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4.6. Groundfish
Wiebke J. Boeing, Michael H. Martin, and Janet T Dugftv-Anderson

4.6.1. Imtroduction

In this chapter, long-term chan ges are presented for several ecologically and econom-
ically important groundfish species in the Gulf of Alaska: willeye pollock (Theragra
chalcogramma), Pacilic cod [ Crexclies macraceplulus), arrowtooth  lounder
{Atheresthes stomias), and Pacific veean perch (Sebastes alutws ). Walleye pollock und
Pacific cod are in the family sadidae: arrowthooth flounder. plevronectidae, and
Pactfic ocean perch, scorpaenidue. Various factors that might hisve impacted cach
ol these populations and caused the observed changes are discussed, These specics are
generally representative of major fish species complexes of the GOA, and historical
(20+ years) estimates of adull and larval abundances sre used 1o examine population
changes,

Total biomass of each groundfish species over the last 42 years (23 vears for Pacific
cod) has been estimated with species-specific age-based or length-hased models
(A'mar etal.. 2003), Briefly, for walleye pollock. data integrated by the model include
shery catch and age composition. Natwnal Marine Fisheries Service (NMFES)
battom raw! and Echo-Integranon Traw] survey estimales of dge composition and
biomass, and ege production estimates of spawing biamass (among other factors),
The model for Pacific cod wtilizes 4 length-structured model and includes commercial
cateh-data thiomass, size composition), NMES survey data (siae composition and
abundance ), and length-weighe redationships w0 estimate wal biomass {among other
parameters). The model used for arrowlooth flounder includes survey estimates from
the Intermitional Pacific Halibut Commission in addition ta the NMFS groundfish
trawl survey data, and size composition estimates for selected years, Fishery catch and
size data are wlso incorporated. Finally, for Pacific ocean perch, the model used is a
generic rockfish model that inteerates information on e struclure, size composition,
fishery catch data, and survey biomuss estimates (when available) o estunale ol
biomuss, For all species, modeled results have been used mstead of actual biomass
estimales. because annual estimates are limited 1o survey data and some applied
correction factors, whereas the models provide longer, more complete time series with
retrospective analyses (o estimate ipulation biomass, The NMFS survey, conducted
by the Resource Assessment and Conservation Enginecring Division (RACE) of
the Alaska Fisheries Science Center (AFSC), has boen collecting data on o triennial
basis since 1984 und biennially since 1999 The survey uses a high-opening
Poly-Nor'eastern battom trawl (127 mm mesh) with rubber bobbin roller gear,
Surveys average 500 wows (range: 4859924 1ows) and span the entire GOA (133 TOEW),
The GOA is divided into the Eastern (133-147°W), . Central {147-159°W),
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Figure 4.25: Three regions of the Gulf of Alaska sampled by the tnennial NMES
survey. The survey lakes place on the continznial shell (light blue).

anil Western (159-170°W) regions ( Martin 1997: Fig. 4.25). The modeled estimutes
of population biomass often exceed the results from the surveys due 1o ¢atch efficien-
cies of the gear. Also. as new information on fish populations hecome available each
vear from fisheres or scienlific surveys. estimates of previons years may change
retrospectively. Therefore, estimates are sensitive and subject 1o change due 1o poten-
tial immigration and emigration, as well as the possibility of ageing errors,

There are discrepancies in trends belween the models and NMFS surveys
(Fig. 4.26) and the small-mesh trawl surveys conducted by the Alaska Department of
Fish and Game ( ADE&G) (Anderson and Piatt, 1999), especially for pollock and cod.
For example, from the 1980s — 1990s. gadidd hiomass fell according 1o the mxleled
cstimates, while the ADF&G small-mesh survey shows an increasing trend. These
incongruities are best explained by ditferences in sampling gear, region. and depths
sumpled. The smallmesh trawl surveys primarily sample some nearshore areas in the
central and western GOA {150-163"W) and the smaller mesh s1ze (32 mm) and high
opening is designed to catch shrimp and juvenite lishes,

