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Figure 2. Impact of food supply on immature marine mammals.

leads to an age class shift in the population
with the increase in the age of first birth.

The working group concluded that there
were multiple indicators of food limitation in
the questioned species and that therefore a prob-
lem with the supply of food was consistent
with the available data.

Item 4. Gulf of Alaska Fisheries/Marine
Mammal Model.

The following model is a calculation of the
energy demands of pinnipeds for the Gulf of
Alaska. There are many approximations in this

model, but it was based on the most current
information available to the working group.
Rather than reference each of the points as they
are presented, we included a basic annotated
bibliography at the end of the section.

The approach of this model was to estimate
the total number of northern fur seals, harbor
seals, and Steller sea lions that live in or pass
through the Gulf of Alaska, and then calculate
the total food requirements of these popula-
tions. This was done by using known or esti-
mated metabolic requirements of the concerned
species.

Since the time of the workshop (March
























pusilla. A. cristatella, and Cyclorrhynchus
psittacula) were carried out in the mid-1960s,
mid-1970s. and early and mid-1980s on St.
Lawrence Island and in the mid-1970s and
early to mid-1980s on St. George Island. Al-
though present concerns center on fish-eating
species. particularly murres and kittiwakes,
knowledge of the planktivores can be useful in
understanding community relationships and
ecosystem processes important to both sea-
birds and marine mammals.

OBSERVATIONS
Northern Bering Sea

St. Lawrence Island has some of the largest
concentrations of breeding seabirds in Alaska
(Sowls et al. 1978) because of its location next
to a major ocean current that enriches the re-
gion with abundant nutrients, phytoplankton,
and zooplankton from off the continental shelf
(Springer et al. 1987, Springer et al. 1989,
Walsh et al. 1989). Three censuses of murres
(Uria spp.) on sample plots in 1972, 1976. and
1981 suggested that no long-term changes oc-
curred during that time (Roseneau et al. 1985).
Unfortunately, the same plots were not counted
during the most recent work on the island in
1987 (Piatt et al. 1988).

Because the intervals between studies at
St. Lawrence Island have been long, there is no
information on trends in productivity of murres
or kittiwakes. All that is known is that produc-
tivity varies between high and low levels and
appears in general to track productivity at other
colonies in the northern Bering Sea and eastern
Chukchi Sea (Searing 1977, Roseneau et al.
1985).

Murres and kittiwakes on St. Lawrence L.
feed on a variety of fishes. including primarily
arctic cod (Boreogadus saida) and sand lance
(Ammodytes hexapterus) (Fig. 2), with lesser
amounts of saffron cod (Eleginus gracilis), pol-
lock (Theragra chalcogramma). and capelin
(Mallotus villosus) (Springer et al. 1987, Piatt
et al. 1988).

Seabirds 15

o

Arciic cod
Sand lan{c

70R

=

Pollock,

607 Flat fish

Sand lance

Sand lance
Pollock . Poilock

Lantern fish | 5000 fish ~ Sand lance
. Squid p Capelin
o Sand lance #% Sand lance
Sand lance * 4 ¢ we 27 Pollock
50 + $——t—t + + t } + +
160 170 -180 -170 -160 -150 -140

Figure 2. Principal prey of murres and kittiwakes in
Alaska.

Least and Crested Auklets on western St.
Lawrence Island have increased by an average
of about 75% since the mid-1960s (Fig. 3).
Two hypotheses have been advanced to ex-
plain the change: (1) reduced predation pres-
sure by foxes and humans (Piatt et al. 1990)
and (2) an increase in prey abundance (Springer
1992). Least Auklets feed nearly exclusively
on large calanoid copepods during summer.

3
® LEAU-Kong
© LEAU-Owal
4 CRAU-Kong .
8 5,1 & CrAU-Owa
g o
=
Z * .
=
s 1 r2=045.p<001
A
0 r :
1960 1970 1980 1990

Figure 3. Trends in numbers of auklets at St.
Lawrence Island. Data from summary by Piart et al.
(1990). LEAU = Least Auklet; CRAU = Crested
Auklet; Kong = Kongkok Bay colony; Owal = Owalit
Mountain colony.
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Table 1. Information obtained at major seabird colonies in the Bering Sea and Gulf of Alaska.

