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ABSTRACT

Juvenile groundfish were studied in the northwestern Gulf of Alaska to
descri be interannual variations in distribution and abundance, evaluate the
feasibility of neasuring year-class strengths, and obtain other information
on this poorly understood life history stage. Bottom trawl data were collected
at a total of 749 stations during three surveys conducted in the late sumrer
periods of 1980-82.

This report enphasizes conparisons of descriptive and analytical results
for the study areas that received conparable sanpling coverage over all 3 yr.
Repetitive coverage was available for 12 major inlets along the central
Al aska Peninsula and west and east sides of Kodiak Island. Data were used
from a subset of 366 trawing stations.

Juveniles of at least 13 fishes were observed in these coastal nursery

areas. Mpst abundant were: walleye pollock, Theragra chal cogramm; Pacific

cod, Gadus macrocephal us; and sabl efish, Anoploponma finbria. Each of these

species was represented by the three youngest age groups.

Wl | eye pol |l ock young of the year occurred in shallow areas of nearly all
the inlets and showed a pattern of decreasing densities fromnorth to south.
over the 3 yr studied, year-class strengths measured at the O group |evel
varied from 272 individuals/1 O 000 nf in 1980, to 1,642 individuals/lO 000 nf
in 1981, to 197 individuals/10,000 n2 in 1982; the catch data fromthe 3 yr
were found to be significantly different. One-yr-olds were also found in al npst
all areas and were abundant in the survey sanples; their densities showed an
opposite gradient, decreasing from south to north. Two-yr-olds were taken,
but only in relatively |ow abundance.

Paci fic cod young of the year were found in the shallow areas of inlets,

primarily at depths less than 80 m  Year-class strengths neasured at the



O-group level varied fromO0.04 individuals/| O 000 nf in 1980 (based on only

one catch), to 7.16 individuals/10 000 nf in 1981, to 1.29 individuals/lO 000 nf
in 1982; however, variation in the catch data over the 3 yr was not statistically
significant. Because of their shallow distributions, 0-qroup popul ations may

not have been surveyed with the sane effectiveness from year to year. One and
two-yr-olds occurred at only a few stations and showed spotty densities.

Sabl efi sh showed a rather distinct separation of fish at different ages.
Young of the year were observed only in 1981, when they were found in the
shallows of three inlets. One-yr-olds occurred at relatively high densities
inall 3 yr and were the dominant age group. Year-class strenqths neasured
at the 1-yr-old level varied from 9.65 individuals/lQ 000 nf in 1980, to 1.02
i ndi vi dual s/1 0,000 nf in 1981, to 3.30 individuals/IO 000 nf in 1982; the catch
data, however, did not differ significantly between years. Two-yr-olds were
only incidentally taken.

Probl ens that were encountered and indicated a need for further research
included the following areas: the evaluation and inprovenment of the nethods
used for population estimation; the devel opnent of procedures for associating
statistical confidence intervals with point estimates of age group abundance;
exploratory sanpling, both on-bottom and in midwater, to inprove our understanding
of distribution patterns and seasonal novenents; the reevaluation of sanple
size requirenents and the appropriate survey scope needed to detect changes.

Some of these subjects will be addressed in tw additional reports.
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| NTRODUCTI ON

This study reports the results from our participation in three shrinp
and juvenile fish surveys conducted in the northwestern Qulf of Al aska during
the late summrer periods, of 1980-82. The surveys were nade by the Al aska
Department of Fish and Gane (ADF&G), as part of an on-going-census series, for
the purpose of assessing the abundance of shrinp populations in the bays and
nearshore waters of the central Al aska Peninsula and Kodi ak |sland. Because
juvenile and adult groundfish were reported to occur commonly in the ADF&G
samples, it seenmed likely that these surveys coul d provide useful information
on the distribution, relative abundance, and other ecological characteristics
of these groups.

W participated as guests on the ADF&G surveys for the 3 yr to increase
t he-sanpling coverage of fishes within traw catches and to build standard
sets of observations that would enable interannual conparisons. Qbjectives
for our studies were to: 1) describe the geographical distribution and
abundance of juvenile age groups of the major fish species, and their annua
variations; 2) evaluate the feasibility of neasuring year-class strengths;
and 3) relate our results to other research in the region, providing reconmrendations

for further work.

Background
G oundfish populations in the Gulf of Al aska are sources of supply for
large and inportant commercial fisheries. Foreign traw and longline fisheries
have operated in the region since the early 1960's, and in 1982 these fisheries
harvested 152,853 netric tons (t) of groundfish fromthe U S fishery conser-
vation zone (Thonpson 1983). Approxi nmately 20-30 fish species accounted for
most of the catch. Particularly inportant were: walleye pollock,

Theragra chal cogranma; Pacific cod, Gadus nacrocephal us; Atka mackerel
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Pl eur ogrammus nonopterygius; rockfish, including Pacific ocean perch, Sebastes

alutus, and about 10-13 other Sebastes spp.; sablefish, Anoplopoma finbria

and several pleuronectid flatfish. Domestic trawl and longline fisheries
have also become inportant in the region, primarily directed toward Pacific
cod (6,434 t landed in 1982), sablefish (3,008 t, 1982) and Pacific halibut,

H ppogl ossus stenol epis (15,137 t, 1982). In addition, a large joint-venture

fishery has recently devel oped that targets on prespawning and spawning,
wal | eye pollock in the Shelikof Strait region (Aton 1983).Y As catches by
this fishery have grown from1,136 t in 1980 to 131,391t in 1983, it has
becone one of the inportant new fisheries off Al aska.

One of the needs for efficient management of these and other fisheries
is a better understanding of the variability in fish abundance (Beddi ngton
and May 1977; Martin 1979; Doubl eday 1980). Inportant questions are: \at
are the characteristic tenporal variations in resource availability, what are
the sources of uncertainty, and to what extent can resource fluctuations be
predicted? Mich of the variation in stock size and production is due to vary-
ing levels of recruitment (Cushing 1977). The size of the spawning popul ation,
amount of egg production, and abiotic and biotic factors affecting surviva
inthe prerecruit life history period--i.e., egg, larval, and juvenile stages--
may all be inportant in determ ning subsequent year-class abundance and the
nunber of recruits

In general, studies of the reproductive biology and early life history
periods of nost Qulf of Alaska groundfish are in an early, descriptive phase

of investigation. Most of the literature that applies to the region is

'"A joint-venture is an arrangement between U.S. and foreign interests in which
U S. vessels catch and sell fish to foreign processing vessels operating in

the U S. fishery conservation zone



sumarized by Garrison and MIler (1982), though their study was directed
toward the Puget Sound. Hirschberger and Smth (1983) described spawning

| ocations, seasonal timng, and depths for several inportant species throughout
Al askan and pacific coast waters. |Ichthyoplankton studies in the Kodiak
Island region have provided useful information on the seasonal timng, geographic
distribution, and abundance of egg and larval stages for a |arge nunmber of
continental shelf species (Borets 1979; Dunn et al. 1979; Kendall et al.

1980a, b; Bates and Clark 1983; Kendall and Dunn 1984). Surveys of the
nearshore zone, bays, estuaries, and fjords have provided evidence that these
areas are inportant nurseries for larval and juvenile stages of many fish
species (Carlson and Haight 1976; Harris and Hartt 1977; Bl ackburn and Jackson
1978). At these locations, the larvae and juveniles are often inportant prey
for other fishes (Feder and Jewett 1977; Gosho 1977; Jewett 1978; Feder et

al. 1979; Hunter 1979; Rogers et al. 1980), seabirds (Sanger et al. 1978;
Krasnow et al. 1979; Sanger 1983), and marine manmals (pitcher 1980, 1981).
Juvenile fishes may thensel ves be inportant predators of sonme life history

stages of the pandalid shrinp species that co-occur in these habitats (Hunter

1979).

Specific Research Issues
Three of the nost important groundfish resources in the region are walleye

pol I ock, pacific cod, and sablefish. Walleye pollock has been an inportant
component of the foreign groundfish catch in the GQulf of Al aska since 1972,

and in 1982 accounted for 60.5% of the total catch (Thonpson 1983).  Assess-
ments of the availability of the resource have been based on catch per unit

of effort (CPUE) indicators from the commercial fisheries, or nmade from

anal yses of catch-at-age and acoustic surveys (Alton and Deriso 1983a, D).

