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AF~STRACT 

The Pacific walrus population has been depleted and subsequently allowed 
to recover three times in the past 150 yr. As we see it, the population has been 
made to fluctuate like an r-selected species, rather than being maintained at a 
high, stable level, as befits a K-selected species. The latest depletion began in 
the 1930s but was not recognized until 25 yr later, by which time the population 
had been reduced by at least half. Without benefit of communication, the 
U.S.S.R. and the State of Alaska put similar protective measures into place by 
1960, and in the next two decades the walrus population recovered again, at 
least doubling in size. By 1980, it already was showing density-dependent signs 
of having approached or reached the carrying capacity of its environment. As 
productivity and calf survival de&red sharply in the late 1970s and early 1980s 
the catches more than doubled. We believe that the combined effects of natural 
curtailment and human intervention may be bringing the population down again 
rather rapidly. With the present, crude monitoring methods, delayed manage- 
ment responses, and poor international communications, however, the downward 
trend may not be acknowledged for at least another decade, by which time the 
unilateral Soviet and American corrective measures are likely to be too much, 
too late. Walrus management needs to be based less on response to immediate 
crisis and more on long term prediction than it has been in the past. Because 
the U.S.A. and U.S.S.R. are trying to manage the same walrus population, 
without sufficient communication or consensus and sometimes to opposite ends, 
an international joint management program needs to be implemented. 
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Development of an understanding of the population dynamics of living 
organisms has contributed heavily to management of the world’s renewable 
resources. For a number of species, however, especially those with a length of 
life approaching our own, the full range of dynamic responses to environmental 
factors still is not understood sufficiently for implementation of effective, far- 
sighted management (Estes 1979, DeMaster 19846). A case in point is the 
Pacific walrus (Odobenus rosmarus divergens), whose population has undergone 
marked fluctuations in size in the past 1 SO yr, partly as a consequence of no 
management at all and partly due to insufficient understanding of its population 
ecology by the managers. Perceiving a need to improve on that situation through 
increased understanding, we began a thorough compilation of the documented 
history of the Pacific walrus population, feeling that the events of the past needed 
to be placed into a long-term, dynamic perspective to appreciate how the 
population has responded to alternating perturbation and protection. We still 
are engaged in that process and in the analysis of archived data. While many 
of the details remain to be clarified, the overall picture is sufficiently complete 
and striking to warrant presentation at this time. Additional supporting data 
can be found in Fay et al. (1986), Sease (1986), Sease and Fay (1987), and 
Sease and Chapman (1988). 

HISTORICAL ASPECIT 

The walrus populations of the world have been exploited by man for thousands 
of years, most of that time without any management at all or any need for it, 
for the greatest proportion by far of that exploitation was by primitive men 
with primitive means. That kind of exploitation probably was more or less 
constant and in small amounts, and it probably had no more effect on the walrus 
populations than any other kind of natural predation. 

In the present millennium, however, walruses have been exploited in a different 
way, principally by civilized men with technically advanced means and primarily 
to obtain large quantities of tusks, hides, and oil that could be sold or traded 
on the world market. We call this “commercial exploitation” and note that its 
only limits are those of the resource itself and the demand for the goods. 
Commercial exploitation of the Pacific walrus population apparently began in 
a small way in the middle of the 17th century. It was expanded a hundred 
years later, when the hunters and trappers of the Russian merchant companies 
swept eastward across the Bering Sea into Bristol Bay and northward toward 
Bering Strait. Along the way, they took walruses primarily for the ivory of the 
tusks (Berkh 1823). The impact of that exploitation on the Pacific walrus 
population probably was insignificant, however, for the quantity was compar- 
atively small, and most of that taking was done in the southeastern part of the 
Bering Sea, where it was aimed principally at adult male walruses, rather than 
at females. The average export of tusks from the region at the peak of this 
exploitation was only about 4,800 kg per year (Tikhmenev 1861-63), which 
would have amounted to between 900 and 990 animals per year (at 2.54 
kg/per tusk, SD = 0.5 6 5, n = 83). At least one-third of that ivory was acquired 
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as tribute and in barter from the indigenous natives of the region, whose total 
annual catch probably was no more than about 3,000 walruses. Together, these 
catches could have been sustained easily without adverse effects by a walrus 
population exceeding 200,000 individuals (Fay 1957). 