Parameter

Bluff
1975-90

BLKI,

Usefulness COMU

Abundance of prey
species
Die-offs

Adult behavior
Phenology
Clutch size
Productivity

Colony attendance
Laying success
Diet composition

Adults

Chicks

Body condition
Adult mass

Chick growth rate
Chick fledging weight

Additional needs

Population age structure
Population cohort change
Physiological parameters
Haematology
Fat
Protein
At-sea behavior indexes
Trip length
Chick feeding rates
Egg size

10

5

10

10

10

10
10

10
10

10
10
10

10
10

BLKI: 1984

Both: all years
Both: all years
Both: all years

Both: all years
BLKI: all years

Both: 1978-90

Both: 1978-90

BLKI: 1978-90

Pribilof Is. Cape Peirce: Semidi Is.
1975-82, 84-90 1976-81, 85-87,
89-90
RLKI, BLKI, BLKI, COMU NOFU, BLKI, COMU,
TBMU TBMU, HOPU, TUPU
Pollock
RLKI, BLKI: 1983, PECO, BLKI-1983,
1987 1989
All: alt years All: all years
All: all years Both: all years All: 1976-81, 89-90
All: all years Both: all years Ali: 1976-81, 89-90
All: al years Both: all years NOFU, BLKI: 1976-81,
89-90
COMU: 1979-81,
89-90
TBMU: 1977-81,
89-90
All: 1976, 82, 84-90  Both: 1984-80 All: 1976-81, 89-90
RLKI, BLKI: all years All: 1976-81, 89-90
All: 1975-78, 84-88 Both: 1982, 84 BLKI, COMU: 1987, 90
Ali: 1975-78, 87-88 HOPU, TUPU: 1979,
85-87
All: 1975-78, 84-88 Both: 1982, 84 BLKI, COMU: 1987, 90

All: 1975-78, 84, 87-88
All: 1975-78

Notes: NOFU=Northern Fulmar; PECO=Pelagic Cormorant; BLKI=Black-legged Kittiwake; RLKI=Red-
legged Kittiwake; COMU=Common Murre; TBMU=Thick-billed Murre; HOPU=Horned Puffin;
TUPU=Tufted Puffin. Usefulness values 1-10 = litlie-great.












































































year, for outer shelf and inner shelf areas of the
eastern Bering Sea (Fig. 13). In both the outer
and inner shelf areas, CPUE of eulachon de-
clined from the early 1980s through 1989. Ef-
fort (hours of sampled trawls) during the same
time period increased through the mid-1980s
and has been lower since then. These data
suggest (given all the cautions noted above in
interpreting the data) that eulachon abundances
have declined in the eastern Bering Sea during
the last decade.

Data from recent groundfish trawl surveys
in the eastern Bering Sea also hint at declining
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Figure 13. Trends in CPUE (catch per unit effort) of
eulachon from fisheries observer data in outer and
inner shelf areas of the eastern Bering Sea (see Fig.
12). Hours represent total duration of sampled trawls
in region for each year.
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eulachon abundances. Biomass estimates for
the eastern Bering Sea and statistical area 517
(between Unimak Island and the Pribilof Is-
lands and onto the southeastern Bering Sea
shelf west of 165° longitude and south of 56°30'
latitude) were higher in 1979 and 1984 and
lower since 1985 (Fig. 14). Three-year moving
averages (Fig. 14) reveal a general declining
trend since 1982-84. These data should be in-
terpreted with caution: these surveys are not
designed to sample small pelagic fishes such
as eulachon. Causes of the decline, if real, are
unknown, but may be related to variability in
year-class strength as noted for capelin.

Pacific Sand Lance

Because they do not possess air bladders,
Pacific sand lance are negatively buoyant. They
are usually found on the bottom, at depths
between 0-100 m except when feeding
(pelagically) on crustaceans and zooplankton.
Spawning is believed to occur in winter. Sand
lance mature at ages 2-3 years and lengths of
10-15 cm. Little is known of their distribution
and abundance; they are rarely caught by trawls.
In the Bering Sea, sand lance are common prey
of salmon, northern fur seals, and many spe-
cies of marine birds. Thus, they may be abun-
dant in Bristol Bay, along the Aleutian Islands
and Alaska Peninsula. In the Gulf of Alaska,
sand lance are prey of harbor seals, northern
fur seals, and marine birds, especially in the
Kodiak area and along the southern Alaska
Peninsula. Given the sand lance’s short life
span and the large number of species that prey
on it, mortality, fecundity, and growth rates of
Pacific sand lance are probably high.

Squid and Lanternfishes

Oceanic squids (families Gonatidae and
Onychoteuthidae) constitute varying propor-
tions of the diet of northern fur seals, harbor
seals, Steller sea lions, sperm whales, and ma-
rine birds in the Bering Sea and Gulf of Alaska.
Two species, Berryteuthis magister and
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Figure 14. Eulachon biomass estimates for statistical
area 517 (see text) and the eastern Bering Sea from
NMFS groundfish bottom trawl surveys, 1979-1990.
Top: annual biomass estimates. Bottom: Three-year
moving average of annual biomass estimates.