Since the 19705, fish larvae (ichthyoplankton) dynamics hive been monitored in the
GOA (145-165°W. Shelikal vicinity) by the Recruitment Processes Program of the
AFSC. Data are collected in obligue tows with a 60-cm bongo net (333 and 505-pum
meshi (Matarese et al., 2003 ). Most of this sampling was conducted in May. Resulis
from these surveys document year-to-year changes in larval abundunce,

The relationship between climate forcing factors and biological Tesponses
(see Tuble 4.1 were investigated with lingar and nonlinear methods. The climate forcing
factars were temperiture and salinity data from the GAK 1 time series in Resurrcetion
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Bay (hup:wwwims.ualedu/gak 1/, National Centers for Environmental Prediction
reanalysis ol surface tempeniture and the Pacitic Decadal Cserllation {fipzfp.aatmaos.
washington.edu/mantua/pnw_impacts/INDICES/PDO latest ). Wind-mixing dala
were provided by Nick Bond (pers. commu: hup:fwww.pfeg noangov: 16080/
products/asfdocs/). und the retention index was estimated by Mick Spillane ipees.
comm.} from a semispectral primitive equation maodel (SPEM) of Shelikef Strait
thttpsfwwow pmelnowa.govifoci/spem-ibm.himl).

4.6.2. Walleve Pollock

Walleye pollock (Theragra chlcovsammg) are widely distributed in the Pacine
Ocean north of California. Adult pollock form schools in the open ocean and areclose
1 the battom over the continental pegan shelf, They reach maturity at around 4 vears
and live up to 15 years. For the last two decades, it has béen one of the most abundant
groundiish in the GOA and supported o Targe commercial fishery since the early
19705 (Megrey. 1989), The GOA biomuss of adults (3+ vears) was estimated to be
30000 meteic tons (1 dur ng the 19605 and earlv 19705 and the model shows 2
steady, strong inerease until the population peaked in 1982 at just below 4 million t
(Fig. 4.260A)). The rapid decrease following 1982 was interrupted in the carly 19905
belore: it continued downward to 4 minimum value of 570,000 1 in 20002001 This
ts comparable 1o the values recorded in the 1960s. Sinee 2001, the hiomass has
increased again due to a strong reeruitment in the 1999 vear-class (Livingston, 2003,
and the current estimate is just below | million t Although triennial survey data mdi
citte that walleye pollock were Fairly steady from 1984 to 1999 at around 750.000 1.
they exhibited & significant decrease over nme (= = 0.54) due o the Tow estiniates of
the last two surveys. Traditionally pollock were most abundiant around Kodiak 1sland.
but survey catches in reeent years have increased west of the Shumagin Bslands along
the Alaska Peninsula (Fig, 4.25),

tn the GOA, pollock spawn in Shelikod Strait mainty 1 late March and arl v April,
with females producing up o 1.2 milliom eggs (Matarese ¢ al,, 20033, and their larvae
are more abundant than any other species in the spring (Matrese et al., 2003), Larval
abundanee is highly variable from year to year, although average carches in Muy staved
typically below HO00O Larvae per 10w, except for the extremely high abundances ohserved
m FUR 1 feameiding with maximum adult pollock biomuss) and 1996 (Fig, 4.27),

d.6.3. Pacifte Cod

Pacitic cod (Gadus macrocephalis) is a benthic gadid living along the continental shelf
This species matures at 2-3 yrs and lives as long as 13 years. Cod show sigmilican
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Figure 4.27: Larval abundance of sclected aroundfish species in the Gult of Alaska,
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migration between the GOA and Bering Sea (Shimada and Kimura, 1994), and genetic
studies have been unable to separate themn ino distinet stocks (Grint et al., |987)
According © model estimates: hiomass of Pacific cod showed o slisht increase
through the carly 1990s i from U000 1 in 1978 10 860,000 1), followed by & gradual
decline (540,000 1 in 2003) (Fig, 4.26(B)), Similur ta walleye pollock. the survey hig-
miss estimates have been consistently below the modeled estmates, but they alsg
show 4 decreasing trend since 1984 (- = 0.52), Between 1984 ind 1996, biomass
vitlues were above 4000000 1 and below 300,000 1 since 1999,

