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ABSTRACT

This report describes the food habits of the nmain
comercially inportant groundfish species in the GQulf of Al aska
during the summer of 1990. Conmercially inportant prey,
predator-prey size relationships, and the distribution of the

prey--consuned are discussed.
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| NTRCDUCTI ON

There is about 5.2 mllion netric tons (t) of estimated
bi omass of groundfish resources in the Qulf of Alaska (Stark and
G ausen 1993). The predator-prey rel ationships between these
species forma conplex food web within the groundfish community
(Smth et al. 1978). Because of these conplex relationships,
t here have been nmany fish food habits studies in the Gulf of
Al aska (Jewett 1978, Smith et al. 1978, Hunter 1979, Frost and
Lowy 1981, ( ausen 1983, Al bers and Anderson 1985, Best and
St-Pierre 1986, Kendall et al. 1987, Gover and dla 1990, and
Brodeur et al. 1991). However, in some cases, these studies were
either restricted to a small study area or focused on a single
species. The objective of this study was to describe the food
habits of several commercially inportant groundfish in the Gulf
of Alaska. Mst of the western and central @l f of Alaska (North
Paci fic Fisheries Managenment Council Regul atory areas) was
sanpl ed for 11 predator species (Pacific cod, Gadus

macr oceohal us; wal |l eye pollock, Therasra chal cogramm; Pacific

hal i but, Hi pposl ossus stenolepis: arrowtooth flounder,

At her esthes stom as; sabl efish, Anoplopoma finbria; Pacific ocean

perch, Sebastes alutus; northern rockfish, Sebastes polyspinis;

dusky rockfish, Sebastes ciliatus; rougheye rockfish, Sebastes

al euti anus: shortraker rockfish, Sebastes borealis; and

shortspine thornyhead, Sebastolobus al ascanus).
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METHODS

Study Area

I n 1990, the Resource Assessnment and Conservation
Engineering (RACE) Division at the A aska Fisheries Science
Center conducted the third conprehensive triennial survey of
groundfish resources in the western and central Qulf of Al aska
(North Pacific Fishery Managenment Council Regul atory areas).
This survey covered the area fromthe |slands of Four Mountains
(170° Wlong.) to Cape St. Elias (144° 30" Wlong.). The Food
Habits Program at the Resource Ecol ogy and Fi shery Managenent
(REFM Division collected fish stomach sanples during this
survey. The food habits study area (Fig. 1) was snmaller than the
survey area. It covered the area from 161° 35 Wlong. to 144°
30" Wlong. and did not include the westernnmost portion (from
170° Wlong. to 161° Wlong.) of the 1990 Gulf of Al aska survey

ar ea.

Sanmpl e Col | ection
Fi sh stomach sanples were collected by scientists on board

the charter boats Pat San Marie and G een Hope fromlate June to

early Septenber in 1990. Before excising a stomach, fish were
exam ned for evidence of regurgitation or net feeding. |If a fish
had food in its nouth or around the gills, or if its stomach was
inverted or flaccid, the fish was categorized as having
regurgitated food, and the specinmen was discarded. If a predator
had fresh food (usually fish) sticking out of the nouth or the

throat, it was categorized as a net-feeding fish and was al so
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Figure 1. --Sanpling locations (+) for the stomachs of groundfish

collected in the@lf of Al aska in 1990.
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di scarded. \Wen a sanpled stomach was retained, it was put in a

cloth stomach bag. A field tag with the species nane, fork
length (FL) of the fish, and haul data (vessel, cruise, hau
nunber, specimen nunber) was also put in the bag. Al of the
sanpl es collected were then preserved in buckets containing a 10%
formalin solution. Wien the sanples arrived at the |aboratory,
they were transferred into a 70% et hanol al cohol solution before

t he stomach contents were anal yzed.

St omach Contents Anal ysis

In the |laboratory, the stomach contents were first blotted
wth a paper towel and the wet weight was then recorded to the
nearest one-tenth of a gram After obtaining the total weight
for a stomach's contents, the contents were placed on a petri
di sh and exam ned under the mcroscope. Each prey item was
classified to the | owest practical taxonomc level. The prey
items of all rockfishes, Pacific halibut, and sablefish were
wei ghed and enunerated. The nunbers of non-commercially
I nportant prey were not counted for Pacific cod, walleye pollock,
and arrowooth flounder; instead the percent volune of these prey
itens were visually estimated. Prey weights and nunbers of
comrercially inportant crabs and fish were recorded. [|f pollock
otoliths were found, otolith Iengths were measured and the
pol | ock' s standard length (SL) was derived through an otolith
length-fish length regression table. Standard |engths of prey
fish, carapace widths (CW of Tanner crabs and snow crabs

(Chi onoecetes spp.) were also recorded.
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During this study, discarded fish parts from comrercial fish

processi ng operations were also found quite frequently in the
stomachs of some nmarine fishes (e.g., sablefish). Fish were
identified as a fishery discard if the parts (usually heads or

tails) had a clean cut.

Data Anal ysis

The general diet of each species was summarized by show ng
the overall percent frequency of occurrence, percent of nunbers
(if available), and the percent of the total weight of each prey
item found in the stomach. Change in diet by predator size in
terms of percent by weight of main prey itens was shown in each
10 cm FL group. The prey size frequency data of the commercially
inmportant fish and crabs were al so sunmarized by predator size
gr oups.

The geographic distribution of the comercially inportant
prey consunmed (expressed as percent by weight of the total
stomach contents weight in each haul) by the predators were al so
showmn. The commercially inmportant prey found in this study
i ncl ude wal | eye pol | ock, Pacific cod, Pacific halibut, yellowfin
sole (Pleuronectes asper), rock sole (Pleuronectes bilineatus),

flathead sol e (H_ppogl ossoides el assodon), rex sole (Errex
zachirus), Dover sole (Mcrostonus pacificus), arrowtooth

flounder, Geenland turbot (Reinhardtius hippogl ossoides),

Pacific herring (Clupea pallasi), coho salnon (Oncorhynchus

ki sutch), all rockfish species, Tanner crabs, and pandalid

shrinmp. Al though capelin (Mallotus villosus), Pacific sand |ance
(Ammodyt es hexapt erus), and eul achon (TIhaleichthvs pacificus)
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were not conmercially inmportant fish in the GQulf of Al aska area,
they were food of many conmercially inportant fish and were
econom cally inportant in sone other areas (e.g., Japan);
therefore, data on these prey fish were also analyzed in this

report.
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VWALLEYE POLLOCK

Wl | eye pollock (Theraura chal couranma) ranked second (next

to arromooth flounder) in biomass in the groundfish conplex in
the Gulf of Alaska in 1990. The expl oitabl e bionass in 1990
estimated fromthe stock synthesis (SS) nodel was 1, 050, 000
metric tons (t) (North Pacific Fishery Managenment Council 1991).
Wl | eye pollock feed mainly on euphausiids, majids (in the

megal ops stage), and shrinp. Wth increasing size, pollock also
eat juvenile pollock and other teleosts (Smth et al. 1978,

G ausen 1983). Therefore, it is inportant to understand the food
habits of the pollock and their possible inpact on other

comercially inmportant fishes.
RESULTS

Ceneral Di et

A total of 1,059 walleye pollock stomachs were anal yzed, of
whi ch 985 (93% contained food. Pollock size ranged from8 to
70 cmFL with a mean and standard deviation (hereafter, the
standard deviation will be denoted as SD) of 45.4 + 13.0 cm  The
average depth of the 76 haul |ocations where pollock stonmachs
were collected was 173 + 61 mwith a range from46 to 337 m
Table |-1 lists all of the food items found in the pollock
stomachs, the percentage of the frequency of occurrence of the
prey, and the percentage of the prey weight to the total food
wei ght. The data presented in Table |-1 suggests that walleye
pol I ock feed mainly on euphausiids and shrinp (39% and 33% by
wei ght, respectively). Though copepods, nysids, and anphi pods
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Table [-1.--Prey itenms (expressed in Percent frequency of
occurrence and percent total weight) of Theragra
chal cogramma (wal | eye pollock) collected 1nh the Gulf of
Al aska in 1990.

% Freq. % Tot al

Prey Name occur. wei ght
Pol ychaeta (unidentified) 3.40 0.57
Pt eropoda (snail) 1. 20 0.01
Bivalvia (clam o 0.30 0.02
Cephal opoda (unidentified) 1.70 0.08
Teut hoi dea (squid unidentified) 2.30 0. 36
CGonati dae (squid) _ 0.10 1.87
Berrvteuthis masister (squid) 0.10 0.33
Cct opoda (octopus unidentified) 0. 30 0.19
Cal anoi da (copepod uni denti fi ed) 33.30 0. 80
Neocal anus crlstatus (copepod) 0.80 <0.01
Eucal anus bunaii (copepod) 0.20 <0.01
Pseudocal anus sp. (copepod) 0.10 <0.01
Mysi dacea (nysid unldentlfled; 15. 50 0.81
Acant honvsis nmacronsis (nysid _ 0.10 <0.01
Acant honvsi s _pseudonacronsi s (nysid) 0.30 0.01
Hol mesi el [ a anonal a (nysid) 0.60 0.05
Met er vt hrops robusta (nysid) 3.40 0.10
Neonvsis czerni awskii (nysid) 0.50 <0.01
Neonysis rayii 0. 40 0.09
Pseudomma truncatum (nysid) 0. 60 0.03
Cumacea (cumacean uni dentifi ed) 1. 60 0.08
Leucon sp. (cunacean) 1.90 0.03
| sopoda (isopod) o 0. 30 0. 06
Ganmaridea (unidentified) 16. 00 0. 80
Anpel i sci dae (anphi pod) 0.90 0.05
Them sto sp. ?anphlpod)_ 42. 20 1.73
Euphausi acea (untdentified) 79. 30 38.49
Thvsanoessa inerns (euphausiid) 0.40 0.27
Thvsanoessa rachii_ (euphausiid) 0.10 0.01
Thvsanoessa sninifera (euphausiid) 0.30 0.01
Caridea (unidentified) 27. 20 9.55
Pasi nhaea pacifica (shrinp) 1.30 2.34
H ppol ytidae (unidentified) 0.70 0.10
Spirontocaris arcuata (shrinp) 0.20 0.04
Eual us barbata (shrinp) 0.10 0.03
Eual us avinus (shri 0. 40 0.10
Pandal i dae (unidentifi ed) _ 18. 10 13.52
Pandal us borealis (northern shrinp) 2.70 3.92
Pandal us goni urus (shrinp) 0.10 0.03
Pandal us iordani (shri 0. 60 0.67
Pandal oosis sp. (shrinp 1.00 0. 49
Crangoni dae (unidentified) 6. 40 1.98
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Table |-1. --Conti nued.
% Fr eq. % Tot al
Prey Nane occur. wei ght
Crangon communi s (shrinp) 0.80 0.14
Paguri dae (hermt crab) 13. 40 0.72
Chaet ognat ha (arrow worm 1. 80 0.01
Larvacean (tunicate) 1.30 0.01
Tel eostei  (unidentitfied fish) 6. 80 0.88
Non-gadoi d fish renuains _ 3.00 0. 46
O uoea harengus pallasi (Pacific herring) 0.10 0.20
Mallotus villosus (capelin) 3.20 12.90
Thal ei chthys pacificus (eul achon) 0.50 0.04
Bat hyl agi dae (deepsea snelts) 0.10 <0.01
Chaul i odonti dae (viperfishes) 0.10 0.01
St enobr achi us | eucoosar us
northern | anpfish) _ 0. 50 0.01
Gadi dae (unidentified gadid) 0.50 0.07
Gadus macrocephalus (Pacific cod) 0. 30 0.01
Theragra chal cogranma (wal | eye, pol | ock) 4. 30 2. 05
Zoarcidae (unidentified eelpout) 0. 60 0.20
Scor paeni dae (unidentified) 0. 20 0.03
Cottidae (sculpin) 0. 60 0. 06
Cycl opteridae (snailfi shg 1.90 0.53
Stichaei dae (prickl eback 0. 60 0.12
Lunoenus fabricii (slender eel bl enny) 0.10 0. 07
Lunoenus macul atus (daubed shanny) 0.50 0. 28
Por ocl i nus rothrocki
(whitebarred prickl eback) 0.10 0.03
Lyconectes aleutensis (dwarf wynouth) 0.10 0.16
Amodvt es hexaoterus (Pacific sand |ance) 0.50 0. 20
Pl euronectidae (unidentified flatfish) 0.40 0.02
At heresthes stom as (arrow ooth fl ounder; 0. 60 0.04
Hi pposl ossoi des el assodon (fl athead sole) 0.40 0.23
M crostonus pacificus (Dover sole) 0.10 0.54
Rei nhardti us hi pposl ossoi des
(G eenland halibut) 0.10 <0.01
Msc. unidentified materials 0.30 0. 07
Total prey weight 2,746 ¢
Nunber of stomachs with food 985

Nunber of enpty stonachs 74
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were frequently found in pollock stomachs, they were relatively
| ess inmportant as pollock food. Table |-l also denonstrates the
high diversity of prey fish found in pollock stomachs. Anpng
which, the comercially inportant fish, such as Pacific herring
(Qunea oallasi), Pacific cod (Gdus macrocephal us), walleye

pol l ock, arrowooth flounder (Atheresthes stom as), flathead

sol e (Hi ppoagl ossoi des el assodon), Dover sole (Mcrostonus
pacificus), and Geenland halibut (Reinhardtius hippogl ossoi des)

were found. Qther inportant prey fish like capelin (Mllotus

villosus), eulachon (Thaleichthys pacificus), and Pacific sand

| ance (Ammodytes hexapterus) were also found. Overall, capelin
(12.9% by weight of the total stomach contents) was the nost

inmportant prey fish of walleye pollock in the Gulf of Al aska.

Variation of Diet Based on Predator Size

Figure |-1 illustrates the main prey itens of walleye
pol | ock by predator FL. Cal anoids and anphi pods were mainly
consurmed by smaller-sized (<40 cn) pollock. Euphausiids
conprised the largest portion of pollock food through all size
groups. Shrinp conprised the second |largest portion of pollock
food in all but the smallest (<20 cm) size group. Capelin was
inportant food for pollock larger than 40 cm It conprised 25%
of the food for the size group greater than or equal to 60 cm
For all size groups, walleye pollock only consuned very snall

amounts (<5% of prey poll ock.

