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Abstract

Large population declines (>50%) since the early-1970s of some eastern Bering Sea
and Aleutian Island apex predator populations (Steller sea lions, murres, and kittiwakes)
suggest that major changes have occurred in the structure of the Bering Sea ecosystem.
One cause of the decline in mammalian and avian predator populations may be a decrease
in availability or abundance of preferred prey (e.g. capelin, juvenile walleye pollock).
However, adult groundfish biomass has generally been at high levels, and periods of high
adult groundfish biomass coincide with periods of decline of sea lion and seabird
populations. Adult groundfish may, therefore, be out-competing other predators for their
common prey (i.e. small schooling fish). Three factors may have led to increases in adult
groundfish biomass in the southeastern Bering Sea, changes in environmental conditions,
present commercial fishing practices, and predator release resulting from overharvesting
of marine mammals and some fishes during 1955-75. If the decline in whale and fur seal
populations during 1955-75 contributed to the current high biomass of groundfish, then
marine mammals once (but no longer) exerted a structuring effect on the Bering Sea eco-
system. The current high abundance of piscivorous adult groundfish in the eastern Bering
Sea may, therefore, impede the recovery of marine mammal and bird populations to his-
torical levels.
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Introduction porary marine ecosystems; they may be fundamen-
tally altered from their historical state by reduc-
The role of marine mammals in structuring tions in marine mammal populations. A considera-
pelagic marine ecosystems remains largely unextion of the historical roles of marine mammals in
plored except for limited theoretical considerationsthe Bering Sea may provide a better understanding
(e.g. Estes, 1979; 1994) or in the context of marinef the work of Livingston (1994) who calculated
mammal-fishery interactions (Alaska Sea Grantthe "species richness" of the eastern Bering Sea
1983; Harwood, 1983; Beddingtoet al, 1987; (EBS) pelagic fish consumers guild to be near 1.0
Northridge, 1991). Only in the Southern Ocean hagi.e. little diversity) because of the current domi-
the abundance of marine mammals (i.e. largemance of the pelagic ecosystem by walleye pollock
cetaceans) been considered to influence pelagi€Theragra chalcogramma Prey consumption by
ecosystem structure. There, the reduction in whalenarine mammals is presently so small that they
stocks by commercial exploitation may have con-likely have little effect on the EBS ecosystem
tributed to increases in seal and seabird populationdivingston, 1993; Perez and McAllister, 1993),
through the decreased consumption of krill byhowever, the EBS large whale and pinniped num-
whales (Laws, 1985). This proposed relationshipbers were far larger historically than currently
points out an unfortunate property of some contem{Small and DeMaster, 1995). Has the dominance of

1 Work reported in this paper was completed as part of a doctoral dissertation at the University of Washington,
School of Fisheries, and conclusions reached may not represent those of the National Marine Fisheries Service,
NOAA.
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walleye pollock always been a feature of the EBS A second set of declines in apex predators be-
or is this dominance a result of the reduced maringan in the mid-1970s. For the mammals, Steller
mammal populations in the ecosystem? sea lion Eumetopias jubatysnumbers remained
high from the 1950s through the early 1970s, and
This question may be crucial to the search forthen began a decline which has continued to the
the cause of the declines of piscivorous maringresent (NMFS, 1995). Steller sea lions in western
mammals and birds in the EBS, Aleutian IslandsAlaska (the Bering Sea, Aleutian Islands and Gulf
and Gulf of Alaska (Table 1). Harvests of large of Alaska) are presently listed as endangered under
cetaceans (blueBalaenoptera musculysfin, the Endangered Species Act. Harbor seBRlsoca
Balaenoptera physalysei,Balaenoptera borealis  vitulina) may have declined since the 1970s in the
humpbackMegaptera novaeangliaemorthern right eastern Aleutian Islands (that portion of the Aleu-
whales,Eubalaena glacialisso reduced their abun- tian Islands proximate to the EBS). For the birds,
dance that by 1976, commercial whaling for thesedeclines have also been recorded for red-legged
species was terminated in the North Pacific Oceakittiwakes (arus brevirostri3, black-legged kitti-
by the International Whaling Commission. Thesewakes [arus tridactylg, common murresria
whale populations have shown little recovery sinceaalge), and thick-billed murresria lomvia) in the
then (Barlowet al, 1995; Small and DeMaster, EBS and eastern Aleutian Islands (Hatch, 1993;
1995). The EBS population of northern fur sealsPiatt and Anderson, 1996).
(Callorhinus ursinu} began to decline in the mid-
1960s due largely to harvests of adult females (York A variety of causes for the mammal and bird
and Kozloff, 1987). The decline abated briefly indeclines since the 1970s have been considered, and
the mid-1970s but began again and continuednany have been eliminated as likely causes of the
through the early-1980s (NMFS, 1993). The popu-overall decline (e.g. redistribution, subsistence
lation has since stabilized and may be increasingpunting, commercial harvests, other shooting, en-
somewhat. However, it remains listed as depletedanglement in marine debris, pollutant effects and
under the US Marine Mammal Protection Act. predation; NMFS, 1995). The consensus among