Pacilic cod are winter-spring spawners. und their larvae are most abundant 1 April
and May. Females produce up 1o 3 million demersal egirs, Highest larval abundance is
found west of Kodiak Istand along the Alaska Peninsula in spring (Matarese ot al..
20031 There was o stepwise increase of larval abundince from the 1980s (7 larvae
per 10 m) to the values after 1989 (31 larvae per 10 m) {Runs test, p=0.001; La, 4.27)
despite the decreusing trend of wdult biomass.

d.6.4. Arrowtooth Flounder

Arrowtooth flounder (Atheresthes stomics) range from the Bering Sea to central
California. Thev are commeonly found alone the continental shell and slope and prefer
soft muddy bottoms. They mature ut approximately 3-3 vears ol age (Limmermann
and Goddard, 1996 Zimmermann, 19971 and may live as long s 23 years (Eschimeyer
et al., 1983). Adult biomass was estimated 10 be around 335,000 1 between 1961 and
1971, Suhsequently, the population in the GOA steadily increased 1o 24000000 1 in
2003 (Fig. 4.26(¢). It is currently the most abundam groundish in the GOA. Survey
estimales of arrowtooth flounder biomass show an increasing rend over time. which is
significant for the easiern (1 =1 LI0Y and western (r° = 1).51) but not the central GOA

Spawning takes place after September in the GOA. and larvae are found from
January until June with highest abundance along the shell edege (Matarese et al.
2003). Larval abundance is also elearly higher in the 1990 as compared 1o the 19805
(Fig. 4.27), although recent vears have shown 3 decrease.

4.6.3. Facific Ocean Perch

Pacific ocean perch (Sebastes aluty) is the most abundant rockfish along the conti-
nental slope fram California to the Bering Sea. They are very slow- arowving. mature
at approximately 7 or 8 yrs of age, and may live more than 90 years (Leaman, 199] ).
Biomass estimates were high in the carly 19605 with a peak of 11500001 in 1963,
Afterwards, biomass dramatically declined to about 70.000 1 in the late 19705 and
early 1980s. Since the mid- 1980s. the populaton biomass has slowly recovered and
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is currently estimated at around 290,000 ¢ (Fig, 4260101 Esumates from the trieanial
survey reflect the recovery since the mid-1980s (=152, und are above the mod-
eled estimates, Unusually large survey catches, especially of the 19962001 surveys,
have made these estimates highly unecertan and may indicate that the snnual biomass
estimates from the model are imprecise (Hanselman et al., 2003,

Spawning occurs in early winter, and species of the genus Sebastes are live-
bearers. Larvae are released in April- Moy, but can rarely be identilied 10 speces
exeept by molecular analysis (Gharrett et al, 2000 ), so species-specific Turval abundance
estimules are not available.

4.60.6. Explaining Population Change

There have been three major shifts in population biomasses among key species in the
GOA; Pacific ocean perch reached their peak biomass in the mid-1960s and declined
rapidly thereafter: gaduls (walleye pollock and Pacific cod) were the dominant
biomiass in the GOA throughout mast of the 19805 and the biomass of arrowtoath
flownder, and o o lesser extent of other Tafishes has continually mereased since
the mid- 19705, recently (early 1990s) surpassing walleve pollock as the dominant
fish biomass in the region. Changes m population biomass in the GOA may be
due o physical factors, such as climale forcing, biological tactors (such as density-
dependent competition and predation), Gshing mortality, o, more likely, 10 some
combination of these effects, influencing each species at particular life history stages,

Climate Forcing

The North Pacific Ocean appedrs o oscillate between warm and cold regimes on a
multidecadal umescale { Hare und Mantua. 2000), The shift in 19761977 from a cold
10 wurm fegime is believed to be the cause for the extensive restructuring of the
miarine community in the GOA, and in particuler te the rise of groundlish and Ruabsh
stocks over lorage fishes and shrimps (Anderson and Platt. 1999}, Temperature could
directly alfect adult or larval mortality. Tt is also possible that the dramatic changes
the marine community of the northern GOA in the mid-1970s are caused by interie-
tion of incressed precipitation, stronger wind, and higher wmperatures that are mani-
fested through changes i the distribution and abundance of phinktonic production
and mediated through the food web. The data presented here suggest lintle relation
between immediate shilts in adult groundfish biomass and climate imdices. Such o
resull was not éntrely unexpected, and it seems unlikely that monality of adult fishes
woull be directly impacted by shifts in the alwotic environment, given that adult fish are
ihle w compensate [or subaptimal ¢limate conditions by altering their metabolism andfor
behavior (Bryvan et al., 1990 Thurston and Gehrke, 1993). Populations ol long-lived
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organisms are bullered from or can lag dramatic elimatic changes to the extent their
populations ntegrute over longer periods of time than short-lived animals, Shifts in
biomass of adult fishes may be more closely tied to shifts in distributiona) abundance

