, ji = death rate, and N = the 

number of animals in a population that is at age structure stability. The 

probability of population survival is thus favored when (1) u, (2) 
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N Is large, and (3) A is large. Sea otters reproduce as classical K strat

egists and therefore A is small. Unless the death rate (p) is almost 

zero, A cannot be N must also be small during natural attempts at 

population reestablishment because immigration rates across wide, deep 

ocean passes are necessarily low and probably random. 

MacArthur and Wilson (1967) developed mathematical arguments 

regarding island colonization strategies. Whereas their model produced 

a conclusion similar to that of Pielou's (1969) with regard to the extinc

tion probability of an island population, they developed further arguments 

on the expected time of survival. MacArthur and Wilson believed this to 

be a more meaningful parameter than extinction probability because after 

sufficient time, all species will go extinct. 

The principal weakness of MacArthur and Wilson's model, which 

they clearly point out, is the coarse form of the density-dependent con

trols. This precludes direction extension to the sea otter question, but 

it does provide some boundaries within which to work. Because the 

model assumes A and ji are constant until K is reached, It provides an 

unrealistically favorable probability of successful colonization. Mac-

Arthur and Wilson concluded that when A > u, the expected time of sur

vival from a viable propagule is immense when K is large. In the Aelutian 

Islands, K is probably always adequately large so that the expected time 

of survival will be very large, provided \ > p* More realistically, A - J* 

is not constant but is a variable function of population size. This is par

ticularly true when N is small because, as such, the probability of an 

estrous female's successfully encountering a reproductively active male 

is smaller than when N is large. 
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Kenyon (1969) concluded that the birth rate of sea otters is 

about 0.16 animals per year. He also believed that the optimum rate of 

population increase is about 0,10 to 0,12 sea otters per year. If from 

this we may infer a death rate of 0.05 sea otters per year, then sufficient 

information is available to calculate the probability of survival as a func

tion of N (population size) (Figure 28). This result is unrealistic, how

ever, because the probability of survival is overestimated, e.g., the 

probability of survival when N = 5 is almost 1. I have further modified 

this result by letting A vary linearly between zero and 0.16, as a func

tion of N . Specifically, I have calculated the density specific birth rate 

as Xjj = (N/Nc)(0.16) where Nc is a critical population size above which 

X is constant at 0.16. I have arbitrarily chosen Nc as 10, 25, 50, and 

100. I should point out that this is only the simplest of numerous ways 

by which X can be represented as a variable function of N. I would not 

even guess that it is realistic. Rather, my purpose is to show what 

radically different probabilities of population survival are predicted from 

the conclusions of Pielou (1969) and MacArthur and Wilson (1967) when 

X is expressed as a variable function of N. 

At Attu Island I observed no sexual segregation within the sea 

otter population. Calkins (1972) also reported that in the vicinity of 

Montague Island, Prince William Sound, sea otters do not segregate 

secually. At other Aleutian islands that have high-density sea otter 

populations, sexual segregation is sharply defined (Kenyon 1969, 

Schneider 1972). Although the reason for sexual segregation is not clear, 

sexual intermingling when N is small probably increases (X - p) and thus 

the probability of survival. 
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Figure 28. Probability of extinction as a function of population size when birth rate 
and death rate are fixed and birth rate varies linearly within different intervals of population 
size 
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Concluding Remarks 

The sea otter obviously is an important component of nearshore 

communities of the North Pacific Ocean. During the past 250 years, 

these communities have experienced several catastrophic changes, which 

were induced by the arrival of white man. For example, aboriginal people 

who have occupied the Aleutian Islands for at least 8,400 years (Laughlin 

1972) and who preyed upon sea otters and perhaps competed with them for 

food are now virtually extinct. Thus, we may only speculate from ar^ 

chaeological evidence on the interplay between Aleuts, sea otters, and 

food resources. The question remains: To what extent was natural selec

tion responsible for patterns of modern-day communities and to what ex

tent are these patterns the product of recent disturbances ? 

Modern biological study of nearshore communities along the 

Pacific Coast of North America has not considered the sea otter's eco

logical importance in great detail. Most recent sea otter range expan

sion has been in remote areas, one exception being central California 

where sea otter predation upon human food resources has indeed been 

noticed. With the Marine Mammal Protection Act of 1972, sea otters can 

be expected to further their interface with man, perhaps producing addi

tional conflicts of interest. I believe that the sea otter was important to 

the evolution of integrity and stability within these nearshore ecosystems 

and that the various management alternatives should be carefully con

sidered before they are implemented. 



