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ABSTRACT

The hypothesis that commercial whaling caused a sequential megafaunal collapse
in the North Pacific Ocean by forcing killer whales to eat progressively smaller
species of marine mammals is not supported by what is known about the biology
of large whales, the ecology of killer whales, and the patterns of ecosystem change
that took place in Alaska, British Columbia, and elsewhere in the world following
whaling. A comparative analysis shows that populations of seals, sea lions, and
sea otters increased in British Columbia following commercial whaling, unlike the
declines noted in the Gulf of Alaska and Aleutian Islands. The declines of seals and
sea lions that began in western Alaska around 1977 were mirrored by increases in
numbers of these species in British Columbia. A more likely explanation is that
the seal and sea lion declines and other ecosystem changes in Alaska stem from a
major oceanic regime shift that occurred in 1977. Killer whales are unquestionably a
significant predator of seals, sea lions, and sea otters—but not because of commercial
whaling.

Key words: killer whales, whaling, ecosystem change, North Pacific Ocean, ocean
climate, regime shift, predation.
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A compelling and eloquently simple hypothesis was proposed to explain a cascade
of declines in populations of marine mammals that began in the late 1970s in the
Gulf of Alaska, Aleutian Islands, and Bering Sea (Springer ez /. 2003). The core of
the argument is that killer whales were forced to switch to a diet of progressively
smaller pinnipeds and other species of marine mammals after commercial whalers
severely depleted the fin, sei, and sperm whales in Alaskan waters between 1949 and
1969. This, it is suggested, accounts for a sequential decline of harbor seals, northern
fur seals, Steller sea lions, and sea otters that followed through the 1980s and 1990s
(Pitcher 1990, Trites 1992, Trites and Larkin 1996, Estes et /. 1998, Doroff et al.
2003, Small ez 2. 2003).

Although stated as a hypothesis, many people may regard the whaling theory
(Springer ez /. 2003) as a forgone conclusion—i.e., that the commercial removal of
large whales (Fig. 1) actually did launch a tidal wave of ecosystem changes. Regret-
tably, information that would help to assess this hypothesis was not brought forward,
and ways in which it might be tested were not discussed. The hypothesis, therefore,
warrants comment given the potential it has to misdirect scientific effort that is fo-
cused on resolving why seals, sea lions, fur seals, and other species have declined in
Alaska.

There are a number of different ways in which to test the likelihood that commer-
cial whaling could have produced the cascade of population changes that took place
in Alaska. One is to critically examine the data and assumptions that form the basis
for the original hypothesis (DeMaster ez /. 2006, Mizroch and Rice 2006, Wade ¢ «/.

Figure 1. A right whale on the flensing platform of the former whaling station at Akutan
in the Aleutian Islands, Alaska (Historical Photography Collection, University of Washington
Libraries, Seattle).
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2007). Another is to comparatively analyze the dynamics of other ecosystems sub-
jected to intensive whaling, such as occurred in coastal British Columbia, Canada.

METHODS

Commercial whaling took place in British Columbia between 1905 and 1967
(Gregr et al. 2000, Nichol e «/. 2002) during which time over 24,862 whales were
removed by coastal whaling stations. The reported take included 7,605 fin whales
(Balaenoptera physalus), 6,158 sperm whales (Physeter macrocephalus), 5,639 humpback
whales (Megaptera novaeangliae), 4,002 sei whales (B. borealis), and 1,398 blue whales
(B. musculus). Few North Pacific right whales (Ewbalaena japonica, n = 8) and gray
whales (Eschrichtius robustus, n = 11) were taken due to the reduced population sizes
caused by earlier exploitation (i.e., mid-1800s to early 1900s). Few minke whales (B.
acutorostrata) were also taken, but only because of their small size and low commercial
value. Today, blue whales, sei whales, and right whales are all listed as endangered
species in Canada (COSEWIC 2005).

For the sake of comparison with the data compiled for Alaska we applied the
same methodology used by Springer ez /. (2003) to determine trends in great whale
biomass, as well as sizes of marine mammal populations. First, we limited our analysis
to the post World War II period of commercial whaling (i.e., after 1945). We then
calculated the biomass of great whales removed by the British Columbia whaling
industry by multiplying the number of individuals landed (see Gregr et «/. 2000)
with the mean weight for each species. We included landings of blue, fin, sei, minke,
humpback, gray, North Pacific right, and sperm whales. Mean weights for all species,
except sperm whales, were estimated by taking the average of the population mean
weights of males and females from Trites and Pauly (1998). For sperm whales, we only
used the mean estimated weight of males, because this was the sex primarily caught in
British Columbia waters (Gregr ¢z «/. 2000). For North Pacific right whales, we used
the weight of the North Atlantic right whale (E. glacialis) because this information
was unavailable for the Pacific species (Trites and Pauly 1998).

