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Squid Life Histories

Project 627

THE NORTH PACIFIC FISHERY MANAGEMENT COUNCIL
manages squid and sculpin as part of their “other species”
category, which has an aggregate quota that also includes
taxonomically and biologically dissimilar groups such as
sharks and octopi. Researchers assume that squid biomass
is huge and mostly concentrated in the Bering Sea basin
waters. Squid play an integral role in the trophic web as
predators of larval fish and zooplankton, and as prey for
larger fish and marine mammals, with as much as 1,000,000
metric tons of squid consumed as prey.

Despite squid’s ecological importance, and extremely high
abundance in the Bering Sea, we know little about their
life histories. Project 627 filled in some of these gaps by
collecting gonatid squid from research cruises, and oppor-
tunistically from commercial fisherman, then removing
stomachs for diet analysis, and inner ear bones (statolith) for
determining age by counting the daily rings. Researchers

also used chemical signatures embedded within the stato-
lith to estimate the degree of squid movement between
hatching and capture locations.

Although limited sample sizes did not permit detailed diet
analysis, it appears that in summer,
mainly ate euphausiids and gadids, whereas
ate arrow worms, fish, and euphausiids,

ate fish, euphausiids, and amphipods, and

ate squid, fishes, crabs, and euphausiids.

This is the first diet baseline information for these species.
Scientists found that , which made up most of
the available samples, complete their life cycle in about
one year. Juveniles and adults appear to occupy different
parts of the water column, indicating that the hatching and
capture locations are not the same and that
hatch at three or more different hatching locations along
the Bering Sea slope.

Ecological Role of Sculpin
Project 628

PROJECT 628 FOCUSES ON SCULPIN, WHICH
represent a significant portion of fishery bycatch
in Alaska, with an average of 6,658 metric tons
or 22% of the “other species” catch total from
1997-2004. The study focuses on determining
age, growth, reproductive biology, food habitats,
and other life history parameters to improve stock
assessments models and to better understand
the ecological role of four abundant large scul-
pin species (bigmouth sculpin, great sculpin, plain
sculpin, and the yellow Irish lord) in the Bering
Sea. Samples were collected during the summer
2006 NOAA eastern Bering Sea continental shelf
and the Aleutian Islands survey conducted by the
Alaska Fisheries Science Center, as well as dur-
ing the fall, spring, and winter of 2007-2007 using
field contractors.

Photographs of plain sculpin otoliths aged using the surface and the break and bake method. A
shows large early years on the surface and the break and bake method. B shows a small 1st year on
the surface, but normal size on the break and bake.
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The Reproductive Biology of Female Snow Crabs

Project 508

BY 2004, THE RECOMMENDED GUIDELINE HARVEST
level for the snow crab fishery dropped to 6% of the 1991
historical maximum of 328 million pounds. The geographic
range of snow crabs in the eastern Bering Sea has con-
tracted substantially towards the northwest, but no one
knows how this reduced range is affecting recruitment.
Project 508 analyzed existing data from trawl surveys
conducted between 1978-2003 by the National Marine
Fisheries Service, and from immature crab taken from cod
stomachs.

Results showed that the early benthic life history for crabs
at depths of 50 to 100 meters in the eastern shelf of the
Bering Sea lasts for an average of six years—from settle-
ment to terminal molt when females reach maturity or
males reach adulthood. Towards the north shelf, life history
events tend to be delayed due to colder temperatures,
presumably because of a combination of biennial brood-
ing and lower molting frequency at higher latitudes.

Females live for up to 14 years, including six to seven years
of reproductive life. Males may live up to 18 years. The
study confirmed and expanded previous results showing
that female recruitment over the last 25 years occurred in a
regular cycle of four pulses, with a six- to seven-year period.