Onychoteuthis borealijaponicus predominated
in commercial catches along the outer conti-
nental shelf/slope in the Bering Sea and Aleu-
tian Islands, respectively (Bakkala 1991). Fish-
eries observer data show that incidental catches
of squids in groundfish trawls have occurred
primarily on the outer continental shelf and
slope in both the Bering Sea and Gulf of Alaska,
and primarily on Petrel Bank, Bowers Ridge,
and near the Rat Islands in the Aleutians. Little
is known of squid population dynamics or re-
cent trends in abundance.

Lanternfishes (myctophids) are distributed
pelagically in the deep sea throughout the
world’s ocean, where they occur at depth dur-

ing the day and migrate to near the surface to
feed (and be fed upon) at night. The northern
lampfish (Stenobrachius leucopsarus), which
occurs in the Bering Sea and Gulf of Alaska,
has a maximum length of approximately 13
cm. Myctophids have been found to be impor-
tant forage fishes for marine birds and northern
fur seals. Because they are rarely caught in
survey or fishery trawls. little is known of
recent trends in their abundance.

CONCLUSIONS

Available data on forage fishes in the Gulf
of Alaska and Bering Sea permit only weak
tests of the hypotheses listed in the introduc-
tion. Hypothesis (a), that overall prey abun-
dance has declined, can be conditionally re-
futed. Overall prey abundance may have de-
clined in both systems since the early to mid-
1980s. However, these declines were preceded
by large increases in pollock and herring bio-
masses in the late 1970s and early 1980s. Con-
sequently, the available data suggest that prey
availability on a system-wide basis increased
significantly during the same period that some
pinniped (particularly the Steller sea lion) and
marine bird populations were declining. Limi-
tations in the data, however, preclude determi-
nations of changes in localized prey availabil-
ity, or the small-scale distribution of system-
wide fish biomasses, which could affect forag-
ing efficiency of marine mammals and birds.

With respect to hypothesis (b), species com-
position has changed in the past three decades.
In the Bering Sea, pollock biomass has peaked
twice since the late 1960s, once in the early
1970s followed by a decline through the late
1970s, and again in the early-mid 1980s (Fig.
2). Pollock biomass was low in the Gulf of
Alaska in the 1970s, increased during the 1980s,
and is now declining slowly (Fig. 10). Herring
biomass in the Bering Sea was very high in the
1960s, low in the 1970s and moderately high
in the 1980s (Figs. 2 and 8). The patterns in
pollock and herring abundance are caused
mainly by recruitment variation and partly by
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SPECULATIONS ON THE CONNECTION
OF ATMOSPHERIC AND OCEANIC VARIABILITY
TO RECRUITMENT OF MARINE FISH STOCKS
IN ALASKA WATERS

H.J. Niebauer
Institute of Marine Science
University of Alaska Fairbanks

A.B. Hollowed!
Alaska Fisheries Science Center
National Marine Fisheries Service

ABSTRACT

In this paper, we qualitatively compare
variations in ocean conditions with recruitment
variations of several commercially important
marine fish. We demonstrate that strong shifts
in atmospheric circulation patterns occurred in
the late 1970s. These changes in the atmo-
sphere resulted in warmer winter ocean condi-
tions in the early 1980s. In the Bering Sea,
shifts in ocean temperature appear to be linked
to the location and intensity of the Aleutian
Low pressure cell and may have origins in El
Nifio Southern Oscillation (ENSO) events
which exhibit strong extra-tropical effects. The
late 1970s shift in ocean conditions appears to
be initiated by the moderate 1976 ENSO event.
Many stocks in the North Pacific Ocean and
Bering Sea exhibited strong year classes dur-
ing the transition period between cool and warm
ocean conditions from 1976 to 1978. Several
explanations for this increase in the production
of marine fish are presented.

INational Marine Fisheries Service
7600 Sand Point Way NE
Seattle, WA 98115

INTRODUCTION

In the Gulf of Alaska and Bering Sea, sea
surface temperature (SST) of coastal waters
over the continental shelf and slope oscillate
between periods of warm and cool conditions
of 6 to 12 year duration (Hollowed and Wooster
1992). In the Gulf of Alaska the periods of
warm near-surface ocean conditions appear to
be associated with an eastward displacement
and intensification of the Aleutian Low and
downwelling in coastal waters (Emery and
Hamilton 1985; Wooster and Hollowed, in re-
view). The origin of these large-scale shifts in
ocean temperature has been linked to two
mechanisms: El Nifio Southern Oscillation
(ENSO) events (Niebauer 1983; Hamilton
1988; Wooster and Hollowed, in review) and
the luni-solar tidal cycles (Royer 1993).

