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Abstract

This report documents the overall decline in marine mammal biomass in the U.S.
portion of the Bering Sea/Aleutian Island region from before and after the most recent
period of commercial harvesting of large whales and pinnipeds. Historic and current
biomass estimates of nineteen species of marine mammals were calculated for this
region. Results were highly sensitive to the inclusion of sperm whale data. Analysis
showed that large whales are the main contributors to historic and current biomass in the
Bering Sea on a yearly and seasonal basis. Pinnipeds are the next largest contributors and
small cetaceans represent a minute percentage of the overall biomass. More biomass is
present in the summer, reflecting the influx of large whales into the Bering Sea during
those months. Overall, there was an 80% reduction in marine mammal biomass when the
analysis included sperm whales and a 49% reduction when sperm whale biomass was
excluded from the analysis. There was an 82% reduction in large whale biomass when
sperm whale biomass was included in the analysis, a 54% reduction when it was not
included and a 30% reduction in pinniped biomass. Most of this decline occurred 50-
100 years ago. Therefore, for species that have experienced some recovery, the current
estimates of relative biomass are likely higher than they were at the end of the harvest.
The data presented in this report are the best available and provide a general picture of
the historic and current levels of marine mammal biomass in the Bering Sea/Aleutian
Islands region during the defined time periods.
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Introduction

The Bering Sea ecosystem supports 26 species of marine mammals including large
whales, beaked whales, small cetaceans, pinnipeds, the polar bear (Ursus maritimus) and the sea
otter (Enhydra lutris) (National Research Council 1996). Many of these species were severely
impacted by large-scale commercial harvesting, of which the most recent phase took place from
the early 1800s to the mid-1900s (Clapham and Baker 2002, Webb 1988). During this time
period, many individuals of different species were removed from the ecosystem. The effect of
this large-scale removal of top predators has yet to be carefully studied and is largely unknown,
despite studies that have attempted to quantify changes in trophic interactions from pre- to post-
commercial harvest periods (Trites et al. 1999, Sobloevsky and Mathisen 1996).

From an ecological perspective, marine mammals occupy three ecological roles as
consumers, prey and detritus. If they are important drivers of ecological process in ocean
ecosystems, their removal could have affected top-down and bottom-up food web interactions.
As consumers, marine mammals feed on zooplankton, invertebrates, fish and other marine
mammals (Heithaus and Dill 2002). As detritus, it is thought that dead whales play an important
role in deep seafloor ecosystems by providing a unique habitat that supports highly diverse
chemoautotropic communities (Snelgrove and Smith 2002, Smith and Baco 2003).

Throughout the world’s oceans, transient killer whales (Orcinus orca) are one of several
key predators of marine mammals. They have been documented preying on over 35 different
species including cetaceans, pinnipeds, sirenians and mustelids (Jefferson et al. 1991, Ford
2002). How then might the prey field of killer whales have been affected by commercial whaling
and commercial pinniped harvests?

Some transient killer whale populations subsist mostly on a diet of pinnipeds (Weller
2002). Therefore, the abundance of either one these populations can directly influence the
dynamics of the other. Several potential causes for the lack of recovery of the western Alaska
stock of Steller sea lions (Eumetopius jubatus) have been identified and include: nutritional
limitation, predator- induced mortality, mortality from shooting, incidental mortality in fishing
operations, entanglement and disease, and human disturbance of haulouts and rookeries
(National Research Council 2003). Killer whale predation, in the context of the predator pit
model (Messier 1994, Messier and Créte 1985), has been discussed as a possible contributing
factor in the recent decline. This model assumes that killer whales do not solely prey on Steller
sea lions, yet the removal rate, combined with the other factors listed above, might be sufficient
to keep the sea lion population from recovering.

The decline of Steller sea lions has been linked to killer whale predation on sea otters
throughout the Aleutian archipelago. Estes et al. (1998) hypothesized that the recent addition of
sea otters to the killer whale diet might have been a nutritional response to previous declines of
other pinniped prey species, namely the northern fur seal (Callorhinus ursinus), Steller sea lion
and harbor seal (Phoca vitulina richardii). If the populations of these three pinnipeds declined to
the point that they could no longer support the population of transient killer whales, the whales
may have expanded their diet to include the sea otter.

In a recent publication, Springer et al. (2003) expanded upon the ideas put forth in the
Estes et al. (1998) study, speculating that the removal of large whales in the Bering Sea/Aleutian
Islands region led directly to the observed declines in pinniped (i.e., harbor seal, northern fur
seal, and Steller sea lion) and sea otter abundance. The proposed mechanism for this relationship
was increased predation by killer whales on pinnipeds and sea otters following the severe



reduction in availability of the killer whale’s primary prey in this region — large whales (i.e.,
sperm whale (Physeter macrocephalus), fin whale (Balaenoptera physalus), humpback whale
(Megaptera novaeangliae), gray whale (Eschrictius robustus), northern right whale (Eubalaena
japonicus) and bowhead whale (Balaena mysticetus)).

The examples provided above illustrate how predator-prey interactions can influence the
structure and dynamics of marine ecosystems. Studies that document the temporal and spatial
removal of large whales and quantify the resulting changes in biomass of marine mammal
species in the ecosystems from which they were removed provide a foundation for more complex
studies regarding the ecological effects of the removal of large whales from the world’s oceans.
This report documents the overall change in marine mammal biomass from one ecosystem, the
Bering Sea, between two time periods: prior to the onset of commercial harvesting of large
whales and pinnipeds and the present, taking into account population structure and age- and sex-
specific seasonal movement patterns.

Methods

Historic and current biomass estimates of 19 species of marine mammals were calculated
for the U.S. portion of the Bering Sea/Aleutian Islands region (Fig. 1). Seven species of large
whales, three species of small cetaceans, eight species of pinnipeds and the sea otter were
included in the analysis (See Table 1 for a list of these species).