TABLE 1. Recent records and trends in abundance, and current management listing status of selected North
Pacific Ocean (NPO), eastern Bering Sea (EBS), Aleutian Island (Al), and Gulf of Alaska (GOA)
apex predators. Cetacean and pinniped information from Small and DeMaster (1995) and Barlow
et al. (1995). Seabird data from Hatch (1993) and Piatt and Anderson (1996).

Species Area Population trend Listing status

Cetaceans

Blue whale NPO Low and trend unknown Endangered

Fin whale NPO Low and trend unknown Endangered

Sei whale NPO Low and trend unknown Endangered

Humpback whale NPO Low but increasing Endangered

Northern right whale NPO <5% of historical; trend unknown Endangered
Pinnipeds

Steller sea lions BS/AI/GOA <20% of historical; declining Threaténed

Pacific harbor seals BS/AI/GOA Low GOA; BS/Al unknown Not listed

Northern fur seals BS <50% of historical; stable Depleted
Seabirds

Red-legged kittiwakes BS Reduced and declining Candidate

Black-legged kittiwakes BS Reduced and declining Not listed

Common murres BS/AI/GOA Declines in all areas Not listed

Thick-billed murres BS Declining Not listed

1 Western stock listed by National Marine Fisheries Service as endangered in June 1997.
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active researchers is that at least the Steller sea lion 5.0
declines have resulted from changes in the avail-

—~ 45
ability of preferred prey (Merrickt al., 1987; D. @
Calkins, ADF & G, Anchorage, AK, unpubl. data, g 4.0
1988; Loughlin and Merrick, 1989; Alverson, § 35