The most intensive commercial exploitation of the Pacific walrus population 
took place following the American purchase of Alaska from Russia in 1867. 
That exploitation was by American whalers, who harvested walruses in addition 
to bowhead whales (Balaena mysticetus) in the northern Bering and southern 
Chukchi seas (Bockstoce and Botkin 1982). Those harvests took place during 
the spring and early summer, while the whalers waited for the pack ice to retreat, 
and the catches were primarily of adult females (Clark 1887). From those 
walruses, the whalers took only the oil and ivory, as those were the only 
marketable parts. For a time between 1869 and 1879, their catches averaged 
more than 12,000 walruses per year, and perhaps nearly as many more were 
destroyed but lost through sinking and wounding. Such destructive losses were 
related to the new method of hunting. Before 1868, the hunting had been done 
mainly with harpoons and lances, and virtually every animal that was struck 
was retrieved. After the American Civil War, however, the whalers began to 
use firearms for hunting walruses, and the average proportion of animals retrieved 
varied widely from less than one-third to more than two-thirds of the animals 
that were shot (Allen 1880, Bockstoce and Botkin 1982). By killing mainly 
the adult females, the whalers not only depleted the productive segment of the 
population but probably caused the death by starvation of most of the young 
that had accompanied them (Clark 1887). 

In retrospect, it is clear that the Pacific walrus population was being over- 
exploited by the American whalers as early as 1870, but their depletion of it 
apparently went unnoticed for about 10 yr. By that time, the whalers were 
judged to have reduced the population by half (Nelson and True 1887). The 
effects of that reduction on the coastal natives was unmistakable: one-third of 
the Eskimos in the Bering Strait region were said to have starved to death in 
1878-79 (Allen 1895), and that proportion was much higher on the islands, 
where the resource base was narrowest and the dependency on walruses was 
greatest (Nelson and True 1887, Muir 19 17). Fortunately for the walruses and 
for the dependent natives, the whalers’ catches practically ceased after 1880, 
presumably due in part to the scarcity of walruses and in part to the declining 
price of walrus oil (Bockstoce and Botkin 1982). The aboriginal catch also was 
greatly reduced by then, for not only were the walruses scarce but the natives 
were, as well. 

With the hunting pressure lowered, the walrus population apparently re- 
covered somewhat in the 20 yr between 1880 and 1900, as was indicated by 
the reappearance of animals in peripheral parts of the range (Fay et al. 1986). 
By the turn of the century, however, the walrus population was exposed again 
to commercial exploitation, this time by a small number of arctic traders, mainly 
Americans, Canadians, and Norwegians, who were engaged in bartering with 
the natives of Chukotka and Alaska for furs. To supplement their profits from 
that activity, they also set native crews to work harvesting walruses for the ivory 
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and hides. The amount of that exploitation apparently went unrecorded, but it 
is said to have been great enough to have had a noticeable impact again on 
both the walruses and the dependent natives, reaching its maximum about 1920 
and declining thereafter (Nechiporenko 1927, Brooks 1953). The degree of 
depletion from that period of exploitation apparently was not as great as from 
the previous one, for recovery of the walrus population already was evident by 
the 1930s as the animals reappeared in parts of their former range from which 
they had been absent for several decades (Ognev 19 3 5, Murie 19 3 6, Zenkovich 
1938, Belopol’skii 1939, Nikulin 1941). This may not have been a full recovery, 
but it was enough that the Soviet Union was able to mount a major commercial 
assault on the walrus population in the 1930s. That exploitation, as before, was 
primarily for hides, oil, and ivory (Zenkovich 1938). As it got underway, Soviet 
catches were as high as 8,000 animaIs per year (Krylov 1968). At the same time, 
however, the American government was trying to conserve the walrus population 
by prohibiting commercial killing. This American action was in delayed response 
to the earlier depletion, but it was obviously too late, for the Soviets were 
harvesting walruses again intensively by that time. Since neither the American 
nor the Soviet government was aware of what the other was doing, and neither 
of them was really capable of monitoring the status of the population, they did 
not know that it was being depleted. They could not have detected any change 
in the walrus population, unless the change was very large. Thus, the depletion 
continued unabated for 25 yr (Fay 1957, Geller 1957, Kleinenberg 1957), and 
by the mid-1950s the walrus population again had been reduced by about 
half. As before, its depletion caused food shortages among the dependent natives 
(Hughes 1960, Fay 1982). 

Finally, about 1960, the U.S.S.R. and the newly established State of Alaska 
responded by putting protective measures into place, intending to restore the 
Pacific walrus population. This was done more or less concurrently on both sides 
of the international boundary, though still without benefit of communication. 
By regulation, the catches on both sides were reduced markedly, and their overall 
composition was shifted from being about 60% females to about 75% males 
(Burns 1965, Krylov 1968). Furthermore, the coastal sites where the animals 
hauled out to rest were given almost complete protection. On the Soviet side, 
shooting of animals in the water also was prohibited, in an effort to reduce the 
waste from wounding and sinking. 