sinee adull fish are highly maobile and able (o follow optimal clines in lemperature,

salinity, or foud availability, Juvenile mortality s wlso less likely o be directly
impacted by abiotic stresses for many of the same regsons that adult mortality s
largely unaffected. Larval stages, however, are far more responsive 1o shilts in the
physical covironment and, in fact, increases in recruitment in several groundfishes
were observed after the regime shift (Hollowed et al., 20017, Larvae are underdevel-
oped at hatching: they are weak swimmers that depend on favorable water currents 1o
transport and retain them in suitable nursery areas, Furthermore, Lirvie have very high
energy needs for therr size and no cnergy reserves (Brett and Groves. 19791, sa they

are al mereased risk of starvation compared o adult and Juvenile stages, making

therr survival particularty vulneruble to even subtle physical changes e, witer tem-
perature; Houde and Zastrow, 19933, salinity (Ottesen and Bolla, ‘JL)M turbulence
(Bailey and Macklin, 1994). or advection to unsuitable nursery arcas (Bailey and
Picquelle. 2002), Therefore, larvae are probably the most vulnerable life Stage 1 direg
impacts of climate variations, while mortality among juvenile and adulr stages are proh-
ablly modulated more by indircet hiotic effects (see the lellowing text )y, However, there
are many climate factors (Table 4.1 ) that may confound discovering simple relation-
ships (see the section titled “Biological controls™). OF (he examined species. walleye
pallock larval abundance wis positively correlated with higher retention (years of
high eddy vecurrence on the continental shelf). Te mperature and wind niixing nega-
tively affected abundance of Pacific cod larvae; however, reervitment had o positive
relationship te temperature. Similarly. arrowtooth Mounder had increased larvie abun-

dances i years of high retention, although recruitment was negatively aflected by th
relatonship {Table 4.1). These examples demonstrate that otal Llarval abundance is not

Table 4.1 Impact of environmental variableés on larval abundance and reeruitment.
Values represent significant correlation coefficients.

Walleve pollock Tacific cod Arrowlooth fHounder

Larvae Recruitment Larvae Recruitment Larvae Recruitment

Temperutore s .5, 077 i1 —11.44 n.s
Salinity LS. {162 (.76 T I —hd6
Wind mixing ns, n:s, —{.67 1.5 1. 1.5,
Retention (.64 1% .3, .70 {82 —{1;55

index
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connected to survival but that both, abundance and survival can be directly or indirectly
affected by climate variables.

Biological Controls
There are can be three major catcgones of hiological controls: purasilesfdisease,
competition. and predation.

Parasiles and diseases negatively affect fitness. Even closely related species, for exam-
ple northern and southern rock sole in the GO (Lepidapsena pedvovstra and L Bilineata,
respectively), can have very different parasite infection rates, and parasites may
significantdy reduce fish weight (Zimmermann ¢ al,, 2001, Often, parasite abundance
and richness correlates positively with temperature (Poulin and Rehde, 1997 and, thus,
should have a larger impact on some fish species withim the community during warmer
regimes,

Density-dependent mortality, potentially induced by changes in physical Tactors,
probably contributes to most of the fluctuation in population size among juveniles and
adults (Bailey. 2000), For example, Tood limitation produced by climate shifts may
lewd Lo heightened inter- and antra-specific competition among juveniles and adults,
Such a mechanism is suggested by the lower-than-average weight of pollock during
strong year-classes, indicating competition for food andfor space at advanced stages
{Fig. 4.28) In exceptional cases, it has been shown that larval mortality can also he
locally enhanced duc to Tovnd competition (Duffv-Anderson el al., 20025,