We drew information about the abundances of British Columbia harbor seals (Phoca
vitulina), Steller sea lions (Eumetopias jubatus), and sea otters (Enhydra lutris) from
published reports. Harbor seal counts for British Columbia coastal waters excluded the
Strait of Georgia and were derived from aerial counts of known haul-outs in index areas
corrected for animals not hauled out or otherwise missed during the survey (Olesiuk
et al. 1990, Olesiuk 1999). The Strait of Georgia is not a region where commercial
whaling occurred post 1945. Harbor seal abundance in the Strait of Georgia followed
a similar trend compared to the rest of the province, but reached higher densities.
Counts of Steller sea lions consisted of totals (pups, juveniles, and adults) present at
breeding areas, which provide a good index of total abundance, though they were
not corrected for animals at sea when the aerial photographs were taken (Bigg 1985,
COSEWIC 2003, Olesiuk 2003). We included counts for Forrester Island, a large
breeding area situated just a few kilometers north of the British Columbia—Alaska
border that became established and flourished as populations in British Columbia
were being depleted by predator control programs. Data on sea otter abundance were
counts of animals made during dedicated aerial or boat surveys throughout the known
range of this species along the British Columbia coast (northwest coast of Vancouver
Island and central British Columbia coast) (Bigg and MacAskie 1977, Watson et /.
1997). Northern fur seals (Callorhinus ursinus) occur seasonally in British Columbia
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waters (Bigg 1990, Trites and Bigg 1996), but were excluded from our analysis
because they do not breed along this coast.

We normalized the estimated removals of whale biomass and the trends in counts of
pinnipeds and otters from British Columbia to compare them with the data compiled
and presented by Springer ez #/. (2003) for the Gulf of Alaska and Aleutian Islands.
Thus, we expressed our data as a percentage of the maximum value for each of the
data series in question for the study period. We also estimated the whale densities
removed from the two study areas to ensure that the ecosystem effect of whale biomass
removal was comparable between the two regions.

RESULTS

Based on the description of the study area provided by Springer ez a/. (i.e., “waters
within 370 km {200 nmi} of the Aleutian Islands and north coastal Gulf of Alaska”),
we estimated the Alaskan study area to be 2,340,000 km? (Fig. 2). The 62,858
animals or 1.8 million tonnes of biomass removed as reported by Springer et /.
(2003) represents an average removal of 0.0269 whales or 0.77 tonnes per km? from
their study area. Defining our study area as the waters of British Columbia within
200 nmi of shore resulted in an area of 451,800 km? and a similar level of removal
of 0.0214 whales or 0.77 tonnes per km? (based on catching at least 9,674 whales
in British Columbia between 1948 and 1967, with a mean biomass of 35.8 tonnes).
Thus the two regions are comparable in terms of the numbers and biomass of whales
removed per km?.

The data presented by Springer et /. (2003) are reproduced in Figure 3A, which
shows their estimate of biomass of large whales removed from the Gulf of Alaska and
Aleutian Islands from 1952 to 1975. It also shows numbers of harbor seals counted
at a single site in Alaska at Tugidak Island, near Kodiak Island in the Gulf of Alaska,
as well as counts of fur seal pups from St. Paul Island in the eastern Bering Sea, and
counts of juvenile and adult Steller sea lions from trend sites throughout the entire
range of the western population in Alaska (from Prince William Sound to the western
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Figure 2. The calculated areas (in square kilometers) of marine regions within 370 km
(200 nmi) of the Aleutian Islands (Bering Sea only), western Gulf of Alaska, southeast Alaska,
and British Columbia. Places mentioned in the text are also shown.
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Figure 3. Biomass of large whales removed and changes in abundance of harbor seals,
Steller sea lions, northern fur seals and northern sea otters in (A) the Gulf of Alaska and
Aleutian Islands, and (B) British Columbia. Data are from Springer ez 2/. (2003) for Alaska,
and from Olesiuk ez @/. (1990) Olesiuk (1999, 2003), COSEWIC (2003) and Watson e /.
(1997) for British Columbia. Note that “Great Whale Biomass” is the estimated biomass of
whales removed from the respective ecosystems and is not an index of numbers or biomass of
whales present. See text for further details.