THE PRESENT SITUATION 

As a result of that protection, the walrus population was restored, probably 
to its pre-exploitation level. Between 1.960 and 1980, it increased steadily in 
size, as documented by the results of more than a dozen censuses conducted by 
Americans and Soviets (Fig. 1). The steady increase was indicated also by the 
fact that the animals gradually reoccupied nearly all of their former range, 
including some areas that had been vacant for up to 100 yr (Fay et al. 1986). 
Because the censuses were beset by potentially huge, uncontrollable sampling 
errors, however, the population estimates derived from them were useful only 

Help       Volumes       Main Menu

4 MARINE MAMMAL SCIENCE, VOL. 5, NO.1, 1989 

and hides. The amount of that exploitation apparently went unrecorded, but it 
is said to have been great enough to have had a noticeable impact again on 
both the walruses and the dependent natives, reaching its maximum about 1920 
and declining thereafter (Nechiporenko 1927, Brooks 1953). The degree of 
depletion from that period of exploitation apparently was not as great as from 
the previous one, for recovery of the walrus population already was evident by 
the 1930s, as the animals reappeared in parts of their former range from which 
they had been absent for several decades (Ognev 1935, Murie 1936, Zenkovich 
1938, Belopol'skii 1939, Nikulin 1941). This may not have been a full recovery, 
but it was enough that the Soviet Union was able to mount a major commercial 
assault on the walrus population in the 1930s. That exploitation, as before, was 
primarily for hides, oil, and ivory (Zenkovich 1938). As it got underway, Soviet 
catches were as high as 8,000 animals per year (Krylov 1968). At the same time, 
however, the American government was trying to conserve the walrus population 
by prohibiting commercial killing. This American action was in delayed response 
to the earlier depletion, but it was obviously too late, for the Soviets were 
harvesting walruses again intensively by that time. Since neither the American 
nor the Soviet government was aware of what the other was doing, and neither 
of them was really capable of monitoring the status of the population, they did 
not know that it was being depleted. They could not have detected any change 
in the walrus population, unless the change was very large. Thus, the depletion 
continued unabated for 25 yr (Fay 1957, Geller 1957, Kleinenberg 1957), and 
by the mid-1950s, the walrus population again had been reduced by about 
half. As before, its depletion caused food shortages among the dependent natives 
(Hughes 1960, Fay 1982). 

Finally, about 1960, the U.S.S.R. and the newly established State of Alaska 
responded by putting protective measures into place, intending to restore the 
Pacific walrus population. This was done more or less concurrently on both sides 
of the international boundary, though still without benefit of communication. 
By regulation, the catches on both sides were reduced markedly, and their overall 
composition was shifted from being about 60% females to about 75% males 
(Burns 1965, Krylov 1968). Furthermore, the coastal sites where the animals 
hauled out to rest were given almost complete protection. On the Soviet side, 
shooting of animals in the water also was prohibited, in an effort to reduce the 
waste from wounding and sinking. 

THE PRESENT SITUATION 

As a result of that protection, the walrus population was restored, probably 
to its pre-exploitation level. Between 1960 and 1980, it increased steadily in 
size, as documented by the results of more than a dozen censuses conducted by 
Americans and Soviets (Fig. 1). The steady increase was indicated also by the 
fact that the animals gradually reoccupied nearly all of their former range, 
including some areas that had been vacant for up to 100 yr (Fay et al. 1986). 
Because the censuses were beset by potentially huge, uncontrollable sampling 
errors, however, the population estimates derived from them were useful only 

Owner
Highlight

Owner
Highlight

Owner
Highlight

Owner
Highlight



FAY ET AL.: EXPLOITATION OF PACIFIC WALRUSES 5 

d 0 
1960 1970 1980 

Year 

Figure 1. Estimated size of the Pacific walrus population, based on aerial censuses 
conducted by the U.S.S.R. and the U.S.A. Open symbols and dashed line indicate Soviet 
estimates for animals west of the Russian-American Convention Line in autumn only, 
1958 to 1985; solid symbols and solid line represent American estimates of the entire 
population wintering in the Bering Sea, 1960 to 1976; solid symbols and dotted line 
represent joint American-Soviet estimates of the entire population in autumn, 1975 to 
1985. Vertical bars are the reported 95% confidence limits (U.S.A.) or range of estimates 
(U.S.S.R.). Numbers adjacent to the symbols refer to sources: 1-Nikulin in Fedoseev 
1962, 2 and 3-Kenyon 1960, 4--Fedoseev 1962, 5-Kenyon in Fay 1982, 6- 
Gol’tsev 1968, 7-Kenyon in Fay 1982, 8--Gol’tsev 1972, 9-Kenyon 1972, lO-- 
Gol’tsev 1976, ll-Estes and Gol’tsev 1984, 12-Krogman et al. 1986, 13-Fedoseev 
1984, 14--Johnson et al. 1982, 15--Gilbert (1989), and l&Fedoseev and Razlivalov 
(1986). 

as indicators of relative numbers and trends, not of absolute population site 
(Estes and Gilbert 1978). The trend of increase appeared to be documented 
most reliably by the censuses in Soviet waters, where the numbers were estimated 
in the same way each time and were based mainly on counts from aerial 
photographs of herds on the coastal haulouts. In both the Soviet and the American 
census data, the relative increase of the population appeared to be at least 100% 
between 1960 and 1975. 