To calculate biomass, the following information was compiled for each species: historic
abundance, current abundance, average body weight, percentage of the population present in the
region, and seasonal presence. Data were derived from a variety of published and unpublished
documents, databases, or through personal communications. When possible, historic abundance
estimates were determined for the time period before commercial exploitation of a species and
current abundance estimates were reported as the most recent available. In some cases,
abundance estimates of populations were not available for the time period prior to the onset of
commercial harvest, so | used the historical abundance estimate that was as close to that time
period as possible.

All average body weight estimates, except for the sea otter (Kenyon 1969), were taken
from Trites and Pauly (1998). In the latter study, mean mass was calculated as the total biomass
of all age classes divided by the total population size. When species-specific population growth
curves were available, age structure was incorporated into the calculation. Trites and Pauly
(1998) reported mean mass (kg) for males and females. To obtain the average body weight
estimate for each species, | averaged the two weights and then converted to metric tons (t).
Seasonal presence and the percentage of a species’ population that spends time in the Bering
Sea/Aleutian Islands region were determined from the literature.

Historic and current biomass calculations were made for each species and were calculated
as a product of the abundance, average body weight, and number of days spent in the Bering Sea
divided by 365. This calculation represents the average biomass by species on an annual basis.
For those species that have large distributions, and only a small fraction of the population is
found in the Bering Sea, the calculation of average biomass included a term to account for the
percentage of the population found in the study area. In addition, percent biomass of each
subgroup (i.e., large whales, small cetaceans and pinnipeds) was calculated by dividing the
biomass of the subgroup by the total biomass for all species in the Bering Sea. | also calculated



the percentage change in biomass from historic to current times by subtracting the historic from
the current biomass and then dividing by the historic biomass.

The biomass data was analyzed and broken down into three main categories: annual
biomass, summer biomass and winter biomass. Within each of these categories, historic and
current biomass estimates were calculated for all marine mammal species and for the three
subgroups — large whales, small cetaceans and pinnipeds. In addition, estimates for all marine
mammal species and the large whale subgroup were also calculated with and without sperm
whales because the results of the biomass calculations are sensitive to the inclusion of sperm
whale data. Summer was defined as the time period from May to October and winter was defined
as the time period from November to April. Summer and winter biomass were derived using the
same calculation, except the product of the variables was divided by 184 and 181, respectively.

Species Accounts

A detailed account of the data that was used to calculate biomass for each of the 19
species is presented in Table 1. The caveats and assumptions included in the biomass
calculations for certain species are expanded upon below.

Caveats and Assumptions
General

The biomass calculations involved several assumptions. Regarding the input parameters,
I assumed that the information on seasonal presence of the population and average body weight
was the same for both historic and current populations of marine mammal species. Abundance
estimates, percentage of the population present in the region®, and the areas for which the
estimates were made varied between the two time periods. Historic estimates were not available
for eight species: minke whale, harbor porpoise, Dall’s porpoise (Phocoenoides dalli), beluga
whale (Delphinapterus leucas) and the four species of ice seals. Therefore, | substituted the
current abundance estimates for historic abundance in an effort to provide some information on
these species in the model. It is important to point out that these historic estimates are likely
negatively biased.

Several marine mammals found in Alaska waters were not included in the analysis. The
blue whale (Balaenoptera musculus), sei whale (B. borealis), Baird’s beaked whale (Berardius
bairdii), Cuvier’s beaked whale (Ziphius cavirostris), and Stejneger’s beaked whale
(Mesoplodon stejnegeri) are species whose presence has been documented in the Bering Sea, but
either in very low numbers (Sobolevsky and Mathisen 1996, Berzin and Rovnin 1966, Moore
et al. 2002, Mizroch et al. 1984a, Masaki 1976, as cited in Mizroch et al. 1984b, Nasu 1974) or
there were no data available for abundance estimates (Angliss and Lodge 2004, Tomilin 1957) —
both scenarios precluded analysis.

I further assumed that all populations were at carrying capacity 150 years ago and that
carrying capacity has been constant over time. This assumption implies that humans are the only
variable in the system and excludes natural cycles of top-down and bottom-up forcing.

! Percentage of the population present in the region varied between the two time periods depending upon
how the abundance estimates were calculated.



Species - Specific

Fin Whale

Two estimates of current abundance are available from Moore et al. (2002): the central
eastern Bering Sea (3,368 (CV = 0.29) and the southeastern Bering Sea (683 (CV = 0.32). These
are preliminary estimates, as the data were not corrected for animals missed on the trackline,
submerged animals, or animals that are attracted to or avoid vessels. In the database, | added the
two current abundance estimates together because the estimates were made from the same
platform in different years and represent mutually exclusive areas of the Bering Sea. Here, |
assumed (as did the authors) that inter-annual variability was low in the distribution and
abundance of fin whales in the two survey regions (Moore et al. 2002).

I used the migration path described by Berzin and Rovnin (1966) for fin whales in the
North Pacific to estimate the percentage of the historic fin whale population present in the Bering
Sea/Aleutian Islands region.

Humpback Whale

The reported historical abundance estimate for the North Pacific stock of humpback
whales is 15,000 (Rice 1978a). In 1962, two large whale surveys were conducted in the Bering
Sea/ Gulf of Alaska (Berzin and Rovnin 1966) and 22.9% of the humpbacks encountered were
present in the Bering Sea/Aleutian Islands region. Seventy-five percent of all whales sighted
during the survey were found in the western part of the Gulf of Alaska to the Fox Islands. I
assumed that half of these animals (or 37.5%) were found in the Fox Islands area. Based on this
information, | estimated the historical population for the Bering Sea/Aleutian Islands at 9,060
animals (60.4% of 15,000).