1991; Springer, 1992; Alaska Sea Grant, 1993},
Deckeret al., 1995; Merrick, 1995; Hunet al, & 2°
1996; Piatt and Anderson, 1996). Food habit stud_% 25
ies suggest that sea lions, harbor seals, an§
piscivorous seabirds have historically relied on a8
variety of small (<35 cm), schooling pelagic fish § 15
as prey (Pitcher, 1980, 1981; Declatral,, 1995; <« |
Huntet al., 1996; Merrick and Calkins, 1996; Piatt §v
and Anderson, 1996). During these predator popu- 05
lation declines their diet changed and is now heav- g
ily focused on a single prey (usually walleye
pollock). Some prey (like capelinMallotus
villosus), which were commonly consumed by mostFig. 1. Age 2 walleye pollock biomass by survey year
of these species prior to the predator declines, dis- for 1979 to 1994. Data from Wespestad (1994).
appeared from their diets in the late 1970s
(D. Calkins, ADF&G, Anchorage, AK, unpubl. data,
1988: Deckeret al., 1995; Piatt and Anderson, Fisheries and Oceanography, Vladivostok, Russia,
1996). For Steller sea lions and common murrespers. comm., 1994). Abundance of some other small
the areas or periods where their diets were morgrey species (e.g. eulachofh@leichthyspacifi-
diverse (i.e. contained more prey species) appearetlls), sculpins, and eelpoutkycodesspp.)) also ap-
to have stable populations (Merrick, 1995; Merrickpeared to decrease from the late-1970s to the mid-
and Calkins, 1996; Piatt and Anderson, 1996). 1980s (Bakkala, 1993; Fritat al,, 1993). In addi-
tion, trawl data collected in the Gulf of Alaska at
Evidence suggests that some key prey specie®avlof Bay (Alaska Peninsula) during 1972-92 in-
such as juvenile walleye pollock and capelin weredicated that the abundance of shrimp and some
less available to marine mammals and birds duringmall forage and demersal fish species (e.g. capelin,
the period(s) of their population declines than priorPacific sandfish Trichodontrichodon)) decreased
to the declines. Juvenile walleye pollock abundanc@bruptly around 1978-82; similar changes have
has been highly variable, but has generally showmeen found in a preliminary analysis of other areas
a downward trend since the early-1980s (Fig. 1)of the Aleutian Islands and Gulf of Alaska
Despite a few strong year-classes in the periodiAndersonet al, MS 1995). One major prey of sea
years remained when few juvenile pollock werelions and seabirds which has rd#clined, however,
available. This would reduce predator survivalis Atka mackerel Rleurogrammusmonopterygiu
unless alternative prey were available (the "highwhose population biomass in the Aleutian Islands
risk" feeding strategy of Sinclaét al., 1994). The increased from 0.2 tons in 1980 to 0.6 tons in 1994
abundance of other prey, such as capelin, Pacifi(Lowe and Fritz, 1995).
sand lanceAmmodytefiexapteru}, Pacific herring
(Clupeaharengu$, and small demersal fish, was If the declines in some mammalian and avian
highly variable from the late-1970s to the presentfish predators have been induced by changes in
Abundance of Pacific herring in the EBS was highabundance of their prey, then the cause(s) of these
in the early-1960s (1 million tons or greater), thenchanges must be identified before measures can be
declined to very low levels in the 1970s (<0.1 tons),enacted to reverse the declines. In this review, the
rose in the early-1980s to around 0.6 tons, and ddiypothesis is presented that the decline in prey
clined again to around 0.1 tons in 1990 (Wespestadabundance is a result of a change in the EBS trophic
1991; Bakkala, 1993). Capelin abundance was higlstructure. That is, the current high population of
in the EBS in the 1970s, but has since decline@roundfish (e.g. adult walleye pollock) has resulted
(V. Wespestad, National Marine Fisheries Servicejn a systematic reduction of the abundance of
(NMFS), Seattle, WA, pers. comm., 1994; marine mammal and seabird prey. Three additional
A. Zolotov, Pacific Research Institute of Marine hypotheses are discussed which may explain the
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high abundance of adult groundfish and low abun-1980s due to several strong year-classes spawned
dance of forage fish (e.g. juvenile pollock, capelin)in the 1978-84 period. Pollock biomass peaked
viz effects of an oceanic regime shift, commercialagain around 1985, and then began a decline
fisheries, and a trophic cascade resulting from thehrough 1994.
depletion of some marine mammal and fish
populations. Finally, brief comments are made on The 1972 and 1985 peaks in adult pollock
the implications of these hypotheses to recovery obiomass coincide with the two periods of decline
apex predator populations in the eastern Bering Se#@n eastern Aleutian Island Steller sea lion numbers
(Fig. 2), while the low points in pollock abundance
(late-1970s and early-1990s) coincide with periods
of relative stability in sea lion numbers. An inverse
elationship may, therefore, exist between adult
ollock abundance and sea lion declines. This re-
lationship may lie in the competition between
groundfish and sea lions (as well as some seabirds)

The Groundfish Predation Hypothesis

A change in the upper trophic levels of the EBS
may have begun in the mid-1960s. Bakkala (1993
estimated the biomass of the EBS groundfish com
plex?increased (with some fluctuation) from around
4h8 tons. n 1965dtfc_) ﬁsz tons in 1984, é\AOStdog thefor common prey. Adult pollock consume consid-
change in groundlish biomass was proauced by INg 16 amounts of fish, and in particular consume
creases in adu_lt pollock, whose blpmass grew frommany of the same forage fish (e.g. juvenile pollock,
around 2 tons in 1965 to 13.1 tons in 1984 (Bakkal‘f"herring) that marine mammals and seabirds eat
1993; Wgspestac_j,. ;994; . rEWespestad and Fried, 1983; Livingston, 1991,
pollock biomass initially resulted from five above- ; g9, Livingstonet al, 1993). The five-fold in-
average year classes spawned during 1965—653L X . :

Adult pollock biomass peaked around 1972 and the

crease in adult pollock biomass during 1962-72

: : fhust have significantly increased the amount of fish
declined through the late-1970s (Fig. 2). Pollock
abundance began to increase again in the earl

consumed by pollock once the pollock reached
¥idulthood (beginning around 1969). Subsequently,
the continued high abundance of adult groundfish
compared to the early-1960s may have resulted in