Already by the late 197Os, however, there were signs of other changes that 
could be interpreted as density-dependent responses of the population to the 
carrying capacity of its environment (Fay and Kelly 1980, Fay 1981, Fay et al. 
1986). Walrus populations are presumed to be food-limited, and the events 
that transpired in the late 1970s and early 1980s appeared to confirm that 
presumption. In 1976, the Alaskan Eskimos began to report that the harvested 
walruses were much leaner than they had been a few years earlier. They also 
reported that the stomach contents increasingly included unusual items such as 
seal flesh, suggesting that the normal prey (bivalve mollusks) were becoming 
scarce. Our investigations of those claims disclosed that: 

(a) The animals were significantly leaner in the 1980s than they had been in 
the late 1950s to early 1970s (Table 1; Kruskal-Wallis test, P < 0.02). This 
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Table 1. Comparative sternal blubber thickness (mm) of Pacific walruses, 1958-83.” 

Sex Statistic (Jan-Sept) Way-Jud (Feb-Mar) &I-Aug) 

Males 72 8 22 
Range 25-76 4-60 
Mean 49.6 27.4 
SD 14.08 11.73 

Females 
Lnge 
Mean 
SD 

18 122 
30-102 12-75 
57.3 38.9 
21.61 10.81 

1958-72 1980 1981 1983 

85 56 
15-54 10-37 
32.6 24.4 

7.70 5.76 

87 321 
24-68 13-59 
39.6 29.5 

8.98 7.83 

a From Fay et al. (1986). Sources per year: 1958-72 by J. J. Bums, F. H. Fay, and 
E. Muktoyuk; 1980 by T. E. Smith; 1981 by F. H. Fay and R. R. Nelson; 1983 by 
F. H. Fay, R. R. Nelson, and J. L. Sease. 

suggested that either the food supply had diminished or the animals were 
expending more energy than before to get it (or both). 

(b) The occurrence of seal flesh in the stomach contents of animals taken in 
the Bering Strait region in spring was unusually high in the late 1970s (Lowry 
and Fay 1984), and we found that other alternate prey such as fishes, anemones, 
and polychaetes, also occurred more frequently than before (Fay and Stoker 
1982a, 6; Fay et al. 1984). Seal flesh diminished in frequency of occurrence in 
the samples after 1979, but the presence of parasites acquired from eating fishes 
remained high. From 1975 to 1982, the bivalves found in the walruses’ stomachs 
were of diminishing size in each successive sample, suggesting that selective 
predation was changing the structure of the prey populations. That is, having 
expanded into essentially “virgin” range, some of which had been unoccupied 
for more than a century, the walrus population finally appeared to be exerting 
a detectable effect on its primary food supply in the central part of the range 
and was taking increasing amounts of alternate prey. 

Further evidence of the walrus population having increased greatly was seen 
in the steadily rising use of traditional haulouts on islands in the Bering Strait 
region during the 1960s and 1970s. At first, this amounted to increased use 
during seasonal migrations, but it later changed to prolonged (up to 6-mo) 
occupancy from spring to fall (Fay et al. 1986). At St. Lawrence Island, native 
residents expressed great concern that the numbers of walruses using the Punuk 
Island haulout was becoming too large, for the amount of natu&l mortality 
there had risen markedly in the 1970s. Our investigations confirmed that the 
mortality was higher there in 1978 than it had been for at least the previous 
30 yr (Fay and Kelly 1980). Data acquired since then indicate that it has 
declined again. 

At the villages on St. Lawrence Island where the annual harvest of meat and 
hides of newborn walrus calves is of primary importance for subsistence, the 
Eskimos began to report times of severe scarcity of calves in the late 1970s and 
early 1980s. Although the adults were more abundant than they had been for 
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mortality was higher there in 1978 than it had been for at least the previous 
30 yr (Fay and Kelly 1980). Data acquired since then indicate that it has 
declined again. 