Si zes of the Commercially Inportant Prey Consuned

Prey size data of walleye pollock were divided into three
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predator size groups (<40 cm 40-49 cm and 150 cnm) for analysis.

The size frequencies of the walleye pollock, capelin, and Pacific
sand | ance consuned by wall eye pollock are shown in Figures |-2
and 1-3. Figure |-2 shows that the two larger size groups of
wal | eye pollock consunmed only age-0 wall eye pollock
(approximately less than 140 mm SL). These age-0 poll ock sizes
had a nean and SD of 43.7 + 24.6 mm SL and ranged from 14 to

110 mm SL.  No neasurable juvenile walleye pollock were found in
poll ock less than 40 cmFL. Figure |-4 shows the size

rel ati onship between wal | eye pollock as predator and as prey.
Capelin were primarily consunmed by the two | arger size groups
(40-49 cm and >50 cm of pollock (Fig. 1-3). They had a nean SL
of 95.2 + 23.7 nmand a range from43 to 140 nmSL. Pacific sand
| ance were only consuned by pollock greater than or equal to

40 cm (Fig. 1-3), and they had a nean SL of 40.8 + 21.7 nmand a
range from28 to 118 mm SL. \Wal | eye pollock also consuned

Pacific cod, arrowooth flounder, Geenland halibut (Reinhardtius

hi ppogl ossoides), flathead sole (H ppoqgl ossoi des el assodon),

Dover sole (Mcrostonus pacificus), snailfish (Cyclopteridae),

and daubed shanny (Lunpenus nmacul atus). The nunber, nmean SL, and

the SD of these prey fish are listed in Table I-2.

CGeographic Distributions of the Prey Consuned
Figures |-5 to |-7 show the percentage by weight of prey
pol | ock, capelin, and pandalid shrinp consuned by walleye poll ock
in different locations. Figure |-5 shows that snmall anounts of
pol | ock were consunmed northeast of Kodiak Island. Large anmounts

of capelin were primarily consuned northeast of Kodiak Island
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Table |-2. --Mean standard | ength and standard deviation of the
m scel | aneous prey fish consuned by wal |l eye pol |l ock
in the Gulf of Alaska in 1990.

Prey nane No. neasured Mean (nm) SD (m)
Pacific cod 3 16.4 2.5
Arrowt oot h flounder 5 26. 5 9.3
G eenl and hal i but 1 23.0 0.0
Fl at head sol e 4 50.5 19.8
Dover sole 1 114.8 0.0
Snai | fi sh 78 20. 3 5.3
Daubed shanny 12 62.1 17.5
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(Fig. 1-6). Pandalid shrinp were consumed both northeast and

west of Kodiak Island (Fig. |-7).
DI SCUSSI ON

In ny analysis, | conpared the diets of walleye pollock from
the Qulf of Alaska to those reported by Livingston (1991) for
pollock fromthe eastern Bering Sea. Table |-3 lists the
percentage by weight of the nmajor prey categories for pollock
fromthe two study areas. This data shows that prey poll ock,
(conprised 41% by weight) was the main food of pollock in the
Bering Sea area, whereas pollock conprised only 2% of the total
food in the Gulf of Alaska area. On the other hand, capelin were
consurmed by pollock in the Gulf of Al aska area (about 13% by
weight), whereas no capelin were found in pollock stomachs in the
eastern Bering Sea area. Another difference is that pollock
consumed nmore m scel |l aneous fish species (n=22) in the Qulf of
Al aska area than in the eastern Bering Sea (n=7). As for the
crustacean consuned, euphausiids conprised a high percentage of
the stomach contents in both the eastern Bering Sea (25% and in
the Gulf of Al aska (39%. However, pollock consuned nore
pandalids in the Qulf of Alaska area (19% than in the eastern
Bering Sea (4%.

Smth et al. (1978) did a food habits study of benthic and
denersal fishes in the northern GQulf of Al aska and O ausen (1983)
did a pollock food habits study in Southeast Al aska. Their
studies al so showed that |arge amounts of euphausiids (87%in

Smth's study and 17%in O ausen's study) and shrinp (14%in
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Table [-3. --Percent by weight of the major prey categories of
wal | eye pollock in the eastern Bering Sea and in the
@l f of Alaska. EBS, eastern Bering Sea (from
Livhn?ston 1991); GOA, @ulf of Alaska (fromthis
st udy) .

:

Prey nane EBS

Anphi pod
Euphausi i d
Pandal i d

Crangoni d

Pasi phaei d

Chi onoecetes  sp.
Capel in

Pol | ock

M scel | aneous fish
Unidentified fish
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d ausen's study) were consunmed by pol | ock. However, in these
studies, 'the authors either reported a |arge anount of
unidentified digested materials (26% in Causen's study) or the
prey fish consuned (less than 10% in both studies) by pollock

were only listed as being tel eost.
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PACI FI C CCD

Pacific cod (Gadus macrocephalus), with an exploitable
bi omass of 387,658 t (Zenger and Thonpson 1991), ranks fourth in

abundance in the @ulf of Al aska groundfish community. The

| andi ngs of Pacific cod have been increasing in recent years (up
to about 66,000 t in 1990). Pacific cod feed both in the water
colum and in benthic areas; hence, they have a high variety of
prey in their diets, including several comercially inportant

fish and crabs.
RESULTS

Ceneral Diets

A total of 916 Pacific cod stomachs were anal yzed, of which
892 (97% contained food. Pacific cod length ranged from?7 to
90 cmFL with a mean and SD of 54.7 cmand + 12.1 cm
respectively. The average depth of the 78 haul |ocations was
127 + 39 mwith a range from20 to 205 m The long list of prey
items presented in Table 2-1 shows that Pacific cod is an
opportunistic feeder. They ate nmany different invertebrates and
various fish (54% and 33% of the total stomach content weight,
respectively). The remai ning 13% of the Pacific cod diet was
made up of fishery discards (processed fish carcasses).
Pol ychaetes were the nost frequently found invertebrate in the
stomachs but they were not very inportant food of Pacific cod in
terns of the percentage of the total stomach content weight.
Cctopus and pandalid shrinp were relatively nore inportant.

Pacific cod al so consuned decorator crabs (Qregonia spp.), and
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Table 2-1. --Prey itens (expressed in percent frequency of
occurrence, and percent total weight) of

macr ocephal us (Pacific cod) collected in the Gulf of
Al aska 1 n 1990.

% Freq. % Tot al
Prey Nane occur. wei ght
Polychaeta (unidentified) 48.20 2.62
Aphroditidae (polychaete) 7.00 1.99
Gastropoda (unidentified) 9.00 0.23
Buccinum sp. (snail) 1.20 0.10
Neptunea sp. (snail) 0.50 0.05
Pteropoda (snail) 0.10 <0.01
Bivalvia (clam) 7.90 0.21
Cephalopoda (unidentified) 5.80 ‘ 0.05
Teuthoidea (squid unidentified) 2.00 ' 0.59
Gonatidae (squid) 0.10 , , 1.87
Octopoda (unidentified) 16.50 7.41
Calanoida (copepod unidentified) 2.40 0.01
Cirripedia (barnacle) 0.70 0.01
Mysidacea (mysid unidentified) 7.40 0.04
Holmesiella anomala (mysid) 0.10 <0.01
Metervthrops robusta (mysid) 0.10 : <0.01
Neomysis rayii 0.10 <0.01
Pseudomma sp. (mysid) 0.30 ‘ <0.01
Cumacea (cumacean unidentified) 1.10 0.20
Leucon sp. (cumacean) 0.40 <0.01
Isopoda (isopod) 6.00 0.12
Gammaridea (unidentified) 37.10 0.40
Ampeliscidae (amphipoed) 6.20 0.08
Themisto sp. (amphipod) 2.40 <0.01
Caprellidea (amphipod) 0.30 <0.01
Euphausiacea (unidentified) 23.20 0.65
Thysanoessa spinifera (euphausiid) 0.10 <0.01
Reptantia (crab) 4.60 0.14
Caridea (unidentified) 28.30 T 2.47
Pasiphaea pacifica (shrimp) 0.20 . <0.01
Hippolytidae (unidentified) 16.50 0.35
Spirontocaris sp. (shrimp) 2.40 0.06
Spirontocaris lamellicornis (shrimp) 0.10 <0.01
Spirontocaris ochotensis (shrimp) 0.80 0.01
Spirontocaris arcuata (shrimp) 0.60 0.02
Lebbeus sp. (shrimp) 0.20 <0.01
Lebbeus froenlandicus (shrimp) 0.20 0.04
Eualus sp. (shrimp) 2.20 0.07
- Eulaus barbata (shrimp) 0.40 0.02
Eualus biunquis (shrimp) 0.10 <0.01
Funalus townsendi (shrimp) 0.10 <0.01
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Tabl e 2-1. --Conti nued.

% Fr eq. % Tot al
Prey Nane occur. wei ght
Eual us stoneyi (shrinp) 0.10 <0.01
Eual us avinus (shrinp 3.00 0.04
Hept acar pus sp. o 0.10 0.01
Pandal i dae (uni dentified) 38.00 6. 34
Pandal real i Enorthern shri np) 6. 10 1.63
Pandal us goni urus (shrinp) 1.20 0. 37
Pandal us jordani_(shrinp _ 0.10 <0.01
Pandal us nontasui tridens (shrinp) 1. 30 0.31
Pandal cosis sp. (shrinp) 3.30 0.22
Pandal oosis dispar (shrinp 0.10 0.19
Crangoni dae (unydentlfled) 39.50 2.56
Cranson al askensis (shrinp) 0.10 0.03
Cranson_stv |rostr|s (shrinp) 0.10 0.01
Grangon dal (shrinp) 0.30 <0.01
Crangon connun S (shrinp) 16. 70 1.68
Rhvnocranson alata (shrinp) 0.40 0.01
Arsis sp. (shrinp) 5.30 0.29
Arais |ar (shrlnﬁ 0.70 0.13
Argis dentata (shri 0.20 0.02
Argis ovifer (shrlnﬁ 0. 20 0.02
Argis al askensis (shrinp 0.10 <0.01
Met acrangon nunita (shrlnp) 0.40 0.02
Anomura (unidentified) 0. 60 0.03
Paguri dae (hermt crab) 20. 40 3.72
Pacrurus aleuticus (hermt crab) 0.20 0.03
Pasurus rathbuni (hermt crab) 0. 30 0.03
El assorhirus sp. (hermt crab) 0.10 0.01
El assachirus tenui manus (hermt crab) 0.30 0.02
Acant hol i t hodes hi snidus (fussy crab) 0.10 0.22
Lophol i thodes foram natus (box crab) 0.40 1.68
Muni da auadri spi na (pi nch bug) 1.90 0.16
Maj i dae (unidentified) 2. 80 0.23
Oresonia sp. ﬁdecorator crab) 0. 40 0.01
Oreqonia sracilis (decorator crab) 1.60 0.16
Oresonia bifurca (decorator crab) 0.10 <0.01
Hyas sp. (lyre crab) 3.60 1. 07
Hyas |yratus (lyre crab) 3.10 0.94
Hvas coarctatus (lyre crab) 0.20 0.01
Chi onoecet es sp. (unldentlfled; 6. 20 0.84
Chi onoecetes opilio ESHOM/Crab 0. 30 0.05
Chi onoecetes bairdi (Tanner crab) 34. 60 10. 77
Eri macrus isenbeckii (crab) 0.10 0.01
Cancer  sp. (crab) 0. 30 0.01
Cancer oresonensis (pygny cancer crab) 2.10 0.10
Pi nnot heri dae (pea crab) 5.40 0.33
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Table 2-1. --Conti nued.

% Fr eq. % Tot al
Prey Nane occur. wei ght

30
70
00
80
.90
.00
90
.30
.00
. 20
. 80
00
. 60
20
40
10
20
10
60
10
10
. 80
. 60
10
. 80
.40
.10
.00

60
70
.20
80
00
10
70
30
20
90

27
08
65
04
02
81
. 95
.37
.91
. 26
.15
43
.34
51
97
95
86
ol
07
01
.02
.06
01
02
73
74
.01
.09

.29
34
34
25
80
06
74
33
01
51

Pinni xa sp. (pea crab)
Si puncul a (peanut worm
Echiura (nmarine morng
Asteroidea (starfish
Qphiurida (brittle star)
Tel eostei (unidentified fish)
Non- gadoi d fish renmins _
G uocea pallasi (Pacific herring)
Mal lotus villosus (capelin)
Thal ei chthvs oacificus (eul achon)
Gadi dae (unidentified gadid)
Therasra chal cosranma ?malleye pol | ock)
Zoarcidae (unidentified eelpout)
Lvcodes brevioes (shortfin eelpout)
Cottidae (sculpin)
Hem | eni dotus sp. (scul pin)
Dasvcottus setiser (scul pin)
lcelinus borealis (sculpin)
Agoni dae (poacher)
Ast er ot heca al ascana (poacher)
Ast er ot heca oent acant hus (poacher)
Sarritor frenatus (poacherf
Cyclopteridae (unidentified snailfish)
Eum crotremus orbis (snailfishg
Bat hymaster signatus (searcher
Stichaei dae (unidentified)
Lunpenus fabricii (slender eelblenny)
Lunpenus macul at us (daubed shanny)
Por ocl i nus rothrocki

(whi tebarred prickl eback)
Lyconectes aleutensis (dwarf w ynouth)
Amodvtes hexapterus (Pacific sand | ance)
Pl euronecti dae (unidentified flatfish) 1
At heresthes stom as (arrowtooth flounder)
Errex zachirus (rex sole)
H poogl ossoi des el assodon (fl at head sol e)
Pl euronectes bilineatus §rock sol e)
H ppoal ossus stenol epis (Pacific halibut)
Fi shery di scards

|
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|

Msc. unidentified materials .90 .03
Total prey weight 20,872 ¢
Nunber of stomachs with food 892

Nunber of enpty stonachs 24
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lyre crabs (Hyas spp.). However, Tanner crab (Chi onoecetes

bairdi) conprised the highest proportion (11% of the total

stomach content weight) of the invertebrates consunmed. Hermt
crabs, euphausiids, anphipods, and marine worns were al so
invertebrates consumed by Pacific cod. O the fish consuned by

Pacific cod, walleye pollock (Theragra chal cogrammm) conpri sed

t he highest proportion (7% of the total stomach contents weight.
G her commercially inportant prey fish include arrow ooth

fl ounder (Atheresthes stom as),. capelin (Mllotus villosus),

flathead sol e (H ppogl ossoi des el assodon), rock sole

(Pleuronectes bilineatus), Pacific halibut (H ppoglossus

stenol epis), Pacific herring (Qdupea Dallasi), eulachon

(Thal ei cht hys pacificus), Pacific cod, Pacific sand | ance

(Amodytes hexapterus), and rex sole (Errex zachirus). Pacific

cod al so consuned many non-commercially inportant prey fish, such
as zoarcids, cottids, agonids, cyclopterids, bathynasterids, and

stichaei ds.