The age of first recruitnent to offshore traw fisheries, however, is approx-

imtely 2-3 yr; little is known of the biology of walleye pollock during the



prerecruit period, nor are there many sources of information. Shelikof Strait
has been found to be a major spawning site (Nunnallee et al. 1982; Alton 1983).
Eggs and |arvae are planktonic and, therefore, subject to variable transport
by ocean currents and other environnental uncertainties affecting dispersa

and survival. Although the fisheries data are subject to inprecision from
sources such as varying catchability, the 7-yr time series of age data avail-
able indicates that strong year-classes (conpared to the 1973 and 1974 groups)
were spawned in 1975, 1976, 1977, 1978, and 1979. Because of the large

annual catch quotas for walleye pollock and rapid build-up of a |large harvest-
ing capacity by the joint-venture fisheries, it would be desirable to inprove
our abilities to forecast resource conditions so as to enable the use of a
more adaptive managenent approach.

The inportance of Pacific cod in the Gulf of Al aska groundfish catch has
grown since 1977 as a result of increased targeting by foreign longline fish-
eries and the devel opment of new U S. fisheries (Zenger 1983). Unfortunately,
age determination nethods for cod are unreliable, and assessments of the
resource rely primarily on CPUE indicators fromthe commercial fisheries and
survey statistics for CPUE and |ength conposition. Consequently, there is
limted ability to estimate stock production or nodel population dynanics.

The age of recruitment to trawl and longline fisheries is about 3 yr; like
wal | eye pollock, the biology of cod during the prerecruit phase is poorly
understood. Pacific cod apparently spawn of fshore at depths of 150-250 m and
have denersal eqgs (Ketchen 1961; Thomson 1963; Hirschberger and Smith 1983),
but larvae can be found in the plankton (Bates and Clark 1983). The recruit-
ment pattern of Pacific cod in the eastern Bering Sea, where there is a 9-yr
data series, indicates large variations in year-class abundance (Wspestad et

al. 1982; Bakkala and Wespestad 1984). This pattern is also typical of




Atlantic cod, Gadus norhua, although the variation in recruitment appears to

be |l ess extreme than that of other exploited stocks (Hennermuth et al.1980).
In the Gulf of Alaska, based on qualitative analyses of |ength-frequencies,
the year-classes spawned in 1977 and 1980 have been described as being rela-
tively strong (Zenger 1983).

Sabl efish is an inportant resource for foreign and donestic |ongline
fisheries, and stocks in the Gulf of Al aska are presently being nmonitored for
signs of recovery from past overfishing (Stauffer 1983): Assessnments of
resource condition are based on a mix of different CPUE indicators fromthe
comercial fisheries and surveys. Sinilar to the situation with Pacific cod;
though, age deternination nethods have been unreliable and there is only
limted ability to analyze population dynamcs. The length of first recruit-
ment to fisheries is about 42 cmfork length (at an age of about 3 yr), with
50% recruitnment at 55 cm and full recruitment at 62-65 cm (Bal siger 1983).

In waters off western Canada, spawning occurs mainly along the continental
sl ope at depths >300 m eggs hatch in deep water, and then young stages nove
into the surface layers (Mason et al. 1983). A general onshore novenent
occurs, followed by a period when juveniles are found in inshore waters and
major inlets (MFarlane and Beanish 1983a). It appears that over extensive
parts of the species range--e.g., off western Canada, in the Qulf of Al aska,
and in the eastern Bering Sea--the recruitment of sablefish is characterized
by infrequent, strong year-classes that become inportant conponents of the
regi onal stocks (MFarlane and Beanmi sh 1983b; Sasaki 1983; Stauffer 1983;
Ureda et al. 1983). The 1977 year-class has received attention for having

been identified as a year-class showing this type of exceptional abundance.



Organi zation of Study
The results of our studies will be reported in three parts, of which this

paper is the first. The three parts are as foll ows:

1. Three-year conparisons;

2. Biological characteristics in the extended region; and

3. Estimation of sanple size requirements.
The present report enphasizes 3-yr conparisons of descriptive and anal ytical
results for the three major species: walleye pollock, Pacific cod, and sable-
fish. This work was based on, and limted to, the subregions of the total
study area that received relatively consistent sanpling coverage over all 3 yr.
The second report will describe results from the conplete sampling coverage
in each of the 3 yr, for additional species, and from other types of studies.
The third report will contain an intensive analysis of quantitative aspects
of the study--including evaluations of data characteristics, appropriate

statistical distribution nmodels, and estimtion of sanple size requirenents.




MATERI ALS AND METHODS
Experinental Design

The data used in this study for interannual comparisons were froma sub-
set of the 749 total stations occupied during the 1980-82 ADF&G shrinp surveys,
and included 366 trawing stations in 12 major inlets (strata) between |ong.
152-159°W (Fig. 1, Table 1). Strata were designated by the nane of the bay or
associ ated nearshore waters, and generally consisted of waters w thin individ-
ual inlets whose depth exceeded 40-90 m Many of the inlets surveyed are parts
of glacially-cut valleys and fjords, and are deeper than nuch of the surround-
ing continental shelf (Sharma 1979).

Strata (inlets) and stations were selected on the basis of providing the
best repetition of systematic sanpling coverage as possible over all 3 yr.
Unfortunately, because many areas were surveyed by ADF&G in only one or two
years, about 51% of the available data could not be used. These results wll
be described in the second report of the three-part series.

The 12 strata were grouped into three regions: the central Al aska penin-
sula, east Kodiak Island, and west Kodiak |sland. Bays of Kodiak Island were
classified as belonging to eastern or western regions on the basis of their
likely hydrographic relationships. Water circulation along the southeast side
of Kodiak Island is domnated by strong, southwestward flow of the Alaskan
Stream (net drift 10-30 cm's) seaward of the shelf break (Favorite 1967,
Thomson 1972; Reed et al. 1980); inshore over the continental shelf, surface
flow is weak (net drift 2-3 cms southwest), domnated by tidal currents, and
made conplex by the effects of troughs and banks (Ingraham 1981). Circulation
on the northwest side of Kodiak Island consists of a strong, seasonally-varying,
sout hwesterly flow through Shelikof Strait (net drift 20-30 cm's); this flow

results from southwestward continuation of the coastal Kenai Current and the



BRISTOL

BAY
58 OON
¥ Kodiak 8
Island -
57 OON
" S. Sitkalidak
Strait
GULF OF
Kujulik Bay
Chignik Bay ) . j - ALASKA
q | | | - &
P ’ \/’\/
~# Castle Bay
56 OON

159 0oowW 158 00W 157 00w 156 00W 155 00w 154 00W 153 oow 152 00W

Figure 1l.--Map of the study area in the northwestern Gulf of Alaska showing the 12 strata used for
estimating juvenile fish abundance, 1980-82.



Table |.-- Survey areas used in the northwestern Gulf of Al aska for estinating
juvenile fish abundance, geographic areas, and sanpling effort,
1980- 82.
Geographic area Number of tows
Stratum® (Km?) -1980 1981 1982  Total

Alaska Peninsula

Wide Bay 25.8 6 6 6 18
Kujulik Bay 74.0 - 10 11 10 31
Chignik Bay 114.0 9 8 o7 24
Castle Bay ‘ 28.5 4 4 4 12°
Subtotal | 242.3 ‘ 29 29 27 85
East Kodiak Islénd :
Marmot Bay 195.9 11 12 16 39
Chiniak Bay 58,2 6 10 8 24
Ugak Bay 91.9 Co 1 11 10 32
Kiliuda Bay 154.2 10 10 9 29
S. 'Sitkalidak Strait 235.8 12 12 16 40
- "Subtotal R 736.0 50 55 59 164
West Kodiak Island:
Uganik Bay 69.6 8 7 23
Uyak Bay ' " 88,2 9 9 8 26
Alitak Bay 426.6 18 29 21 68
Subtotal 584.4 . 35 46 36 117

Total 1562.7 114 130 122 366

% See Figure 1.
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al ongshore pressure gradi ent induced by the Al askan Stream ( Schumacher and
Reed 1980; Mysak et al. 1981).

Strata in the central A aska Peninsula region were: Wde Bay, Kujulik
Bay, Chignik Bay, and Castle Bay. Major inlets that were surveyed in the east
Kodi ak Island region were: Marnot Bay, Chiniak Ray, Ugak Bay, Kiliuda Bay,
and south Sitkalidak Strait. Bays surveyed in the west Kodiak |sland region
were: Ugani k Bay, Uyak Bay, and Alitak Bay (including Deadman Bay). Table 1
sunmmari zes the geographic area of these survey areas and the yearly sanpling

effort.