The current abundance estimate for the central North Pacific stock, which encompasses
an area adjacent to the Bering Sea/Aleutian Islands region, is 4,005 (CV = 0.095) (Calambokidis
etal. 1997). In 1994, an area south of the Aleutian Islands (between Kodiak and Tanaga Islands)
was surveyed for marine mammals and preliminary abundance estimates of humpback whales
suggested there were at least 2,000-3,000 individuals in that area (Forney and Brownell 1996, K.
Forney, pers. commun.). Only a small portion of the Bering Sea has been surveyed for humpback
whales in recent years; Moore et al. (2002) reported a current abundance estimate of 102 (CV =
0.50) for the southeastern Bering Sea. Taking into account the estimates reported for the central
North Pacific and the Aleutian Islands region and the fact that it is unclear whether the animals
sighted during the surveys belong to the central North Pacific or western North Pacific stock
(which includes animals west of the Kodiak Archipelago in the Bering Sea/Aleutian Islands), it
IS reasonable to assume that the abundance of humpbacks in the Bering Sea/Aleutian Islands
region is closer to 3,000-4,000 than to 102. Therefore, | used the estimate from Calambokidis
et al. (1997) as the current abundance estimate for the Bering Sea/Aleutian Islands region.

Minke Whale

There are no published estimates for the historical abundance of the Alaskan stock of
minke whales. Due to a lack of data and the fact that minke whales in the North Pacific were not
heavily targeted during the commercial whaling era (Horwood 1990, Tomilin 1957, Ohsumi
1991), | assumed the historical estimate was the same as the current estimate, for the purpose of
the analysis. Current abundance estimates are 810 (CV = 0.36) for the central eastern and 1,003
(CV =0.26) for the southeastern Bering Sea (Moore et al. 2002). The caveats for these estimates



are the same as those reported for fin whales. In addition, the minke whale estimate is likely
negatively biased due to missed sightings and vessel avoidance (Moore et al. 2002).

Sperm Whale
The most significant caveat to consider here is that historic and current abundance

estimates of sperm whales throughout the world’s oceans are considered unreliable and available
estimates should be interpreted cautiously (Whitehead 2002). In addition, the stock structure and
stock-specific migratory pattern of sperm whales in the North Pacific is unknown (Angliss and
Lodge 2004). Given these advisories, | report the following information.

From April to September, male sperm whales congregate in deep waters off the shelf
break in the Gulf of Alaska, Bering Sea and around the Aleutian Islands (Tomilin 1957, Berzin
and Rovnin 1966, Gosho et al. 1984, and Omura 1955, as cited in Gosho et al. 1984). Females
and young whales are not commonly found in this area, as they usually remain in tropical and
temperate waters year-round. In the winter, sperm whales are found south of 40°N (Rice 1978b).
The highest concentration of sperm whales has been reported for an area midway between the
Pribilof Islands and Cape Navarin (Berzin and Rovnin 1966). In the western Bering Sea, the
center of sperm whale distribution is at 59°N and 175°E (Berzin and Rovnin 1966). More
detailed information about sperm whale distribution in the study area can be found in Tomilin
(1957) and Berzin and Rovnin (1966).

The best available estimate for the historic abundance of male sperm whales in the North
Pacific is 195,000 (Ohsumi and Fukuda 1974). This estimate was derived using a population
model and was revised by Ohsumi and Fukuda (1974) from previous estimates to account for a
change in the catch size limit that would presumably influence age at recruitment.

Gosho et al. (1984) estimated that 198,000 adult sperm whales were in the western North
Pacific and 274,000 were in the eastern North Pacific. Of these, approximately 15,000 adult male
sperm whales were estimated to be in the eastern Bering Sea and Aleutian Islands region from
May to October (Perez 1990), the number that | report here for the current estimate. These
estimates were not derived from direct line transect data, but based on catch-per-unit-effort data
that the International Whaling Commission no longer considers reliable.

Harbor Porpoise

There are no historic abundance estimates available for harbor porpoise. For the purpose
of the analysis, historical abundance was assumed to be the same as current abundance, as it is
thought that harbor porpoise populations in the eastern North Pacific have not fluctuated much
between pre- and post-commercial harvest eras because they were subjected to low direct takes
in the commercial fishery (Bjare et al. 1994, Gaskin 1984, Jones 1984, IWC 1991). There are
three abundance estimates for harbor porpoise in the Bering Sea; two from vessel surveys
(central eastern Bering Sea, 693 (CV = 0.53); southeastern Bering Sea, 1,958 (CV = 0.21),
Moore et al. 2002); and one from an aerial survey (47,356 (CV = 0.23), J. Waite and R.C. Hobbs,
unpublished data). These estimates were summed in the database because they represent
mutually exclusive areas of the Bering Sea. They were also adjusted for perception bias and area
of overlap to give a total estimate of 50,127 harbor porpoise in the Bering Sea region. The
abundance estimates from Moore et al. (2002) are likely negatively biased because they were not
corrected for missed sightings and vessel avoidance. The estimate from the aerial survey (J.
Waite and R. C. Hobbs, unpublished data) was corrected for availability and perception bias;




however, it should be considered conservative because the survey did not include the entire
range of harbor porpoise in the Bristol Bay region.

Dall’s Porpoise

No historic abundance estimates exist for Dall’s porpoise. Therefore, historic and current
abundance estimates were considered to be the same for the purpose of this analysis. This is a
valid assumption, as it is thought that Dall’s porpoise populations in the eastern North Pacific
have not fluctuated much between pre- and post-commercial harvest eras because they were
subjected to low direct takes in the commercial fishery (IWC 1991, Bjere et al. 1994). However,
the population in the western North Pacific did experience a high rate of incidental mortality in
the high seas salmon driftnet fishery that operated from 1952 to 1987 (Jones 1984, Jones et al.
1985, Turnock et al. 1995, Hobbs and Jones 1993, IWC 1991).