Predation on older fish is another important cause of population change. Juvenile
and adult fishes are cuten by other adult groundfish, marine birds, and mammals
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Figure 4.28: Mean weight of age-4 pollock in the Shelikof Strait echo
integration—trawl survey. Strong year-classes are indicated hy the large red symbols.
Adapted from Dom et al, (2003
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(Brodeur and Wilson. 1996). The control of pollack recruitment 1o he adult population
changed from the larval 1o (ke Juvenile slige after the [976- 1977 regime change
(Bailey, 2000, an excellent cxample of the elfects of predation. This shift in control
of recruitment from the larval 1o the Juvenile slinge is presumably due i neregsed
predation by lirge numbers of predatory fishes on Juvenile pollock see Chapter 6
for a discussion of top-down controls of lish recruitment). Predators also eqt lirare
numbers nf cigs (Brodeur ¢ al,, PHI6 and larvge {Fancen and lenkins, |UKS- Bailey
and Houde, 198y thoush it s generally believed survival among Jarvage j pri-
Mty controlled by density-independent Fictors (Bailey et al., 1994

According to he oscillating control hypothesis (OCH) (Hunt et al., 2002, 4 close
tontection: berween climate and biological conrols CXISIS in the North Pacifig.
A Warm regime js believed 10 favor high zo0plankion privduction, Provading & plenti-
ful food source for larvae and juvenile fishes. Such i SCLIHTIO wonld sUpport strong
fecruitment 1o the adyl Population of predatory fishes feage walleve pollock and
arowtooth flounder), which N W exerts o strong top-down regulation | Predation
on smaller [jih te.g. forage species and their own Tuveniles), Further, the Qo
predicts that 4 cold regime will lead 1o battom-up regulation, Low lemperilurey
will Timit Zooplankton production, enhancing Lompetition and reducing larval and
Tuventle fish supvival The hypothesis Predicts that the aduir PISCIVorous fish COrmmu
ity would decline, releasing smiall fish species from predation Pressure. Adult piseiy.-
orous lish are »)sy hypothesized 1o mere susceptible 1o fishing pressure during cold
climate regimes. (Also see the discussion on OCH in Chapter 6).

Fisheries Effects

Climate shifis ang their indiregy TePereussions in the food weh cerlainly have con-
tributed 1o observed changes in fish bicinass in the GOA due 1o shifts IN fecruitment
(Hollowed et al.. 20015, but (le effects of fishing should nry be overlooked, Iy Con-
st 1o climare forcing, fisheries have littte or ng direct effect on farvge Or juvenile mor-
tality. Also species of low commercial value such as armowtooth fMlounder (Greene and
Babbite. 1990: Poygey elal, 1993) e only minimally mpacted by fishing elfores
(le.. bycalch), However, fisherjes can significant| ¥ contribute 1o mortality of adul
fish Poptlations, especially species with low growth raes and @n advanged age at
maturity {sexual reproduction), The fishery for Pacifie veean perch provides 4 prime
example. In the |9a(),, up to 35% of the Pacifie veean perch biomass was caught on
anannual basis, and 11 js largely believed thar this overfishin £ was responsible for the
precipitous crash of the Pacific ocean perch population in the GOA in the Jate [ Y6ths
and early [970) (Rramer ang ' Cannel), 1995: Hanselinan et al,, 2003, Quaotas
regulating fisherjes ACUVIlY started jn 1986, and management efforts seem [ b
successful i aiding species fecovery (Fig, 4.26(Dy, It i« interesting o speculate thay
the rise in gudid Populations i the 1980 mayv hive heep precipitated no by climate
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shilts alone, but also by a release from competition Tor food due to the diminished
numbers of Pacific ocean perch, We caution, however, thit the effects of fisheries on
population biomass in general are somewhat obscure due to the confounding effects
ol directed fishang elffort, and o the superimposed efleets of climate vanation,

Summary

Maodeled long-term dynamics and sampling data of several groundfish species in the
Gulf of Aluska were analyzed. Pacific ocean perch (Sefastes alniuws) dominated in the
|96, the gadid walleve pollock ( Therugea cholcogramman in the 19805, und jirrow-
tooth Nounder (Atheresthes stemiay) 15 presently the most abundant species in the fish
COMMUNiLy,