Survey Approach

Many aspects of each year's survey--e.g., sanpling design, timng, and
field methods--were beyond our control due to the nature of our involvenent
as quest observers. The four stern trawing vessels that ADF&G used to
conduct the 1980-82 shrinp surveys were simlar in size and power, approxi-
mately 25-30 min length and 500-600 hp. Al the surveys were conducted in
late summer and nost sanpling was done in Septenber (Table 2).

The sanpling technique followed a form of stratified random sanpling. The
boundaries of strata were defined by charted contour lines for specific bottom
depths. In the shallowest strata, Alitak and Wde Bays, the survey areas
included all waters deeper than 20 fathonms (37 m. In Kujulik, Chignik, Castle,
Marnot, and Chiniak Bays the survey areas included all waters deeper than 40
fathoms (73 nm). The survey areas in Ugak, Kiliuda, Uganik, and Uyak Bays and
south Sitkalidak Strait included all waters deeper than 50 fathons (91 nm). Each
year, depending on the anount of tine available for surveying, the sanpling
effort was distributed among strata on a proportional basis. The allocation
of sanples within strata, and station pattern, was based on a subdivision of

strata into 1 ni? statistical blocks. The statistical blocks to be sanpl ed



Table 2.--Summary of survey dates,
fishing vessel

starting and ending |ocations,
used during the 1980-82 shrinp surveys conducted in the northwestern
Gl f of Alaska by the Al aska Departnment of Fish and Gane.

and direction of travel

for each

Survey period 7 . Stratum?
Year Vessel Region, Spart - End Start End Progression
1980 Royal Baron Kodiak Island 23 Aug. 5 Sept. ﬁgak Marmot Southwest
Resolution Kodiak Island 9 Sept. 15 Sept. vMarmot Chiniak Southwest
Commander Peninsula 12 Sept. 18 Sept. Castle Wide Northeast
1981 Resolution Kodiak Island 3 Sept. 27 Sept, Chiniak Marmot Southwes t
Alaska Peninsula 12 Sept. 18 Sept. Castle Wide Northeast
1982 Royal Baron Kodiak Island 24 Bhug. 10 Sept. Uganik Marmot Southwest
Royal Baron Peninsula 11 Sept. 21 Sept. Castle Wide Northeast

% See Figure 1.
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were picked by random selection, then a trawing station was assigned to each

one.

Sanpling Cear

The ADF&G shrinp surveys used identical sanpling gear each year: a high-
opening, small mesh 61-foot shrinp traw (Wathne 1977:fig. 11). The traw
was constructed primarily of 32 nmnesh netting and had 18.6 m (61 ft) head-
rope and footrope lengths. Based on the studies of gear performance reported
by Wathne (1977), the ADF&G shrinp trawl s were assumed to have an effective path
width (i.e., net spread) of 9.8 mand a 3.5 to 4.1 mvertical opening. The
trawm was used with a 16.8 m (55 ft) tickler chain, and was rigged to nake
the net fish approximately 30 cm off the bottom In this study, it was not
possible to evaluate selective or biasing characteristics of the sanpling

gear other than from interpretations of the survey results.

Fiel d procedures

One biologist fromthe National Marine Fisheries Service (NVFS) accom
pani ed each ADF&G vessel during each survey. Standard nethods of fish resource
surveys as described by Smith and Bakkala (1982) were used, scaled to be
enmpl oyed by the available personnel. A single 15 or 30 mn bottom tow was
taken at each trawing station.

Station position and distance towed were determined by Loran-C or radar
fixes. The area of bottom "swept" by the trawl was estimated fromthe dis-
tance towed multiplied by the path width measured by Wathne (1977) and was
general |y between 10,000 and 20,000 nf. Station data collected at each site
included: position, nmean bottom depth, time of day, distance towed,. and sea
surface tenperature. Water colum tenperatures were obtained from expendable

bat hyt her mograph (XBT) profiles taken at 175 stations.
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Traw catches were sanpl ed using the shipboard procedures of Hughes (1976).
Fish and invertebrates were sorted by taxa, identified to the lowest reliable
taxononmi ¢ level, weighed, and counted. Fish |ength-frequency neasurenents,
recorded to the nearest centinmeter, were obtained from species of particular
interest using randomy selected subsanples. Walleye pollock, Pacific cod
and sablefish were neasured by fork length. Saccular otoliths were collected
from wall eye pollock and sablefish, and scale scrape sanples were collected

from Pacific cod, for age determnations.

Anal ytical Procedures

The anal yses used in this study foll owed two principal approaches. The
sinmplest formof analysis was the sunmarization and presentation of basic
catch data. Mre conplex statistics were used for estimation of year-class
popul ation abundance. Both approaches had certain advantages and
limtations.

Popul ation estimtes were based on the "area swept"” nethods of Alverson
and Pereyra (1969), using the equations elaborated by Smith and Bakkala (1982
equations 1-19), except that nunmber of individuals instead of weight was
estimated. Popul ation size conposition was cal cul ated by proportioning the
popul ation estinates by the overall fraction of each 1 cmsize class within
all length-frequency observations (Smith and Bakkala 1982:equations 20-21).

The principal nmethod used to assign ages was to classify size categories
into age groups using the normal curve separation (NCS) techni ques of MacDonal d
and Pitcher (1979). This method is particularly useful for distinguishing
young age groups with clearly defined nodes in the length-frequency distributions.

For the lengths and ages of walleye pollock and Pacific cod of interest
to us in this study, we considered the NCS nethod preferable to using age-
length tables. The NCS nethod was used to estimate |ength intervals corres-

ponding to the three youngest age groups and to proportion estinates of
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popul ation size conposition into age-frequency distributions. Ages deternined
from wal |l eye pollock otolith sanples collected during the surveys were used
to validate our assignments of ages to |ength nodes.

Because of the problens and uncertainties in determning the ages of
sablefish, we relied upon interpretations of ages fromthe |ength-frequency
distributions and an age-length table built fromotolith sanples collected on
the 1981 survey. Applications of both methods were aided by the studies of

Beami sh and Chilton (1982). The NCS nmethod Was used to estimate length inter-
vals for the three youngest age groups of sablefish. However, the single
age-length table was used to estinmate population age-frequency distributions
for all three survey years.

Estimates were made, for each species, of the population nunber of the
three youngest age groups (young of the year, I-yr, and 2-yr) in each of the
12 strata; these indicators were used for evaluating geographical distribution
and the relative inportance of different regions. Standardized densities
were then conputed by dividing the popul ation estinmates by the correspondi ng
geographic areas; these indicators were used to measure relative concentration
and year-class strengths.

The basic catch data were used to exanmine statistical characteristics of
the density distributions of the different species and age groups, to display
geographic and depth distributions, and for testing interannual variations in
abundance. The relative density of fish at each station was calculated, by
species, as the ratio of the number caught and-the estimate of bottom area
sanpl ed (number/ 10,000 nf). To exanine the distribution of particular size
and age groups, the apparent densities were proportioned according to the

fraction that a specific size group was represented in the |ength-frequency
measurenents taken at each station. The size groups used were nonoverl apping

length intervals based on the results from the NCS anal yses.
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Al though we believed the best neasures of year-class abundance shoul d be

the estimates of popul ati on nunmber and standardized densities, because of their

rigorous calculation, these indicators were limted by the inability of our

procedures to carry information on statistical variance through all analytica
steps. As a result, since the precision of the population estinates was
unknown, it was not possible to directly test if year-to-year variations in
abundance were significantly different. Instead, we acconplished testing in
an indirect manner by using the sinple, unweighted catch data (i.e., individual
sanmpl e val ues of fish densities) in a Kruskal-Wallis sumof ranks or H test

(Tate and Clelland 1959).
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RESULTS
General Characteristics

Most of the shrinp trawl tows were taken at bottom depths between 40 and
140 m in all 3 yr (Fig. 2). specific sanpling linmts were: 1980, 38-205 m
1981, 35-199 m and 1982, 33-203 m

Sea surface tenperatures (SST) were warnest in 1981 and coldest in 1982
(Fig. 3). During August-Septenber 1980, mean SST was 10.8°C (range 9.4 to
12.5°C); in Septenber 1981, mean SST was 11.4°C (8.8 to 13.2°C); and during
August - Sept enber 1982, nean SST was 10.5°C (8.8 to 12.6°C). Bottom water
tenperatures (BWI) were relatively warmin 1980-81 and coldest in 1982 (Fig. 4).
In 1980, mean BWI was 8.5°C (range 5.7 to 10.5°C); in 1981, nmean BWI was
8.6°C (3.6 to 11.6°C); and in 1982, nean BW was 7.1°C (2.1 to 10.3°Q).