There are three current abundance estimates that were derived from vessel surveys
conducted in different areas in the Bering Sea/ Aleutian Islands region; the central eastern Bering
Sea (14,312 CV = 0.26, Moore et al. 2002), the southeastern Bering Sea (9,807 CV = 0.20,
Moore et al. 2002), and the Aleutian Islands (302,000 95% CI = 243,000-377,000; Hobbs and
Lerczak 1993). Estimates from the central eastern and southeastern Bering Sea were combined
and adjusted for perception bias and area of overlap to give a total estimate of 29,741 Dall’s
porpoise in the Bering Sea region (R. C. Hobbs and J. Waite, unpublished data). The estimate for
the Aleutian Islands region was also corrected for vessel attraction behavior (0.2 correction
factor) to yield 60,400 animals, for a total of 90,141 Dall’s porpoise in the Bering Sea/Aleutian
Islands region. The abundance estimates from Moore et al. (2002) are likely negatively biased
because they were not corrected for missed sightings and vessel avoidance behavior. One caveat
to the Aleutian Islands estimate is that survey effort was not well distributed throughout the U.S.
Exclusive Economic Zone in Alaska or throughout the year.

Beluga Whale
Historic abundance estimates are not available for the four stocks of Alaska beluga

whales that were included in this analysis. It has been assumed that these stocks have not
substantially increased or decreased in the time periods before and after commercial whaling (As
cited in Hazard 1988: IWC 1991, Bjare et al. 1994, Braham 1984, Lensink 1961, Seaman and
Burns 1981, Burns and Seaman 1985, Sherrod 1982, Stickney 1982, Wolfe 1982, and Fraker
1980). Therefore, for the purposes of this analysis, historic and current abundance was assumed
to be equal for all four stocks of belugas.

Beaufort Sea Stock

The correction factor for availability bias (Duval 1993) that was used to derive the
current abundance estimate (39,258) for belugas in the Beaufort Sea was considered negatively
biased by the Alaska Scientific Research Group (Frost and Lowry 1995). No coefficient of
variation is available for this corrected estimate (Angliss and Lodge 2004).

Eastern Chukchi Sea Stock

The current abundance estimate for the Eastern Chukchi stock of belugas (3,710) was
corrected for the proportion of diving animals and for the proportion of newborns and yearlings
that were difficult to spot because of their small size and dark color (Frost et al. 1993, Frost and
Lowry 1995, and Brodie 1971). The Alaska Scientific Review Group considered this a minimum
estimate of population size because the survey area did not include all areas where the belugas
are known to occur (Small and DeMaster 1995).



Eastern Bering Sea Stock

The current abundance estimate for the Eastern Bering Sea stock of belugas (18,142) was
corrected for the proportion of newborns and yearlings not observed due to their small size and
coloration, and for animals not visible at the surface (R. C. Hobbs, unpublished data).

Bristol Bay Stock

The current abundance for the Bristol Bay stock of belugas is 1,642. This number is an
average of the abundance estimates reported for 1999 (1,323) and 2000 (1,960) and represents
the minimum population estimate based on the maximum number of whales counted (Frost et al.
2002). These estimates were corrected for animals that were submerged and not counted and for
neonates and yearlings that were not counted (Frost and Lowry 1995, Brodie 1971, and Frost et
al. 2002).

Steller Sea Lion

Loughlin et al. (1984) reviewed data on the status and population trends of Steller sea
lions throughout the North Pacific from 1956 to 1980 and estimated the Alaska population was
196,484. Of those, 89,113 (45%) were found on the Aleutian Islands, 2,221 (1%) on Pribilof and
St. Matthew Islands, and 2,000 (1%) in Bristol Bay. The remaining 52% were found in Southeast
Alaska and the Gulf of Alaska. During the late 1950s and 1960s, the population of Steller sea
lions was considered to be close to its pre-exploitation level, numbering 240,000-300,000
(average 270,000) in Alaska (Hoover 1988a). | applied the percentages derived in the Loughlin
et al. (1984) population estimate to the average of the pre-exploitation level reported by Hoover
(1988a; 270,000) to derive the historic population estimate of 126,900 sea lions for the Bering
Sea/Aleutian Islands region. Angliss and Lodge (2004) reported the best available count for the
current abundance of the western stock of Steller sea lions as 34,595. To be conservative, we
reported the minimum abundance of 35,194 (Angliss and Lodge 2004).

Harbor Seal

Gulf of Alaska

The current abundance for the Gulf of Alaska stock is reported as 35,981 (SE = 1,833)
(Boveng et al. 2003) and includes animals that range from Cape Suckling to Unimak Pass, and
throughout the Aleutian Islands (Angliss and Lodge 2004). Boveng et al. (2003) divided their
estimate into seven zones, some of which fell outside of my study area, so | took the estimates
for the following areas that are a better match with the areas reported for the historic abundance
in Sease (1992) and derived a current estimate of 22,376 for the following areas:

Zone Abundance Estimate
West Alaska Peninsula 3,136, SE =274
East Alaska Peninsula 4527, SE =333
Kodiak Archipelago 9,455, SE = 653
Cook Inlet 5,268, SE = 456
Total 22,376




Pacific Walrus

The current abundance estimate reported by Gilbert et al. (1992) for the Alaska stock
(201,039) is considered a minimum population size and should not be used when attempting to
assess population trends. The estimate did not account for walrus that were not on the surface at
the time of the survey. Also, when the survey was flown during the winter of 1990, ice was not
present in the large portion of the Chukchi Sea that is usually inhabited by walrus. Therefore,
comparisons with past estimates of walrus abundance should only be made in years with
comparable ice cover.

There are two concentrations of walrus in the Bering Sea during the winter: one in the
northwestern Bering Sea, south and west of St. Lawrence Island and in Anadyr Gulf; and the
other in the southeastern Bering Sea, concentrated in Bristol and Kuskokwim Bays. Male
walruses remain in the Bering Sea during summer and occupy Bristol Bay, Anadyr Gulf, and the
western Bering Strait (Sease and Chapman 1988).

The adult sex ratio in 1985 was calculated as 1 male: 3 females (Fay et al. 1997). Using
this ratio, | assumed that 100% of the walrus population was present in the Bering Sea from
December to April (151 days) and 22% (the adult males) were present in the Bering Sea from
May to November (214 days) (Sease and Chapman 1988).