In the mid-1970s, an ENSO event coin-
cided with the maximum rate-of-change in the
luni-solar tide cycle, during the same period
winter SSTs in the Bering Sea and Gulf of
Alaska changed from “cold” to “warm”
(Wooster and Hollowed, in review). In this
paper, we describe the potential connection
between this recent shift in atmospheric condi-
tions and observed changes in ocean condi-
tions in the Bering Sea. We also speculate on
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Figure 1. Deviations from monthly mean ice cover, sea surface temperature, and air temperature from the eastern

Bering Sea, and Southern Oscillation Index (SOI) from the South Pacific.
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Figure I (cont.). The light lines are the actual monthly deviations from the mean while the heavy lines are a 9-
month running mean (after Niebauer 1988).
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Figure 2. Cross-correlation plot of the Southern
Oscillation Index versus ice cover in Figure 1. The x-
axis is the time lag between data sets. N is the number
of data points, while Neff is the number of effective or
independent data points available for use in calculat-
ing the confidence levels (from Niebauer 1988).
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Strong year classes were identified as described
in Hollowed et al. (1987), and Hollowed and
Wooster (1992). Synchronous strong year
classes were defined as years when 50% or
more of the groundfish stocks had strong year
classes.

RECRUITMENT EVENTS

Widespread synchrony of strong year
classes of groundfish occurred in regions from
California to the Gulf of Alaska in 1961, 1970,
1977, and 1984 (Fig. 3). Each of these years
coincided with warm ocean temperature con-
ditions, and in at least three years, a strong
Aleutian Low (Table 2). The Aleutian Low
pressure index was developed by McFarlane
and Beamish (1992). This index represented
the area of the North Pacific Ocean less than
100 kPa atmospheric pressure at sea surface as
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Figure 3. Summary of the percentage of northeast Pacific groundfish stocks that had extreme year classes. Years
when 50% or more of the stocks were extreme are indicated (from Hollowed and Wooster 1992).



30 IsItFood?

Table 1. Summary of quantitative data sources.

Stock Scientific name
Pacific hake Merluccius productus
Dover sole Microstomus pacificus
P O P (Vancouver) Sebastes alutus

P O P (Columbia) Sebastes alutus
Petrale sole Eopsetta jordani
English sole Parophrys vetulus
Widow rockfish Sebastes entomelas
Pacific halibut Hippoglossus stenolepis
Rock sole Lepidopsetta bilineata
English sole Parophrys vetulus
Petrale sole Eopsetta jordani
Pacific cod Gadus macrocephalus
Pacific cod Gadus macrocephalus
POP Sebastes alutus

Walleye pollock Theragra chalcogramma

Spawning
location Source
CA Dorn et al. (1991)
WA-OR Demory et al. (1984)
WA-OR ito et al. (1986)
WA-OR ito et al. (1986)
WA-OR Demory (1984)
WA-OR Golden et al. (1986)
CA-WA Hightower and Lenarz (1989)
CAN-GOA LLN.P.H.C. (1991)
CAN-HS Fargo (1989)
CAN Fargo (1990)
CAN Ketchen and Forrester (1966)
CAN-WVI Tyler and Foucher (1990)
CAN-HS Tyler and Foucher (1990)
CAN-QC Archibald et al. (1983)
GOA Hollowed and Megrey (In prep.)

Abbreviations: P O P: Pacific ocean perch; CA: California; WA-OR: Washington-Oregon; CAN: Canada; CAN-
HS: Hecate Strait; CAN-WVI: West coast of Vancouver Island, Canada; CAN-QC: Queen Charlotte; GOA:
Gulf of Alaska; |.LN.P.H.C. International North Pacific Halibut Commission, Seattle. Washington.

indicated on atmospheric pressure maps
(Hamilton 1984). Strong Aleutian Lows were
defined as years when the area less than 100
kPa was greater than 250,000 square nautical
miles during the winter (December-February).

Although pollock stocks in the Bering Sea
and Gulf of Alaska exhibited strong year classes
in 1977, the 1978 year class was the strongest
year class on record for both stocks. In the
Bering Sea. the 1978 year class was roughly
twice as large as any other observed year class
(Wespestad and Dawson 1991). Strong year
classes of walleye pollock are particularly im-
portant because juvenile pollock are an impor-
tant prey item for several marine mammals and
birds in the Bering Sea and Gulf of Alaska
ecosystems (Kajimura and Loughlin 1988,
Smith 1981).