16000 =3 pollock biomass 45000 a chronic depletion of alternate fish prey available
- 4 -Fastem Aleutian Island sea ons R 140 000 with mammalian and avian predators, which in com-
14000 17 v bination with the highly variable juvenile pollock
D o0 \\\ /"/ }\ 135000 % abundance may be a major factor driving the de-
S AN f ’\ £ clines of non-fish, apex predators in the EBS.
8 10 000 A\A 72009 2
% /\\ / \ 1o5 000 é This hypothesis is not without parallels in other
é 8000 - " 2 marine ecosystems. A similar hypothesis has been
g / N j \[\"20 000 £ proposed to explain the Arctic coGédusmorhug,
< 6000 v --wsooog Atlantic herring Clupeaharengug, capelin
2 4000 _/1 AN = (Mallotusvillosus), harp sealfhocagroenlandicd,
o /’ N 10000 % and seabird declines which occurred in the Barents
2000 Sa . 15 000 Sea in the late-1980s (Hamre, 1994; Gjgsceter,
S gt A 1995; Kjellgwistet al.,, 1995). Herring were

Fig. 2. Eastern Bering Sea adult walleye pollock
biomass and Steller sea lion eastern Aleutian
Island trend rookery numbers for 1960-9
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overexploited from the early-1970s onwards, and
this created an imbalance in predator (cod) — prey
(herring/capelin) relationships. In the 1970s and
early-1980s the imbalance was not obvious because

4. cod (at relatively low stock sizes) could feed on

Pollock data from Wespestad (NMFS, Alaska capelin (which was then abundant). In the mid-
Fisheries Science Center, Seattle, WA, pers.1980s, favorable recruitment conditions existed for

comm. 1995). Sea lion data from NMFS (1995). both cod and herring. Herring stocks were

2 This includes gadids, Atka mackerel, flatfish, and rockfish. It does not include the biomass of some of the fish
species which are major prey for sea lions and other top-predators. For example, Pacific herring biomass was

estimated to be a least 1-1.2 tons at the beginning of the 1960s (Wespestad, 1991; Bakkala, 1993)
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not sufficiently large to capitalize on conditions. Polovinaet al, 1995). General relationships be-
Cod, whose recruitment is not dependent on adultween regime shifts and year class strength of fishes
stock size, produced three strong year-classes. Withave also been hypothesized for groundfish (Hol-
a lack of juvenile herring as prey, the rapidly grow-lowed and Wooster, 1995) and salmonids (Francis
ing cod stock fed on other available prey speciesand Hare, 1994; Hare and Francis, 1995). Indeed,
including its own offspring. This was followed in the biomass of a variety of fish and cephalopods
the late-1980s by the decline of cod, capelindid increase during the 1976-77 regime shift
seabird, and seal populations. A nearly total fail{(Beamish and Boullion, 1993, 1995; Beamish, 1994;
ure of the 1986-88 year-classes of harp seals wdsrancis and Hare, 1994; Brodeur and Ware, 1995;
observed (Anon., MS 1992, MS 1994) and substanHare and Francis, 1995; Hollowed and Wooster,
tial declines (> 50%) were recorded in numbers 0fl995; Polovinaet al., 1995). However, declines
common murres and Atlantic puffingratercula were also observed in stocks of some other finfish
arctica) throughout the 1980s at major colonies in(e.g. capelin; Andersoeat al., MS 1995) and crus-
Norway (Anon., 1995). Similar events may havetaceans (e.g. pandalid shrimps, Albers and
occurred in the EBS with the exception that theAnderson, 1985; king crab, Otto, 1989 and Kruse,
predator (walleye pollock) population has not col-1993). These declines have been attributed to a
lapsed. combination of direct effects of ocean warming
coupled with increased predation (Albers and
If the decline in some EBS marine mammal andAnderson, 1985; Piatt and Anderson, 1996).
bird populations resulted from competition with fish
predators, then what produced this increase in Declines of Steller sea lions, kittiwakes, and
groundfish abundance? Unlike most other gadidsmurres spread throughout southwest Alaska (the
walleye pollock have a weak stock-recruitment re-Aleutian Islands and Gulf of Alaska) at approxi-
lationship (Myers and Barrowman 1996). Recruit-mately the same time as the 1976-77 regime shift
ment must, therefore, be a result of other factorsuggesting that there may be a link between changes
such as oceanic conditions and predation. Itis prom oceanographic conditions and productivity of
posed here that three factors may together havepper trophic levels. However, large Steller sea lion
contributed to the increase in adult groundfish-andeclines also occurred in the eastern Aleutian Is-
oceanic regime shift in 1976—77, commercial fish-lands and Pribilof Islands during the early-1970s
eries, and a trophic cascade resulting from the deprior to this regime shift (Braharat al., 1980).
pletion of large whales, fur seals, and some fin fishFurthermore, the life history and foraging charac-
in the 1960s and 1970s. teristics of marine mammals and seabirds suggest
that regular decadal shifts in fish biomass should
The Oceanic Regime Shift Hypothesis not produce large (< 50%), chronic declines in their
populations. Sea lions and seabirds have the fea-
The hypothesis has been proposed that cyclitures of classic "K-selected" species-low mortal-
oceanic conditions in the subarctic North Pacificity rates, slow development, delayed reproduction,
Ocean (including the EBS, Aleutian Islands, andfew offspring, high parental investment in off-
Gulf of Alaska) produce significant shifts in the spring, long lives, and long generation times. A
species composition of its constituent ecosystemsspecies with such a life history is expected to main-
Shifts between warm and cool periods appear tdain a relatively stable population size and to have
occur on a decadal or greater (e.g. 18.6 year) freevolved in a relatively stable environment (Cole,
guency in the North Pacific Ocean (Royer, 1989;1954; Pianka, 1970; Stearns, 1976; Estes, 1979).
Hollowed and Wooster, 1992; Royer, 1993;Such a species cannot rapidly recover from low
Trenberth and Hurrell, 1995; Wooster and Hol-population sizes and, while the population size is
lowed, 1995). The most recent shift in the physicalow, it is vulnerable to extinction from a variety of
oceanography of the subarctic North Pacific Ocearactors (e.g. predation and disease). Moreover, most
occurred around 1976-77 (Royer, 1989; Tabataof the declining EBS top predators are euryphagous
1989; Kerr, 1992; Francis and Hare, 1994;indicating that they have adapted to an environment
Trenberth and Hurrell, 1995). Evidence exists thawwhere prey abundance changes (at least at some
the shift increased primary and secondary productime scale, decadal or otherwise). Euryphagy allows
tivity in the North Pacific Ocean (Venric&t al, them to switch as prey abundance changes and
1987; Brodeur and Ware, 1992; Venrick, 1995;should decouple predator abundance from the abun-
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dance of any single prey. If the 1976-77 regimewould be insufficient to explain the change. The
shift was insufficient in itself to elicit the major proposal here is that a "trophic cascade" (Carpen-
changes observed in marine mammal and birder et al. 1985) was initiated by the depletion of