The cyclical signal in the abundance of recruitment to the
mature female and male populations appears to have a
pervasive effect on virtually every aspect of snow crab life
history and population ecology—female size at maturity,
egg clutch fullness, sex ratios, and average age past-termi-
nal molt among others. The research suggests that using
aggregate indices of spawning biomass...as a surrogate
for female effective reproductive output in conventional
stock assessment can be seriously misleading, obscuring
interpretable patterns in the case of stocks that, like snow
crab in the eastern Bering Sea, show strong geographic
structure. This is particularly so when biological process are
strongly governed by environmental gradients, geographic
features, and patterns of circulation and other hydrographic
processes, as is the case for this species.
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Male Snow Crabs

Projects 812, 714

PROJECT 812 IS ADDING TO OUR RENEWED UNDER-
standing of crab reproductive biology by focusing on male
snow crabs, particularly on the physiological difference
between males that have reached terminal molt and are
thought to be mostly responsible for mating, and indi-
viduals in stages before the terminal molt that are already
reproductively mature.

A more detailed understanding of the factors that con-
tribute to successful mating and maximal fertilization of
a clutch could support more refined population models.
Project 812 is thematically synergistic with Project 714,
which is examining the relationship between the amount
of sperm in the spermathaeca (sperm load) of Bristol Bay
king crab, and the percentage of the clutch that is fertilized.

Project 714 is also assessing egg quality and larval fitness
relative to female size and reproductive history to incor-
porate these reproductive potential indices into stock
assessment models, which currently only use a crude mea-
sure of reproductive output based on total female biomass.

FISH & INVERTS :: Stock Assessment Research & Development :: Ecology :: Population Ecology

Tanner Crab Abundance

Project 814

PROJECT 814 FOCUSES ON TANNER CRABS, AND AIMS
to investigate the causes of the wide swings in Tanner
crab abundance over the last 15 years, seemingly due to
extreme recruitment variability. Understanding the pro-
cesses driving this variability would let fishery managers
set sustainable biological catch and overfishing limits, and
provide a basis for evaluating impacts of climate variability.

The study will apply a process-oriented, simulation model
to explore the effects of stock biomass on recruitment
through density-dependent relationships. Investigators
will also look at how bottom temperature affects gonadal
development of maturing adults, and how wind impacts
the supply of nutrients leading to primary and second-
ary production favorable to larval crab feeding. The study
also examines mixed-layer temperatures on productivity of
copepod nauplii as prey of larval crab, and the advection
of larval crabs to suitable nursery areas distant from the
cold-pool predators such as Pacific cod, and cannibalistic
subadult and adult crabs.

Estimated male Tanner crab recruitment in Bristol Bay, during 1976-1996. Recruit-
ment occurs approximately seven years after egg hatching.
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Projects 417, 522

ATKA MACKEREL SUPPORT A MULTI-MILLION DOLLAR
commercial fishery and are important food for fish, sea-
birds, and marine mammals in the marine ecosystem of the
Aleutian Islands. Resource managers need to know more
about Atka mackerel life histories to best manage this valu-
able species.

Projects 417 and 522 proposed to learn more about how
temperature affects the development of embryos, how
maturity and fecundity differ and change among areas
during the reproductive season, and to describe male
guarding behavior of egg masses.

Using National Marine Fisheries Service Atka mackerel tag
recovery cruises, researchers collected Atka mackerel and
their egg masses from inside and outside Trawl Exclusion
Zones, then mapped their distribution by reproductive
condition. They determined female maturity and fecundity
across different geographic areas, and used parentage
analyses of embryos produced in both captive and natural
populations to assess the mating system and patterns of
egg cannibalism by adults.

The reproductive ecology of Atka mackerel turned out to
be more complex than previously assumed. Atka mack-
erel spawn only in specific portions of their habitat, mostly
inside the Trawl Exclusion Zones, with males, females, and
immature fish living in different areas during the spawn-
ing season. Depending on water temperatures, eggs can
take up to 100 days to hatch, meaning that adults could
be spawning and guarding nests for up to six months a
year. The study revealed that fecundity and maturity are
dependent on growth patterns, with mature females (3-4
years old) in better body condition being more productive.

The study also found that although males mostly fathered
the eggs they were guarding, sneaking behavior by other
males resulted in egg batches produced by multiple parents.