At the villages on St. Lawrence Island where the annual harvest of meat and 
hides of newborn walrus calves is of primary importance for subsistence, the 
Eskimos began to report times of severe scarcity of calves in the late 1970s and 
early 1980s. Although the adults were more abundant than they had been for 

Owner
Highlight

Owner
Highlight

Owner
Highlight



FAY ET AL.: EXPLOITATION OF PACIFIC WALRUSES 7 

~~~~~I~~~~I~~~~I~~~~I~~~~~~~~~I~~~~I 
1950 1960 1970 1960 

Year 

Figure 2. Proportion of mature females bearing a calf per annual sample from the 
Alaskan native catch in the vicinity of Little Diomede Island, Bering Strait (open symbols, 
dashed line) and from the Soviet ship-based catch (solid symbols, solid line) in the Bering 
and Chukchi seas. Sample size is indicated adjacent to each symbol. Data from Little 
Diomede by J. W. Brooks, J. J. Burns, F. H. Fay, K. W. Kenyon and J. L. Sease, and 
from Soviet catch by IU. A. Bukhtiiarov, J. J. Burns, F. H. Fay, V. N. Gol’tsev, A. A. 
Kibal’chich and J. L. Sease. 

a long time, the proportion of them with newborn young was reported to be 
down markedly from previous levels. Samples drawn from the Alaskan and 
Soviet harvests at that time confirmed that the fecundity of adult females had 
declined and, furthermore, that it had become highly variable from year-to-year 
(Fig. 2). The lowest fecundity on record was in 1980, when instead of about 
40% of the cows bearing calves, the proportion was about 15%. 

Concurrent with this change in overall fecundity, we found (Table 2) that 
the females in recent years have been reaching maturity later than before (Kol- 
mogorov-Smirnov 2-sample test, 2-tailed P < 0.005). Whereas in previous 
decades, the average female gave birth to her first calf at 8 yr of age, the mean 
age at first birth in recent years has been about 10 yr. Such a change is regarded 
as a good indicator that a population has reached or is approaching carrying 
capacity (Eberhardt 1977, Eberhardt and Siniff 1977). Presumably, this change 
is the result of slower body growth (Laws 1956), which is likely to be a product 
of lowered nutrient intake. 

Field samples of herd composition gathered by us and by some of our 
colleagues in the early 1980s (Fay and Kelly 198s) also indicate that the survival 
of calves had been very low for several years, probably since the mid- to late 
1970s (Fay et al. 1986). In 1980, in addition to the low production, the 
postnatal survival of calves appeared to have been no better than 20% (Fay et 
al. 1986). Formerly, it was judged to have been as high as 80% during the 
time when the population was increasing (Fay 1982). 

In recent years, we and the Alaskan Eskimos also have observed a remarkably 
high proportion of animals in the population with extremely worn, blunted 
tusks. Since this condition is characteristic of very old animals (Fay 1982), it 
suggests that there is an unusual abundance of old individuals in the population. 
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Figure 2. Proportion of mature females bearing a calf per annual sample from the 
Alaskan native catch in the vicinity of Little Diomede Island, Bering Strait (open symbols, 
dashed line) and from the Soviet ship-based catch (solid symbols, solid line) in the Bering 
and Chukchi seas. Sample size is indicated adjacent to each symbol. Data from Little 
Diomede by]. W. Brooks, ]. ]. Burns, F. H. Fay, K. W. Kenyon and]. L. Sease, and 
from Soviet catch by IV. A. Bukhtiiarov,]. J. Burns, F. H. Fay, V. N. Gol'tsev, A. A. 
Kibal' chich and]. L. Sease. 

a long time, the proportion of them with newborn young was reported to be 
down markedly from previous levels. Samples drawn from the Alaskan and 
Soviet harvests at that time confirmed that the fecundity of adult females had 
declined and, furthermore, that it had become highly variable from year-to-year 
(Fig. 2). The lowest fecundity on record was in 1980, when instead of about 
40% of the cows bearing calves, the proportion was about 15%. 

Concurrent with this change in overall fecundity, we found (Table 2) that 
the females in recent years have been reaching maturity later than before (Kol
mogorov-Smirnov 2-sample test, 2-tailed P < 0.005). Whereas in previous 
decades, the average female gave birth to her first calf at 8 yr of age, the mean 
age at first birth in recent years has been about 10 yr. Such a change is regarded 
as a good indicator that a population has reached or is approaching carrying 
capacity (Eberhardt 1977, Eberhardt and Siniff 1977). Presumably, this change 
is the result of slower body growth (Laws 1956), which is likely to be a product 
of lowered nutrient intake. 

Field samples of herd composition gathered by us and by some of our 
colleagues in the early 1980s (Fay and Kelly 1988) also indicate that the survival 
of calves had been very low for several years, probably since the mid- to late 
1970s (Fay et al. 1986). In 1980, in addition to the low production, the 
postnatal survival of calves appeared to have been no better than 20% (Fay et 
al. 1986). Formerly, it was judged to have been as high as 80% during the 
time when the population was increasing (Fay 1982). 