populations then something else must have oclarge whales, northern fur seals, Pacific herring, and
curred. Pacific ocean perchSgbastesalutus) during 1955-

) . ) . 75. This depletion led to increased zooplankton
The Commercial Fisheries Hypothesis availability and reduced predation on juvenile

Commercial fisheries target adults of severaldroundfish, both of which would have ultimately
of the most important prey species of EBS topincreased the carrying capacity of groundfish. A
predators and as a result have been a suspect&tnilar hypothesis has been considered previously
cause of the decline in prey availability (Braham by Bakkalaet al. (1987) but was discounted because
al., 1980; Merricket al., 1987; Loughlin and releases of prey caused by reduced Pacific herring
Merrick, 1989; Ferrero and Fritz, 1994). However,and Pacific ocean perch populations would have
because much of the decline in marine mammal anB€en insufficient to account for the ultimate adult
bird populations occurred during times whenPollock biomass increase. However, Bakkalal.
groundfish abundance was high, it is difficult to (1987) did not consider that only juvenile pollock
substantiate a relationship between fishery removi€€ded to benefit; compared to the juvenile, adult
als and predator declines. Localized depletion byollock diets are more diverse and include a larger
the fisheries remains a possibility, but tests for lo-2mount of fish (Livingston, 1991; Livingstaet al,
calized prey depletion, which were conducted by1993)- They also did not consider that the substan-
comparing changes in sea lion abundance withial whale harvests during the period would also
nearby fishery removals of pollock, have producede|ease juvenile pollock prey, or that reductions in
inconclusive results (Loughlin and Merrick, 1989; both whale and fur seal abundance would reduce
Ferrero and Fritz, 1994). The lack of evidence frompPredation on juvenile pollock. The life-history char-
this research may, however, be due to the lack ofcteristics of pollock (an "r-selected” species) are
appropriately scaled data on catch or a lack of datguch that they could rapidly exploit such a change
on fish abundance prior to fishing (Ferrero andin their environment.
Fritz, 1994).