A total of 80 fish taxa, representing 21 famlies, and 64 invertebrate taxa
were identified fromthe 366 traw sanples. Particularly promnent groups
were cottids (scul pins, 20 species), pleuronectids (righteye flounders, 11
species), cyclopterids (snailfishes, 7 species), and scorpaenids (scorpionfishes,
7 species) which together represented 56% of the total fish taxa. Caridean
shrinp species accounted for alnost 22% of the total invertebrate taxa. (nly
mnor differences were noted in the faunal lists from year to year.

Regi onal variations in the species conposition of the tram catches con-
sisted mainly of changes in the relative abundance of the domi nant taxa, and
changes in the presence or absence of relatively rare species. | mport ant
factors appeared to be region, depth, and bottom conditions. Catches in the
central Al aska Peninsula region were dominated on a weight basis by: walleye

pol | ock; flathead sole, Hi ppoglossoides elassodon; pink shrinp, Pandal us

borealis;, Pacific cod; and hunpy shrinp, P. goniurus. In the east Kodiak
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region catches were domnated by pink shrinp, jellyfish, walleye pollock,
flathead sole, and arrowtooth flounder. Catches in the west Kodiak Island
regi on were dom nated by pink shrinp, walleye pollock, flathead sole, hunpy

shrinp, and yellowfin sole, Limanda aspera.

Juveniles of 13 species of fishes were noted over the 3 yr of surveys.
Juveniles <15 cm length observed, and the nunber of years in which they
occurred, were: walleye pollock, 3; Pacific cod, 3; flathead sole, 3; yellow

fin sole, 3; rex sole, @ yptocephalus zachirus, 3; Pacific herring, O upea

harengus pallasi, 3; arrowooth flounder, Atheresthes stom as, 2; rock sole,

Lepi dopsetta bilineata, 2; Pacific halibut, 1; northern rockfish, Sebastes

pol yspinis, 1, Pacific tontod, Mcrogadus proxinus, 1, and Pacific sandfish,

Trichodon trichodon, 1. In addition, juvenile sablefish <50 cm length occurred

all 3 yr. Juveniles of eight species occurred at lengths <10 cm  These
included, with the nunmber of years observed: walleye pollock, 3; Pacific
cod, 3; flathead' sole, 3; yellowfin sole, 2; arrowtooth flounder, 1; rock

sole, 1; Pacific toncod, 1; and Pacific sandfish, 1.

Val | eye Pollock

Val l eye pollock occurred in 351 (95.9% of the 366 traw sanples, and
was the nost abundant fish species taken during each of the three survey years.
Al though the total size range of fish in the sanples was 6 to 72 ¢cm the
majority were juveniles snaller than 30 cm (Fig. 5). In all 3 yr, the length-
frequency distributions of walleye pollock showed distinct npdes that
could be attributed to the two youngest age groups--i.e., young of the year
(Ogroup) and 1-yr-olds. These, and the length distributions of 2-yr-olds,
were anal yzed using the NCS nethod to determne |ength intervals corresponding
to each age. Based on these results, subsequent analyses of the geographic

and bathymetric distribution patterns of Ogroup walleye pollock were done
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using the interval 5-15 cmfor all 3 yr. One-yr-olds were estimated using
the interval 16-23 cm for 1980 and 1982; the interval 16-25 cm was used for
1981 data because of generally larger sizes at age. Although the length

modes of 2-yr-olds were not as clearly distinguished, 2-yr-olds were estinated

using the interval 24-31 cm for 1980 and 1982 and 26-31 cm for 1981.

O G oup

Young- of -t he-year wal |l eye pollock, approximately 6 mo old, were found in
10 of the 12 inlets in 1980, and in all strata in 1981 and 1982 (Figs. 6-8).
Nunber of occurrences in sanples were: 1980, 65; 1981, 115; and 1982, 77.
Mean | engths were: 1980, 9.2 cnm 1981, 9.9 cm and 1982, 8.5 cm

The catch data for Ogroup walleye pollock, and for the other age groups
and species studied, resulted in frequency distributions that were skewed to
the left (Fig. 9). At a large nunber of stations, a particular species and
age group was either absent or present in only low densities. Hgh densities
were observed at only a few |locations. These characteristics of the data--
i.e., that the fish showed contagious distributions and that the catch data were
not normally distributed--also placed linitations on the statistical analyses
used in the study and had inportant inplications for evaluations of the
appropriate experimental design for further work. Sonme aspects of this
probl em are discussed in the present study, and others will he elaborated in
the third report of the three-part series.

Popul ation estinates for the 12 strata, 3 regions, and study area as a
whol e are shown in Table 3. Over the 3 yr studied, the total nunber of
0-group wal |l eye pollock varied from42.4 mllion in 1980, to 256.6 mllion
in 1981, to 30.7 million in 1982. Bays that supported |arge popul ations

were :  Chiniak and Alitak Hays in 1980; Alitak, Ugak, and Kiliuda Bays in



N

WALLEYE POLLOCK (AGE-0)
August—September 1980

Number per 10,000 m? trawled

+ No catch
s 1-99
@ 100-999
@ 1,000-9,999
@ 10,000-89,999 58 OON
57 OON
56 OON

159 0OOW " 158 OOW 157 00W 156 00W 155 O0OW 154 O0OW- ' 153 oow 152 OOW

Figure 6. --Distribution and relative abundance of O group wal |l eye pollock in the northwestern
@l f of Alaska in 1980.
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Figure 7. --Distribution and rel ative abundance of O group walleye pollock in the northwestern
Qulf of Alaska in 1981.
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August—September 1982
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Figure 8.--Di stribution and relative abundance of O group wal | eye pollock in the northwestern
culf of Alaska in 1982.
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Table 3.--Estimated popul ation size of juvenile age groups (O 2 yr) of walleye pollock in bays and nearshore
areas of the northwestern Gulf of Al aska during late summer periods, 1980-82.

T PR Estimated population (millions)--—-—=—m—mcmmcmmmmmo

1980 1981 1982
Stratum? . 0 1 2 0 1 2 0 1 2
Alaska Peninsula .
Wide Bay 1.75 0.36 - 2.57 1.04 - 0.93 0.24 0.04
Kujulik Bay 1.85. 6.26 0.09 _4.11 0.43 0.01 0.85 1.10 0.03
Chignik Bay 1.03 29.02 0.26 4,04 6.61 0.87 0.0° 0.81 0.02
Castle Bay . - 20.47 0.46 0.70 0.23 0.01 0.03 1.22 0.01
Subtotal ‘ 4,63 56.11 0.81 11.42 8.31 0.89 1.90 3.37 0.10
‘East Kodiak Island :
Marmot Bay ' 3.60 0.35 0.48 11.90 1.01 5.93 9.38 0.25 0.23
Chiniak Bay : 18.55 0.02 - 9,95 0.15 0.24 6.52 0.01 -
Ugak Bay 3.99 0.03 - 29.79 0.02 - 1.15 0.88 0.17
Kiliuda Bay : 0.80 - 0.37 15.00 0.46 0.01 1.25 0.05 <0.01
S. Sitkalidak Strait 2.05 0.04 0.01 2.66 0.70 0.21 0.47 0.91 0.21
Subtotal 28.99 0.44 0.86 69.30 2.34 6.39 18.77 2.10 0.61
West Kodiak Island
Uganik Bay o -— - 1.03 0.29 1.25 0.17 0.99 0.07 1.57 0.08
Uyak Bay ' 0.20 2.45 0.41 0.49 1.75 0.08 0.09 4.74 0.07
Alitak Bay 8.61 16.89 0.09 174.17 0.16 0.24 9.91 31.68 0.06
Subtotal Co. 8.81 20.37 : 0.79 175.91 2.08 1.31 10.07 37.99 0.21
Total 42.43 76.92 2.46 256.63 12.73 - 8.59 30.74 43 .46 0.92

8¢

% See Figure 1.
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1981; and Alitak, Marnmot, and Chiniak Bays in 1982. Although O group fish
occurred in sanples fromnearly the entire depth range surveyed, highest
densities were observed in sanples from 40 to 120 m (Fig. 10).

Among the 12 strata, relative concentrations of O group fish were highest
on east and west sides of Kodiak Island, with gradients in the densities
(frombay to bay) fromnorth to south (Table 4). Concentrations in the
i ndi vidual bays varied from year to year, although interpretations of the
extent of real differences are limted by the small sanmple sizes.