Overall, variations in behavioral and environmental factors
can lead to spawning systems with seasonal influences on
the temporal and spatial distributions of the adult popula-
tion, and it turns out that females are able to regulate their
fecundity in response to area and year-specific variations in
the environment. Incorporating this information into stock
assessment models and fishery management will greatly
enhance our ability to successfully assess and manage this
species and fishery.

The 21 stages of embryonic development for Pleurogrammus monopterygius. Egg

diameter = 2.66 millimeters.

Atka mackerel egg masses.

Bob Lauth
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The reproductive ecology of
Atka mackeral turned out to be
more complex than researchers

previously assumed.

Map of spatial Atka mackerel fishing controls, including

the NMFS statistical areas, Steller sea lion critical habitat,
and Trawl Exclusion Zones. Also includes three study sites of
Amchitka Island.
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Reproduction of Pacific Ocean Perch in the Bering Sea

Project 629

Late stage Pacific ocean perch larvae.

THE IDEA THAT LARGE FEMALES MATTER A GREAT
deal to the population due to their high reproductive
potential applies to a variety of species, including Pacific
ocean perch. In this long-lived and commercially important
species of rockfish, age and size of females could poten-
tially be mediating recruitment variability. Project 629 is
investigating the size- and age-specific female reproduc-
tive effort of ocean perch and incorporating these data
into age-structured population models to determine if and
what maternal effects play an important enough role to be
taken into account in stock assessment models.

FISH & INVERTS :: Stock Assessment Research & Development :: Ecology :: Population Ecology

Life Histories of Pacific Cod

Projects 618, 815, 817

PROJECT 618 AIMS TO IDENTIFY THE SPATIAL AND
temporal patterns in spawning and maturity of commer-
cially and ecologically valuable Pacific cod in the Bering
Sea. Monthly maps of cod maturity stages, based on data
collected by observers on commercial vessels, help deter-
mine the location and timing of cod spawning. Maturity
data collected at St. Paul Island and from the National
Marine Fisheries Service Bering Sea trawl surveys and
fisheries observers, lets researchers assess the spatial dif-
ferences in cod maturity schedules to better understand
the potential for climate-driven shifts in fish distribution to
impact cod life history parameters.

Distribution of Cod

Following up on the recommendation made in Project
620, Project 815 will tag 12,000 fish and quantitatively esti-
mate movement rates in the eastern Bering Sea between
pre-spawning distributions in the fall to spawning distribu-
tions in the late winter and early spring. Understanding
this movement is critical to adult life history. This project
is the first study specifically designed to relate geographic
distributions and movement on scales necessary for identi-
fying potentially separate spawning stocks. Doing so gives
resource managers insight to harvest decisions that can
preserve the health of these cod stocks as components of
a larger system.

Boundaries for Gene Flow

Using landscape genetics as an alternate approach to
determining whether there are discrete populations of cod
with the Bering Sea and Aleutian Islands management area
is the focus of Project 817. Landscape genetics is a rela-
tively new approach for examining population structure,
but has the potential to identify and correlate clear physical
boundaries, such as oceanic passes, deepwater canyons,
and current systems, to gene flow (index for the amount of
individuals moving between areas). The complex and var-
ied physical environment of the Bering Sea and Aleutian
Islands lends itself to such a study and if successful, results
would complement movement information inferred from
the tagging study (Project 815), and substantially add to our
understanding of the population dynamics of this species.
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Greenland Halibut Collapse

Project 619

QUANTIFYING THE IMPORTANT CONNECTIVITY BETWEEN
spawning and nursery areas for Greenland halibut is the
focus of Project 619. Greenland halibut used to be one
of the most important commercial flatfish species of the
Eastern Bering Sea, with landings in the late 1970s far
exceeding the 2005 combined landings of all other com-
mercial large flatfish species, such as Pacific halibut,
arrowtooth flounder, and flathead sole.

However, since the late 1970s when landings measured
80,000 tons, a dramatic decline in recruitment resulted in
landings of about 2,000-3,000 tons during the three years
before the onset of this project. The collapse of this stock
is in strong contrast to the increase of other flatfish spe-
cies of the eastern Bering Sea and the causes for these

differences, and for those leading to the ongoing recruit-
ment failure, remain poorly understood.