In recent years, we and the Alaskan Eskimos also have observed a remarkably 
high proportion of animals in the population with extremely worn, blunted 
tusks. Since this condition is characteristic of very old animals (Fay 1982), it 
suggests that there is an unusual abundance of old individuals in the population. 
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Table 2. Comparative frequencies per age class and cumulative frequencies of ages at first birth for female walruses in the 1952-72 and 
1975-82 periods.” 

Age (yr) at first birthh 

Sample n 4 5 6 7 8 9 10 11 12 13 14 15 

1952-72 6i f 0 1 6 19 14 9 3 3 2 2 
Cum. freq. 0 1 7 26 40 49 52 55 57 6: 6: 
Cum. rel. freq. 0 2 12 43 66 80 85 90 93 

I;: 
100 100 

1975-85 48 f 0 0 6 8 6 7 6 
4: 

0 7 
Cum. freq. 0 0 :: 20 26 :% 39 41 48 
Cum. rel. freq. 0 0 42 54 81 85 85 100 

a Data from Alaska Department of Fish and Game, U.S. Fish and Wildlife Service, Alaska Eskimo Walrus Commission, and University of 
Alaska. 
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Figure 3. Mean age (excluding calves) of samples from the annual spring catches of 
male (left) and female (right) walruses at the three principal locations in Alaska. Vertical 
bars indicate 95% confidence intervals. Sample size is indicated above each symbol. Data 
from F. H. Fay 1952-57, Alaska Department of Fish and Game by S. J. Harbo 196C- 
61 and J. J. Burns 1962-75, and U.S. Fish and Wildlife Service by F. H. Fay 1979-84. 

We found that the age composition of the Alaskan catch had changed, with a 
significant increase in mean age of both males and females since the 1960s (Fig. 
3). Although the results from the Alaskan catch are not necessarily representative 
of the population because of hunter selection, we also found an increase in mean 
age in ostensibly non-selective samples taken during Soviet-American research 
cruises (Krylov 1965, 1968; Fedoseev and Gol’tsev 1969; Fay et al. 1986; 
Sease 1986). Furthermore, an increase in mean age was indicated even in the 
natural mortality of walruses on the Punuk Islands haulout (Fay et al. 1986). 

The decreased famess, change in diet, increased natural mortality, decreased 
productivity and calf survival, increased age at first pregnancy, and change in 
age composition appeared after the increase in population size had been underway 
for at least 15 yr. These conditions indicated that a significant change in status 
had taken place in the late 1970s probably related to the population having 
reached or approached K and begun to have an adverse impact on its food 
supply. Perhaps, the population may even have exceeded the carrying capacity 
of its environment by the early 1980s for the animals still are very lean, their 
reproductive performance still is highly erratic, and the survival of calves still 
seems very low. We believe that the probability of the population having 
overshot carrying capacity is very high, because its expansion was into a range 
that had been unused for as much .as a century. That is, we suspect that the 
momentum gained by the walrus population in its expansion was comparable 
to that of an exotic species expanding into virgin habitat, where the population 
exceeds carrying capacity before its density-dependent regulators can come into 
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Figure 3. Mean age (excluding calves) of samples from the annual spring catches of 
male (left) and female (right) walruses at the three principal locations in Alaska. Vertical 
bars indicate 95% confidence intervals. Sample size is indicated above each symbol. Data 
from F. H. Fay 1952-57, Alaska Department of Fish and Game by S.]. Harbo 196(}-
61 and].]. Burns 1962-75, and U.S. Fish and Wildlife Service by F. H. Fay 1979-84. 

We found that the age composition of the Alaskan catch had changed, with a 
significant increase in mean age of both males and females since the 1960s (Fig. 
3). Although the results from the Alaskan catch are not necessarily representative 
of the population because of hunter selection, we also found an increase in mean 
age in ostensibly non-selective samples taken during Soviet-American research 
cruises (Krylov 1965, 1968; Fedoseev and Gol'tsev 1969; Fay et al. 1986; 
Sease 1986). Furthermore, an increase in mean age was indicated even in the 
natural mortality of walruses on the Punuk Islands haulout (Fay et al. 1986). 

The decreased fatness, change in diet, increased natural mortality, decreased 
productivity and calf survival, increased age at first pregnancy, and change in 
age composition appeared after the increase in population size had been underway 
for at least 15 yr. These conditions indicated that a significant change in status 
had taken place in the late 1970s, probably related to the population having 
reached or approached K and begun to have an adverse impact on its food 
supply. Perhaps, the population may even have exceeded the carrying capacity 
of its environment by the early 1980s, for the animals still are very lean, their 
reproductive performance still is highly erratic, and the survival of calves still 