Sea Otter

In general, published abundance estimates of pre-exploitation populations of sea otters
are not considered to be accurate (Rotterman and Simon-Jackson 1998). That being said, the pre-
exploitation abundance estimate for Alaskan sea otters was reported as 200,000 (Johnson 1982)
and there is no pre-exploitation abundance estimate for the Southwest Alaska stock. Johnson’s
estimate cannot be compared to the current abundance estimate for the Southwest Alaska stock
because they represent different areas. In an attempt to estimate historic abundance for this
particular stock, I calculated the percentage of the current population of the Southwest Alaska
stock of the total current population of Alaskan sea otters (59%) and applied that percentage to
Johnson’s historic estimate for Alaskan sea otters. This resulted in an estimate of 118,000.
I reported the best estimate of current abundance for the southwestern stock of sea otter in
Alaska as 41,474 (Angliss and Lodge 2004).

Results

Percent Reduction In Biomass

Marine mammal biomass in the Bering Sea/ Aleutian Islands region has declined from
the onset of modern industrial whaling to the present day. This pattern was seen in all taxa on an
annual and seasonal basis, regardless of whether sperm whale biomass was included in the
analysis (Figs. 2-5). The percent reduction in the biomass of all marine mammals and of the large
whale subgroup from the early 1800s to the present is shown in Table 2. Pinniped biomass
experienced the following declines: 30% annual, 49% summer, and 18% winter.

2 The minimum number of animals was reported as 33,203 (Angliss and Lodge 2004).



Table 2. Percent reduction in the biomass of all marine mammals and of the large whale
subgroup from the early 1800s to the present, calculated with and without sperm whale biomass.

Biomass With sperm whales Without sperm whales
Annual

Total 80% 49%

Large whale 82% 54%
Summer

Total 84% 54%

Large whale 85% 59%

Winter

Total 63% 31%

Large whale 72% 39%

Analysis of Annual and Seasonal Biomass by Subgroup

On an annual and seasonal basis, the historic and current biomass of large whales
dominates the biomass of small cetaceans and pinnipeds, regardless of whether sperm whale
biomass was included in the analysis (Figs. 3 and 5). In fact, there is greater than an order of
magnitude difference between the historic and current biomass of large whales (with and without
the inclusion of sperm whale biomass) versus historic and current small cetacean biomass and
between the historic biomass of large whales (when sperm whale biomass is included) and the
historic biomass of pinnipeds (Fig. 3). In the summer, there is greater than an order of magnitude
difference between large whale biomass and small cetacean and pinniped biomass in every
combination of biomass comparisons (historic vs. current, with sperm whales vs. without) except
one (current large whale biomass excluding sperm whales and current pinniped biomass; 88%;
Fig. 5). In the winter, large whale biomass also dominates small cetacean biomass by an order of
magnitude (Fig. 5). The annual and seasonal biomass of small cetaceans ranged from 1% to 4%
and represented a minute percentage of the overall biomass. Small cetacean biomass was larger
in the winter, mainly due to the presence of the Beaufort stock of belugas. As illustrated in
Figures 4 and 5, more total biomass is present in the summer, reflecting the influx of large whale
migrants to the Bering Sea. In the winter, pinniped biomass is greater than in the summer, as
many individuals enter the Bering Sea to breed on or forage from the extensive pack ice that
forms during this season (Fig. 5).

Comparisons of the historic and current biomass of all marine mammal species and of the
large whale subgroup shown in Figures 2- 5 illustrate the influence of sperm whale biomass on
annual and seasonal biomass totals.

Species Percent Composition of Annual and Seasonal Biomass

Species that are not listed in the following summaries of large whale, small cetacean and
pinniped annual and seasonal biomass composed less than 10% of the total biomass reported for
each subgroup.

Large whales
On an annual basis, sperm whales dominated historic large whale biomass (74%), yet

composed only 32% of current large whale biomass. The other large whale species composed the
remainder of the current whale biomass in the following percentages: bowhead (25%), gray



(19%), fin (14%), and humpback whale (10%). When sperm whales were excluded from the
analysis, historic biomass was fairly evenly distributed between the bowhead (25%), fin (25%),
and gray (21%) whales, and between the humpback (15%) and right (13%) whales and the same
species (minus the northern right whale) dominated the current biomass, although the percentage
of each species’ composition changed slightly: bowhead (36%), gray (29%), fin (20%) and
humpback (14%).

In the summer, sperm whales composed 77% of the historic biomass and 38% of the
current biomass. Other large whale species that contributed to the current biomass were gray
(28%), fin (19%), and humpback (14%) whales. When sperm whales were excluded, historic (H)
and current (C) biomass was distributed among the other large whale species in the following
way: fin (31% (H); 34% (C)), gray (29% (H); 45% (C)), humpback (21% (H); 23% (C)) and
northern right (15% (H)).

In the winter, sperm whales dominated historic biomass (63%), followed by the bowhead
whale (34%), but the contribution of each species was reversed for the current biomass
composition: bowhead (82%) and sperm whale (18%). It follows that when sperm whales were
excluded, bowhead whales dominated historic (92%) and current (99%) biomass.

Small cetaceans

The percentage of small cetacean biomass did not change from historic to current times
because historic and current estimates of abundance were assumed to be equal. In general, four
species of small cetaceans compose the majority of annual and seasonal biomass in the Bering
Sea/Aleutian Islands region, although the percent composition varies as outlined in Table 3.

Table 3. Annual and seasonal percent composition of small cetaceans. The distinction between
historic and current biomass percentages is not made because historic and current abundance
estimates were assumed to be equal.