A critical aspect of the Greenland halibut life history
appears to be the transport of eggs and larvae from
their deepwater spawning areas across the slope to suit-
able nursery locations on the shelf. It is the hope of this
project that understanding how evolving physical condi-
tions of the Bering Sea affect this transport pathway will
provide critical insight into the recruitment dynamics of
Greenland halibut, and possible other deepwater spawn-
ing flatfish. Researchers are employing a combination of
field and laboratory work as well as modeling to achieve
these objectives.

Walleye Pollock in the Gulf of Alaska

Project 523

FEMALE WALLEYE POLLOCK SPAWN MILLIONS OF
eggs, but 99% of these die before the end of their first
year, due to high levels of predation, transport by ocean
currents out of their preferred habitat, and a lack of food.
Project 523 developed and used a physical-biological
model to simulate the physical environment and the early
life history of walleye pollock in the Gulf of Alaska for a bet-
ter understanding of the processes that influence walleye
pollock recruitment, and how recruitment may fluctuate as
climate changes. Part of this study also looked at the rela-
tionships between spawning locations and nursery areas of
walleye pollock in the North Pacific.

The study showed that young pollock that were spawned
in outer Cook Inlet, Shelikof Strait, the Semidi Islands,
as well as in the Shumagin region, may all be using the
Shumagin Island region as a nursery area. Contrary to pre-
vious assumptions, the model indicated that many young
pollock hatched in the Gulf of Alaska may eventually end
up in the Bering Sea, especially if they were spawned on
the outer edges of the continental shelf or slope or in the
Shumagin region.

This result raises two important ecological and manage-
ment questions. Are the Gulf of Alaska and Bering Sea
walleye pollock populations really separate, as reflected in
the current management scheme, or is recruitment in the
Bering Sea affected by spawning in the Gulf? And is the

Map A: Regions where
modeled pollock eggs
were released for the

years 2000-2004.

Map B: Positions of
particles (correspond-
ing to eggs, yolksac
larvae, feeding larvae,
and juveniles) during
the simulation on
August 1,2000.

Shumagin Island region a self-sustaining population, or
are all the young fish produced in this region “lost” to the
Bering Sea? Results from this modeling effort need to be
validated with field observations, but if they are, the pre-
dicted survivorship and transport from the model could be
added to the annual stock assessments of walleye pollock.
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Tracking Juvenile Sockeye Salmon

Project 205

DETERMINING THE GEOGRAPHICAL BOUNDARIES OF
different fish populations and quantifying the connectivity
between different areas are important aspects of population
ecology and species management, and help in determining
population trends. Researchers traditionally relied on tag-
ging individual fish and receiving tag returns from fisheries.
In recent years genetics, specifically microsatellite loci and
single nucleotide polymorphism (SNP, pronounced “snip”,
a small genetic change or variation in the DNA), have been
increasingly used to track migration, survival, and stock
structure of commercially important fish species.

Using these genetic markers, Project 205 tracked the
migration and relative survival of juvenile sockeye salmon
populations exiting Bristol Bay and the eastern Bering Sea.
Data were collected from across the entire eastern Bering
Sea using the National Marine Fisheries Service Ocean
Carrying Capacity (OCC) surveys of 1999-2002, and com-
pared to juvenile reference samples. Unfortunately, the
OCC experimental design for sampling juvenile sockeye
salmon differed every year in both sampling locations and
time of year, precluding a systematic analysis of the data.

Results showed that these genetic techniques could be suc-
cessfully applied to these types of studies and confirmed
that stocks originating from throughout Bristol Bay head
out into the bay at about the same time and migrate along
the northern Alaska Peninsula in a southeasterly direction.

September stock distributions (except R1-Aug) in the Bering Sea forimmature
sockeye salmon collected in 2002 and 2003. Sample sizes of successfully genotyped
fish are indicated.

Some data suggested that the more northerly-derived fish,
along with all the other stocks, can migrate northeasterly
in some years, but given the single sampling observation
period it is difficult to predict where these fish migrated
later in the season. A comprehensive analysis of the interplay
between ecological and oceanographic factors became the
focus of Project 303, discussed on page 89.
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Where Do Pacific Ocean Perch Go?