seems very low. We believe that the probability of the population having 
overshot carrying capacity is very high, because its expansion was into a range 
that had been unused for as much. as a century. That is, we suspect that the 
momentum gained by the walrus population in its expansion was comparable 
to that of an exotic species expanding into virgin habitat, where the population 
exceeds carrying capacity before its density-dependent regulators can come into 
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full operation. A classic analogy is the sea otter’s (Enhydra lutris) increase, then 
decrease, following reinvasion of some parts of its former range (Kenyon 1969). 

Reduced recruitment, coupled with high survival of adults, would be expected 
to lead to increasing average age of the population. This would be self-reinforcing, 
for the older females are less productive than the younger ones (Burns 1965, 
Krylov 1966, Fay 1982). Judging from the very low production and survival 
of calves since the mid-1970s recruitment into the adult population will be 
very poor in the 1980s and 1990s. Presumably, this mechanism would have 
controlled the growth of the population, putting it into a natural decline and 
eventually bringing it into equilibrium with its environment. Because the catches 
have been rising steadily since the mid-1970s (Table 3), however, the stabilizing 
effect of that natural process probably has been exacerbated. Although the higher 
catch may have prevented the population from greatly exceeding K, we suspect 
that the population is being depressed more rapidly by the increased catch, and 
that the depletion could become severe if the catches on both sides of the Bering 
Sea are not moderated very soon. A simple arithmetic model of the population 
(Table 4), which begins with a population size based on Gilbert’s (1989) mean 
estimate for 1980, suggests that, even if the catches were reduced immediately, 
the population might continue to decline into the next decade before any reversal 
could take place. 

CONCLUSION 

Catches of walruses in Alaska have grown since the early 1970s from an 
average of less than 1,700 per year to more than twice that amount by the 
1980s (Table 3). Meanwhile, the Soviet Union has more than quadrupled its 
catch from less than 1,000 to about 4,000 walruses per year. In the same 
period, the overall proportion of adult females in the catch also has risen sharply. 
The increases on both sides of the international boundary have been due mainly 
to relaxation of restrictions, which took place when the population was recognized 
as having become very large. The best estimate of the overall kill since 1980, 
which includes both the catches and the losses (from sinking and wounding), 
suggests that the removal rate by exploitation is now around 10,000 to 15,000 
per year or about 4 to 6% of the population. Furthermore, to this must be 
added the natural mortality, which is unknown but thought to be at least 3% 
per year (DeMaster 1984a). Judging from the low productivity and the low 
survival of young in recent years, we believe that the recruitment could now be 
as low as 1% per year, and that it-is far exceeded by the rate of removal. If so, 
the population could be halved again within a decade. Removal rates in excess 
of 10,000 per year have caused such depletion at least twice in the past. 
Unfortunately, with the present, crude monitoring methods, neither the U.S.A. 
nor the U.S.S.R. will be able to identify a decline with certainty until long after 
it has taken place. 

Depletion, of course, is not irreversible, but the basic problem in this situation, 
as we see it, is that the Pacific walrus population is being made to fluctuate like 
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Table 3. Size of annual catches of Pacific walruses and proportion of each catch made 
up of adult females, 1960-85.” 

Percent adult 
Year Soviet catch Alaskan catch Total catch females 

1960 2,866 2,300 5,166 18.4 
1961 2,537 1,860 4,433 17.6 
1962 1,818 1,690 3,508 17.8 
1963 1,249 1,725 2,974 19.9 
1964 1,500 975 2,475 9.9 
1965 891 1,739 2,630 19.5 
1966 909 2,808 3,717 21.2 
1967 940 1,347 2,287 5.8 
1968 939 1,436 2,375 13.9 
1969 965 882 1,847 10.1 
1970 988 1,422 2,410 17.7 
1971 897 1,915 2,812 9.1 
1972 1,518 1,325 2,843 12.1 
1973 1,291 1,581 2,872 8.1 
1974 1,205 1,410 2,615 10.1 
1975 1,265 2,378 3,643 17.8 
1976 1,271 2,989 4,260 21.2 
1977 1,461 2,377 3,838 17.3 
1978 2,120 2,224 4,344 15.2 
1979 1,526 2,745 4,271 16.1 
1980 2,653 2,900 5,553 24.7 
1981 2,574 4,096 6,670 26.3 
1982 3,569 2,809 6,378 17.4 
1983 3,422 2,413 5,835 21.3 
1984 4,286 5,986 10,272 26.7 
1985 4,306 4,611 8,917 32.3 

a Data from Soviet Ministry of Fisheries, Alaska Department of Fish and Game, and 
U.S. Fish and Wildlife Service. 

an r-selected species, whereas it should be maintained at a high equilibrium with 
its environment, as befits a K-selected species (Estes 1979, Ray 1981). The 
fluctuations up to now have been mainly the result of excessively delayed 
responses by the management agencies in both the U.S.A. and the U.S.S.R., 
which still take action only when stimulated by immediate crisis, rather than 