Aleutian Islands), plus sea otter counts from some Aleutian Islands (see Springer ez
al. 2003 for complete details).

Population information for marine mammals in British Columbia is presented in
Figure 3B. It shows a rise and fall in biomass of whales removed that is similar to
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the pattern observed in Alaska, with the exception that whaling started and ended
slightly earlier in British Columbia. However, populations of harbor seals, sea lions
and sea otters increased in British Columbia following the cessation of whaling,
unlike in the Gulf of Alaska and Aleutian Islands where they declined.

DIscUSSION

Whaling was widespread and synchronous in the North Pacific (Webb 1988,
Mizroch and Rice 2006, Wade et 2/. 2007), and should have had similar effects on
all North Pacific coastal ecosystems. Thus the scope of harvest along the British
Columbia coast, which was as great as anywhere in the eastern North Pacific, should
have been capable of altering the purported prey base of killer whales and expressing
the effects suggested by Springer ez /. (2003). Springer ¢t /. (2003) proposed that
whaling altered the feeding behavior of killer whales, and had large and measurable
effects on other top predators in western Alaska. However, we can find no evidence
of such a trophic cascade having occurred in British Columbia following the removal
of similar densities of whales. Nor can we find any reason to think that the proposed
trophic cascade hypothesis should apply only to western Alaska given that the basic
tenets of the theory should have broad ecological applicability.

The population trends of seals, sea lions, and sea otters in British Columbia are not
consistent with the predictions of the whaling hypothesis posed by Springer ez a/.
(2003). In fact, the population trends are opposite those in Alaska (Fig. 3). In theory,
the abundance of seals, sea lions and sea otters in British Columbia should have also
declined, or remained at low numbers if killer whales that once depended on eating
large whales were forced to switch to alternative prey following the demise of the
large whales. Instead, the positive response of otters, seals and sea lions in the 1980s
and 1990s shows that they were not limited by killer whale predation.

The increases of sea lions, harbor seals, and sea otters in British Columbia can be
largely attributed to their protection from culling and over hunting. Sea otters, for
example, were re-introduced off Vancouver Island from 1969 to 1972 (89 individuals),
and numbered a minimum of 1,522 in 1995 (Watson e #/. 1997). They increased at
a rate of 18.6% per year, as they have in Washington and southeast Alaska (Watson
et al. 1997). Harbor seals were maintained below natural levels by bounties until
the 1960s, and were then severely depleted by intense commercial harvesting. After
being protected in 1970, numbers increased exponentially through the 1980s and
early 1990s, stabilizing at about 108,000 (including 37,300 in the Strait of Georgia)
in the mid-1990s (Fig. 3B; Olesiuk ¢ 2/. 1990, Olesiuk 1999). Harbor seals also
appear to have increased in California, Oregon, Washington, and southeast Alaska
(Jeffries ez al. 2003, Small ez 2/. 2003, Angliss and Lodge 2004, Carretta ez /. 2004,
Brown et /. 2005).

As for Steller sea lions in British Columbia, an estimated 49,100 individuals (in-
cluding pups) were destroyed in predator-control programs, and another 5,700 were
taken in commercial harvests between 1913 and 1969 (Pike and Maxwell 1958, Bigg
1985). About 14,000 animals are believed to have inhabited British Columbia rook-
eries (all ages, including pups) when the first counts were made in 1913-1916—but
the population fell to about 3,390 animals (including pups) by the time the first
aerial survey was conducted in 1971. Abundance of sea lions in British Columbia
is difficult to separate from southern southeast Alaska because Forrester Island,
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situated just a few kilometers north of the British Columbia—Alaska border, be-
came established as a rookery and flourished while control programs were underway
in British Columbia. The number of Steller sea lions breeding on British Columbia
rookeries and at Forrester Island has increased steadily since the last major predator
control kills were made in the mid-1960s. Steller sea lion populations have also been
increasing throughout southeast Alaska since surveys were initiated in the late 1970s
(Calkins ¢t al. 1999). The total number of Steller sea lions inhabiting coastal waters
of British Columbia during the breeding season are now (2002) estimated at about
18,400-19,700 individuals (Olesiuk 2003).