Variation of Diet Based on Predator Size

Figure 2-1 shows that Pacific cod ate nore prey fish with
i ncreasing cod size (FL), especially for cod greater than or
equal to 70 cm FL.  The fish consuned (including fish and fishery
di scards) conprised about 75% of the total stomach contents in
this size group. Only this group of larger Pacific cod (270 cm
FL) consuned a significant anmount (17% of walleye pollock. Al
other smaller size groups consumed very snall anounts of pollock
(<5%. Al but the largest size groups consuned a fair anmount of

shrinp (>15%. Tanner crabs were consuned by Pacific cod between
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Figure 2-1. --Variations in the nain food itens of
Pacific cod, by predator size, in
the Gulf of Al aska in 1990.
N = sanple size.
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40 and 70 cm FL. The smallest size group (<20 cm FL) of cod ate

a large anmount (45% of m scellaneous prey (mainly anphi pods and

nysi ds).

Si zes of the Commercially Inportant Prey Consuned

The commercially inportant prey consumed by Pacific cod were
anal yzed by three predator size groups (<30 cm 30-59 cm and
>60 cm FL). Because of insufficient 'measurable' prey data in the
size group less than 30 cm this group was not included in the
analysis. Exami nation of Figure 2-2 suggests that the walleye
pol | ock consuned by 30-59 cm Pacific cod were mainly age-0 fish
pl us sone age-| fish, whereas Pacific cod greater than or equa
to 60 cm consunmed age-O 1, 2, and 3+ wall eye pollock. The body
size relationship between Pacific cod and the pollock they
consunmed is shown in Figure 2-3. The nean SL of pollock consuned
by Pacific cod was 161.5 + 133.0 nmwith a range from33 to
468 nm  Figure 2-2 also shows that Pacific sand | ance were
primarily consuned by Pacific cod 30-59 cmlong. The nean SL of
all Pacific sand | ance consunmed by Pacific cod was 94.4 +. 32.7 nm
with a range from46 to 165 nm The nean SL of the capelin
consunmed was 78.9 + 14.0 mmwth a range from57 to 125 nm
Figure 2-4 shows that capelin were mainly consumed by Pacific cod
30-59 cmlong. The length distributions of flathead sole and
arrowtooth flounder consuned by Pacific cod are shown in Figure
2-5. Larger predators fed on larger prey. The nmean SL of
fl athead sole consuned by Pacific cod was 80.5 + 46.2 nm wth a
range from 17 to 220 mm The nean SL of arrowtooth flounder

consunmed was 153.2 + 135.3 nmwth a range between 33 to 390 nm
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Figure 2-2.--Size frequency distributions of walleye pollock and
Paci fic sand | ance consuned by two size groups of
Pacific cod in the Gulf of Alaska in 1990.
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Figure 2-4. --Size frequency distributions of Tanner crab and
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In general, Pacific cod greater than or equal to 60 cmfed on

| arger Tanner crabs than cod 30-59 cmin length (Fig. 2-4). The
average carapace width (CW of the Tanner crabs consuned was 19.8
+ 9.4 mmwth arange of 3 to 99 nm Mst of the Tanner crabs
neasured from Pacific cod stonmach contents were age-I crab (9-

34 mmcw). Sone commercially inmportant prey fish were not
analyzed in detail because of insufficient data. For exanple,
only two Pacific halibut were consuned (21 and 60 nm SL) by
Pacific cod in this study. Pacific cod also consunmed one rex
sole (121 mm SL), two eulachon (132 and 180 mm SL), and three
rock sole (95, 140, and 150 nm SL).

CGeographic Distributions of the Prey Consuned

Figures 2-6 to 2-15 illustrate the geographic distributions
of the commercially inportant prey (percent by weight) consuned
by Pacific cod in each haul where stomach sanples were coll ected.

Consunption of walleye pollock by Pacific cod was not
wi despread (26 out of 78 hauls) (Fig. 2-6). In addition, the
proportion of walleye pollock in the stomach content weights at
each station was not high. Only in the area southwest of Kodiak
| sland did pollock make up a higher percentage (>75% of prey
found in the stonmach content sanples.

The consunption of arrowtooth flounder by Pacific cod was
also found mainly in the area southwest of Kodiak Island
(Fig. 2-7).

Figures 2-8, 2-9, and 2-10 illustrate that the consunption
of Pacific halibut, rock sole, and rex sole by Pacific cod was

not significant in the Gulf of A aska area. Compared to the
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three flatfish nmentioned above, flathead sole were eaten nore
frequently by the Pacific cod and were found in the area
sout hwest of Kodiak Island (Fig. 2-11).

Capel in seened to be consuned evenly throughout the sanpling
area. There was only one station where capelin conprised nore
than 75% of the stomach contents of Pacific cod (Fig. 2-12).

Pacific sand | ance were consunmed primarily in the area
sout hwest of Kodi ak Island, although there was one station to the
north of Kodiak Island where Pacific sand | ance conprised nore
t han 50% of the stomach contents (Fig. 2-13).

Tanner crab consunption was wi despread in all the areas
sanpl ed, although the higher percent by weight of Tanner crab in
stomach contents seened to be focused only on the east side of
Kodi ak Island (Fig. 2-14).

Fi shery discards were consuned by Pacific cod mainly in the

area sout hwest of Kodiak Island (Fig. 2-15).
DI SCUSSI ON

Previous studies indicated that fish, crab, and shrinp were
the main food conponents of Pacific cod found in the Qulf of
Al aska (Jewett 1978, O ausen 1981). Jewett found that, in the
Kodi ak area, walleye pollock was the nost comon (3.9% frequency
of occurrence) prey fish eaten by cod, followed by sone
unidentified flatfish and Pacific sand |ance. Jewett also
reported that Tanner crabs occurred in 36.7% and pandalid shrinp
occurred in 4.7% of the Pacific cod stomachs sanpled. In

d ausen's (1981) study, Pacific herring and pollock (9.6 and 8. 7%
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frequency of occurrence, respectively) were the nost common prey
fish found in cod stomachs and Tanner crabs (26.2% were the nost
comon prey of Pacific cod in Southeast Al askan waters. Pandalid
shrinp were found in 25.4% of the cod stomachs sanpled. The main
di fference between the present study and earlier studies in the
Qulf of Alaska area is that fishery discards now conprise a
significant proportion (13% of the total stomach content weights
in this study, whereas no fishery discards were reported as food
in the earlier studies. Another significant difference is that
in both Jewett (1978) and d ausen's (1981) studies, reported a
hi gh percentage (35% of unidentified fish, whereas this
unidentified category was only 7% in this study.

In another conparison, walleye pollock conprised 40% by
wei ght of the total stonmach contents of Pacific cod in the Bering
Sea (Livingston 1991), whereas only 7% of the total stomach
contents were pollock fromthis study. Mre prey fish species
were consuned by Pacific cod in the Gulf of Al aska area conpared
with the Bering Sea. In addition, king crabs (Paralithodes spp.)
were consumed in the Bering Sea area, but they were not found in

the stomachs of Pacific cod in the Gulf of Al aska area.
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ARROMOOTH FLOUNDER

Arrowt ooth flounder (Atheresthes stomas), with an
expl oi tabl e biomass of 1,144,242 t in 1990, ranked first in the

total groundfish biomass (North Pacific Fishery Managenent

Council 1991). However, because of the species' |ow comercia
val ue, catches have been | ow (WI derbuer and Brown 1990).
Arrowtooth flounder is a large flatfish with a symetrical mouth
and sharp teeth that feeds on commercially inportant fish like
wal | eye pollock (Iheragra chal cogramm), capelin (Mallotus
villosus), and other fish, as well as shrinp and other
crustaceans (Smith et al. 1978). Therefore, with the feeding
behavi or and the high abundance of arrowtooth flounder in the
Qulf of Alaska area, it is inportant to study its food habits and

its inpact on commercially inportant prey.
RESULTS

Ceneral Diets

A total of 1,144 arrowtooth flounder stonmachs were anal yzed.
O this total, 489 were enpty and 655 (57% contained food.
Arrowt oot h flounder sizes ranged from12 to 80 cmFL with a nean
and SD of 42.1 and +. 10.1 cm respectively. The average depth of
the 62 hauls where stomachs were collected was 164 + 69 mwith a
range frome66 to 432 m

Table 3-1 displays all the prey itens found in arrowtooth
fl ounder stonmachs. Even though many invertebrate species |ike
euphausiids (34.8% by frequency of occurrence), pandalid shrinp,

squid, nysids, and anphipods were found in the diet of arrowooth
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Table 3-1. --Prey itens (expressed in percent frequency of
occurrence, and percent total weight) of Atheresthes
stomas (arrowooth flounder) collected in the Qulf
of Alaska in 1990.

% Fr eq. % Tot al
Prey Name occur. wei ght
Pol ychaeta (unidentified) 0.80 0.02
Bivalvia (clam _ 0.20 co. 01
Teut hoi dea (squi d unidentified) 0. 80 0.21
CGonat i dae isquid) 0.20 1. 80
Cal anoi da (copepod) 0. 80 co. 01
Mysi dae (nysid) _ 0. 60 0.01
Hol nesi el l a anomal a (nysi d) 0. 20 co. 01
Neonvsis czerniawskii (mysid) 0. 20 co. 01
Neonvsis ravii 0.20 co. 01
Cunmacea (cunacean) 0. 30 co. 01
| sopoda (i sopod) o 0. 20 0.02
Gammari dea (unidentified) 1. 40 0.02
Anpel i sci dae (anphi pod) 0. 30 0.01
Them sto sp. _ 0. 60 co.01
Caprel lidea (anphipod) 0.20 co. 01
Euphausi acea (unidentified) 34.80 2. 84
Thvsanoessa inerm s (euphausiid) 4.90 0.15
Thvsanoessa soinifera (euphausiid) 0. 20 co. 01
Caridea (unidentified) 1. 40 0.05
Pasi nhaea oacifica (shrinp; 0. 50 0.11
HipFo ytidae (unidentified 0.20 0.01
Eual us _avinus (shri 0.70 0.02
Pandal i dae (unidentifi ed) _ 12. 00 1.67
Pandal us borealis (northern shrinp) 7.00 1. 80
Pandal us iordani (shrinp) _ 0. 80 0. 27
Pandal us nontasui_tridens (shrinp) 0. 60 0.15
Pandal us ol atvceros (shrinp) 0. 20 0.01
Crangoni dae (unidentified) 1.40 0.08
Cranson _communi s (shrinp) 1. 80 0.12
Arsig r 0. 60 0. 06
Arsis ovifer (shrinp) 0. 20 co.01
Paguri dae (hermt crab) 0. 20 co. 01
Echiuridae (marine worm 0. 20 0.03
Chaet ognatha (arrow worn 0. 60 co. 01
Tel eostei (unidentified fish) 2.70 0. 06
Non- gadoid fish renains 1.50 0. 38
d uoea harensus oallasi (Pacific herring) 4.40 9.15
Cor esonus SF. (sal noni dae) 0.20 0.12
Mal [ otus villosus (capelin) 19.70 8.18
Thal ei cht hvs pacificus (eul achon) 0.30 0.78
Gadi dae (unidentified gadid) 5.50 1.73
Therasra chal cogranmma (wal | eye pollock) 15.30 . 66. 43
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Table 3-1. --Conti nued.
% Freq. % Tot al
Prey Nane occur. wei ght
Zoarcidae (unidentified eelpout) 0. 60 0. 36
Scor paeni dae (unidentified) 0. 40 0. 26
Pl eur osramrus nonopt er yai us
(Atka nmackerel) 0. 20 0.50
Stichaei dae (prickl eback) 1.20 0.33
Poroclinus rothrocki
(whi tebarred prickl eback) 0.30 0.16
Amodytes hexapterus (Pacific sand |ance) 0.30 0.02
Pl euronectidae (unidentified flatfish) 0.90 1.21
At heresthes stom as (arrowtooth flounder) 0.20 <0.01
Hi ppogl ossoi des el assodon (flathead sole) 0.20 0. 26
Fi shery discard 0. 30 0.56
Total prey weight 6,501 g
Nunber of stomachs with food 655

Nunber of enpty stonachs 489
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fl ounder, they conprised only 10% by weight of the total stomach

contents. The remaining 90% of stomach content weight was made
up of fish. \Walleye pollock was the nost inportant prey of
arrowtooth flounder; they conprised 66% by wei ght of the total

stomach contents. Pacific herring (dupea pallasi) and capelin

comprised 9% and 8% of the total stomach contents by weight,

respectively. Arrowt oot h flounder al so consuned sone eul achon

(Thal ei chthys pacificus), Atka nackerel (Pl eurogranmmus

nonopt erygi us), Pacific sand | ance (Amobdytes hexapterus),

arrowtooth flounder, flathead sole (H_pposlossoi des el assodon),

fishery discard, and sone non-commercially inportant species

(zoarcids and stichaeids).