Although inter-decadal changes in the groundfish community in the Gulf of Alaska
are well documented. the exact causes remain elusive. Simultancously varving fore-
ing factors obscure the relationship between forces of chanue (climate, competition,
predanon, fishery, and parusites or disease) and groundfish population dynamics.
Muost likely, the major driving torce for fish larvace and its food supply are climatic
factors; for juvenile fishes. biological factors. and for the adult populations: biologi-
cul Factors and fishing pressure,

Climate change, mdirect biological controls. and fishing mortality exert consider-
able influence. Disease and parasities can also contribute to population fuctuation.
[t seems most likely tha these and other Tactors et in concert over all life history
stages o alfect population abundance ol groundfishes in the GOAL We loimd evidence
that fishing i the 19605 and 19705 caused the decline of Pacific ovean perch,
Biological and climate forcings combined with a high population doubling time
probably delaved the recovery of the population. The population dynamics of cadids
are complex, and wp-down and botom-up factors seem 1o alternate as the driving
force. Favorable climate possibly contributed to the mercase in hiomass of walleye
potiock n the 1980s, and biological top-down factors may have led to the decline.
Arrowtooth flounder is only minimally impacted by Osheries. and we éxpect thal
Biological forcings — such as release from competiion and predation by gadids- and
climate forcings dominate population dynamics. The GOA is an enormously complex
anil dynamic ecosystem. and continued effort directed 1owird long-term monitoring
is essential w credibly foreeast future population rends,
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4.7. Seabirds in the Gulf of Alaska
Alan M. Springer

4.7.1. Introduction

Approximately 8 million seabirds of 26 species nest al some 8300 colonies around the
rim o the GOAL and an additional 10 million birds and 2 species nest in the Aleutian
Islands (Table 4.2 and Fig. 4.29 Clearly, il is not possible 1o monitor pepulation
trends of all species or ofany individual species at all locations where they are found,
Many nest underground, wre nocturnal, or hoth, and are especially difficult to study.
Others nest away from the coast or in forests and are similarly inaccessible:

Species about which we know the most m the GOA are those that are abundant,
widespread, and conspicuous, These are comuman murtes CUria anfee) and black-
legoed kitliwakes (Rivsg friedacivlioy, and, tog lesser extent, wlted puffins (Frarercada
cirrhair). (Fie. 4 300 On the order of 600000 murres and TOO000 kitlrwakes ane
found i the northern Gull of Alaska, wath nesting colomes lecated on exposed elill
faces and BlulTs o nomerons locations, As o resull, more s known gbout these 1wo
species. and their closely related congeners, thick-hilled muomes (87 o) and red-
legged kittiwakes (Rissa drevirosteis), in the Alewtians and clsewhere than ahout any
other species ol seabirds in Alaska, Tulted pulTins seore highly on the irst tworeritenia —
about LOGDKO birds are widely distributed among many colonies in the GOA, but
they nest in burrows and crevices and thus are more difficolt o study than murres and
kittiwakes, Still. some things are known about them, and because their strategies for
survival differ from murres and Kittiwakes inseveral important ways, they are included
here as focal species for what they may tell us aboul ecosystem chanee in the GOA.

Although less is known overall aboul most other species, we can learn from
then about the nature of change in the GOAL Among these other species are Leach’s
and fork-tatled storm petrels | Qeeanodroma fireata and €, dewcovhoa), marbled and
Kittlitz's murrelets (Brachvecmphing prermeraiay and 8. brevivosoriy), and pelagic and
red-faced cormorants (Phalacrocoray pelagivns and FLourile) (Fie 431,

Murres and kitwakes are conspicuous and comparitively eusy o count, yvet cige
must be laken (o count inoways that Wlow comparisens between years and locations
(Hatch amd Hateh, 1988, 1989 Byrd, 1989). This is especially importam for murmes,
which hive attendance patterns at colonies that vary throughout the day, between
days, and between stages of the nesting cvele, and which often nest in such huge
wzeregations that counting sl of them is not feasible, Therefore, monitoring protocols