While the increases in seals, sea lions and otters in British Columbia can be seen
as the recovery from culling and hunting—the depleted populations should not have
recovered if predation by killer whales had increased (as predicted by the whaling
hypothesis). Thus the changes noted in British Columbia, where removals of whales
were comparable to Alaska, are inconsistent with the predictions of the whaling
induced megafaunal collapse hypothesis proposed by Springer ez «/. (2003). There is
no indication of killer whales having trapped seals and sea lions in a predator pit. The
changes purported to have occurred in Alaska due to whaling are also inconsistent with
the demographic trends of penguins and pinnipeds following commercial whaling
in the southern hemisphere—assuming that a significant portion of mammal-eating
killer whales present in the Antarctic also once specialized on large whales (Knox
1994, Pitman and Ensor 2003, Trites ez 2/. 2004). The hypothesis is also not consistent
with what is known about the ecology of killer whales and the patterns of ecosystem
change that took place in Alaska and British Columbia.

Killer Whales and Their Prey

Twenty-five years of intensive studies along the west coast of North America have
shown that the eastern North Pacific is home to three distinct forms of killer whales
that differ in their morphology, diet, and behavior (Ford ez 2/. 1998, Ford ez /. 2000,
Saulitis et /. 2000). Genetic studies have shown that these forms do not interbreed
and have been reproductively isolated for many generations (Hoelzel and Dover 1991,
Hoelzel ez al. 1998, Barrett-Lennard 2000). Only one of the three—r#ransient killer
whales—is known to feed on marine mammals.

Transient killer whales appear to be specialist predators that use a wide range
of hunting tactics to detect and subdue different species of prey. Dietary studies
in the inshore water of British Columbia, southeastern Alaska, and Prince William
Sound, Alaska have consistently shown that transient killer whales primarily feed
on pinnipeds (mainly harbor seals and Steller sea lions) as well as small cetaceans
(porpoises and dolphins) (Ford ez @/, 1998, Saulitis ez «/. 2000, Heise et a/. 2003).
Although most of the dietary studies were conducted in coastal areas during the
summer months, they do point to a noted absence of attacks on large whales even
in areas where they have been available (e.g., humpback whales in coastal British
Columbia and Alaska). Studies of killer whales in the Gulf of Alaska and Aleutian
Islands have only recently been initiated, but suggest that the distinctions in ecotypes
and diets match those noted in southern Alaska and British Columbia (Herman ez /.
2005).

The only species of large whale known to be regularly attacked by North Pa-
cific transients are gray whale calves and minke whales (Jefferson er o/ 1991,
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Ford ez 2. 1998, Saulitis e 2/. 2000, Heise ez @/. 2003, Ford ez 2. 2005, Mizroch and
Rice 2006). There is no evidence that larger, faster species such as fin and sei whales
have ever played anything but a marginal role in their diet. Indeed, there is only one
report of a successful attack by killer whales on a fin whale—and it comes from the
North Atlantic and is thought to be unreliable (Jonsgard 19684, b; Jefferson er al.
1991; Clapham 2001). Successful attacks on sei whales have never been recorded.
All documented attacks on sperm whales targeted groups with calves and occurred
in tropical and subtropical waters (Jefferson et #/. 1991, Pitman e 2/. 2001). Al-
though observational evidence is lacking, it seems doubtful that killer whales would
have succeeded in killing full-grown male sperm whales—the only component of
the population found off western Alaska, and the predominant sex class in British
Columbia.

Population trends of transient killer whale prey in the North Pacific are also
inconsistent with the trophic cascade hypothesis. The two species of large whales
that transients are known to attack either recovered to historic levels as the seals and
sea lions declined in Alaska (i.e., gray whales) or were never exploited (i.e., minke
whales) (Buckland and Breiwick 2002, Angliss and Lodge 2004, Carretta ez 2. 2004).
Removing large whales from Alaskan waters between 1949 and 1969 should have also
resulted in killer whales gradually shifting their diet to harbor seals to replace their
presumed dependence on large whales. However, harbor seals declined a decade after
whaling ceased, and the drop was precipitous (Pitcher 1990). In addition, the large
populations of Dall’s porpoise and other small cetaceans have not shown evidence
of decline, yet are taken preferentially by transient killer whales (Ford et 2/. 1998,
Saulitis et /. 2000).