Projects 420, 512

PACIFIC OCEAN PERCH DESCRIBED AS PART OF PROJECT
629 were also the subject of projects 420 and 512, which
used genetics to determine interannual and spatial varia-
tion in northeastern Gulf of Alaska young-of-the-year perch.
An important question for this species and other rockfishes
is how far individuals move between the release from their
mothers until they reproduce about six years later, and
how this relates to the size of current management areas.
If these areas are much larger than the dispersal distances,
uneven harvests may erode potential production and must
be carefully considered in stock assessments and manage-
ment regimes.

Between 1998 and 2003, researchers collected young-
of-the-year Pacific ocean perch opportunistically during
surveys of juvenile salmon in the Gulf of Alaska and Bering
Sea. They genotyped each fish at the same 14 microsatellite
loci used during a previous adult ocean perch study, which
served as a reference. The genetic composition of the col-
lections of the young ocean perch was compared within
and among sampling areas within a collection year, as well
as among years for a particular sampling areas. Areas dif-
fered from each other within a year, confirming that Pacific
ocean perch in Alaska have a strong localized population
structure. Although they have the opportunity and abil-
ity to disperse long distances during their life times, they
do not, which means that harvested fish originate close to

Map of collection sites and geographic groupings of adult POP (Palof 2008).
Geographic groupings are: Queen Charlotte Islands (QCl), Cross Sound (CSS), Yakutat
(YAK), Cordova (COR), Kodiak (KOD), Shumagins (SHU), Akutan (AKU), Central Aleu-
tians (ALE), Western Aleutians (WAL), Southern Bering Sea (SBS), and Central Bering
Sea (CBS). Solid black lines delineate management areas.

where they are caught. Noted differences between years
at the same geographic locations suggest that the month
of capture or differences in oceanographic conditions can
produce differences in distribution patterns from year to
year. Clearly, the sampling scale of adult fish at about 400
kilometers was much larger than the scale of the population
structure, and it appears finer-scale sampling is needed to
build accurate models that can evaluate the effects of dif-
ferent management approaches.

ldentity of Rougheye Rockfish

Project 209

PROJECT 209 EMPLOYED GENETICS TO DETERMINE
whether rougheye rockfish is really two different species
currently managed as one. Fishermen target commercially
valuable rougheye rockfish, often harvesting to the maxi-
mum level allowed in bycatch guidelines. If two distinct
species exist and scientists could identify visual cues for
telling them apart, it would be a substantial contribution to
conservation and management.

Using two independent types of genetic markers to dis-
tinguish between species, the study confirmed that there
are two distinct species, with very few naturally occurring
hybrids between them. Although one type generally had
lighter coloration, there was too much visual and mor-
phological overlap to currently allow for a quick and easy
distinction in the field.

The population genetic survey did show that one species
dominated along the Aleutian Chain and in the Bering
Sea, but that both were present in the northeastern Gulf
of Alaska. Scientists are continuing this work to develop
molecular methods which may be more rapidly applied
in the field in the future. In the meantime, we still know
little about the ecological differences between these two
closely related species.
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IMPROVING STOCK ASSESSMENT MODELS

The number, size, age, location, condition, fecundity, behavior, and many other parameters eventually end up in a stock assess-
ment model that calculates the amount of fish that may be caught the following year. Traditional stock assessment models focus
on a single species and in the past did not explicitly take the influence of environmental variability on life history parameters into
account. Those impacts were implicitly integrated by the updated biological information, such as counts, being used.

Environmental Issues

In recent years, however, and with increased concern about changing climate ocean conditions, the explicit examination of
environmental factors driving population dynamics has received more attention, and the Board has funded three projects that

fall into this category.