Al ong the Al aska Peninsul a highest densities were observed in Wde Bay
inall 3 yr, then densities progressively declined in the bays to the
southwest. Al ong east Kodiak |Island the highest densities were found in
Chiniak and Ugak Rays, and there was a general decline in concentrations to
the south; relatively high densities were observed in Marnot Bay in all 3 yr.
Al ong west Kodiak Island an exceptionally high concentration was observed in
Alitak Bay in 1981, but otherwi se, densities were only noderate

Estimates of year-class strength, neasured as standardized densities
within the study area overall, varied as foll ows: 1980 year-class, 272
i ndi vi dual s/ 10,000 nf; 1981 year-class, 1,642 individuals/10 000 nf; and 1982
year-class, 197 i ndi vi dual s/ | O, 00O nf (Table 4). To examne if these neasures
of population levels were significantly different, the three sets (years) of
catch data were tested using the nonparanmetric H test. The 366 sanmples were
conbined into an ordered series and ranked from | owest density of O group
wal | eye pollock to highest. The sum of ranks for each year's data was then
conpared with the expected values, including a correction for tied ranks
For O group walleye pollock, the null hypothesis that the catch data did not

vary between years was discredited at the 0.001 |evel
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Figure 10. --Variations of walleye pollock densities with sanpling depth,
ages O-2 yr, in the northwestern Gulf of Al aska.



Table 4.--Standardized densities® of juvenile age groups (02 yr) of walleye pollock in bays and
nearshore areas of the northwestern Gulf of Al aska, 1980-82
————————————————————— Apparent density (number/10,000 M?2)——m—meemmmm—e———r
1980 1981 B 1982
StratumP 0 1 2 0 1 2 0 1 2
Alaska Peninsula )
Wide Bay 678 140 - 996 403 - 360 93 16
Kujulik Bay 250 846 12 555 58 1 115 149 4
Chignik Bay 90 2546 23 354 580 - 76 8 71 2
Castle Bay -- 7182 161 246 81 4 1 428 4
Region 191 2316 33 471 343 37 78 139 4
East Kodiak Island
Marmot Bay 184 18 25 607 52 303 479 13 12
Chiniak Bay 3187 3 - 1710 26 41 1120 2 -
Ugak Bay 434 3 - 3242 2 -- 125 96 18
Kiliuda Bay 52 - 24 973 30 1 81 3 <1
S. Sitkalidak Strait 87 - 2 <1 113 30 9 20 39 9
Region “394 6 12 942 32 87 255 29 8
West Kodiak Island )
Uganik Bay - 148 42 180 24 142 10 226 11
Uyak Bay 23 278 46 56 198 9 10 537 8
Alitak Bay 202 396 2 4083 4 6 232 743 A
Region 151 349 14 3010 36 22 172 650 4
Overall 272 492 16 1642 81 55 197 278 6
% Computed by dividing population estimates in Table 3 by the corresponding geographic areas in Table 1.

Regi onal densities were'
® See Figure 1.

calculated from the previous subtotals.'
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Age- 1

One-yr-old walleye pollock were found in 11 of the 12 inlets in 1980,
and in all strata during 1981 and 1982 (Figs. 11-13). Number of occurrences
in sanples were: 1980, 57; 1981, 70; and 1982, 68. 'Man |engths were:
1980, 19.2 cm 1981, 23.9 c¢m and 1982, 20.0 c¢cm

Popul ation estimates for 1-yr-olds are also shown in Table 3. Over the
3 yr, the total nunber varied from 76.9 nillion in 1980, to 12.7 nillion in
1981, to 43.5 nmillion in 1982. Bays with large popul ations were Chignik,
Castle, and Alitak Bays in 1980; Chignik Bay in 1981; and Alitak Bay in 1982.
Simlar to Ogroup fish, 1-yr-olds occurred in sanples from practically the
entire range of depths surveyed (Fig. 10). During 1980 and 1981, the highest
densities were observed in sanples from between 60 and 80 m the apparent
distribution in 1982 was sonewhat shallower.

The standardi zed popul ation densities showed that, in contrast to the
O group population, |-yr-old walleye pollock had highest concentrations along
the Al aska Peninsula and west side of Kodiak Island (Table 4). In these two
regions there were general gradients in concentrations (frombay to bay) from
south to north. Along the Alaska Peninsula highest densities were observed
in Castle Bay in 1980 and 1982, and Chignik Bay in 1981; concentrations
generally declined in the bays to the northwest. In the west Kodiak Island
regi on highest densities were found in Alitak Bay in 1980 and 1982, and Uyak
Bay in 1981; densities declined to the north in 1980 and 1982. One-yr-olds
were not abundant in inlets along the east side of Kodiak Island.'

Estimates of year-class strength, neasured as standardized densities
within the study area overall, varied as follows: 1979 year-class, 492
i ndi vi dual s/1 0,000 nf; 1980 year-class,, 81 individuals/IO 000 nf; and 1981

year-class, 278 individuals/10 000 nf (Table 4). Despite these apparent
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Figure 12.--Distribution and rel ative abundance of 1-yr-old walleye pollock in the northwestern
Qulf of Alaska in 1981.
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Figure 13.--Distribution and relative abundance of 1-yr-old walleye pollock in the northwestern
@l f of Alaska in 1982

Se



36

changes in abundance, when the three sets of catch data were conpared with

the H test, the data were found to be not, significantly different. One would
have to conclude either that the popul ation levels of 1-yr-olds did not actually
vary nuch between years, or that (perhaps because of the linited sanple sizes)
the survey coverage did not provide adequate sensitivity to detect significant

changes.

Age- 2

Two-yr-old wal | eye pollock were not a prom nent conponent in the bays
and nearshore areas covered by these surveys. A though found in nost strata
they were only present in about 30% of the hauls during each year (Figs. 14-16
Table 3). Nunber of occurrences in sanples were: 1980, 41; 1981, 45; and
1982, 34. The length distributions of 2-yr-olds did not form prom nent
modes, |ike those of the younger age groups, but ranged from about 24 to 32
cm(Fig. 5).

There were no clear patterns in the geographical distributions of 2-yr-
olds fromyear to year. In 1980, the highest densities were observed in
Castl e Bay on the Al aska Peninsula and in Uyak and Ugani k Bays on the northwest
side of Kodiak Island. In 1981, Marnot and Ugani k Rays had the highest densi -
ties. In 1982, none of the areas were found to have many 2-yr-olds. Sinmlar
to the younger age groups, 2-yr-old walleye pollock occurred in sanples from
nearly all depths surveyed (Fig. 10). H ghest densities were observed in

sanples from traw s nmade deeper than 100 m

Pacific Cod
Pacific cod were captured in 202 (55.2% of the 366 trawl sanples. The
total size range was 7 to 88 cm (Fig. 17). Juvenile Pacific cod <41 cm

occurred in 69 sanples, but were not as commobn or abundant as young wal | eye
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Figure 15.--Distribution and relative abundance of 2-yr-old walleye pollock in the northwestern
Qulf of Aaska in 1981

8¢t



=

WALLEYE POLLOCK (AGE-2)
August—September 1982

Number per 10,000 m? trawled
+ No catch
e 1-99
® 100-999
@ 1,000-9,999
@ 10.000-99,999

159 00w 158 00OW 157 OOW 156 OOW 155 0CW 154 oOwW

Figure 16. --Distribution and relative abundance of 2-yr-old walleye pollock
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pol lock. O the 12 inlets surveyed, juvenile Pacific cod (ages O2 yr) were
found in all 3 yr only in Kujulik and Wde Rays on the Al aska. Peninsula.

As with walleye pollock, the NCS method was used to distinguish nodes in
the length distributions and assign ages. The length intervals found to
approximately delint the three youngest age groups, and used in subsequent
anal yses of all three survey years, were: O-group, 7-15 cm age 1, 16-30 cm

and age 2,31-41 cm

O G oup

Young of the year Pacific cod, approximately 5-7 months old, were found
in5 of the 12 inlets studied and their occurrences varied considerably from
year to year (Figs. 18-20, Table 5). Number of occurrences in samples were:
1980, 1; 1981, 24; and 1982, 13. Mean lengths were: 1980, 9.0 cm 1981,

10.4 cm and 1982, 9.0 cm

In 1980, O group Pacific cod were found only in one sanple in Wde Bay
on the Alaska Peninsula. In 1981, exceptionally large numbers were observed
in Alitak and Wde Bays. Inportant bays in 1982 were Alitak, Wde and Uyak
Bays.

In general, O-group Pacific cod were found al nbst exclusively in sanples
from depths shallower than 80 m (Fig. 21). The five bays in which they were
observed also contained nost of the shallow sanpling stations in the study.