Species Annual Summer Winter
Beaufort beluga 30 46
Norton Sound beluga 19 43 22
Dall’s porpoise 18 40 14
Harbor porpoise 11

Pinnipeds

Historically, the walrus (42%), Steller sea lion (15%) northern fur seal (14%), and
bearded seal (10%) dominated the annual pinniped biomass whereas currently, the walrus (54%),
bearded seal (13%) and ringed seal (10%) compose the majority of pinniped biomass. In historic
and present times (respectively), the northern fur seal (36% and 21%), walrus (27% and 47%),
Steller sea lion (21% and 11%), and ribbon seal (12%, current only) have dominated summer
pinniped biomass. The majority of historic and current winter biomass is also composed of by
four species: the walrus (56% and 61%), bearded seal (13% and 15%), Steller sea lion (11%,
historic only), and the ringed seal (10% and 12%).
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Discussion

Some general patterns emerged from the analysis of the percent composition of biomass.
Bowhead whale and gray whale percent composition of biomass relative to total marine mammal
biomass from pre-commercial whaling to the present increased, while during the same time
period the percent composition of sperm whale and northern right whale biomass relative to total
marine mammal biomass decreased.

The increase seen in the percent composition of bowhead and gray whale stocks is
consistent with the observed recovery of these populations after they were protected from further
commercial harvests. The annual rate of increase for the western Arctic bowhead whale stock
from 1978 to 2001 is estimated at 3.4% (George et al. 2003) and between 2.4 and 4.4% for the
eastern Pacific gray whale stock, which was removed from the Endangered Species Act in 1994
(Buckland et al. 1993b, Wade and DeMaster 1996, IWC 1995, Breiwick 1999, as cited in
Angliss and Lodge 2004). The decrease of percent composition of the sperm whale and northern
right whale is consistent with the documented removal of both species by modern commercial
whalers and their lack of recovery (Scarff 1991, Doroshenko 2000, Clapham et al. 2001,
Brownell et al. 2001, Brownell et al. 2000).

The historic and current abundance estimates used in the biomass calculation are
considered reliable for three species: the bowhead whale, gray whale and the northern fur seal.
The caveats to the biomass estimates for the other 16 species were presented in detail above and
can be classified into the three broad categories listed below.

Old, unavailable or unreliable abundance estimates.

Current abundance estimates for the humpback whale, Aleutian Dall’s porpoise, the
Beaufort and Eastern Chukchi stocks of beluga whale, the walrus, both harbor seal stocks and the
four ice seals were calculated from surveys that were completed from 1987 to 1996; some of
these data are over a decade old. As mentioned above, there are eight species for which historic
abundance estimates do not exist. For some species, such as the northern right whale and the
sperm whale, some estimates of historic and current abundance exist, however, they are
considered unreliable because they are at most a “best guess” or are based on data that is no
longer considered reliable by the IWC.

Not all historic and current abundance estimates are representative of the same area,

making them difficult to compare.

In some cases, the historic range of certain species (i.e., the northern right whale and the
sea otter) was more expansive than the current. In others, the survey area was different for both
time periods and may not be representative of the entire Bering Sea/Aleutian Islands region or
may not be specific to the region. For example, current abundance estimates for the fin whale,
humpback whale, minke whale, harbor porpoise and Dall’s porpoise are only applicable to the
central-eastern and southeastern portion of the Bering Sea. Those estimates are likely negatively
biased for the entire Bering Sea/Aleutian Islands region, although that determination depends
upon information regarding the demographics, distribution and movement patterns of the species
that can only be known through more frequent and consistent surveys. On the other hand,
historic estimates for the fin whale, humpback whale, sperm whale, Steller sea lion, harbor seal
and sea otter were for larger areas such as the entire North Pacific or the Bering Sea, including
Russian waters. In this case, an effort was made to adjust the historical estimate to represent the
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same area as the current, using information on the temporal and spatial distribution of the
population. The details of these calculations were presented above in the Caveats and
Assumptions section. It is possible to more accurately standardize estimates for particular areas
by calculating the exact area and extrapolating abundance estimates to that area, however that
type of analysis was beyond the scope of this report.

Information does not exist about the demographics or the distribution of some

populations.

Many of the estimates were calculated from surveys done at a particular time of year.
Technically, those estimates and patterns of distribution are specific to the time of year the
animals were observed. However, | assumed that information was representative of the
population year-round and for all years. There are major gaps in information regarding the
seasonal distribution and movement patterns of some populations in the North Pacific including,
but not limited to, the sperm whale, northern right whale, fin whale, minke whale, and Dall’s
porpoise.

In conclusion, the data, although incomplete, provide the best available picture of historic
and current marine mammal biomass during the defined time period. From these data, it is
apparent that there was a reduction in marine mammal biomass from prior to the start of
commercial harvesting to the current date. Most of this decline occurred 50-100 years ago.
Therefore, for species that have experienced some recovery, the current estimates are likely
higher than they were at the end of the harvest. As has been recognized by the IWC’s Scientific
Committee, it is not possible to estimate pre-whaling abundance solely with information from the
commercial harvest; without additional information on the distribution of the catch, stock
structure, current abundance, and productivity relative to status, estimates of pre-whaling
abundance become unreliable. Figure 6 presents a reliable estimated trajectory of abundance
over time for the western Arctic bowhead whale population (Eberhardt and Breiwick 1992).
These estimates of abundance over time were generated with information on current abundance,
an estimate of the maximum rate of net production, estimates of annual removals, and evidence
to indicate that all harvested whales from this time series were from the same stock of whales. In
most cases, similar data sets for other stocks of large whales (e.g., all stocks of sperm whale, fin
whale, and North Pacific right whale) are currently unavailable. | urge the users of this
information to carefully consider the caveats in the data and incorporate them, as possible, into
their analyses.
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Table 1. Outline of the parameters used in the biomass calculations for each s

ecies.