The physical challenges posed by killing and eating a large adult whale and the
risk of injury involved may mean that they are not profitable for killer whales to
pursue. Even if a large whale was subdued, only a small portion may be eaten by the
killer whales before the carcass sinks and becomes unavailable (Ford ez #/. 2005). It
seems even less likely that killer whales would specialize on eating large migratory
whales because large whales in Alaska and British Columbia are most abundant in
summer and fall. Instead, it makes more sense for killer whales to target smaller
species such as pinnipeds, dolphins, and porpoises that are easier to kill and are
available year round. Available data (from scarring and direct observation of attacks
off California and elsewhere) suggest that the majority of successful predation events
on large whales occur on calves along the migratory corridor, and that except for minke
whales, predation on adult baleen whales on the feeding grounds is extremely rare
or non-existent. Thus the available dietary data for marine mammal-eating killer
whales suggest that large whales (i.c., fin, sei, and sperm whales) are unlikely to
have ever contributed more than an infrequent windfall to the diet of North Pacific
killer whales; and that whaling may have in fact supplemented the diets of some
transient killer whales rather than depleted their prey base (Whitehead and Reeves
2005).

Pinnipeds and small cetaceans appear to represent a profitable food source for
transient killer whales in British Columbia and southeastern Alaska (Ford er /. 1998,
Saulitis et @/. 2000). This is supported by the observations that killer whales focus
on pinnipeds and small cetaceans in areas where large whales are locally abundant
(Dolphin 1987), suggesting that the preferred and profitable sources of food for
transients are the smaller species of marine mammals. These smaller species probably
also formed the core of the transient killer whale diet in western Alaska, and are
unlikely to have ever been a larder waiting for the demise of the great whale stocks
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before being fully exploited. It is difficult to imagine any niche or abundant food
source being left untouched or underexploited within an ecosystem.

An Alternative Hypothesis

The declines of seals and sea lions in Alaska represent the tip of an iceberg of docu-
mented changes in the Gulf of Alaska and Bering Sea ecosystems that began around
1977. These changes included declines of shrimp, crabs, and possibly small pelagic
fishes (herring and sand lance)—while flatfish (halibut and arrowtooth flounder) and
gadids (Pacific cod and walleye pollock) increased (Anderson and Piatt 1999, Trites
et al. 1999).

The trends in pinniped abundance are more complicated than the data selected by
Springer ¢t 2/. (2003) imply (see Fig. 3A). Declines of harbor seals at Tugidak Island
(Fig. 3A; Pitcher 1990) and declines of sea lions from this same region (see Trites
and Larkin 1996, Winship and Trites 2006) were in fact simultaneous rather than
sequential (DeMaster er #/. 2006). Moreover, harbor seal populations in the Kodiak
area, including Tugidak Island, have actually increased since the early 1990s (Small
et al. 2003)—over the same period that sea otters declined. Similarly, the unexplained
decline of fur seals on the Pribilof Islands that followed cessation of the female harvest
also began in the late 1970s and continued through the 1980s and 1990s (Trites
1992)—while the much smaller population of fur seals on Bogoslof Island increased
(Angliss and Lodge 2004). The major difference between the declines of seals and
sea lions was the magnitude and rate of population declines that each experienced.
A closer inspection of the data plotted by Springer ez #/. (2003) in Figure 3A reveals
errors in data compilation, which—when corrected—indicate a simultaneous decline
of harbor seals, Steller sea lions and northern fur seals in geographical similar areas
(DeMaster et al. 20006).

Attempts have been made using ecosystem models to test the effects of whaling
in the Bering Sea and Antarctic Ocean, but no link has yet been found between
changes in species abundance and the commercial removal of whales (Trites et a/.
1999, Trites et al. 2004). Shootings and entanglements are known to have been
significant contributing factors in the declines of sea lions and fur seals, but do not
appear to have occurred at levels sufficient to have caused the population declines
(Trites 1992, Trites and Larkin 1992, Loughlin and York 2002). Competition with
fisheries could also be a complicating factor, but has yet to be demonstrated.

The “ocean climate hypothesis” is an alternative explanation for the rapid changes
that were observed to cross all trophic levels of the North Pacific (National Research
Council 1996, Trites er /. in press). This bottom-up hypothesis is supported by a
large and growing body of evidence (e.g., Ware and Thomson 2005, Trites et /. in
press). For the past 100 yr, 10—30-yr periods of stable physical conditions have been
punctuated by rapid shifts to alternative stable physical oceanographic conditions
(Ebbesmeyer ¢t 2/. 1991, Graham 1994, Beamish ez #/. 2000, McKinnell ¢ 2/. 2001,
King 2005). These sudden and well-documented “regime shifts” significantly affect
sea temperatures, currents, and ice coverage—and correspond in space and time with
ecosystem changes noted in Alaska and in British Columbia (Hare and Mantua 2000,
Benson and Trites 2002, King 2005).