FISH & INVERTS :: Stock Assessment Research & Development :: Improving Stock Assessment Models :: Environmental Issues

Forecast Model for Bristol Bay Sockeye Salmon

Project 317

PROJECT 317 DEVELOPED A PRE-SEASON FORECAST
model for Bristol Bay sockeye salmon based on oceano-
graphic and biological variables that influence the timing
of returning adults. The run of Bristol Bay sockeye salmon
occurs within a narrow time span, typically between late
June and late July, so migration timing has a significant
effect on the interpretation of in-season abundance of
Bristol Bay sockeye salmon. The run size entering the fish-
ing districts during this one month has ranged from 2.2
to 61 million sockeye salmon. Researchers developed a
statistical model to relate historical migration timing to
environmental, biological, and fishery information. Results

showed that the migration of Bristol Bay sockeye salmon
can be predicted from sea surface temperature in the
North Pacific Ocean if coupled with one or more other vari-
ables, such as length of adult salmon, river temperature,
or harvest rate. The observed runs were consistent with in-
season projections made from pre-season migration timing
estimates and historical cumulative daily run size data. The
study showed that migration timing forecasts can be used
to adjust in-season forecasts of sockeye salmon abun-
dance returning to each fishing district, which represents
an improved tool for harvest management of Bristol Bay
sockeye salmon.

Greg Ruggerone



SCIENCE PROGRAM :: PART II :: FISH & INVERTEBRATES 79

Can Seabird Diets Predict Fish Returns?

Project 531

ANOTHER PROJECT AIMED AT IMPROVING BRISTOL BAY SOCKEYE SALMON RETURNS USED SEABIRD DIETS AS
biological indices. Some seabirds eat the same food as fish of commercial interest, potentially responding to changes in the
marine environment in similar ways, and thus could be useful in understanding and forecasting fish abundance. Seabirds are the
most conspicuous of all marine organisms, which makes them easier to study than fish.

Project 531 employed statistical methods to relate when seabirds breed and their reproductive success on St. Lazaria Island in
Southeast Alaska, and the Pribilof archipelago in the Bering Sea, with the biomass of Pacific herring in Sitka Sound and sockeye
salmon returns to Bristol Bay, respectively.

Scientists set out to see whether the bird data could pre-
dict the fish/fisheries. In Southeast Alaska, the breeding
time of common murres related positively to Sitka herring
spawning biomass four years later, explaining 61% of the
variation in herring biomass and thus substantially improv-
ing forecasting abilities. The study speculated that murres
may breed later in years when conditions are more favor-
able for larval and juvenile herring growth and survival,
which in turn affects recruitment.

In the eastern Bering Sea, researchers found that the hatch-
ing dates of eggs of red-legged kittiwakes on St. Paul Island
and the number of young raised to fledging per breeding
pair varied relative to prey availability and explained 42%
of the sockeye returns three years later.

The study concluded that this link indicates that both the
birds and salmon are responding to changes in the avail-
ability and/or quality of available prey and that variation
in seabird breeding parameters is affected by the same
parameters as those affecting salmon survival at sea. The
three-year lag between the bird and salmon information
supports previous evidence that the first and/or second
year at sea is important in determining sockeye year-class
strength.

Environmental Effects on Snow
Crab Populations

Project 813

PROJECT 813 WILL INTEGRATE AN ANALYSIS OF THE
effects of environmental variables on recruitment directly
into the stock assessment model for snow crab. This study
is developing scenarios for future recruitment of snow crab
and evaluating management strategies based on exist-
ing control rules given uncertainty in future recruitment
success.
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More species appear to have spatial stock structure than previously thought. Once spatial scales and the connections of popula-
tions between areas become more clearly defined, researchers need to integrate these considerations into the stock assessment
models or they won't weigh into the management decision process. The Board has funded two projects to this effect, one for

pollock and one for snow crab.

Modeling Populations of Walleye Pollock

Project 505

BEFORE THE START OF PROJECT 505, THE STANDARD
eastern Bering Sea walleye pollock stock assessment model
had no spatial dimension. Currently there is only sparse infor-
mation on the degree, size-dependent differences, and actual
routes of seasonal migrations by eastern Bering Sea walleye
pollock. During cold years, researchers hypothesize that wall-
eye pollock tend to be more offshore as they get older and
that there is a general movement from the northwest to the
southeast. This project successfully extended the existing
stock assessment model into a two-region (northwest and
southeastern areas of the eastern Bering Sea), two-season
(winter and summer), and age-specific movement model.