Species Stock/Population | Historic Current Body Percent of | Number of | Sources
Abundance Abundance | Weight | population | days spent
(metric | in study in study
tons)’ | area area
Bowhead whale | Western Arctic 15,000 (range | 10,020 (95% | 31.1* 100% November | Eberhardt and
(Balaena 12,000- Cl =7,800- to April; Breiwick 1992,
mysticetus) 18,000) 12,900; SE = 181 George et al. 2003,
1,290) Bogoslovskaya et al.
1982, Brueggeman
1982, Ljungblad et al.
1988, Moore and
Reeves 1993, Braham
et al. 1984a, Braham
et al. 1980,
Brueggeman et al.
1987, Bessonov et al.
1990, Shelden and
Rugh 1996
Northern right Eastern North 31,750 50 23.4* 33%- April to Scarff 2001, Clapham
whale Pacific historic® September; | etal. 1999, LeDuc et
(Eubalaena 100%- 183 al. 2001, Clapham et
japonicus) current al. 2001, Scarff 1991,

Berzin and Rovnin
1966

! Caveats and assumptions for biomass calculations are elaborated upon in the text for species that are marked with a double asterisk (**¥).

2 All body weight estimates were taken from Trites and Pauly (1998). Weights marked with an asterisk (*) were calculated without incorporating age
structure of the population.
3 I assumed that the historic population of North Pacific right whales was evenly split between the Sea of Okhotsk, the Bering Sea and the Gulf of

Alaska (Scarff 1991).
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Species’ Stock/Population | Historic Current Body Percent of | Number of | Sources
Abundance Abundance | Weight | population | days spent
(metric | in study in study
tons)’ | area area
Fin whale** Northeast Pacific | 43,500 (range | 4,051 55.6 25% Late June to | Ohsumi and Wada
(Balaenoptera 42,000- historic October; 1974, Moore et al.
physalus) 45,000) 100% 138 2002, Nikulin 1946,
current Berzin and Rovnin
1966, Nasu 1974
Humpback Central North 9,060 4,005 30.4 100% May to Rice 197843,
whale** Pacific (CVv=0.095) October; Calambokidis et al.
(Megaptera 184 1997, Tomilin 1957,
novaeangliae) Zenkovich 1955,
Berzin and Rovnin
1966
Minke whale ** | Alaska 1,813 1,813 6.6 100% May to Moore et al. 2002,
(Balaenoptera July; 92 Tomilin 1957,
acutorostrata) Horwood 1990,
Ohsumi 1991
Gray whale Eastern North 28,240 (range | 17,414 (95% | 15.4* 90% May to Wade 2002, Rugh et
(Eschrictius Pacific 24,640- Cl=14,322- October; al. 2002, Pike 1962,
robustus) 31,840) 21,174) 184 days Rice and Wolman
1971, Darling 1984,
Gosho et al. 1999,
Wolman 1985
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Species’ Stock/Population | Historic Current Body Percent of | Number of | Sources
Abundance Abundance | Weight | population | days spent
(metric | in study in study
tons)’ | area area
Sperm whale** | North Pacific 195,000 15,000 26.9* 100% April to Ohsumi and Fukuda
(Physeter September; | 1974, Perez 1990°,
macrocephalus) 183 days Tomilin 1957, Berzin
and Rovnin 1966,
Ohsumi and Masaki
1977, Ohsumi et al.
1977, Ohsumi 1966,
Gosho et al. 1984
Harbor Bering Sea 50,127 50,127 0.03 100% 365 days Moore et al. 2002,
porpoise** Waite and Hobbs, in
(Phocoena prep, Bjare et al.
phocoena) 1994, Gaskin 1984,

Jones 1984, IWC
1991, Osmek et al.
1994, Rosel et al.
1995, Calambokidis
and Barlow 1991

* Body weight is for male sperm whales only.

5 I adopted the estimate that Perez (1990) generated using the following sources: Ohsumi and Masaki 1977, Gosho et al. 1984, Ohsumi 1966, Ohsumi et
al. 1977, Wada 1980, Wada 1981.
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Species’ Stock/Population | Historic Current Body Percent of | Number of | Sources
Abundance Abundance | Weight | population | days spent
(metric | in study in study
tons)’ | area area
Dall’s Bering 90,141 90,141 0.06* 100% 365 days Moore et al. 2002,
porpoise** . Hobbs and Lerczak
(Phocoenoides Sea/Aleutian 1993, Kawamura
dalli) Islands 1975, Wahl 1979,
Fiscus 1980,
Buckland et al. 1993a
Beluga whale** | Beaufort 39,258 39,258 0.31° 100% November | Duval 1993, Harwood
(Delphinapterus to April; et al. 1996, Hazard
leucas) 181 days 1988, Harrison and
Hall 1978,
Leatherwood et al.
1983, Fay, pers.
commun., as cited in
Lensink 1961,
Seaman et al. 1985
Beluga whale** | Eastern Chukchi | 3,710 3,710 0.31 100% Octoberto | Frost et al. 1993,
(Delphinapterus April, 212 Frost and Lowry
leucas) days 1995, Brodie 1971,
Hazard 1988
Beluga whale** | Eastern Bering 18,142 (CV = | 18,142 (CVv |0.31 100% 365 days R. C. Hobbs,
(Delphinapterus 0.24) =0.24) unpublished data, as

leucas)

Sea

cited in Angliss and
Lodge 2004, Hazard
1988

¢ Trites and Pauly (1998) reported an average body weight of 0.31 tons for the beluga, which I used for all four stocks.
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Species’ Stock/Population | Historic Current Body Percent of | Number of | Sources
Abundance Abundance | Weight | population | days spent
(metric | in study in study
tons)’ | area area
Beluga whale** | Bristol Bay 1,642 1,642 0.31 100% 365 days Frost et al. 2002,
(Delphinapterus Hazard 1988
leucas)
Northern fur seal | Eastern Pacific 3,000,000 888,120 0.03 May- May- Lander and Kajimura
(Callorhinus October; October; 1982, A. E. York,
ursinus) 50% 184 days; unpublished data,
Nov.-April; | Nov.-April | Bigg, M.A. 1986,
5% 181 days Perez and McAlister
1993
Steller sea Western U.S. 126,900 35,194° 0.2 100% 365 days Loughlin et al. 1984,
lion** as cited in Hoover
(Eumetopius 1988a, Sease and
jubatus) Gudmundson 2002,