In 1981, 56% of the 45 sanples collected at depths shallower than 80 m contai ned
Ogroup Pacific cod; they were found in only 1 of the 85 sanples from deeper
wat er .

Standardi zed popul ation densities for Pacific cod are given in Table 6.
The locations of high concentrations of Ogroup fish varied from year to year
and there were no clear patterns. The estimates of year-class strength,
measured as standardi zed densities within the study area overall, were: 1980

year-class, 0.04 individual s/10,000 nf; 1981 year-class, 7.16 individuals/
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Figure 19.--Distribution and rel ative abundance of O group Pacific cod in the northwestern
Gul f of Al aska in 1981.
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Table 5.--Estimated popul ation size of juvenile age groups (O 2 yr) of Pacific cod in bays and nearshore
areas of the northwestern Qulf of Alaska during late sumrer periods,

1980- 82.

Estimated population (tHousands)

. 1980 1981 7 1982
~Stratum@ 0 1 2 0 1 2 0 1 2
Alaska Peninsula ) _ : :
Wide Bay 5.71 -1.66 -- 258.94 235.31 - 60.09 9.87 5.38
Kujulik Bay - 5.33 13.26 1.48 - -— 5.33 - -
Chignik Bay -- 108.68 41.56 -- -— -~ - - -
Castle Bay - - 26.65 — - 1.34 -- - --
Subtotal 5.71 115.67 81.47 260.42 235.31 1.34 65.42 9.87 5.38
East Kodiak Island
Marmot Bay - - 6,90 - - -61.49 - - -
Chiniak Bay - - - 19,33 - 35.12 no measurements
Ugak Bay - - —-— - 7.79 - -- - 9.70
Kiliuda Bay - - - - -- - -- -— - -
S. Sitkalidak Strait - - - - 75.46 95.09 - - 88.69
Subtotal - - 6.90 19.33 83.25 191.70 - -- - 98.39
West Kodiak Island
Uganik Bay - 0.48 1.93 - - - C—— - 9.35
Uyak Bay -— - - 0.08 1.46 0.61 51.26 - -
Alitak Bay - - - 838.76 2.42 - 85.08 - -
Subtotal - 0.48 1.93 838.84 3.88 0.61 136.34 - 9.35
Total 5.71 90.30 1118.59 322.44 193.65 201.76 9.87 113.12

% See Figure 1.
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Figure 21.--Variations of Pacific cod ‘dénsitiés with sarrpl"l ng dept'R,
ages O-2 yr, in the northwestern Gulf of Al aska.
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10,000 nf; and 1982 year-class, 1.29 individuals/10 000 nf. Wen the three
sets of catch data were conpared with the. Htest, the null hypothesis that
the data were not different was discredited at the 0.001 |evel. However ,
because O-group Pacific cod appeared to predom nantly occur in shallow areas
that were not well-sanpled by the surveys, the reliability and value of these

indicators of year-class strength are questionable.

Age- |

One-yr-old Pacific cod were found in 8 of the 12 inlets, and like the
O group populations, their distributions among bays were inconsistent from
year to year (Figs. 22-24, Table 5). Nunber of occurrences in sanples were:
1980, 6; 1981, 7, and 1982, 2. Mean lengths were: 1980, 29.2 cnm 1981, 25.0
cm and 1982, 28.6 cm

In 1980, the highest densities of 1-yr-olds were observed in Chignik and
Kujulik Bays. In 1981, relatively high densities were observed at one station
in Wde Bay and several locations in south Sitkalidak Strait. In 1982,
1-yr-olds were found only at two locations in Wde Bay. Over the 3 yr,
1-yr-old Pacific-cod occurred in sanples from depths of 42 to 134 m (Fig. 21).

Estimates of year-class strength, measured as standardized densities
within the study area overall, were as follows: 1979 year-class, 0.74
i ndi vi dual s/10,000 nf; 1980 year-class, 2.06 individuals/l0,000 nf; and 1981
year-class, 0.06 individuals/10,000 nf (Table 6). Despite these apparent
changes in population levels, when conpared using the H test the three sets of
catch data were found to be not significantly different. This was probably
a result of the limted sanple sizes in the surveys and few occurrences of

this age group.
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Number per 10,000 m? trawled
+ No catch
e 1-99
® 100-999
@ 1,000-9.999
@ 10.000-99,999

154 00W 153 oOW 152 00W

159 OOW 158 OOW 157 OO0W - 156 00W 155 00W

Figure 22.--Distribution and relative abundance of 1-yr-old Pacific cod in the northwestern
@l f of Alaska in 1980.
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PACIFIC COD (AGE-1}
September 1981
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Figure 23.--Distribution and rel ative abundance of 1-yr-old Pacific cod in the northwestern
Gl f of Alaska in 1981.
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PACIFIC COD (AGE-1)
September 1982
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Figure 24. --Distribution and relative abundance of 1-yr-old Pacific cod in the northwestern

@l f of

Al aska in 1982.
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Table 6.--Standardi zed densities® of juvenile age groups (0-2 yr) of Pacific cod in bays and nearshore
northwestern Qulf of Alaska, 1980-82.

areas of the

Apparent density (number/10,000 M2) —m e

1980 1981 1982
StratumP 0 1 2 0 1 2 0 1 2
Alaska Peninsula
Wide Bay 2.21 0.64 -— 100.36 91.21 - 23.29 3.83 2.09
Kujulik Bay - 0.72 1.79 0.20 -- -- 0.72 -- --
Chignik Bay -- 9.53 3.65 - - - - - --
Castle Bay - - 9.35 - - 0.47 -~ -- --
Region 0.24 4.77 3.36 10.75 9,71 0.06 2.70 0.41 0.22
East Kodiak Island
Marmot Bay - - 0.35 -— - 3.14 - - -
Chiniak Bay -- -- -- 3.32 - 6.03 no measurements
Ugak Bay - - -— -— 0.85 - -- -— 1.06
Kiliuda Bay - -— - - - - ~- - -
S. Sitkalidak Strait - - - - 3.20 4.03 - - 3.76
Region - -= 0.09 0.26 1.13 2.60 - - 1.34
West Kodiak Island
Uganik Bay - 0.07 0.28 - - - - -- 1.34
Uyak Bay - - -- 0.01 0.17 0.07 5.81 - -
Alitak Bay - - - 19.66 0.06 - 1.99 - -
Region - 0.01 0.03 14.35 0.07 0.01 2.33 -— 0.16
QOverall 0.04 0.74 0.58 7.16 2.06 1.24 1.29 0.06 0.72

% Conputed by dividing popul ation estimates in Table 5
Regi onal densities were calculated fromthe previous

" See Figure 1.

by the corresponding geographic areas in Table 1

subt ot al s.

TS
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Age- 2

Two-yr-old Pacific cod al so occurred at scattered |locations in | ow den-
sities (Figs. 25-27, Table 5). Nunber of occurrences were: 1980, 9; 1981,
10; and 1982, 6. No clear nodes were evident in the length distributions of
the relatively few 2-yr-old fish caught in 1980 and 1982; in 1981, the nean
length was 33.8 cm

In 1980, 2-yr-olds were nost abundant in Chignik, Castle, and Kujulik
Bays along the Alaska Peninsula. In 1981, relatively large populations of
2-yr-olds were estimated to occur in inlets on the east side of Kodiak |sland--
e.q., south Sitkalidak Strait, Marnmot Bay, and Chiniak Bay. [In 1982, a large
popul ation of 2-yr-olds was again found in south Sitkalidak Strait. However
all of these observations and estinmates were based on relatively snall sanple
sizes. Over the 3 yr, 2-yr-old Pacific cod occurred in sanmples from depths
of 46 to 172 m and highest densities were in sanples fromwaters deeper than

100 m (Fig. 21).

Sabl ef i sh

Adul t sabl efish were not found in the bays and nearshore areas covered
by these surveys. However, juvenile sablefish <50 cm |length were consistently
observed in 25-30% of the trawl sanples each year, and were found in every
inlet during at |east one sanpling period

In 1980 and 1982, the length distributions of sablefish taken in the sur-
veys were uninmodal with nodes centered around 32-34 cm (Fig. 28); we considered
"nearly all of these fish to be |I-yr-olds, on the basis of the 1981 age-length
table (Table 7). In 1981, the length distribution was binodal wth npdes cen-
tered near 20 cm and 36-37 cm we interpreted-these size groups to be young
of the year and 1-yr-olds, predomnantly. The NCS nethod was used to anal yze

these length distributions, and the best nonoverlapping length intervals for



PACIFIC COD (AGE-2)
August—September 1980

Number per 10,000 m? trawled
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Figure 25.--Distribution and relative abundance of 2-yr-old Pacific cod in the northwestern
Gulf of Alaska in 1980.