Movement between the two regions was estimated based
on sparse empirical data, and thus had low precision. The
study concluded that a mark-recapture study is needed
before such a model has sufficient accuracy to be applied
to management, but the successful development of the
model structure is an important first step in that direction.

The bottom trawl survey division between the northwest(NW) and southeast (SE)
regions of the eastern Bering Sea. Areas 2, 4 and 6 are part of the NW and areas 1,
3 and 5 are part of the SE.

Modeling Snow Crab Population Dynamics

Project 624

THE COMMERCIAL IMPORTANCE OF SNOW CRAB, THEIR
recent population decline, and geographic range contrac-
tion were previously described under Project 508. Project
624 is working on coupling an individual-based model of
larval snow crab with an existing hydrodynamics and food
model, and integrating information on the distribution of
crab larvae in the eastern Bering Sea. These coupled mod-
els help scientists investigate the spatial stock structure of
female snow crab and its relationship to transport of larval
stages, as well as the relationship between the ice-edge
phytoplankton bloom and larval and early settler survival.

Despite the contraction in range and decline in abundance
of the spawning female population, there have been
some strong recruitment years based on a combination of
changes in prevailing currents, expansion of the summer
cold pool, (which benefits post-settlement survival), and
less cod predation on early settlement juvenile crab due
to fewer cod. Results from this study should provide new
insight into spatial and environmental population drivers
and thus prove useful for management purposes.
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Single-species stock assessment models, even if amplified to take into account environmental and spatial issues, do not include
species interactions, such as competition, that can severely impact population dynamics. As a result, current stock assessment
models are still far from the ecosystem approach to management required to deal with today’s challenges. Managing fisher-
ies in the Bering Sea and Aleutian Islands with an ecosystem approach requires understanding the predator-prey relationships
between fished and unfished marine resources, as well as resource overlap between different species of commercial interest.
Continued monitoring of predator/prey relationships and the development and improvement of multispecies and ecosystem
models will aid in these goals, and thus the Board has funded four interrelated studies which either support development of

new multispecies models or enhancement of existing ones.

Predator/Prey Models for Pollock and Mackerel

Project 305

PROJECT 305 PROPOSED TO IMPROVE ESTIMATES OF
predation mortality of walleye pollock and Atka mackerel,
both of which are eaten by other fishes, marine mammals,
and humans. Researchers analyzed more than 20,000
stomachs from a variety of groundfish species in the Bering
Sea and Aleutian Islands and added the information to a
multispecies predator/prey model.

The study revealed that major predators sampled in the
eastern Bering Sea tended to consume more walleye pol-
lock on the continental shelf than on the slope, and that
in the Aleutians, important prey for groundfish included
walleye pollock, Atka mackerel, and myctophids. Based on
this new information, the updated multispecies statistical
model provided substantially more precise estimates of
mortality due to predation, a crucial factor in stock assess-
ment models.

Multispecies Models for Pollock

Projects 419, 525

PROJECT 419 FOLLOWED UP ON THE WORK OF PROJECT
305 by integrating new diet information into the multi-
species virtual population analysis and the multispecies
forecast model. New estimates of pollock (age-1) preda-
tion mortality turned out to be larger than the previous
estimates. For older age groups, the opposite trend was
observed.

Preliminary results from the multispecies simulation also
suggested that the estimates of average long-term walleye
pollock spawning biomass are larger than the single-species
estimates. Researchers agreed that they need to perform
a more detailed review of the new stomach content data
and the modeling process before extensive forecasting with
this updated model can be used in the management arena.
Project 525 is taking this process a step further, recognizing
that these models need to consider not only predator-prey
relationships, but also the impacts of the fishing on them.

Comparison of the temporal trend of the predation mortality of age-1 walleye pollock.

This improved model creates a powerful new analysis tool
that will let researchers evaluate a broad range of implica-
tions of alternative management policies within a complete
multispecies framework. Results from these models will pro-
vide advice to the North Pacific Fishery Management Council
on how fisheries affect marine ecosystem dynamics through
food web interactions and technological interactions.
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