Lowry et al. 1982,
Trites et al. 1999

7'There is variability in the interannual arrival and departure dates of different age and sex classes of northern fur seals to the Pribilof Islands (Kajimura
et al. 1980, McAlister 1981, Gentry 1981, Bigg 1986)
8 This is a minimum abundance based on pup count data from 2001 and 2002 and non-pup count data from 2002.
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Species’ Stock/Population | Historic Current Body Percent of | Number of | Sources
Abundance Abundance | Weight | population | days spent
(metric | in study in study
tons)’ | area area
Harbor seal Bering Sea 30,000° 13,312 (CV | 0.06" | 100% 365 days Sease 1992, Withrow
(Phoca vitulina =0.062)" and Loughlin 1996a
richardii) and1996b, DeMaster
1996, ADF&G 1973,
Scheffer and Slipp
1944, Fisher 1952,
Bigg 1969 and 1981,
and Perez 1990
Harbor seal** Gulf of Alaska 140,000 22,376 0.06 100% 365 days Sease 1992, Boveng
(Phoca vitulina et al. 2003, Hoover
richardii) 1988b, Angliss and
Lodge 2004, ADF&G
1973, Scheffer and
Slipp 1944, Fisher
1952, Bigg 1969 and
1981, and Perez 1990
Spotted seal™ Alaska 140,000 140,000 0.04* | 100% November | Perez 1990, Lowry et
(Phoca largha) to June; 242 | al. 1998 and Lowry et
days al. 2000

9 The historic abundance estimates for both stocks of harbor seals gives an indication of the overall magnitude of the population, not an exact estimate
of population size (Pitcher 1985). They are likely negatively biased.

10 The Alaska SRG considered the correction factor used to calculate this abundance estimate conservative (DeMaster 1996).

11 Trites and Pauly (1998) reported an average body weight of 0.06 tons for the harbor seal, which I used for both stocks.
12 There is no reliable historic or cutrent abundance estimate for the spotted seal (Rugh et al. 1995) in the Bering Sea/ Aleutian Islands region.

However, they are present in the Bering Sea ecosystem (Braham et al. 1984b) and should therefore be included in the analysis.

13 I used Perez’s method for calculating abundance (Lowry and Frost 1981, Lowry 1985a, Burns 1986, Braham et al. 1984b, as cited in Perez 1990).
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Species’ Stock/Population | Historic Current Body Percent of | Number of | Sources
Abundance Abundance | Weight | population | days spent
(metric | in study in study
tons)’ | area area
Bearded seal’* | Alaska 150,000 150,000 0.20 100% November | Burns 1981, Lowry
(Erignathus winter to April; and Frost 1981,
barbatus) <5% 181 days Nelson et al. 1985,
summer May to Braham et al. 1984b,
October; Perez 1990
184 days
Ribbon seal Alaska 85,000 105,000 0.07* 100% 365 days Shustov 1969, as
(Phoca fasciata) cited in Fedoseev
1973; Lowry 1985b
Ringed seal Alaska 600,000 600,000 0.04 100% November | Perez 1990%°, Braham
(Phoca hispida) to April; et al. 1984b
181 days
Pacific walrus** | Alaska 225,000 201,039 0.59 100% December | Fay 1982, Gilbert et
(Odobenus winter to April; al. 1992, Fay 1981,
rosmarus 22% 151 days Sease and Chapman
divergens) summer May to 1988, Fay et al. 1985,
November; | Fay et al. 1997
214 days

14 No reliable historic or current abundance estimates exist for the bearded, ribbon or ringed seal (Angliss and Lodge 2004). However, they are present
in the Bering Sea ecosystem and should therefore be included in the analysis (Braham et al. 1984b). For the purpose of this analysis, historic and current

abundance estimates for the bearded seal and ringed seal were considered equal.

15 ] adopted the estimate that Perez (1990) generated using the following sources: Burns 1981, Lowry and Frost 1981, Nelson et al. 1985, Braham et al.

1984b.

16 T adopted the estimate that Perez (1990) generated using the following sources: Lowry and Frost 1981, Lowry et al. 1982, Frost 1985, Braham et al.

1984b.
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Species’ Stock/Population | Historic Current Body Percent of | Number of | Sources
Abundance Abundance | Weight | population | days spent
(metric | in study in study
tons)’ | area area
Sea otter** Southwest Alaska | 118,000 41,474 0.01* 100% 365 days Johnson 1982, as

(Enhydra lutris)

cited in Rotterman
and Simon-Jackson
1988, Doroff et al.
2003, Angliss and
Lodge 2002, Kenyon
1969, Kenyon 1981
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Figure 1.-- Map of the Bering Sea/Aleutian Islands region. The black line delineates
the U.S. Exclusive Economic Zone.
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Figure 2 -- Historic and Current Biomass of Marine Mammals in the Bering Sea.
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Figure 3. -- Historic and Current Biomass of Marine Mammals Subgroups in the Bering Sea.
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Figure 4.-- Historic and Current Biomass of Marine Mammals in the Summer and Winter.

39




Biomass (metric tons)

6,000,000

5,000,000+

4,000,000+

3,000,000

2,000,000+

1,000,000+

Summer Winter

O Historic Large whales w/ sperm whales @ Current Large whales w/ sperm whales O Historic Large whales without sperm whales
B Current Large whales without sperm whales O Historic Small cetaceans O Current Small Cetaceans

O Historic Pinnipeds O Current Pinnipeds

Figure 5.-- Historic and Current Biomass of Marine Mammal Subgroups in Summer and Winter.
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Figure 6.-- Trends in abundance of the Western Arctic bowhead whale. Adopted from
Eberhardt and Breiwick (1992).
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