Prior to the 1960s, the EBS ecosystem may have

Fisheries (except the herring fishery) typically been stabilized by the presence of relatively large
do not target on the small fish prey that marinePopulations of large whales, seals, sea lions, her-
mammals and seabirds consume. Still, fisherie$§ing and Pacific ocean perch. During 1955-75 many
could have reduced the abundance or avaiIabiIi'pr these species were simultaneously reduced to low
of prey by disrupting fish behavior as nets pas‘\.J,evels by exploitation (F_ig. 3). During this period,
through schools and from by-catch of non-commer-/ 7 603 whales (33 992 fin, 38 607 sei, 5 004 hump-
cial prey species. Roe fisheries could have reduceB@ck) were harvested (Fig. 3; D. Rice, NMFS,
the number of age-0 and age-1 pollock available te>@attle, WA, unpubl. data). Most of these whales
marine mammals and birds by reducing the numbefame from the EBS, Aleutian Islands, Gulf of
of spawners, by disrupting spawning behavior, andhlaska, and north PaC|f|c_Ocean waters immediately
by removing a disproportionate number of femaleSouth of th_ese_ areas. Fin whale takes would have
fish. Sampson (Hatfield Marine Science Center,most heavily influenced the EBS shelf, Aleutian
Oregon State Univ., Newport, OR, unpubl. data,lslands (which could have also influenced the east-
1995) found that the winter pollock roe fishery €M Bering Shelf through transport within the EBS),
catches in the EBS was significantly correlated withand coastal waters of the Gulf of Alaska. Declines
sea lion declines in the Aleutian Islands. These secdD herring and Pacific ocean perch biomasses oc-
ond-order fishery effects may have substantial im-curred simultaneous to the fin whale takes. Eastern
pacts on North Pacific Ocean ecosystems an@ering Sea Pacific adult (ages 3-9) herring biomass

(Wespestad, 1991). Eastern Bering Sea adult (age
The Trophic Cascade Hypothesis 9+) Pacific ocean perch biomass fell from 0.1 tons

in 1960 to 0.05 tons in 1975, while in the Aleutian

If a change in the EBS ecosystem began in théslands biomass fell from 0.5 tons in 1960 to 0.1
1960s, then both the 1976-77 regime shift and curtons in 1975 (Ito and lanelli, 1994). Finally, the EBS
rent fisheries practices would have occurred afte(Pribilof Islands) stock of northern fur seals which
the change was initiated and thus by themselvewas estimated to comprise 2.1 million animals
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Fig. 3. Cumulative biomass and catch of Pacific herring and Pacific ocean perch
along with abundance of northern fur seals and cumulative harvests of
fin whales from North Pacific Ocean (eastern Bering Sea) from 1960 to
1975. Fish catches in thousands of metric tons shown with diamonds,
and biomasses with squares. Abundance of fur seals in millions shown
with diamonds, and cumulative catches of fin whales in thousands shown
with diamonds.

during 1949-51 (Kenyort al., 1954) fell to 1.7 tionally fed heavily on walleye pollock in the EBS
million animals in 1960, 1.1 million in 1970, and (Perez, 1986; Perez and Bigg, 1986; Sinctdial.,
1.3 million in 1975 (Fig. 3; NMFS/NMML, Seattle, 1994, 1996) and, at least in the 1980s and 1990s,
WA, unpubl. data). Declines through the early-most of this consumption was either age-0 and age-
1970s resulted from the harvesting of approximatelyl pollock (Sinclairet al., 1996).
23 000 adult females a year during 1956-68 (York
and Hartley, 1981). How much walleye pollock could the surplus
zooplankton prey and reduced predation have sup-
The timing of these marine mammal and fishported? A gross estimate of the scale of potential
removals bracketed the period in which pollockbiomass release in the EBS is shown in Table 2.
biomass increased from 2 tons in 1965 to 10-12 tonBy 1970, the reduction of fin whales, Pacific her-
in 1971, due to the above-average year classesng and Pacific ocean perch in the EBS and Aleu-
spawned during 1965-69. If there is a relationshiftian Islands could have released 1.4 tons (EBS only)
between removals of the marine mammals and fishto 2.8 tons (EBS and Al) of zooplankton prey a year.
and the increase in pollock biomass, it may be duén age-1 pollock consumes around 0.32 kg of prey
to both the diet overlap between whales and fishper year (Livingstoret al., 1993; Wespestad, 1994,
and northern fur seal predation on juvenile pollock.Merrick, 1995). Assuming complete diet overlap
Juvenile and adult pollock, herring and Pacificand compensation, the release of prey would be
ocean perch, and fin, sei and humpback whales, aHufficient to feed 4.3 to 8.9 billion age-1 pollock
consume euphausiidsThiysanoessapp.) and for a year.
calanoid copepods as major prey in the north Pa-
cific Ocean (Tomlin, 1957; Takahashi and Assuming that 67% of the fur seal prey were
Yamaguchi, 1972; Coonegt al., 1980; Smith, pollock (Perez, 1994), 343 000 tons of the 512 000
1981; Gaskin, 1982; Walline, 1983; Dwyet al., tons of prey released by the reduced fur seal
1986; Livingston, 1991; Livingstomt al.,, 1993). population would be pollock (mostly age-0 or age-
Northern fur seals, on the other hand, have tradi1). If all were age-1 pollock, at 0.12 kg per fish,
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TABLE 2. Predator biomass removals and annual prey biomass release from harvests of fin whales, Pacific herring,
Pacific ocean perch and northern fur seals through 1970 for the eastern Bering Sea (EBS) and Aleutian
Islands (Al). BW indicates feeding rate as equal to body weight for year. Northern fur seal and fin whale
estimates of feeding from Perez (1994). Prey types are zooplankton (Z) and fish (F).