Variation of Diet Based on Predator Size

Figure 3-1 shows the percentage by weight of the main prey
itemrs for different arrowooth flounder size groups. Wth the
exception of the smallest size group (<20 cm FL), all size groups
had at |east 70% fish by weight in their stonmach contents.
Wl | eye pollock were the predom nant prey fish (60 to 90% for
arrowtooth flounder greater than or equal to 40 cm whereas
capelin predomnate in the diets of fish between 20 and 40 cm
long. Pacific herring conprised about 20% of the food for fish
between 30 and 50 cm  Shrinp were the predom nant food of fish

| ess than 20 cm

Si zes of the Commercially Inportant Prey Consumned
The commercially inportant prey consunmed by arrow ooth

flounder were analyzed by three different size groups: less than
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20 cm 20-39 cm and greater than or equal to 40 cmFL (Figs. 3-2

and 3-3). Figure 3-2 (left side) shows that pollock were not
consunmed by arrowtooth flounder less than 20 cmlong. The
medi um si zed fish (20-39 cm consuned sone age-0 and age-

pollock. The larger-sized (>40 cm arrowtooth flounder contained
many age-O age-l, and age-2 pollock (approximtely <300 mj), and
sonme age 3 and ol der pollock. The average SL (rmean + SD) of the
pol | ock consuned by arrowtooth flounder was 196.1 + 89.2 mmwith
a range of 21 to 450 nm  The rel ationship between the arrowtooth
fl ounder size and the size of the pollock that they consunmed is
shown in Figure 3-4. Figure 3-2 (right side) displays the
consunption of Pacific herring by arrowtooth flounder. It
illTustrates that no Pacific herring were found in arrow ooth
flounder smaller than 20 cmlong. And the medi umsized and the

| arger-sized fish consumed only a few Pacific herring. The nean
length of the 11 Pacific herring consumed was 159.9 + 23.0 mm SL
with a range from127 to 195 mm SL.  Figure 3-3 shows that many
capelin were consuned by arrowtooth flounder l[arger than 20 cm
long. The average SL of capelin consunmed by arrow ooth flounder
was 85.3 + 18.1 mmwth a range from43 to 130 nmSL. Arrowtooth
fl ounder al so consuned one fl athead sole (130 nm SL), one Atka
mackerel (128 mm SL), two eul achons (130 and 154 mm SL), and one

Pacific sand lance (70 nm SL).

CGeographic Distributions of the Prey Consuned
Figures 3-5, 3-6, and 3-7 describe the geographic
distributions of the pollock, capelin, and Pacific herring

consurmed by arrowtooth flounder. It shows that pollock were
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primarily consuned around Kodiak Island (Fig. 3-5). Figure 3-6
shows that nost capelin consuned by arrowtooth flounder were on
the east and southwest of Kodiak Island. Mst Pacific herring
consunmed by arrowtooth flounder were | ocated east of the Kenai

Peninsula (Fig. 3-7).
DI SCUSSI ON

Smth et al. (1978) found that simlar prey itens (poll ock,
euphausiids, shrinp, and m scellaneous fish) were consumed by
arrowtooth flounder in the Gulf of Al aska area, although
euphausiids conprised a higher percentage by volume in their
study conpared with this study. This discrepancy is probably due
to the fact that 85% of the arrowtooth flounder in their study
were |less than or equal to 35 cmlong, whereas nost fish in our
study were greater than or equal to 40 cm In the Bering Sea
area, arrowtooth flounder also consunmed a high percentage (56% by
wei ght) of pollock (Yang 1991). The other prey itenms consuned in
the Bering Sea area were simlar to those in the Gulf of Al aska
area. The main difference is that capelin nmade up 8% by wei ght
of the diet in the Gulf of Alaska area, whereas |ess than 1% of
the diet of arrowooth flounder in the Bering Sea area was

capelin.
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PACI FI C HALI BUT

Paci fic halibut (H ppoglossus stenolenis) had an exploitable

bi omass of 216,888 t in the Gulf of A aska (3A, 3B, and 4A North

Paci fic Fishery Managenent Council Regulatory areas) in 1990 (P.
J. Sullivan, International Pacific Halibut Conm ssion, P.O Box
95009, Seattle, WA 98145-2009. Pers. conmun., Septenber 1993).
The commercial catch in the Gulf of Alaska area in 1990 was
23,836 t (data conpiled fromlInternational Pacific Halibut

Conmi ssi on) . Because the Pacific halibut feed on fish, crab and
squid, it is inportant to study their food habits and their

i npact on other commercially inportant species in the Gulf of

Al aska area.
RESULTS

Ceneral Diets

A total of 467 Pacific halibut stomachs were anal yzed, of
which 79 were enpty and 388 (83% contained food. The size range
of the Pacific halibut was between 11 to 151 cmFL with a nean
and SD of 71.5 + 25.9 cm  The average depth of the 71 haul
| ocations was 109 + 48 mwith a range from20 to 234 m
Table 4-1 lists the percent of frequency of occurrence, the
percent by nunber, and the percent by weight of the prey found in
Pacific halibut stomachs. Nearly 80% of the total stonach
contents weight were fish and invertebrates conprised only 20% by
weight. \Walleye pollock (Theragra chal cogranma) was the. nost
inmportant prey item They were the nost frequently occurring

prey in the stomachs (28%. In terns of weight, they conprised
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Table 4-1. --Prey itens (expressed in percent freguency of
occurrence, nunerical percentage, percent total

wei ght) of Pacific halibut (H _ppogl ossus stenolepis)
collected in the @ulf of Al aska in 1990.

% Fr eq. % Tot al
Prey Nanme occur. % Nunber wei ght
Polychaeta (unidentified) 0.80 0.15 <0.,01
Polynoidae (polychaete) 0.30 0.03 <0.01
Mollusca (unidentified) 0.50 0.06 0.05
Gastropoda (snail) 0.80 0.09 0.01
Modulus modulus (horse mussel) 0.80 0.21 0.03
Naticidae (snail) 0.30 0.03 <0.01
Fusitriton oregonensis (snail) 0.30 0.03 <0.01
Buccinum sp. (snail) 0.30 0.03 <0.01
Bivalvia (clam) 3.90 0.77 0.01
Nuculana fossa (clam) '1.80 3.31 0.03
Mytilidae (clam) 0.50 0.06 0.01
Teuthoidea (squid unidentified) 0.50 0.06 0.05
Gonatus magister (squid) 0.30 0.03 0.18
Octopoda (octopus) 7.20 1.18 4.77
Acanthomysis dybowskii (mysid) 0.30 0.06 <0.01
Holmesiella anomala (mysid) 0.80 0.02 0.01
Neomysis czerniawskii (mysid) 0.40 0.01 ©0.01
Diastylis sp. (cumacean) 1.30 31.01 0.01
Gammaridea (unidentified) 2.60 6.71 <0.01
Lysianassidae (amphipod) 0.30 0.06 <0.01
Pasiphaea pacifica (shrimp) 0.30 0.03 <0.01
Hippolytidae (shrimp) 0.50 0.06 <0.01
Spirontocaris sp. (shrimp) 0.30 0.03 <0.01
Spirontocaris lamellicornis (shrimp) 0.50 0.06 <0.01
Spirontocaris arcuata (shrimp) 0.30 0.06 0.01
Pandalidae (unidentified) 1.30 0.50 0.01
Pandalus borealis (northern shrimp) 0.80 0.12 0.02
Pandalus montagui tridens (shrimp) 0.50 0.09 0.01
Crangonidae (unidentified) 2.10 0.27 <0.01
Crangon alaskensis (shrimp) 0.30 0.03 <0.01
‘Crangon alba (shrimp) 0.50 0.15 0.01
Crangon dalli (shrimp) 0.30 0.03 <0.01
Crangon communis (shrimp) 0.50 0.71 0.02
Rhynocrangori alata (shrimp) 0.03 0.03 <0.01
Argis dentata (shrimp) 0.50 0.06 0.02
Argis levior (shrimp) 1.00 0.12 0.02
Paguridae (hermit crab) 23.50 4.11 1.29
Pagurus aleuticus (hermit crab) 0.50 0.06 0.02
Pagurus rathbuni (hermit crab) 0.50 0.06 0.02
Elassachirus tenuimanus (hermit crab) 2.50 1.03 0.13
Acantholithodes hispidus (crab) 0.50 0.06 0.04
Phyllolithodes papillosus (crab) 0.30 0.15 0.04
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Table 4-1. --Conti nued.
% Fr eq. % Tot al

Prey Name occur. 9% Nunber wei ght
Lopholithodes mandtii (crab) 0.30 0.03 0.01
Lopholithodes foraminatus (crab) 0.30 0.06 0.53
Rhinolithodes wosnessenskii (crab) 0.30 0.03 <0.01
Munida guadrispina (crab) 0.30 0.03  <0.01
Majidae (unidentified) ‘ 0.30 0.03 <0.01
Oregonia gracilis (crab) 8.50 4.70 0.89
Hyas lyratus (crab) 17.00 6.06 2.72
Chionoecetes bairdi (Tanner crab) 17.60 8.10 5.96
Pugettia gracilis (crab) 0.30 0.03 <0.01
Cancer oregonensis (crab) 16.00 8.31 2.00
Pinnotheridae (crab) 0.50 0.06 <0.01
Echruoid (marine worm) 0.30 0.03 <0.01
Asteroidea (starfish) 0.30 0.03 <0.01

.30 0.03 0.01
.90 2.04 0.56
.80 0.27 0.11
.30 0.03 0.16
.30 0.06 5.15
.20 6.03 0.89
.30 0.03 0.02
.30 0.24 0.68
.50 0.06 0.98
.10 5.44 57.43
.80 0.15 0.11
.30 0.27 0.31
.30 0.03 <0.01

Holothuroidea (sea cucumber)

Teleostei (unidentified fish) , 1
Non-gadoid fish remains

Oncorhynchus sp. (salmon)

Oncorhynchus kisutch (coho salmon)
Mallotus villosus (capelin) 1
Thaleichthys pacificus (eulachon)

Gadidae (gadid fish)

Gadus macrocephalus (Pacific cod)

Theragra chalcogramma (walleye pollock) 2
Lycodes brevipes (shortfin eelpout)

Lycodes palearis (wattled eelpout)
Scorpaenidae (unidentified)

0

1

1

0

0

4

0

1

0

8

0

1

0

Sebastes alutus (Pacific ocean perch) 0.30 0.03 0.34

Cottidae (unidentified) 2.40 0.36 0.11

Artediellus sp. (sculpin) 0.30 0.03 <0.01
0
0
1
0
0
0
0
1
0
0
0
1
0
6
4
3

Hemilepidotus sp. (sculpin) .30 0.06 0.30
Hemilepidotus jordani (sculpin) .80 0.18 0.02
Icelinus borealis (northern sculpin) .30 0.21 0.03
Malacocottus kincaidi (blackfin sculpin) .30 0.03 <0.01
Triglops pingeli (ribbed sculpin) .30 0.06 0.05
Agonidae (poacher) .30 0.03 <0.01
Agoplagonus inermis (fish) .30 0.03 0.01
Sarritor frenatus (sawback poacher) .80 0.27 0.02
Cyclopteridae (snailfish) .30 0.03 <0.01
Liparis sp. (snailfish) .30 0.03 0.06
Bathymaster signatus (searcher) .80 0.09 0.06
Stichaeidae (prickleback) .80 0.33 0.06
Zaprora silenus (prowfish) .30 0.03 0.03
Ammodvtes hexapterus (Pacific sand lance) .20 1.57 0.62
Pleuronectidae (flatfish) .10 0.52 0.83
Atheresthes stomias (arrowtooth flounder) .90 0.62 4.16
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Table 4-1. --Conti nued.
% Freq. % Tot al

Prey Name occur. % Nunber wei ght
Hi ppoal ossoi des el assodon (fl athead sole) 0.10 0.12 0. 56
Pl eur onectes bilineatus (rock sol e; 0.30 0. 03 0.13
Pl eur onectes asper (yellowfin sole 0.30 0. 06 0.01
M crostonus pacificus (Dover sole) 0. 30 0.03 0.03
H ppogl ossoi des stenolepis (Pacific halibut) 0.80 0.09 <0.01
Fi shery di scards 2.10 0. 47 7.07

Total prey count 3,383

Total prey weight 50,417 ¢

Nurmber of stomachs with food 388

Nunber of enpty stonachs 79
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57% of the total stomach contents. Coho sal non (Oncorhynchus

ki sutch) nmade up 5% of the total stomach contents by weight, but

they did not often occur in the Pacific halibut sanpled. Capelin
(Mal lotus villosus) were consuned quite frequently (14% but they
conprised |less than 1% of the total stomach contents weight.

QG her comercially inmportant fish consumed by Pacific halibut
include Pacific cod (Gadus nacroceDhal us), eulachon (Thal ei cht hvs
pacificus), Pacific sand |ance (Ammobdvtes hexapterus), Pacific

ocean perch (Sebastes alutus), arrowtooth flounder (Atheresthes

stom as), flathead sole (H ppogl ossides elassodon), rock sole
(Pleuronectes bilineatus), yellowfin sole (Pleuronectes asper),
Dover sole (Mcrostonus pacificus), and young Pacific halibut.

Pacific halibut also consumed 7% by weight, of fishery discards

(processed fish carcasses). Many non-commercially inportant fish
(cottids, agonids, cyclopterids, bathymasterids, and stichaeids)
were al so consuned by Pacific halibut; however, they played a
mnor role as food of the Pacific halibut.

Tanner crabs (Chionoecetes bairdi) were the nost inportant

invertebrate prey of Pacific halibut; they conprised about 6% of

the total stomach contents weight. Less inportant invertebrate
prey included octopus (4.8%, Ilyre crab (Hyas lyratus) (2.7%,
cancer crab (Cancer oreqonensis) (2%, hermt crab (1.3%, and

decorator crab (QOresonia gracilis) (1%. Al of the other

i nvertebrates consuned (pol ychaetes, gastropods, clans, squid,
shrinp, and other crustaceans) were found | ess frequently and
were considered to be relatively less inportant as food of

Pacific halibut.
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Variation of Diet Based on Predator Size

The diet of Pacific halibut varies greatly by predator size
(Fig. 4-1). Mscellaneous prey fish (nainly capelin, Pacific
sand | ance, cottids, zoarcids, stichaeids, and flatfish) were
i nportant food for Pacific halibut between 30 and 70 cm FL | ong,
whereas wal | eye pol |l ock were mainly consunmed by Pacific halibut
greater than or equal to 80 cmFL. Crabs (Tanner crabs,
decorator crabs, lyre crabs, and cancer crabs) were the nain food
of Pacific halibut between 50 and 80 cm FL (they conprised nore
than 40% by weight of the total stonmach contents weight in this
size group). Hermt crabs (pagurids) were inportant food (225%
by weight) for Pacific halibut less than 60 cm FL, especially for
fish less than 30 cmlong. Cephal opods (nainly octopus) were

important food for fish less than 40 cm FL.