The most significant regime shift recorded this past century occurred around 1977
and appears to have touched all trophic levels, favoring the survival of one suite of
species over another (Mantua ez #/. 1997, Trites et /. 1999, Benson and Trites 2002).
For sea lions, the regime shift appears to have altered the relative abundances of
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high- and low-enetgy prey species they were able to obtain, which may have affected
successful pregnancies, ages of sexual maturity, and susceptibility to diseases and
predation by killer whales (Alverson 1992, Merrick ez a/. 1997, Calkins ez al. 1998,
Pitcher et al. 1998, Rosen and Trites 2000, Matkin ez «/. 2002, Burek ez z/. 2003,
Trites 2003, Trites and Donnelly 2003, Winship and Trites 2003, Rosen and Trites
2004).

Data from the five large oceanic production domains between California and the
western Aleutian Islands show that the 1977 regime shift affected the biology of
northern and southern areas of the North Pacific in different ways (Benson and
Trites 2002). Steller sea lions (and other pinnipeds) were likely closer to natural (i.e.,
unexploited) levels in the western part of their range during the early 1970s, and
would have declined rapidly if the regime shift had reduced their carrying capacities.
The decline of pinnipeds in western Alaska was in sharp contrast to the increases that
occutred from California to southeast Alaska following the 1977 regime shift.

It is debatable whether any single simple explanation can be found for the declines
of four species of marine mammals. However, it seems more than coincidental that
all three pinniped species declined at about the same time as so many other changes
(both positive and negative) were noted for a wide range of species occurring across
all trophic levels in the North Pacific. The ocean climate hypothesis may be an
oversimplified picture of a complex ecological issue, just as the commercial whaling
hypothesis can also be considered to be an oversimplification. However, the ocean
climate hypothesis is consistent with the wide range of reported changes and is
supported by a growing body of research. Furthermore, unlike the proposed trophic
cascade hypothesis, it does not discount the other leading hypotheses that have been
proposed to explain the decline of Steller sea lions and other pinnipeds, such as
nutritional stress, fishing, disease, and killer whale predation (see DeMaster and
Atkinson 2002, Burek et /. 2003, National Research Council 2003, Trites and
Donnelly 2003). Instead, the ocean climate hypothesis provides a holistic framework
within which each of the alternative hypotheses can be aligned, and the changes that
occurred to the ecosystem as a whole can be associated (Trites ef /. in press).

Research Needs

Research conducted during the past decade on North Pacific marine mammals has
focused primarily on the decline of Steller sea lions. Relatively little research has been
done on the decline of Alaskan harbor seals, fur seals and sea otters. Thus, while the
timing of the 1977 regime shift parallels some changes of species abundances in the
North Pacific, the mechanisms linking ocean climate with top predators have yet to
be fully explored.

Predation is undoubtedly a significant source of mortality for seals, sea lions,
and sea otters. Direct observations of killer whales preying on sea otters in the
Aleutian Islands have demonstrated the impact that predators can have on their
prey populations (Estes ez a/. 1998, Doroff ¢t 2/. 2003). Similarly, mathematical
models of killer whale predation on sea lions and sea otters have shown how just a few
individual killer whales with highly specialized diets can theoretically depress their
prey populations to critically low numbers (Barrett-Lennard e 2/. 1995, Williams
et al. 2004). However, there is no evidence that commercial whaling led to a change
in killer whale predatory behavior, leading to a sequential collapse of the megafauna
of the North Pacific.

Investigations are needed into the subtleties of killer whales prey selection. One
approach is to examine living and stranded whales for tooth rakes in order to estimate
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rates of attack for different species (Mehta and Clapham 2003). Another means
for gaining insight into dietary preferences is to determine fatty acid profiles from
blubber, and nitrogen isotope ratios in the teeth, skin, and bones of killer whales
(e.g., Herman et al. 2005).

Conclusions

The great whales of the North Pacific are large in size and often larger in our minds
and imaginations. But ecologically speaking, large whales may simply be small fish in
a big pond—part of a trophic web that is far more complex than it has been made out
to be. The coincidental timing of the end of whaling with the declines of seals and sea
lions does not prove the whaling hypothesis—and the accumulated knowledge about
the biology of large whales, the feeding ecology of killer whales, and the patterns
of ecosystem changes in the North Pacific is not consistent with it. In the end, it is
important to recognize that killer whales are one of a number of contributing factors
in the disappearances of seals, sea lions, and sea otters in Alaska, but that whaling
was not the key that unleashed a cascade of population declines.
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