PACIFIC COD (AGE-2)
September 1981

Number per 10,000 m? trawled
+ No catch
¢ 1-99
® 100-999
@ 1,000-9,999
@ 10.000-99,999

159 00W 158 00V 157 00W

156 OOW

155 00w

154 OOW

153 oow

152 O00W

Figure 26. --Distribution and relative abundance of 2-yr-old Pacific cod in the northwestern

@l f of Al aska

in 1981.
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PACIFIC COD (AGE.2)
August—September 1982
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Table 7 .--Sablefish age-length table developed from otolith sanples collected
on the 1981 survey of bays and nearshore areas of the northwestern
Qul f of Alaska, showi ng the number of observations at each |ength

and age.

Length hge (yr)a
(cm)

Total

(o]
s
\V]
W

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
48
50
51

OO0 000000000000 OOOOO 2N _NNDNGRNINDN N
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Total - 24 59

®Determined by readings of the external surface of otoliths.
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delinmiting the three youngest age groups were found to be the foll ow ng:

Ogroup, 18-26 cm age 1, 27-42 cm and age 2, 43-50 cm

O G oup

Young of the year sablefish were observed only in 1981 in three hays--,
Alitak Bay, Kujulik Bay, and Marnot Bay--in seven sanples (Fig. 29, Tables 8
and 9). Alitak Bay had the highest density and |argest population. Highest
densities were observed in sanples from <40 m (Fig. 30). The nean length of

this age group was 20.7 cm

Age- |

One-yr-olds were the dom nant age group. of sablefish found in the study
area; the group occurred in 9 inlets in 1980 and 1981, and in 10 of the 12
inlets in 1982 (Figs. 31-33). Number of occurrences in sanples were: 1980,
30; 1981, 27; and 1982, 26. Mean lengths were: 1980, 34.5 cm 1981, 37.1 cm
and 1982, 33.3 cm

Total population estimates for 1-yr-olds (for the area covered by the
12 inlets) varied from 1,508.7 thousand in 1980, to 159.7 thousand in 1981,
to 514.9 thousand in 1982 (Table 8). In 1980 and 1981, nost 1-yr-old sablefish
occurred in the Alaska Peninsula region. Bays with large popul ations were
Kujulik Bay, Chignik Bay, and Castle Bay. In 1982, nost 1-vr-olds were found
on the east side of Kodiak Island in Marnmpt Bay, Chiniak Bay, and south
Sitkalidak Strait; they were also abundant in Kujulik Bay on the Al aska
Peninsula as in previous years. Over the 3 yr, 1-yr-old sablefish occurred in
samples from nearly all depths surveyed, and highest densities were generally
in samples from 80-120 m (Fig. 30).

In general, the distribution of standardized densities for 1-yr-old

sabl efish was sinilar to that of the estimated populations. In 1980 and 1981,
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SABLEFISH (AGE-0)
September 1981

Number per 10,000 m? trawled

+ No catch
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Figure 29.--Distribution and relative abundance of O group sablefish in the northwestern
Qul f of Alaska in 1981.



Table 8.--Estimated popul ation size of juvenile age groups (O 2 yr) of sablefish in bays and nearshore
areas of the northwestern Qulf of Alaska during late sumrer periods,

1980- 82.

Estimated population (thousands)—-———=——=—ce—— e __

1980 1981 1982
Stratum? 0 1 2 0 1 2 0 1 2
Alaska Peninsula
Wide Bay - 0.48 -— -- - - - 4.50 -
Kujulik Bay - 559.92 - 4,37 87.16 - —-- 98,12 L -—
Chignik Bay -- 651.42 - - 32.62 1.59 - 3.54 -—
Castle Bay - 190.42 - - -15.78 - -— 1.87 -
Subtotal 1402.24 4.37  135.56 1.59 — 108.03 -
East Kodiak Island
Marmot Bay - 5.67 - 0.80 0.80 - -— 274,48 C=——
Chiniak Bay - 2.38 - - 0.35 -— - 63.78 Co-—
Ugak Bay -- -- -— -— - - -— 2.79 S=-
Kiliuda Bay - - - -— 9.39 - - 4,53 L -
S. Sitkalidak Strait - 59.69 2.18 - 4,49 - - 60.40 C -
Subtotal 67.74 2.18 0.80 15.03 -— -— 405.98 C-—
West Kodiak Island _ .
Uganik Bay -- 27.46 - -~ 8.33 2.25 -- -- -
Uyak Bay -- - - - 0.75 - -~ -- ~-
Alitak Bay - 11,22 -- 96.50 — 1.42 -- 0.91 --
Subtotal - 38.68 - 96.50 9.08 3.67 - 0.91 -
- 1508.66 2.18 101.67 159.67 5.26

Total

% See Figure 1.
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Table 9.--Standardi zed densities® of juvenile age groups (O-2 yr) of sablefish in bays and nearshore
areas of the northwestern Qulf of Al aska, 1980-82.
———e=e———w—ere—————---Apparent density (number/10,000 M) mm o
1980 L 1981 ‘ 1982
StratumP 0 1 2 0 1 2 0 1 2
Alaska Peninsula
Wide Bay - 0.19 - - - -— - 1.74 -
Kujulik Bay - 75.66 -- 0.59 11.78 - -— 13.26 --
Chignik Bay -- 57.14 - - 2.86 0.14 - 0.31 -
Castle Bay - 66.81 - - 5.54 - - 0.66 -
Region —-— 57.87 - 0.18 5.59 0.07 - 4.46 -
East Kodiak Island
Marmot Bay - 0.29 - 0.04 0.04 - - 14.01 -—
Chiniak Bay - 0.41 - - 0.06 -— -- 10.96 -
Ugak Bay - - -— -~ -— -= -= 0.30 -—
Kiliuda Bay - -- - -~ 0.61 -- -- 0.29 -—
S. Sitkalidak Strait — 2.53 0.09 - 0.19 - - 2.56 -
Region - 0.92 0.03 0.01 0.20 - -- 5.52 --
West Kodiak Island
Uganik Bay - 3.95 - - 1.20 0.32 - - -
Uyak Bay - - - - 0.09 - ~— -- -—
Alitak Bay - 0.26 -— 2.26 - 0.03 - 0.02 -
Region -- 0.66 - 1.65 0.16 0.06 - 0.02 -
Overall - 9.65 0.01 0.65 1,02 0.03 - 3.30 -

a

® See Figure 1.

Conput ed by dividing population estimates in Table 8 by the correspondi ng geographic areas in Table 1
Regi onal densities were calculated-fromthe previous subtotals.
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SABLEFISH

Mean catch per unit effort (number/10,000 m?)

Age 0 Age 1 Age 2
0 | L (l) | 115 1 3JO (E 0.03J 0.06
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Figure 30.--Variations of sablefish densities with sanpling depth, ages
02 yr, in the northwestern Gulf of Al aska.
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SABLEFISH (AGE-1)
August—September 1980

Number per 10,000 m? trawled
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Figure 31.——Disrtribution and relative abundance of l-yr-old sablefish in the northwestern
Gulf of Alaska in 1980. :
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SABLEFISH (AGE:1)
September 1981

Number per 10,000 m? trawled
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Figure' 32.~—Distribution and relative abundance of l-yr-old sablefish in the northwestern
Gulf of Alaska in 1981.
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SABLEF!ISH (AGE-1)
August—September 1982
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Figure 33.--Distribution and relative abundance of l-yr-o0ld sablefish in the northwestern
Gulf of Alaska in 1982.
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densities were high along the Al aska Peninsula in Kujulik, Castle, and
Chignik Bays. In 1982, the highest densities occurred in Mrmt, Kujulik,
and Chiniak Bays. In all 3 yr, densities of 1-yr-olds were relatively low in
the west Kodiak Island region.

Estimates of year-class strength, measured as standardized densities
within the study area overall, varied as foll ows: 1979 year-class, 9.65
i ndi vi dual s/1 0,000 nf; 1980 year-class, 1.02 individuals/l10 000 nf; and 1981
year-class, 3.30 individuals/lQ 00O nf (Table 9). Despite these apparent
changes, when conpared using the H test, the catch data fromthe 3 yr were

found to be not significantly different.