Si zes of the Commercially Inportant Prey Consuned

The prey length data of the Pacific halibut were divided by
predator size into two groups (<80 cmand 280 cm FL) for analysis
(Figs. 4-2 to 4-4). Figure 4-2 (left) shows that walleye pollock
consunmed by Pacific halibut |less than 80 cm were mainly age-0
(<140 nm SL) fish plus a few age-I to age-3 fish. The
| arger-sized Pacific halibut (<80 cnm consuned nmany different
sizes of walleye pollock including both pre-recruits (<300 mm SL)
and recruits (>300 mm SL). Figure 4-2 (top left) shows that nost
pre-recruit pollock consumed were age-l and age-2 fish, whereas
nost recruited pollock consumed were age-3 and age-4 fish. A few
| arge pollock (250 cm SL) were consunmed by sone Pacific halibut

| arger than 100 cm FL; one 151 cm female Pacific halibut consuned



1
Predator fork length (cm)

Figure 4-1. --Variation in the main food itenms of
Pacific halibut, by predator size,
e Qulf of Alaska in 199
sanpl e
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a 670 nm wal  eye pollock. The average (mean + SD) standard
| ength of pollock consuned by Pacific halibut was 315.9 +
155.0 mmwith a range from34 to 670 mmlong. The relationship
bet ween the Pacific halibut size and the size of the pollock they
consunmed is shown in Figure 4-5.

The size of Chionoecetes bairdi consunmed by Pacific halibut
less than 80 cm (Fig. 4-2, top right) were nainly age-0 (<9 mm
CW and age-1 (9-34 nm CW crabs, whereas |arge Pacific halibut
(180 cnm) consunmed mainly age-1 C. bairdi and sone age-2 and ol der

crabs (Fig. 4-2, bottomright). The mean CWof the C. bairdi

consunmed 24.7 + 18.0 mmwth a range from3 to 97 mm

Figure 4-3 shows that large Pacific halibut consuned nore
| arger-sized arrowtooth flounder. Consunption of capelin
occurred mainly in smaller (<80 cm FL) Pacific halibut, and only
a fewwere found in large (280 cm Pacific halibut (Fig. 4-4,
left). The nmean SL of the capelin consumed was 78.8 + 15.3 nm
with a range from46 to 108 nm  Figure 4-4 (right) shows that
the Pacific sand |ance consuned by Pacific halibut were mainly
bet ween 100 and 150 nm SL. They had a nean SL of 136.5 + 26.5 mm
wth a range from55 to 187 nm

Pacific halibut also consunmed two coho sal non (450 and
500 mm SL, respectively), one Pacific cod (380 nm SL), one
eul achon (120 nun SL), one Pacific ocean perch (208 mm SL), four
flathead sole (58, 101, 147, and 280 mm SL), one rock sole
(160 mnm SL), two yellowfin sole (61, 64 nm SL), one Dover sole
(105 mm SL.), and two Pacific halibut larvae (21 and 30 nm SL).
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Pacific halibut in the Gulf of Alaska in 1990.
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Ceographic Distributions of the Prey Consuned
The distributions of the commercially inportant prey
consumed by Pacific halibut are shown in Figures 4-6 to 4-14.
Figure 4-6 illustrates that walleye pollock were consunmed by
Pacific halibut at nost of the survey stations, and the percent
by wei ght of the pollock in nost of the stations was high (>75%.
Capel in were consuned by Pacific halibut primarily in the areas
to east and southeast of Kodiak Island (Fig. 4-7). The anount of
capelin consuned in each station was |ow (<25%. Tanner crabs
were al so consuned in the Kodiak area (Fig. 4-8). Pacific sand
| ance were only found in sanples from areas sout hwest of Kodi ak
Island (Fig. 4-9). Figure. 4-10 shows that the arrowt ooth
fl ounder consuned by Pacific halibut were found mainly around the
Kodi ak area. The | ocations where Pacific halibut consuned coho
salnon, Pacific cod, and Dover sole are shown in Figures 4-11 to
4-13, respectively. Figure 4-14 shows the |ocations where
fishery discards (mainly fish carcasses) were consuned by Pacific

hal i but .
DI SCUSSI ON

The earlier food habits studies of Pacific halibut showed
that the diet was prinarily conposed of fish, crustaceans, and
nmol | usks (Novi kov 1968). Novi kov found that, in the Bering Sea
area, the frequency of occurrence and the species conposition of
the diet depended on the locations inhabited and the size of the
Pacific halibut. The smaller fish (<30 cm) fed mainly on

crustaceans. The nediumsized fish (30-60 cn) switched to feed
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on larger crustaceans and fish. Pacific halibut [|arger than

60 cmfed mainly on fish. Novikov also pointed out the

i nportance of sone flatfish as prey of Pacific halibut,

especially the connection between the yellowfin sole and the
Pacific halibut. Livingston et al. (1993) also reported that, in
addition to the large anmount of walleye pollock, Tanner crabs,

and snow crabs (Chionoecetes opilio) consumed, Pacific halibut

al so consuned relatively high proportions of Pacific cod,
yellowfin sole, and flathead sole in some areas in the eastern
Bering Sea.

Best and Pierre (1986) anal yzed the stomach contents of
Pacific halibut collected in the Gulf of A aska and characterized
t he species as opportunistic feeders. Wen Pacific halibut are
young, they feed mainly on crustaceans. The Pacific halibut's
di et changes to primarily fish as they grow and increase in size.
They found that walleye pollock, Pacific sand |ance, octopus, and

Tanner crabs were the nain food of the Pacific halibut.
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SABLEFI SH

Sabl ef i sh, Anopl onoma finbria, ranked sixth in total

groundfish biomass in the GQulf of Alaska in 1990 with an

expl oi tabl e bi omass of 226,000 t (North Pacific Fishery
Managenent Council 1991). Annual catches of sablefish from 1986
to 1990 ranged from 20,000 to 30,000 t (Fujioka 1990). Sablefish
has been found to feed opportunistically on fish, crustaceans,
and worms (Ginols and G Il 1968). Because sablefish is an

i nportant commercial species and it probably feeds on sone other
commercially inmportant fish, it is included in this study on food
habits and potential inpacts on the other marine fishes in the

@l f of Al aska.
RESULTS

Ceneral Diets

A total of 331 sablefish stomachs were anal yzed, of which 92
were enpty and 239 (72% contained food. Sablefish ranged in
size from40 cmto 80 cmFL with a nmean and of 60.3 and + 9.1 cm
respectively. The average depth of the 40 haul |ocations sanpled
was 201 + 63 mwith a range from101 to 432 m Table 5-1 lists
t he percent frequency of occurrence, the percent by nunber, and
the percent by weight of the prey itens found in sablefish
stomachs.  Approximately 74% of the weight of the total stomach
contents was fish, wth invertebrates making up only one-quarter
of the total stomach contents weight. \Walleye pollock was the
predom nate fish-prey consuned by sabl efish. Pollock conprised

about 24% by wei ght of the total sablefish stomach contents.
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Table 5-1. --Prey itens (expressed in percent frequency of
occurrence, nuneri cal ancentage and percent total
wei ght) of sablefish onl ooonma finbria) collected in
the Qulf of Al aska in 1990.

% Fr eq. % Tot al
Prey Nane occur. % Nunber wei ght
Scyphozoa (jellyfish) 20.50 0.63 5.35
Polychaeta (worm) 0.80 0.02 0.05
Gastropoda (snail) 0.80 0.02 0.08
Bivalvia (clam) 0.40 0.01 0.03
Teuthoidea (squid unidentified) 2.10 0.05 0.26
Berryteuthis magister (squid) 1.70 0.04 7.77
Octopoda (octopus) 0.40 0.01 0.01
Calanoida (copepod) 3.30 0.14 0.01
Mysidacea (unidentified) 2.90 0.68 0.02
Holmesiella anomala (mysid) 0.80 0.02 0.01
Neomysis czerniawskii (mysid) 0.40 0.01 0.01
Diastylis sp. (cumacean) 0.40 0.01 0.01
Gammaridea (unidentified) 12.10 0.87 0.06
Themisto sp. (amphipod) 13.40 0.90 0.01
Themisto abyssorum (amphipod) 0.80 0.09 0.01
Euphausiacea (unidentified) 19.70 73.82 4.86
Thysanoessa inermis (euphausiid) 13.00 19.77 1.80
Caridea (unidentified shrimp) 0.40 0.01 0.01
Pasiphaea pacifica (shrimp) 1.70 0.04 0.12
Eualus avinus (shrimp) 0.40 0.01 0.01
Pandalidae (unidentified) 8.80 0.26 0.65
Pandalus borealis (northern shrimp) 11.70 0.33 1.95
Pandalus goniurus (shrimp) 2.10 0.05 0.27
Pandalopsis dispar (sidestripe shrimp) 1.70 0.04 0.71
Crangonidae (unidentified) 1.70 0.04 0.02
Crangon communis (shrimp) 0.40 0.01 0.01
Paguridae (hermit crab) 3.30 0.08 0.61
Majidae (decorator crab) - 0.80 0.02 0.12
Chionoecetes bairdi (Tanner crab) 3.00 0.07 0.42
Sipuncula (marine worm) 0.80 0.02 0.10
Sagitta sp. (arrow worm) 0.80 0.03 0.01
Teleostei (unidentified fish) 15.10 0.34 4.08
Non-gadoid fish remains 0.80 0.02 0.04
Clupea pallasi (Pacific herring) 3.30 0.10 2.21
Mallotus villosus (capelin) 1.30 0.03 0.33
Thaleichthys pacificus (eulachon) 2.90 0.10 5.53
Stenobrachius leucopsarus (myctophid) 0.40 0.31 0.17
Gadidae (gadid fish) 10.50 0.31 7.67
Gadus macrocephalus (Pacific cod) 0.40 0.01 0.83
Theragra chalcogramma (walleye pollock) 9.60 0.24 23.95
Zoarcidae (eelpout) 0.80 0.04 0.12
Cottidae (sculpin) 0.40 0.01 0.12
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Tabl e 5-1. --Conti nued.

% Fr eq.
Prey Nane occur.

% Tot al
% Nunber wei ght

Hemitripterus bolini (bignouth scul pin) 0. 80

Cycl opteridae (snailfish) 1. 30
Stichaei dae (prickleback) 0. 80
Amodytes hexapterus (Pacific sand |ance) O0.40
Pl euronectidae (flatfish) 0.40
Fi shery discards 12. 10

Total prey count

Total prey weight

Nunber of stomachs with food
Nunber of enpty stonachs

0. 02 0.05
0.05 0.03
0.02 0.02
0.01 0.08
0.01 0.05
0. 38 29. 08
10, 493
4,354 ¢
239
92
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Figure 5-1. --Variations nthe main food itenms of
sabl efi sh, by predator size, In the
@l f of Alaska in 1990.
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40 cm FL were available. Figure 5-1 illustrates that the diet

did not vary nmuch by size of sablefish for the fish examned in
this study. Cephal opods (14% were primarily consumed by the
60-69 cm FL size group and nore euphausiids and decapods were
consunmed by the two small er-sized groups (40-49 cm and 50-59 cm
FL). The m scell aneous fish category conprised higher
percentages in both the smallest size group (40-49 cm FL) and

| argest size group (<70 cmFL). Sablefish 50-59 cm FL consuned a
hi gh percentage (56% of fishery discards, though all other size-
groups al so consuned a fairly large anmount (about 20% by wei ght)
of fishery discard. Wlleye pollock were consuned nore by the
two |arger size groups (60-69 cmand >70 cmFL ) than the two

smal | er size groups.

Si zes of the Commercially Inportant Prey Consuned

The prey length data of the sablefish were divided by
predator size into less than 55 cm and greater than or equal to
55 cmsize groups for analysis (Fig. 5-2). Figure 5-2 (left)
shows that walleye pollock consumed by both size groups were
mainly the pre-recruits (<300 nm SL), though the |arger size
group also consuned a few pollock greater than or equal to
400 nm  The average (nmean + SD) SL of pollock consuned by
sabl efish was 234.9 1 124.9 mnmwith a range from56 to 445 mm
The rel ationship between the size of the sablefish and the size
of the pollock that they consunmed is shown in Figure 5-3.

The size of the eulachon consuned by sablefish is shown in
Figure 5-2 (right). It shows that sablefish [ess than 55 cm FL

only consuned snaller eulachon (<I00 nm SL), whereas |arger
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sabl efish (>55 cm FL) al so consuned sone | arger eul achon (about

150 nm SL). The average |l ength of the eul achon consuned was
134.1 +. 41.0 nmm SL with a range from 68 to 165 nmm SL.

Sabl efi sh al so consunmed three capelin (82, 96, 106 nm SL),
two Pacific herring (154 and 170 mm SL), one Pacific sand | ance

(97 m SL), and three Tanner crabs (5, 21, 54 nm CW.

Ceographic Distributions of the Prey Consuned

The distributions of the commercially inportant prey
consunmed by sabl efish are shown in Figures 5-4 to 5-7.
Figure 5-4 shows that walleye pollock were consuned by sabl efish
at many of the sanpled stations, and that the percent by weight
in many stations was high (>50%. Figure 5-5 illustrates that
capelin were consuned by sablefish in quite a few stations even
t hough they usually did not conprise a high proportion of the
stomach contents at any station. The distribution of the
consunption of Tanner crabs by sablefish is shown in Figure 5-6.
Even though Tanner crabs were consuned at only two stations,
their high percentages of occurrence in stomach contents
i ndicates that they were heavily targeted by the sablefish in
those areas. The consunption of fishery discard by sabl efish was

primarily distributed around Kodiak Island (Fig. 5-7).
DI SCUSSI ON

Shubni kov (1963) found that fish (including pollock, capelin
and herring) nmade up the major part of the Bering Sea sabl efish
diet in spring and autum; during the sumrer nonths the sabl efish

swtch to a diet including shrinp, jellyfish, and sone benthic
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invertebrates. Mto (1974) found that pollock was the
predom nate food of sablefish in the eastern Bering Sea (in sone
areas pollock nmade up as much as 97% of the diet of sablefish).
Brodeur and Livingston (1988) found gadid fish (mainly pollock)
accounted for about 50% of the total stomach content weight.
They also reported that 8.5% of the sablefish diet was fishery
di scar ds.