SUMMARY 

Feeding behavior, population numbers, and the ecological im

portance of sea otters were studied in the western Aleutian Islands, 

Alaska between November 1970 and September 1972. Study areas were 

established from which the behavior of sea otters could be observed. 

The activity of sea otters was recorded at half-hour intervals during 

summer and winter daylight hours. Diving and surface times of feeding 

sea otters were recorded and analyzed according to differences in sex, 

depth of water, and food items. Sea otter population numbers were esti

mated by counting animals from shore-based stations and from the air 

within localized study areas i extending this result to island-wide 

aerial counts at Amchitka Island. Sublittoral community differences 

between western Aleutian islands with sea otters and those without sea 

otters were observed. Patterns in the distribution and abundance of sea 

urchins, benthic macrophytic algae, and certain conspicuous vertebrate 

forms were recorded. 

Observations of feeding sea otters suggest no differences be

tween sexes with regard to the amount of time spent diving or on the 

surface. Apparently diving and surface times both increase in deeper 

water, but the percentages of time spent on the surface and submerged 

remain approximately constant as a function of depth. At Amchitka Is

land, there is a morning and evening peak in feeding activity with con

current decreases in resting activity. Grooming activity remains 

approximately constant throughout the day. No differences in either the 
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pattern or the percentage of time spent feeding, resting, or grooming 

were observed between summer and winter. 

Within localized study areas, shore-based counts of sea otters 

are consistently higher than aerial counts from helicopters. I attribute 

this primarily to the increased amount of time that can be spent viewing 

an area from shore-based stations and thus the detection of animals that 

would have otherwise been submerged and consequently not counted as 

the aircraft passed overhead. The Amchitka Island sea otter population 

was estimated at about 6,900 animals, approximately 40 percent of which 

were located on the Bering Sea and 60 percent of which were on the Pa

cific Ocean. This distribution corresponds with the distribution of sea 

otter feeding habitat. By assuming that sea otters live within the 30-

fathom (55-m) depth contour, I estimate an island-wide sea otter den

sity of 63 animals per square mile of habitat (24/km^) on the Bering Sea 

and 57 animals per square mile (22/km^) on the Pacific Ocean. I believe 

that several prior estimates of the number of sea otters at Amchitka Is~ 

land were biased low. 

I propose that the sea otter is the prime cause for differences 

observed between nearshore marine communities at the Rat and Near Is

lands. Sea urchins are an important sea otter food and are also vora

cious algal grazers. My hypothesis was therefore that a dense 

population of sea otters reduces the sea urchin population, which can 

consume and destroy large quantities of kelp, to a sparse population of 

small individuals by size-selective predation. The resultant release 

from grazing pressure permits a significant increase in the size of near-

shore kelp beds. 
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Benthic macrophytes at the Rat Islands range from the littoral to 

depths of 20 to 25 m. Major contributors to these plant communities are 

Phaeophyta (brown algae), Alaria fistulosa. Lamlnaria lonqipes, L. 

qroenlandica, L. yezoensis, L, dentiqera, Agarum crlbrosum, Thalassio-

phvllum clathrus, Desmarestia sp., and various Rhodophyta (red algae). 

Sea urchins in shallow areas (0-20 m) are generally not conspicuous. 

However, relatively high densities of sea urchins occur in microhabitats 

along more protected cracks and beneath holdfasts of macrophytic vege

tation. Beginning at a depth of 10 to 20 m, sea urchin densities increase 

and vegetation coverage decreases in areas of solid rock bottom. Den

sities of sea urchins are highly variable at these depths but range up to 

170/m2. The majority of these sea urchins have test diameters less than 

32 mm. Increased sea urchin density as a function of depth is probably 

related to decreased predation by sea otters (and perhaps diving birds). 

Feeding upon small sea urchins at these depths may be energetically in-

feasible for diving predators. 

Conversely, the Near Islands almost completely lack macro

phytic vegetation below the lower littoral. Sea urchins form a nearly 

complete cover on the immediate sublittoral in many areas, but densities 

decrease as a function of depth. The larger sea urchin size classes, 

which typify populations at the Near Islands, are missing from the Rat 

Island sea urchin populations. 

Benthic macrophytes are of considerable importance to near-

shore productivity in temperate waters. I believe some faunal differ

ences between the Near and Rat Islands related to the presence or 

absence of benthic macrophytes as a nutritional base. For example, 
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rock greenling, harbor seals, and bald eagles are abundant at the Rat 

Inlands but are scarce or absent at the Near Islands. These species de

pend largely on nearshore marine productivity in the Aleutian Islands. 
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