Feeding Days Biomass
Biomass rate feeding release
Number Biomass (kg/day) in area (tons) Prey
Species Area A (tons) (B) (9] (A*B*C) type
Fin whale EBS 4 000 196 000 1265 120 607 200 ZIF
EBS/AI 11 000 539 000 1265 120 1 669 800 ZIF
Northern fur seal EBS 569 000 24 467 5 180 512 100 F
Pacific herring EBS - 721 000 BW 240 721 000 Z
Pacific ocean perch EBS - 35 300 BW 240 35 300 4
EBS/AI - 419 300 BW 240 419 300 z
Minimum EBS only 976 767 1875 600
Maximum EBS/AI 1703 767 3322 200

this could remove predation on 2.9 billion age-1located to prey upon small fishes associated with
pollock. Based on cohort analysis estimates of agethe bottom, as well as pelagic fishes like juvenile
1 biomass from Wespestad (1994) and an averageollock, capelin and herring (Wespestad and Fried,
size for an age-1 fish of 0.12 kg, the average numbet983; Livingston, 1991, 1994; Livingstoat al.,
of age-1 pollock in the EBS for 1979-94 was 10.61993). Increased pollock predation would have
billion fish. Nine of the year-classes during thereduced the biomass of forage fish.
period were less than 11.7 billion fish. Thus, the
released zooplankton (without the pre-existing lev-  Although no data are available on forage fish
els of prey) and reduced predation pressure coulgdpundance for the 1970-75 period, it was during
by themselves have supported juvenile pollockthis period that the first well documented declines
year-classes during 1965-69 that were similar inn Steller sea lion abundance occurred (Bratetm
size to recent recruitment. al., 1980). This occurred in the eastern Aleutian
A Ch | f Islands, the major sea lion habitat associated with
. rono ogy 0 the EBS. The impact of pollock predation on for-
Groundfish Predation Effects age fish populations would have been short-lived
The low EBS walleye pollock biomass at the because EBS pollock biomass began to decline al-
beginning of the 1960s was composed mostly ofnost immediately after reaching a peak in 1971.
older fish (Bakkalaet al., 1987). During the late- The eastern Aleutian Island sea lion decline ap-
1960s, the combination of increased zooplanktorpeared to abate (Fig. 2) soon after the EBS pollock
availability, reduced fur seal predation, and lowpopulation began to decline. Thus, it is possible that
cannibalism would have benefitted juvenile pollock competition with pollock may have exacerbated the
more than adult pollock because adult pollockeastern Aleutian Island sea lion declines induced
biomass was low. As the 1965-69 year-classes rddy large incidental takes in the "foreign" groundfish
cruited to the population, adult pollock biomassfishery and direct takes in the crab fishery (Merrick
increased. Unlike juveniles, adult pollock consumeet al., 1987; Perez and Loughlin, 1991).
considerable amounts of fish as well as crustacea
(Livingston, 1991; Livingstoret al., 1993), and the Heavy fisheries exploitation of the stock dur-
increase in adult biomass must have increased thag the 1970s (compared to the 1960s and 1980s)
amount of fish and zooplankton consumed. Pollockmay explain the decline in pollock biomass during
are semi-demersal as adults and would be ideall§972-80. Exploitation rates through the 1960s were
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14% or less of the exploitable stock, but increasedPotential for Recovery of Eastern Bering
to as high as 25% in the 1970s. By the 1980s, the Sea Marine Mammal and Bird

rate had returned t817%. It is notable, however, Populations
that the EBS adult pollock population never declined S ) )
to the size (Fig. 2) estimated for the mid-1960s. A reduction in K-selected species (e.g. marine