Conparing Mto's (1974) study, Brodeur and Livingston's
(1988) study, and this study, | found that sablefish consumed
nore pollock in the eastern Bering Sea than in the Gulf of
Alaska. On the other hand, fishery discards conprised a higher
percentage (29% of the food of sablefish in the Qulf of Al aska

area than in the eastern Bering Sea (8.5%.
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PACI FI C CCEAN PERCH

The estimated 1990 expl oi tabl e bi omass of Pacific ocean

perch (Sebastes alutus) in the Qulf of Al aska area was 129, 734 t
(Heifetz and Clausen 1991). It ranked eighth (first of all of

the rockfishes) in total bionmass of the @Qulf of Al aska groundfish
conpl ex. Pacific ocean perch is a commercially inportant fish in
the @Qulf of Alaska area. Trawl fisheries by the U S S. R and
Japan for this species began in the early 1960s and overexpl oited
the stock (Heifetz and O ausen 1991). Since the md-1960s the
catches have fluctuated. In 1990 the total catch' was about
21,114 t (Heifetz and O ausen 1991). The objective of this study
was to understand the food habits of Pacific ocean perch and

their relation to other marine fishes in the Qulf of Al aska area.

RESULTS

A total of 143 Pacific ocean perch stonmachs were anal yzed,
of which 41 were enpty and 102 (71% contained food. Pacific
ocean perch sizes ranged from14 to 48 cmFL with a nean and SD
of 32.3 + 7.2 cm  Figure 6-1 shows the haul locations for the
col l ected stomach sanples of the Pacific ocean perch in the Qulf
of Alaska in 1990. The average depth of the 16 haul |ocations
was 183 + 71 mwith a range from 101 to 346 m

|/ The total catch included the 18 sl ope rockfish species,
i n which Pacific ocean perch was the dom nant speci es.
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Table 6-1 lists the percent frequency of occurrence, the

percent by nunber, and the percent total weight of the prey itens
of Pacific ocean perch. Fish conprised only 2% by weight of the
diet of Pacific ocean perch in which arrowtooth flounder

(At heresthes stom as) was the only nmajor groundfish species
consuned. The SLs of the two measurable arrowtooth flounder were
12.1 mmand 22.0 mm Oher fish consunmed by Pacific ocean perch
i ncl uded nyctophids, snailfish, and stichaeids. Euphausiids

(mai nl y Thysanoessa inerms) were the nost inportant prey of

Pacific ocean perch; they conprised about 87% by wei ght of the
total stomach contents. Cal anoid copepods, anphipods, and arrow
wornms were found frequently in Pacific ocean perch stonachs.
However, they conprised very | ow percentages by weight of the
total diet of Pacific ocean perch. Pacific ocean perch stomachs
al so contai ned 0.5% by wei ght of Tanner crabs (Chionoectes.
bairdi). However, no Tanner crabs were neasurable.  Shrinp,
i ncludi ng pasi phaei ds, pandalids, and crangonids conprised 2.5%
by weight of the diet of Pacific ocean perch.

Figure 6-2 illustrates that there were no | arge diet
variations between the different size groups of the Pacific ocean
perch except the snallest size group ((25 cm FL) consuned nore

euphausi i ds.
DI SCUSSI ON

Because of the w de range distributions (from southern
California to the Bering Sea) of the Pacific ocean perch, the

diets of this species have been docunented in nmany areas
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Table 6-1. --Prey itens (expressed in percent frequency of
occurrence nunerical percentage, and percent total
?ht) of Pacific ocean perch (Sebast es al ut us)
collected in the Gulf of A aska in 1990.

% Freq. % Total

Prey Name occur. % Number weight
Gymnosomata (pteropod) : 2.90 0.10 0.04
Teuthoidea (squid) 1.00 0.03 0.77
Octopoda (octopus) 1.00 0.01 0.20
Calanoida (unidentified) 23.50 6.32 1.55
Neocalanus cristatus (copepod) 3.90 0.14 0.06
Mysidacea (unidentified) - 2.00 0.03 0.04
Acanthomysis dybowskii (mysid) 1.00 0.06 0.06
Acanthomysis pseudomacropsis (mysid) 1.00 0.01 0.01
Holmesiella anomala (mysid) 2.00 0.04 - 0.05
Meterythrops robusta (mysid) 2.00 0.76 1.20
Neomysis czerniawskii (mysid) 2.90 0.16 0.22
Diastylis sp. (cumacean) 1.00 0.01 0.01
Gammaridea (unidentified) ‘ 9.80 0.38 0.72
Ampeliscidae (amphiped) : 3.90 0.06 0.04
Themisto sp. (amphipod) 20.60 3.21 0.98
Euphausiacea (unidentified) 55.90 22.08 32.81
Thysanoessa inermis (euphausiid) 26.50 61.27 53.09
Thysanoessa raschii (euphausiid) 2.00 0.04 0.08
Thysanoessa spinifera (euphausiid) 6.90 0.20 1.37
Caridea (unidentified shrimp) 7.80 0.18 0.42
Pasiphaeidae (shrimp) 1.00 0.01 0.01
Pandalidae (unidentified) 9.80 0.48 0.99
Pandalus borealis (northern shrimp) 1.00 0.01 0.07
Pandalus montaqui tridens (shrimp) 1.00 0.01 0.95
Crangonidae (shrimp) . 2.00 0.03 0.02
Paguridae (hermit crab) 8.80 0.38 0.12
Chionoecetes bairdi (Tanner crab) 2.00 0.03 0.01
Sagitta sp. (arrow worm) 17.60 3.42 2.17
Teleostei (unidentified fish) 1.00 0.01 0.01
Non-gadoid fish remains 2.00 0.03 0.18
Chauliodus macouni (Pacific viperfish) 1.00 0.01 0.24
Stenobrachius leucopsarus (myctophid) 6.90 0.41 1.08
Cyclopteridae (snailfish) 1.00 0.01 0.08
Stichaeidae (prickleback) 1.00 - 0.01 0.27
Atheresthes stomias (arrowtooth flounder) 2.00 0.03 0.11

Total prey count , 7,074

‘Total prey weight 118 g

Number of stomachs with food 102

Number of empty stomachs 41
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(Lyubi nova 1963 and Sonerton et al. 1978 in the Gulf of Al aska;
Skal kin 1964 and Mto 1974 in the Bering Sea; Brodeur and Pearcy
1984 along the Wst Coast). Al of these previous studies showed
simlar results to this study. That is, Pacific ocean perch is
mai nly planktivorous; the snaller fish eat a higher percent of
canl anoi d copepods and the larger fish eat a higher percent
(usually more than 85% of euphausiids and some shrinp. The
structure of the gill rakers also supports the belief that

Paci fic ocean perch is planktivorous. The outer rakers (about 35

to 39 counts based on ny study) on the first gill arch are
slender and long, the inner rakers on the first gill arch
interlock with the outer rakers on the second gill arch, and so
on for the rest of the gill arches. In this way the gill arches

forma screen to filter planktonic organisns.
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ROUGHEYE ROCKFI SH

The rougheye rockfish (Sebastes aleutianus) had an
expl oi tabl e biomass of 36,794 t in the Gulf of Alaska in 1990

(Heifetz and Causen 1991). It ranked third in abundance of the
rockfish complex in the Qulf of Alaska. The catch of the
rougheye rockfish was not available since it was conbined with 17
ot her rockfish species of the slope rockfish assenbl age. Sl ope
rockfish are defined as those Sebastes species that inhabit the
Qul f of Alaska area at depths greater than 150-200 m (Heifetz and
G ausen 1991).

RESULTS

A total of 141 rougheye rockfish stomachs were anal yzed, of
whi ch 57 were enpty and 84 stomachs (60% contained food. The
average size of the rougheye rockfish was 36.4 cmFL with a SD of
5.9 cm Fish size ranged from 21 to 56 cm FL. The average depth
of the 17 haul locations was 234 + 82 mwith a range from 148 to
368 m

Table 7-1 shows the percent frequency of occurrence, percent

by nunber, and percent by weight of the prey itenms of rougheye

rockfish. It shows that shrinp, including Pandalus borealis,
Pandal us nontaaui tridens, hippolytids, and crangonid, are the

main food (nmore than 50% of the total stomach contents weight) of
rougheye rockfish. The area and anount (percent by weight) of

pandal i d shrinmp consuned by rougheye rockfish is shown in Figure
7-1. Squid al so conprised a high proportion (21% of the stonmach

contents weight. This was nostly due to one |arge rougheye
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Table 7-1. --Prey itens (expressed in percent freguency of

OCCUTTEHCG nuneri cal per cent age, per cent total

?ht) of rou%heye rockfish ( bast es al euti anus)
collected in the Gulf of Al aska in 1990.
% Freq. % Tot al

Prey Nane occur. 9% Nunber wei ght
Polychaeta (worm) 6.00 0.59 1.43
Cephalopoda (unidentified) 2.40 0.24 0.17
Teuthoidea (squid) 2.40 0.24 20.49
Mysidacea (unidentified) 7.10 1.18 0.20
Gnathophausia gigas (mysid) 1.20 0.24 0.02
Holmesiella anomala (mysid) 2.40 0.36 0.09
Meterythrops robusta (mysid) 11.90 8.18 0.78
Neomysis czerniawskii (mysid) 10.70 3.55 0.41
Neomysis rayii (mysid) 2.40 2.49 0.19
Pseudomma truncatum (mysid) 14.30 11.37 0.42
Cumacea (cumacean) 1.20 0.12 0.00
Isopoda (isopod) 9.50 0.95 1.81
Gammaridea (unidentified) 22.60 9.00 1.41
Ampeliscidae (amphipod) 3.60 1.66 0.18
Lysianassidae (amphipod) 1.20 1.18 0.46
Themisto sp. (amphipod) 7.10 3.67 0.25
Themisto abyssorum (amphipod) 7.10 8.53 1.70
Euphausiacea (unidentified) 4.80 8.06 1.61
Thysanoessa inermis (euphausiid) 2.40 0.95 0.10
Caridea (unidentified shrimp) 3.60 0.36 0.08
Hippolytidae (unidentified) 4.80 0.83 0.12
Eualus avinus (shrimp) 3.60 0.59 0.30
Pandalidae (unidentified) 32.10 6.64 19.50
Pandalus borealis (northern shrimp) 15.50 2.37 31.65
Pandalus montagui tridens (shrimp) 1.20 0.12 0.03
Crangonidae (unidentified) 10.70 9.36 1.30
Crangon communis (shrimp) ' 8.30 1.54 4.46
Argis lar (shrimp) 2.40 0.24 1.20
Paguridae (hermit crab) 1.20 0.12 0.01
Chioncecetes bairdi (Tanner crab) 3.60 0.36 2.00
Pinnotheridae (pea crab) 1.20 0.12 0.22
Sagitta sp. (arrow worm) 8.30 13.03 0.40
Teleostei (unidentified fish) 6.00 0.71 2.00
Non-gadoid fish remains 4.80 0.59 4.65
Cyclopteridae (snailfish) ‘ © 1,20 0.12 0.32
Pleuronectidae (flatfish) 1.20 0.12 0.01

Total prey count ‘ 844

Total prey weight 211 g

Number of stomachs with food 84

Number of empty stomachs 57
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Figure 7-1.--Geographic distribution of the pandalid shrimp
consumed by rougheye rockfish in the Gulf of Alaska
in 1990.
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rockfish (56 cm) that ate one squid weighing 43.1 g; however,

squid were not the comon food of rougheye rockfish (only 2.4% of
the frequency of occurrence). Oher food itens included
anphi pods, nysids, euphausiids, cunaceans, isopods, and
pol ychaet es. Prey fish consumed by rougheye rockfish included
non-gadoid fish, snailfish, flatfish, and sonme unidentifiable
fish. They conprised about 7% of the total stomach contents
wei ght. The commercially inportant Tanner crab (Chionoecetes
bairdi) was al so consuned by rougheye rockfish, it conprised
about 2% of the total stomach contents weight. One neasurable
Tanner crab, 26.5 mm CW was consunmed by one 39 cm rougheye
rockfish.

Figure 7-2 shows the variations of the main food itens of
different size groups of rougheye rockfish. It shows that al
si ze groups consuned a |l arge amount of shrinp (>50% by wei ght).
The snal |l est size group (<30 cm FL) consumed nore anphi pods
whereas the | argest size group (40-49 cm FL) consuned nore fish
than the other size groups. The nediumsized (30-39 cm FL)
rougheye rockfish consuned relatively nore crab conpared to other
groups. Diet of rougheye rockfish larger than 50 cm FL (only
one) was not included in Figure 7-2 because of the small sanple

si ze.
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DI SCUSSI ON

Feder (1980) found that shrinp were the nost inportant food
of rougheye rockfish (occurred in 75% of the stomachs) in the
sout heastern Qul f of Alaska. He also reported that fish, squid,
and nysids were found occasionally in rougheye stomachs. Feder's

(1980) results are simlar to this study.



119
Cl TATI ONS

Feder, H M 1980. Distribution, abundance, community structure,
and trophic relationships of the benthos of the northeastern
Qul f of Alaska from Yakutat Bay to CGross Sound. In
Envi ronment al Assessnent of the Al askan Continental Shelf,
Annual Reports 1:597-648. U. S. Dep. Commer., Natl. Cceanic
Atnmos. Admin., Of. Mar. Pollut. Assess., Juneau, Al aska.

Heifetz, J., and DO M dausen. 1991. Slope rockfish. In Stock
assessnent and fishery evaluation report for the 1992 Cul f
of Al aska groundfish fishery. North Pacific Fishery
Managerment Council, P.O Box 103136, Anchorage, AK 99510.



120
NORTHERN ROCKFI SH

Nort hern rockfish (Sebastes polyspinis) had an exploitable

bi omass of 74,626 t in the Gulf of Alaska in 1990 (Heifetz and

G ausen 1991). It was the second | argest group of rockfish (next
to Pacific ocean perch) in the Gulf of Alaska in ternms of

biomass. Along with Pacific ocean perch (S. alutus), rougheye
rockfish (S. aleutianus), shortraker rockfish (S. borealis), and

the northern rockfish were categorized as nmenbers of the Pacific

ocean perch (POP) conpl ex between 1979 and 1987. Since 1988,
however, northern rockfish has been classified and managed as one
of the 18 Sebastes species within the slope rockfish assenbl age.
Sl ope rockfish are defined as those species of Sebastes that

i nhabit depths greater than 150-200 m (Heifetz and Cl ausen 1991).
RESULTS

A total of 57 northern rockfish stomachs were anal yzed, of
whi ch 18 stomachs were enpty and 39 stonachs (68% contained
food. The average size of the northern rockfish was 35.1 cm FL
with a SDof 2.3 cm Fish size ranged from30 to 41 cmFL. The
average depth of the seven haul |ocations was 116 + 9 mwth a
range between 102 and 126 m

Table 8-1 shows the percent frequency of occurrence, the
percent by nunber, and the percent by weight of the prey itens
consunmed by northern rockfish. It shows that euphausiids (mainly
Thysanoessa inernms) were the nost inportant (95% by weight) food
of northern rockfish. Qher food included cal anoi d copepods,

cephal opods, gastropods, anphi pods, Chionoecetes sp., pagurid
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Table 8-1. --Prey itens (expressed in percent freguency of
occurrence, nunerical percentage, percent total
i ght) of northern rockfish (Sebastes pol yspinis)
collected in the @ulf of Al aska in 1990.