through foresight. “Crisis-management” is not appropriate for a long-lived 
species, because each perceived crisis is the product of processes that were begun 
a decade or more before (Laws 1981). Crisis-management simply is a mismatch 
with the walrus’ life history; by the time each crisis is recognized, the conditions 
that caused it already are historical rather than current events. 

Effective management for such a long-lived, slowly maturing mammal must 
be planned far ahead, and regulations must be enacted well in advance, to head 
off any prospective crisis. The lack of foresighted planning thus far has been 
partly the result of the methods used for biological monitoring of the population, 
which do not provide sufficient warning about potential demographic problems 
ahead. Present monitoring methods reveal only general trends in population size, 
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fluctuations up to now have been mainly the result of excessively delayed 
responses by the management agencies in both the U.S.A. and the U.S.S.R., 
which still take action only when stimulated by immediate crisis, rather than 
through foresight. "Crisis-management" is not appropriate for a long-lived 
species, because each perceived crisis is the product of processes that were begun 
a decade or more before (Laws 1981). Crisis-management simply is a mismatch 
with the walrus' life history; by the time each crisis is recognized, the conditions 
that caused it already are historical rather than current events. 

Effective management for such a long-lived, slowly maturing mammal must 
be planned far ahead, and regulations must be enacted well in advance, to head 
off any prospective crisis. The lack of foresighted planning thus far has been 
partly the result of the methods used for biological monitoring of the population, 
which do not provide sufficient warning about potential demographic problems 
ahead. Present monitoring methods reveal only general trends in population size, 
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Table 4. Optimistic hypothetical model of the Pacific walrus population, based on 
recent data and with catch reduced by 10% per year after 1986.” 

Estimated kill 
Population Recruits (catch + 

Year 1 January at 6 yr Total catch losses) 

1980 246,140 11,322 5,553 8,531 
1981 232,918 10,192 6,670 9,853 
1982 225,427 8,975 6,378 9,125 
1983 224,947 7,805 5,835 8,355 
1984 215,959 6,385 10,272 14,620 
1985 204,135 3,812 8,917 13,516 
1986 197,268 2,510 7,985 11,663 
1987 189,270 4,336 7,263 10,497 
1988 183,519 5,611 6,537 9,447 
1989 179,245 5,494 5,883 8,502 
1990 176,400 5,388 5,295 7,652 
1991 174,840 6,173 4,765 6,887 
1992 174,437 6,973 4,289 6,198 

a Assumed parameters: 1980 population size based on Gilbert (1989); structure 73% 
“adults” 6 yr old and older (27% male, 46% female: after Fay 1982); survival rate 0.97 
for adults (after DeMaster 1984a), 0.95 for l- to 5-yr-olds, and 0.2 for calves in 1980 
(after Fay and Kelly 1988), increasing by 0.025 per year thereafter; fecundity follows 
Figure 2 to 1985, constant thereafter at 1980-85 mean of 0.31; recruitment based on 
relative strength of immature cohorts in 1981-84 samples (Fay and Kelly 1988); kill 
with ratio of catch : loss at 7:3 and overall kill of calves at 0.4 x kill of adult females, 
to allow for hunter selection. 

and because of large sampling errors and wide confidence limits, the trends are 
believable only in retrospect, a decade or more after any change has taken place 
(Fay et al. 1986). Even the density-dependent changes recognized by the walrus 
hunters, who are closest to the resource, although use&l are historical, for they 
are the climax of processes begun several years before. They usually are perceived 
too late to be the basis for appropriate remedial action. 

To overcome this excessive delay in managerial responses, there is a need for 
more sensitive, more reliable monitoring that can provide information not only 
about the status quo but about the processes in motion that could have a 
significant effect several years in the future. For example, a means to measure 
the survival rates of the young and the recruitment into the adult population 
could contribute the kind of complementary information needed for prediction 
and far-sighted management. 

Compounding the problems of. the mismatched management system is the 
mismatch of political systems and consequent shortage of constructive com- 
munication between the U.S.A. and the U.S.S.R., the two nations that are 
mutually responsible for managing the Pacific walrus population. Walruses are 
a shared resource of considerable economic value to both countries, but man- 
agement of them continues to be separate and unilateral. In the past, this has 
sometimes worked to the other country’s disadvantage and often to the walrus’ 
detriment. An obvious solution to this part of the problem is to implement an 
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international agreement that would require communication, consensus, and joint 
management by the two countries. 
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