The shift in ocean conditions in the North
Pacific Ocean and Bering Sea appears to have
influenced the abundance of several marine

species. The recent period of ocean warming
(1977-1984) in the Bering Sea and Gulf of
Alaska coincided with a period of high produc-
tion of groundfish (Fritz et al., this proceed-
ings). Survival of pink salmon increased dra-
matically in Alaskan waters after 1977 and
remained high throughout the 1980s (Francis
and Sibley 1991). Pandalid shrimp populations
in Pavlov Bay (in the Gulf of Alaska) declined
after 1977 (Albers and Anderson 1985).

LINKS BETWEEN
OCEAN CONDITIONS AND
RECRUITMENT SUCCESS

The information presented in this paper
indicates that the period of transition from cool
to warm ocean conditions was associated with
strong recruitment of groundfish stocks. In this
section, we develop several explanations for
this recruitment response.



Table 2. Summary of winter ocean tem-
perature conditions in the Gulf of Alaska
and the intensity of the Aleutian Low pres-
sure index (McFarlane and Beamish 1992).

Coastal Dec.-Feb.
Recruitment Surface Aleutian
Event Temperature Low?
1961 Warm Strong
1970 Warm Strong
1977 Warm Strong
1984 Warm -

a8 Aleutian Low pressure index from McFarlane and
Beamish (1992) representing the area of the North
Pacific Ocean less than 100 kPa atmospheric pres-
sure at sea surface as indicated on atmospheric
pressure maps (Hamiiton 1984). Strong years repre-
sented by values greater than 250,000 square nauti-
cal miles.

The strong recruitment observed in several
northeast Pacific fish stocks in 1977 and 1978
may be a response to the strong gradient in
ocean conditions observed in the winter of
1976-1977. This explanation was proposed by
Saetersdal and Loeng (1987) who observed
marked change in recruitment of several ma-
rine fish stocks in the North Atlantic Ocean at
the beginning of periods of warm ocean condi-
tions.

An alternative explanation of the results is
that recruitment of several groundfish species
is favored by warm ocean conditions and in-
tense Aleutian Lows. These ocean conditions
could influence recruitment of marine fish by
(a) changing the abundance and distribution of
prey, (b) favoring transport of larvae to suit-
able nursery grounds, or (c) by altering the rate
of predation of fish during the early life stages.

As noted in the first section of this paper,
warm SSTs and intense Aleutian Lows are
associated with below normal ice cover in the
Bering Sea. If fish respond to ice cover. the
retreat of the ice edge during warm ocean con-
ditions may broaden the geographical opportu-
nity of fish to encounter suitable prey concen-
trations in the Bering Sea. Shifts in the areal

Ocean Variability 51

extent of suitable habitat can play an important
role in recruitment success (MacCall 1990, Iles
and Sinclair 1982).

Intensification of the Aleutian Low may
alter the speed and flow trajectories of the
Alaska gyre. Ingraham et al. (1991) noted that
large-scale circulation in the Alaska gyre could
influence bottom water properties which may
influence the spawning location or transport of
pollock eggs in Shelikof Strait. Parker (1989)
found that strong winter-averaged wind condi-
tions favored the production of large year
classes of Pacific halibut.

Increased survival could occur if acceler-
ated growth rates resulting from warmer tem-
peratures (Pepin 1991) were coupled with prey
densities sufficient to satisfy the increased meta-
bolic demands. The importance of matching
peak periods of larval abundance with the avail-
ability of suitable prey have been shown by
Cushing (1969) and Lasker (1975, 1978).

Warm conditions in the north may foster
development of suitable prey for larval and
juvenile fish (MacCall 1990, Iles and Sinclair
1982). In the North Pacific, McFarlane and
Beamish (1992) noted that the mean number of
copepods per cubic meter at Ocean Station P
during March, April, and May showed a marked
increase in the most recent warm period 1976-
1980. Brodeur and Ware (1992) found a posi-
tive correlation between the intensity of winter
winds and subsequent summer zooplankton bio-
mass in the subarctic gyre.

This analysis has identified a suite of envi-
ronmental conditions that may represent some
of the pre-conditions necessary for strong re-
cruitment of marine fish. Support for the im-
portance of these ocean conditions is found in
the large number of stocks that exhibited strong
year classes simultaneously. The next step will
be to investigate whether stocks exhibit decadal
scale variations in the probability of recruit-
ment. If linkages between decadal scale cli-
mate conditions and recruitment exist, then the
abundance of pelagic fish populations in the
Gulf of Alaska and Bering Sea may not be
stable.
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