% Fr eq. % Tot al

Prey Nane occur. % Nunber wei ght
Gastropods (snail) 2. 60 0.01 0.01
Cephal opoda (unidentified) 7.70 0.03 0.30
Teut hoi dea oegc()jp5| da (squid) 5.10 0.01 0.01
Cal anoi da (unidentified) 10. 30 0. 06 0.02
Neocal anus cristatus _(copepod) 28. 20 3.82 2.43
Gammaridea (unidentified) 12. 80 0.05 0.08
Them sto sp. iarrphl pod) 35.90 0.21 0.05
Euphausi acea (unidentifi ed) 89.70 94. 65 95.41
Thvsanoessa inerm s (euphausiid) 10. 30 0.50 0. 82
Thvsanoessa soinifera (euphausiid) 2. 60 0.01 0.05
Caridea (unidentified shrinp) 2.60 0.01 0.01
Paguridae (hermt crab) 5.10 0.01 0.01
Chi onoecetes sp. (snow and Tanner crab) 5.10 0.01 0.01
Sasitta sp. (arrow worm 35.90 0. 60 0.41
Non- gadoi d fish renains 2.60 0.01 0.32
At heresthes stomas (arrowooth flounder) 7.70 0.03 0.07

Total prey count 14,772

Tota- prey wei ght 142 ¢

Nunber of stomachs with food 39

Nunber of enpty stonachs 18
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crabs, and arrow worns. Prey fish found in northern rockfish

stomachs were arrowtooth flounder (Atheresthes stom as) and sone
non-gadoid fish remains. The four arrowtooth flounder consuned
had a nean and SD of 12.8 + 2.0 mm SL with a range from11.5 to
15.7 nm  The locations where the arrowtooth flounder were
consurmed are shown in Figure 8-1. Because of the small sanple
size and the small size range (30 to 41 cm FL) of the northern
rockfish collected, variation of the diet of different size

groups is not avail abl e.
' DI SCUSSI ON

Skal kin (1964) found that northern rockfish in the Bering
Sea area consuned | arge amounts of euphausiids, as well as
cephal opods, copepods, arrow worns, and |arvaceans. Mto (1974)
also found a simlar diet: euphausiids, hermt crabs, northern
shrinp Pandal us borealis, and squid in northern rockfish stomachs

in the Bering Sea. Skalkin (1964), Mto (1974), and this study

indi cate that northern rockfish is nmainly planktivorous. This
fact is supported by the simlarities noted in the gill arch
structures of northern rockfish to the Pacific ocean perch gil
arch structures described earlier in the food habits section for

that species.
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DUSKY ROCKFI SH

Dusky rockfish (Sebastes ciliatus) had an exploitable

bi omass of 24,141 t in the Gulf of Alaska in 1990 (O ausen and
Heifetz 1991). It ranked fifth in abundance anong the rockfish
conplex in the Gulf of Alaska in 1990. Al ong with black rockfish
(S. nelanops), w dow rockfish (S. entonelas), blue rockfish (S.

tinus), and yellowail rockfish (S. flavidus), dusky rockfish
is one of the five Sebastes spp. in the pelagic shelf rockfish
assenbl age. This assenbl age is defined as those species of
Sebastes that inhabit waters of the continental shelf of the Qulf
of Alaska and exhibit a m dwater schooling behavior (C ausen and
Heifetz 1991). The catch of this assenblage in 1990 (1,647 t)
was much less than the quota (8,200 t) assigned by the North
Paci fi ¢ Fishery Managenent Council, 'indicating this assenbl age

was underutilized by the commercial fishery.

RESULTS

A total of 41 dusky rockfish stomachs were anal yzed, of
which 19 were enpty and 22 (54% contained food. The average
size of the dusky rockfish was 39.7 cmFL with a SD of 7.7 cm
Fi sh size ranged from16 to 47 cmFL. The average depth of the
five haul locations (Fig. 9-1) was 99 + 27 mwith a range between
51 and 117 m

Table 9-1 lists the percent frequency of occurrence, the
percent by nunber, and the percent by weight of the prey itens

found in dusky rockfish stomachs. It shows that euphausiids

(mai nly Thysanoessa inerms) were the nost inportant food (67% by
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Table 9-1. --Prey items (expressed in percent freguency of
occurrence, nunerical percentage, and percent tota
wei ght) of dusky' rockfish (Sebastes ciliatus)
collected in the Gulf of Alaska in 1990.

% Fr eq. % Tot al
Prey Nane occur. % Nunber wei ght
Gastropods (snail) 4.50 0. 05 0.08
Cephal opoda (unidentified) 22.70 0.83 6. 07
Teut hoi dea oegopsi da (squid) 4.50 0. 05 0.07
Cal anoida (unidentified) 18. 20 0.68 0.11
Neocal anus cristatus (copepod) 9.10 2.43 1.82
Gammaridea (unidentified) 4.50 0. 05 0.13
Ampel i sci dae (anphi pod) 9.10 0.10 0. 20
Euphausi acea (uni dentifi ed) 59. 10 26.19 55. 89
Thvsanoessa inerms (euphausiid) 31.80 4.47 10. 92
Thvsanoessa sninifera (euphausiid) 4.50 0.24 2.04
Caridea (unidentified shrinp) 9.10 1.55 0.71
H ppol ytidae (shrinp) 4.50 0. 05 0.01
Pandal | dae (shrinp) 9.10 0.15 3.46
Paguri dae (hermt crab) 18. 20 8.41 3.10
Cancer sp. (crab) 4.50 0. 05 0.02
Sasitta sp. (arrow worm 36. 40 8.21 3.34
Larvacea (tunicate) 22.70 45. 29 11. 64
Total prey count 2,058
Total prey weight 24 ¢
Nunber of stomachs with food 22

Nunber of enpty stonachs 19
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wei ght) of dusky rockfish. Larvaceans were the second nost

i nportant prey of dusky rockfish; they conprised 12% of the total
stomach contents weight. Cephal opods, cal anoid copepods, arrow
wornms, and hermt crabs were also found-quite frequently;
however, they all conprised |ess than 10% by wei ght of the
stomach contents. Dusky rockfish also consuned snall amounts of
gammari d anphi pods, pandalids, hippolytids, and snails. Cancer
sp. (one megal ops |arvae) was the only conmmercially inportant
prey consunmed by dusky rockfish. It conprised |ess than 1% of
the total stomach contents weight.

Diet variations between different size groups were not

avai |l abl e because of the small sanple size (n=41) in this study.
DI SCUSSI ON

Sinenstad et al. (1977) reported that nysids, anphipods,
copepods, and sand | ance were the main food of dusky rockfish
near Anchitka Island in the Aleutian Islands. Blackburn et al.
(1981) found that crab negal ops, chaetognaths, and cal anoid
copepods were inmportant as food itens for dusky rockfish in the
Cook Inlet estuary. Rosenthal et al. (1988) found that dusky
rockfish consuned | arge anounts (25.4% by volume of the total
stomach content) of brachyuran crab |arvae in the southeastern
@l f of Alaska. Calanoid copepods, anphipods, jellyfish, and
pt eropods were al so consuned. Rosenthal et al. (1988) also
reported that sone gadid | arvae and Pacific sand |ance were found

i n dusky rockfish stomachs.
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Based on this study and simlar studies, dusky rockfish,
|'i ke Pacific ocean perch and northern rockfish, is mainly a
pl anktivore. The conpositions of the prey mght vary depending

on different study areas and different sanpling seasons.
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SHORTSPI NE THORNYHEAD

Shortspi ne thornyhead (Sebastolobus alascanus) had an
expl oi tabl e bionmass of 25,697 t in the GQulf of Alaska in 1990

(Dawson 1991). It ranked seventh in abundance of the total
rockfish complex in the Gulf of Al aska. Since 1980, the
shortspi ne thornyhead resource has been managed as a unit in the
@l f of Alaska. In the past, thornyheads were not the primary
target of the rockfish fleet. Today, thornyheads are one of the
nost commercial ly val uabl e rockfish species. In 1990, the catch
of this species in the Gulf of Al aska area was 1,646 t (Dawson
1991).

RESULTS

A total of 120 shortspine thornyhead stonachs were anal yzed,
of which 39 were enpty and 81 (68% contained food. The average
size of the shortspine thornyhead was 29.7 cmFL with a SD of
6.6 cm  Fish size ranged from 13 to 48 cm FL. The average depth
of the 11 haul locations was 310 + 77 mwith a range from 212 to
439 m

Table 10-1 lists the percent frequency of occurrence, the
percent by nunmber, and the percent by weight of the prey itens
found in the stomachs of shortspine thornyhead. It shows that
shrinp (mainly pandalids) were the nost inportant food of the
t hornyhead (67% by weight). The geographic distribution and the
anmount of the pandalids (including BPandalus borealis, p. jordani

p. montagui tridens) is shown in Figure 10-1. Tanner crabs
((Chi onoecetes bairdi) conprised about 1% (by weight) of the food
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Table 10-1. --Prey itens (expressed in percent frequency of
occurrence, numerical percentage, and percent tota
wei ght) of shortspine thornyhead (Sebastol obus
al ascanus) collected in the Gulf of Al aska in 1990.

% Fr eq. % Tot al
Prey Name occur. % Number wei ght
Pol ychaet a Emor 6. 20 2. 37 1.18
Gastropoda (snail) 1. 20 0.95 1.54
Teut hol dea (squid) 3.70 1.42 0.72
Cal anoi da (copepod) 2.50 0.95 0.01
Mysi dacea (unldentlfl ed nysid) 7.40 3.32 0.17
Hol nesiella anomala (nysi ) 8. 60 8. 06 0.41
Metervt hrops robusta (ny d) 1. 20 0. 47 0.03
Pseudomma truncatum (nysid) 3.70 1.42 0. 07
Gammari dea (unidentified anphi pod) 13. 60 9.00 0.84
Anpel i sci dae (anphi pod) 3.70 3.32 0.11
Lysi anassi dae (anphlpod) 1. 20 0. 47 0.25
Caridea (unidentitied shrinp) 4.90 1.90 0. 38
Pasi phaei dae %shrlnp) 1. 20 0. 47 1.04
Hlppolytldae uni dentified shrinp) 13. 60 8. 06 3. 46
Eual us barbata (shrinp) 2.50 1.42 0.52
Eua us i unqui s (shrinp) 3.70 1.42 0.64
Eualus avinus (shrinp) 4.90 2. 84 0.59
Hept acar pus sp. (shrinp 2.50 0.95 0.38
Pandal i dae (un|dent|f|ed shrinp) 33.30 23.69 27.86
Pandal us borealis (northern shrinp) 4.90 1.90 7.38
Pandal us jordani (shrinp) 3.70 2. 37 18. 39
Pandal us nontaqui tridens (shrinp) 2.50 0.95 0.81
Crangoni dae (unidentified shrinp) 7.40 3.32 1.22
Cranaon communi s (shrinp) 9.90 5.21 4.12
Arais ovifer (shrinp) 1. 20 0. 47 0.11
Paguri dae (hermt crab) 2.50 0.95 2. 04
Li t hodi dae (crab) 1. 20 0. 47 1.12
Oresonia sracilis (decorator crab) 2.50 0.95 2.19
Chi onoecetes bairdi_(Tanner crab 3.70 1.90 1. 16
Cherilia |ongioes (decorator crab) 3.70 1.42 3.96
Pi nnot heri dae (pea crab) 1. 20 0. 47 0.10
Tel eostei (unidentified fish) 2. 50 0.95 1.30
Non- gadoi d fish renains 7.40 2. 84 13.75
Mal l otus villosus (capelin) 1. 20 0.47 0.72
Theraqgra chal cogramma (wal | eye pol | ock) 1. 20 0.47 0.85
Zoar ci dae (eel pout) 1. 20 0.47 0. 04
lcelinus borealis (northern scul pin) 2.50 0.95 0.51
Total prey count
Total prey weight g

Nunber of stomachs with food
Nunber of enpty stonachs
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of thornyheads. The sizes of the four Tanner crabs consuned were

bet ween 13 and 18 nmm carapace width with a nmean and standard
deviation of 16.4 + 2.5 mm  Fish conprised about 17% (by weight)
of the food of the thornyhead. Al though the thornyhead stonach
did not contain a |arge anount of prey fish, they had the highest
proportion of prey fish as food between all the rockfish species.
Anong the prey fish consuned, one 49 mm SL wal | eye pol | ock
(Theragra chal cogranma) was found in a 37 cmthornyhead stonach.
One capelin (Mallotus villosus) was also found in a thornyhead
stomach; however, the fish size was not neasurable. Shortspine

t hornyhead al so consuned a zoarcid, sculpin, and sone

uni dentifiable fish.
DI SCUSSI ON

Feder (1980) found that shrinp (occurred in 90% st omachs)
were the nost inportant food for shortspine thornyhead in the
sout heastern @Qulf of Al aska area, followed by fish (15% frequency
of occurrence). H s results basically agreed with this study.
However, in the Bering Sea area, Mto (1974) found that fish,
euphausi i ds, Chionoecetes opilio, and macrura were inportant
food, whereas shrinp were not. This difference was probably
because of the differences of the prey abundances and prey
availabilities in the different areas.