mammal and seabird) abundance coupled with an

The 1976-77 oceanic regime shift then occurred"crease in abundance of r-selected species (e.g.
at a time when conditions were similar to thoseP0llock) may shift ecosystem stability toward

during 1965-69. Whale, fur seal, Pacific herring anddéater variability in population sizes (Dickie,
Pacific ocean perch numbers were all low, so surd973; Margalef, 1975; Estes, 1979; Ray, 1981;
plus zooplankton remained available and predatior*!en. 1985; O'Neillet al,, 1986). This variability
was reduced (Fig. 3). Adult pollock abundance wagdnakes fishery stocks "progressively less amenable
at moderately low levels (Fig. 2), so cannibalism!® conventional management and progressively
was reduced. These conditions, overlaid on the tenf1'0r€ vuInerable to the uncontrollable and largely
plate of favorable ocean conditions, resulted in sevNPredictable forces of the environment”
eral strong year-classes for many groundfish spelAPollonio, 1994). This is essentially what may

cies during 1978 through 1984. Biomass of adulhave occurred in the EBS since the 1950s. Prior to
pollock, as well as Pacific cod and the flatfishes xPloitation, a suite of K-selected species (large

increased to near-record levels. Eastern Bering Seihales, fur seals, sea lions, harbor seals, ice seals,

adult pollock biomass rose from around 6 tons inS€abirds and some fish) may have exerted consid-

1980 to nearly 15 tons in 1985. Despite these in€rable _control over the Bering Sea ecosystem. Con-
creases in adult groundfish biomass, sea lion angumpPtion of zooplankton and predation on

seabird populations decreased significantly, and groundfish by these species may have kept juve-

lack of prey may have caused the decreases. Capelflil® groundfish abundance at low levels, which re-

declined and subsequently disappeared from fur segtficted the possible stock size of adult groundfish.
and seabird diets. Pacific herring in the EBS, which! Nis limited the impacts of groundfish on forage

had increased in the early-1980s due to strong yeafiSh Populations. Reductions in the populations of
classes in 1976-77, returned to low 1970s levelSOMe K-selected species during 1955-75 may have

Finally, juvenile pollock abundance declined to pro-triggered a sequence of events which in combina-
gressively lower levels after 1984 (Fig. 1), evention with oceanographic changes and current fish-
though it constituted a larger portion of fur seal andn9 Practices (low exploitation rates) may have pro-
seabird diets than in the 1970s (Hwital., 1996; duced sharp increases in adult groundfish biomass.
Piatt and Anderson, 1996: Sinclat al., 1996). The resulting increased consumption of small fish
by adult groundfish may have reduced the alternate
Adult pollock abundance declined after 1985prey available to other predators and coupled with
to around 6—8 tons in the mid-1990s (Fig. 2). Stellehighly variable juvenile pollock abundance may
sea lion numbers in the eastern Aleutians stabilizefave led indirectly to the recent declines in some
around 1990 (NMFS, 1995). The stabilization of EBS marine mammal and seabird species. Thus, the
Steller sea lion numbers may have been due to thi@rge increases in groundfish biomass that occurred
availability of small pollock from the 1989 year- in the EBS after the early-1960s while good for
class coupled with the increased availability of acommercial groundfish fisheries, may have been to
number of other prey. Analysis of 89 sea lion scatshe detriment of other members of the ecosystem.
collected during 1990-93 in the eastern AleutianConditions may remain unfavorable for sea lions
Islands found small forage fish (capelin, sand lanceand seabirds so long as groundfish populations re-
herring), salmon, Atka mackerel, and a variety ofmain high. Moreover, if groundfish in the EBS have
small demersal fish (e.g. sculpins) in the diet inoccupied the feeding niche formerly filled by
addition to juvenile pollock (Merrick, 1995). A Whales, then recovery of whale populations may
collection of 40 scats from 1985 found only pollock remain slow.
and salmon in the diet. The difference in diets be-
tween 1985 and 1990-93 suggests that a greater  Clearly, the hypothesis that competition with
variety of prey was available in the 1990s whengroundfish is contributing to the Steller sea lion and
adult pollock biomass was reduced (Merritkal.,  seabird declines remains an open issue suggesting
1997). further testing is warranted. One immediate merit
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to the hypothesis may be that testing could disclose biodiversity. UNEP GRID- Arendal, Longum Park,

previously unconsidered management actions to  Norway.

reverse the EBS declines of Steller sea lions an@POLLONIO, S. 1994. The uses of ecosystem charac-
seabirds. teristics in fisheries managemenRev. Fish. Scj

2: 157-180.
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