Conpared to nost other rockfish, shortspine thornyhead has a
nore elongated body and a relatively large termnal nmouth. It
has 18 to 23 gill rakers on the first gill arch (fewer than nost

of the other rockfishes), and the gill rakers are stout and not
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very long. Al of these contributed to their feeding mainly on

epi benthic shrinp and fish and not nuch on the planktons.
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SHORTRAKER ROCKFI SH

Shortraker rockfish (Sebastes borealis) had an exploitable
bi omass of 9,449 t the Gulf of Alaska in 1990 (Heifetz and
C ausen 1991). It ranked 10th in abundance of the rockfish
conplex in-the Qulf of Alaska in 1990. This species has been
classified and nmanaged as one of the 18 sl ope assenbl age
rockfishes since 1988 (Heifetz and O ausen 1991). Because of
their special norphol ogi cal characteristics (large nouth, short
gill rakers, and low gill raker nunber), they are a potentia
predator of fish, cephal opods, and other commercially inportant
species. Therefore, it is inportant to study the food habits of

the shortraker rockfish.
RESULTS

Ten stomachs of shortraker rockfish collected fromone haul
(361 mdeep) in the Gulf of Al aska were anal yzed, of which seven
were enpty, and three contained food. The average size of the
shortraker rockfish was 57.3 cmFL with a SD of 5.4 cm  Fish
| ength ranged between 50 and 68 cm FL. The diet of the
shortraker rockfish was conprised of 82% (by weight) of squid and
18% myctophids. Since the sanple size and the size range of the
fish were too small, the data was insufficient to describe the
food habits of shortraker rockfish. Mre sanples should be

collected for the future study of this species.
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SUMVARY

A total of 4,429 stomachs from 11 species were anal yzed to

describe the food habits of the nmjor groundfish species in the
GQul f of Alaska. The anal ysis enphasized predation on

commercially inportant fish, crab, and shrinp. The predator
sizes and the nunber of the stonmachs collected for each species
are summarized in table 1. Al though juveniles of sone species
(wal I eye poll ock, Pacific cod, Pacific halibut, and arrowtooth
fl ounder) were sanpled, the main focus was on the food habits of
the adult fish.

A Table 2 lists the percent by weight of the commercially
important fish, crab, shrinp, and other major prey or prey groups
consuned by groundfish. It shows that arrowtooth flounder,

Paci fic halibut, sablefish, Pacifig_gaaf_and pol | ock are the nain
predators that consune fish. The main predators that feed on
Tanner crabs are Pacific halibut and Pacific cod. Pollock,
shortspine thornyhead, and rougheye rockfish are the nmain
consuners of pandalid shrinp. Pacific ocean perch, northern
rockfish, and dusky rockfish did not have too much inpact on the
comrercially inportant species in the GQulf of Al aska since they
feed mai nly on zoopl ankton (mainly euphausiids). A though there
was not enough data (only three stomachs with food) to describe
the diet of the shortraker rockfish, based on their norphol ogical
characteristics (large nouth, short gillrakers, and |ess
gillraker nunbers), they probably also consune some fish and crab

in addition to the cephal opods found in this study.
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Table 1.--Nunber of stomachs and fish size analyzed in the CGulf

of Alaska in 1990. F, stomachs with food; E enpty
stomachs; T, total; SD, standard deviation.
Species No. of stomachs Fish size (cm)
F E T Range Mean + SD
Arrowtooth 655 489 1,144 12-80 42.1 + 10.1
flounder
Pacific
halibut 388 79 467 11-151 71.5 + 25.9
Sablefish 239 92 331 40-80" 60.3 + 9.1
Pacific cod 892 24 916 7-90 54.7 + 12.1
Pollock 985 74 1,059 8-70 45.4 + 13.0
Shortspine
thornyhead 81 39 120 13-48 29.7 + 6.6
Rougheye
rockfish 84 57 141 21-~56 36.4 + 5.9
Shortraker
rockfish 3 7 10 50-68 57.3 + 5.4
Dusky
rockfish 22 19 41 16-47 39.7 + 7.7
- Pacific
oceanh perch 102 41 143 14-48 32.3 + 7.2
Northern
rockfish 39 18 57 30-41 35.1 + 2.3
Total 3,490 939 4,429
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Table 2. --Percent b% wei ght of the inportant prey or
y the groundfish in the Qulf of
PLK, pollock; HER

consuned

1990.

herri ng;

fl at head sol e;
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The data in Table 2 indicates that pollock were the dom nant
prey fish and were consuned mainly by arrow ooth flounder (66%,
Pacific halibut (57%, sablefish (24%, and Pacific cod (7%.
Pol  ock canni balism which accounted for only 2% of the total
stomach contents weight, was not an inportant phenonenon in the
Qul f of Alaska conpared with the Bering Sea (Livingston 1991).
Pacific herring and capelin can be categorized as the next nost
important prey fishes. Arrowooth flounder was the main predator
of Pacific herring (herring conmprised 9% of their total stonach
contents weight), whereas arrowtooth flounder and pollock both
consunmed relatively | arge amounts of capelin (8% and 13 % by
wei ght, respectively). The flatfish consuned by the groundfish
i nclude arrowtooth flounder, flathead sole, Geenland turbot,
rock sole, rex sole, yellowfin sole, Pacific halibut, and Dover
sole. Arrowooth flounder and flathead sole were consunmed nostly
by Pacific halibut and Pacific cod (Table 2). Pacific sand I|ance
were consumed by the main predator species (arrowtooth flounder
Pacific halibut, sablefish, Pacific cod, and pollock) but
conprised less than 1% of the stomach content weight of each
species. Al though eul achon conprised 6% of the stomach content
wei ght of sablefish, sonme mght be due to undetected net feeding
because we found evidence of net feeding by sablefish at sone
stations. Pacific cod (1% each) were consumed by Pacific hali but
and sabl efish. Coho salnmon (5% and Pacific ocean perch (less
than 1% were also found in Pacific halibut stomachs. Atka
mackerel (1% were only found in arrowtooth flounder stomachs.

The commercially inportant Tanner crabs were nainly consumed by
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Pacific cod and Pacific halibut (12% and 6% of the total stomach
contents weight, respectively), though they were also consuned by
rougheye rockfish (2% and shortspine thornyhead (1% . Table 2
shows that alnost all predator species consuned a certain anmount
of cephal opods (squid and octopus), of which rougheye rockfish
and shortraker rockfish were the two main predators of the
cephal opods. Al predators, except northern rockfish and
shortraker rockfish, preyed on pandalid shrinp, which includes
all the Pandal us and Pandal opsis species. Anong them shortspine
t hornyhead (54%, rougheye rockfish (51%, pollock (19%, and
Pacific cod (9% were the main predators of the pandalids.

By using the proportions of the prey itenms in the stomachs
(values in Table 2), | calculated the Schoener's (1970) index to
show the diet overlap between groundfish species in the GQulf of

Alaska (Fig. 1). Schoener's index (Cxy) is calculated as
cxy =1- 0.5 ( Px,i - Py,i),

where Px,i and Py,i are the proportions by weight of prey i in
the diets of species x and y, respectively.

The upper diagonal -section of Figure 1 shows the Schoener's
i ndi ces (percentage) between different species. For exanple, the
value 64 in colum 3 and row 2 neans the diet overlap between
arrowm oot h flounder (ATF) and Pacific halibut (PH was 64%in
termof the Schoener's index. The |ower diagonal section of
Figure 1 shows the diet overlap between species by categorizing
the Schoener's indices into |ow (<30%, nedium (30-60%, and high

(>60% values. These values are denoted as blank cells
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ATF| PH | SAB{ COD| PLK | SST { ROU| SHR| DUS| POP | NOR
11 4 10 9 4
12 9 8 5 1
20 12 19 14 8
38 25 15 8 2
39 | 7 47 49 41
73 16 12 11 1
28 21 12 3
' 6 3 1
80 69
90
<30 % 30-60 % >60 %
Diet Overlap 1 B ' s
Low Mediu High

Figure 1. --Schoener's index (% of dietary overlap of groundfish
species in the Qlf of Aaska. ~ ATF, arrowooth
flounder: PH, Pacific halibut: SAB, sablefish; COD,
Pacific cod; PLK, pollock; SST, shortspine thornyhead;
RQU, rougheye rockrish; SHR, shortraker rockfish; DUS

dusk?g rockfish: POP, Pacific ocean perch; NOR,

northern rockfish.
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(for <30% overlap), gray cells (for 30-60% overlap) and bl ack

cells (for >60% overlap). For example, in -colum 2, it shows
that arrowtooth flounder has high diet overlap (black cell) wth
Pacific halibut, mediumdiet overlap (gray cell) with sablefish
and | ow diet overlap (blank cells) with all other species in this
study. Overall, Figure 1 shows that two flatfish, arrowooth

fl ounder, and Pacific halibut that feed mainly on pollock had a
high (>60%in this study) dietary overlap value of 64% The
overlap val ues between the Pacific halibut, sablefish, and
Pacific cod were nedium (30-60% since they all fed on different
proportions of shrinp, crab, and cephal opods even though they fed
mainly on fish. It is very obvious fromFigure 1 that pollock
hol ds a very special position in the food web of the GQulf of

Al aska. It had mnimal (from19 to 31% overlap values with the
primary piscivorous fish, arrowtooth flounder, Pacific halibut,
sabl efish, and Pacific cod. Pollock also had relatively high (39
to 49% overlap values with all but the shortraker rockfish.

This can be easily explained since the pollock's diet included
not only |arge amounts (39% of euphausiids (like many
rockfishes) and shrinp (33%, but also some fish (e.g., capelin
and pollock). The conbination of euphausiids, shrinp, and fish
as prey made pollock the nost conpetitive (overlap diet wth nost
of other species) groundfish species in the Gulf of Al aska.
Figure 1 also shows that shortspine thornyhead and rougheye
rockfish had a high dietary overlap value (73% because they both
fed on large amounts (54 and 51% respectively) of pandalids

Dusky rockfish, Pacific ocean perch, and northern rockfish also
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had hi gh overlap values since they all fed largely (269% on
euphausi i ds.

Table 3 lists the size of the comrercially inportant prey
consunmed by each predator species. Wile details of the prey
size of each of the predators were presented in the different
sections describing each species, this sumary conpares the prey
size of the sane prey species consuned by different predators.

Tabl e 3 shows that prey pollock size varies from species to
species. The average size (316 + 155 mm SL) of the prey pollock
consurmed by Pacific halibut was the highest, whereas predator
pol I ock only consume smaller prey pollock (44 + 25 nmm). The
herring consuned were mainly age-l or age-2 fish. The nean
length of the capelin consuned by different predator ranged from
79 to 95 mm SL. Most of the flatfish consumed were | ess than
200 nm  The nean size of Pacific sand |ance consuned varied
greatly from4l + 22 nm SL consunmed by pollock, to 94 + 33 mm SL
consurmed by Pacific cod, to 137 + 27 nm SL consuned by Pacific
halibut. The nean |engths of eul achon consuned by the predator
speci es ranged from about 120 to 150 mm SL. The nean car apace
w dt hs of the Tanner crabs ranged from 16 + 3 nm (shortspine
thornyhead) to 27 + 25 nm (sablefish). Prey Pacific cod included
larvae 14-18 mmin |length consumed by pollock and the 380 nm
adult consuned by the Pacific halibut. Coho salnon (450, 500 mMm
SL) and Pacific ocean perch (208 nm SL) were only found in
Pacific halibut stomachs. The only prey fish found in Pacific
ocean perch and northern rockfish were larval arrow ooth flounder
(about 20 mm SL).
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Table 3. --The standard length (mm of the commercially inportant
prey consuned by the groundfish in the Qulf of Al aska

In 1990. "+" indicates prey not nmeasurable. "*" _
indicates no data. PLK, pollock; HER Pacific herring;
CAP, capelin; ATF, arrowtooth flounder; FHS, flathead
sole; GI, Geenland turbot; RS, rock sole; REX rex
sole; YFS, yellowfin sole; PH Pacific halibut; DOV,
Dover sole; EUL, eulachon; COD, Pacific cod, COH coho
sal non; POP, Pacific ocean perch; ATK, Atka nackerel
TAN, Tanner crab.
Predator
Prey ATF PH SAB
Range Mean + SD Range Mean + SD Range Mean + SD

PLK 21-450 196 + 89  34-670 316 + 155 56~445 235 + 125

HER 127-195 160 + 23 * * 154-170 162 + 8

CAP 43-130 85 *+ 18 46-108 79 + 15 82-106 95 + 12

ATF + + 85-360 200 + 74 * *

FHS 130 130 58~280 147 + 96 * *

GT * * * * %* *

RS * * 160 160 * *

REX * * * * * *

YFS * * 61~ 64 63 + 2 * *

PH * * 21- 29 25+ 6 * *

DoV * * 105 105 * *

SAN 70 70 56-187 137 + 27 97 97

EUL 130-154 142 + 17 120 120 68-165 134 + 41

coD * * 380 380 + +

COH * * 450-500 475 + 35 * *

POP * * 208 208 * *

ATK 128 128 * * * *

TAN * * 3- 97 25 t+ 18 5- 54 27 + 25
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Table 3.--Continued.

Predator
Prey CoD PLK ‘ SST
Range Mean + SD Range Mean + SD Range Mean + SD

PLK 33-468 161 + 133 14-110 44 + 25 49 49

HER * * * * * *
CAP 57-125 79 + 14 43-140 95 + 24 + +
ATF 33-390 153 + 135 13- 35 27 + 9 * *
FHS 17-220 81 + 46 22- 66 51 £+ 20 * *
GT * * 23 23 * *
RS  95-150 128 + 29 * * * *
REX 121 121 * * * *
YFS * * * * * *
PH 21- 60 41 + 27 * * * *
DOV * * 115 115 * *
SAN 46-165 94 + 33 28-118 41 + 22 * *
EUL 132-180 156 + 34 * * * *
coD * * 14- 18 16 + 3 * *
COH * * % * * *
PbP * * * * * *
ATK * * * * * *

TAN 3- 99 20 + 9 * ‘ * 13- 18 16 + 3



149
Tabl e 3. --Conti nued.

Predator
Prey ROU POP NOR
Range Mean + SD Range Mean + SD Range Mean *+ SD

PLK * * * * * *
HER * * % * * *

CAP * * * * * *
ATF * * 12-22 17 + 7 12-16 13 + 2
FHS * * * * * *

GT % * * % * *

RS * * * * * *

REX * * * * * *

YFS * * * * x x

PH * * * % * *

DOV * * * * * *

SAN * * * * * *

EUL * * * * * *

COD * * * % * *

COH * * * * * *

POP * * * * * *

ATK * * * * * *

TAN 27 27 + + + +
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