Age- 2

Two-yr-old sablefish were seldom taken in these nearshore areas. They
were found in one sanple fromsouth Sitkalidak Strait in 1980, and four sanples
fromthree of the bays (Chignik Bay, Uganik Bay, and Alitak Ray) in 1981,
none of the density estinmates for these areas exceeded 0.4 individual s/
10,000 nf. In general, 2-yr-olds occurred in sanples from the sane depths or

slightly deeper than 1-yr-olds.
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DI SCUSSI ON
Eval uation of Approach

The juvenile life history stage of fishes is often poorly understood
because the young occur in different areas than the adults and |arvae, and
because they can be difficult to sample (Bakun et al. 1982). However, there
is a need to inprove our know edge of the ecol ogy, distributions, mgratory
movements, and interactions of juveniles to understand factors that influence
popul ation dynamics. In addition, there is the possibility that nonitoring
juveniles will, in some cases, enable useful predictions of future resource
availability and recruitnent.

Juvenile studies, such as ours, involve a nunber of different aspects of
research. First, there is the need to study and describe the basic population
bi ol ogy and characteristics of the recruitnment process--e.g., the relative
abundance, distribution pattern, ontogenetic novenents, and size and growth
of juveniles--over at |least several years. Then, in order to obtain useful
measurenents of year-class strength, there is a need to establish a process
for ongoing eval uation and devel opment of the specific nethods used for
popul ation sanpling and estimation.

Qur studies found that over the 3 yr, 1980-82, juveniles of a
nunber of groundfish species occurred commonly in shrinp traw sanples
col l ected frombay and nearshore waters of the central Al aska Peninsula and
Kodi ak Island. These observations--and the studies of Carlson and Haight
(1976), Harris and Hartt (1977), Blackburn and Jackson (1978), and Rosenthal
(1980)--support the conclusion that these types of coastal habitats are
important nursery areas for many fish species. The present study and the
second report of our three-part series provide a considerable anmount of new

information describing these aspects of juvenile biology.
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Only limted evaluations of the specific methods of sanpling were
possi bl e, though, because of our involvement in the ADF&G surveys as quest
observers. Under ideal conditions, and over a longer tine, sanpling methods
shoul d be eval uated by experinmentation in the field (e.g., conparing sanpling
gear performance and conducting exploratory sanpling in other areas and tinme
periods), varying the experimental design, and conparing the results with
those of other studies. Qur evaluations of sanpling nethods were linited
to interpretations of the survey results and conparisons with other literature.

Met hods of estination have been evaluated, in a sense, by our selection
of analytical procedures and in devel oping our recomendations for further
work. Some of the problenms encountered included: the skewed, nonnornal
distributions of the juvenile catch data; the inability of the procedures
used to estimate population size to also calculate the statistical variance,
or confidence limts, for estimates of age group abundance: and the need to
use the sinple, unweighted catch data for testing year-to-year differences,
rather than the best estimates (i.e., population estimates) of year-class
abundance. Most of these problens are recomended as subjects for further

research.

Eval uation of Results

VMl | eye Pol | ock

Al though the recruitment process of walleye pollock in the Qulf of Al aska
is inconpletely understood, many of the inportant events, sites, and exchanges
can be inferred fromthe literature and the results of this study. A large
fraction of the adult population of walleye pollock in the western and central
"Qulf of Alaska is thought to migrate to a relatively fixed reproductive area
in inner Shelikof Strait, where peak spawning occurs in March (Nunnal |l ee et

al. 1982; Alton 1983; Bates and Clark 1983). There is evidence from other
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sources, however, of additional spawning along the outer continental shelf.

For exanple, based on gonad maturity observations recorded during fisheries
research surveys in the period 1975-81, Hirschberger and Smth (1983) reported
fish in spawning condition occurring along the edge of the outer continenta
shelf from Chirikof Island to Cape St. Elias. Ichthyoplankton surveys have

al so occasionally found high concentrations of eggs offshore of the east and
sout heast sides of Kodiak Island (Kendall et al. 1980b; Bates and Clark 1983
Jean Dunn, Northwest and Al aska Fisheries Center, Seattle, WA 98112, pers.
conmmun. 1984).

In the northwestern Gulf of Alaska, where currents such as the Kena
Current and Al askan Stream nmay have velocities of 20-70 cm's or nore (Schumacher
and Reed 1980, 1983; Mysak et al. 1981), the horizontal advection of walleye
pol | ock eggs and larvae may be a particularly inportant part of the recruitment
process. Incze et al. (1984) reviewed and estimated the approximate devel opnment
times for these planktonic stages in the eastern Bering Sea. The egg stage
requires about 22 days from spawning to hatching at tenperatures of 3.0-3.5°C
the yol k-sac larval stage, about 15 days; and the postlarval stage, about
36 days until the full devel opnent of dorsal fin rays at approximtely 22 mm
standard length. Since water tenperatures in the Qulf of Al aska are warner,
about 4.0 to 6.0°C (Hirschberger and Snith 1983:fig. 7), developnent is
probably nore rapid.

Considering the prevailing currents, eggs and larvae resulting from
rel eases at spawning sites in Shelikof Strait or off the east side of Kodiak
Island should drift predominantly to the southwest along the Al aska Peninsula.
At average current velocities of 20-30 cm's, it would theoretically be possible
for eggs and larvae to be transported 1,200 to 1,800 kmduring a 70-day

pl anktoni ¢ peri od.
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In our investigations, young-of-the-year walleye pollock (approximtely
6 no old) were found in highest concentrations in inlets along the east
side of Kodiak Island, in Alitak Bay at the southwest end of Kodiak Island
and in bays along the Alaska Peninsula (Figs. 6-8, Table 4). In all of these
regions, there was a general trend of decreasing densities to the southwest.

Along the Alaska Peninsula, the observed density gradient was generally
consistent with the concept that inner Shelikof Strait is a major spawning
site. If the spawning event and |ocation can be considered an instantaneous
poi nt source of young, then advection and turbulent diffusion would be.expected
to result in a concentration distribution sinlar to the one observed (assuning
constant |oss rates).

For simlar reasons, the high abundance of O group walleye pollock along
the east side of Kodiak Island and their concentration gradient suggest that a
maj or spawning site nay be located to the northeast. In view of the predom nant
current flows, it is difficult to inmagine how significant numbers of eggs or
| arvae could be transported to these bays from Shelikof Strait; current flow
over the continental shelf on the east side of Kodiak Island is slow and
erratic. Mgrations of large nunbers of early juveniles to this region from
Shel i kof Strait also seem unlikely. If walleye pollock on the east side of
Kodi ak Island do originate from a northeastern spawning stock, then some of
their population characteristics--e.g., seasonal timng, growth and
devel opment, and migratory novenents--nmay be different from popul ations
associated with Shelikof Strait.

One-yr-old walleye pollock were observed in highest concentrations along
the Al aska Peninsula and west side of Kodiak Island, and in these areas

densities generally declined to the northeast; this trend was opposite to the
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concentration distribution shown by the O group popul ations. In addition,

few 1-yr-olds were observed in inlets along the east side of Kodiak I|sland.

M gratory novenents and the distribution of sources of nortality (e.g.

predation) nay have been inportant in determning these patterns, although
interpretations are linmted by the sanpling nethods and | ack of other supporting
dat a.

The low densities of 2-yr-olds observed in these studies indicated that,
by this age, nost older juveniles had probably nigrated fromthe coasta
habitats into deeper water. However, since deep water areas were not surveyed
this observation is speculative

The table of standardi zed densities for the three age groups over the
t hree successive years enabl ed estimtes of age-specific population nortality
rates, despite the limtations of the survey design. These calculations were
al so useful for examining the behavior and reliability of the data series.

The instantaneous rates of total nortality observed, based on the data in
Table 4, were: at the O-group level, 1.21 yr' (1980 year-class, conparing
1980 to 1981) and 1.78 yr' (1981 year-class, 1981 to 1982); and at the
1-yr-old level, 2.19 yr'* (1979 year-class, 1980 to 1981) and 2.60 yr'*
(1980 year-class, 1981 to 1982). These values were generally higher than the
nortality rates reported for walleye pollock in the eastern Bering Sea (Smith
1981), but do not seem unreasonabl e.

It was al so possible to conpare these nortality rates, and the O group
and 1-yr-old population estimates (i.e., Tables 3 and 4), with the estimtes
of Alton and Deriso (1983b) for 3-yr-old population |evels; these conparisons
were another way to check the reliability of our survey data. Based on catch-
at-age anal yses of data fromthe comercial traw fisheries, Alton and Deriso

(1983b:fig. 1-2) estimated the abundance of 3-yr-old walleye pollock
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popul ations in western and central regulatory areas of the @lf of Alaska for
each year, from 1973 to 1979. Their estinmates of population size at age 3
ranged from about 0.4 to 3.2 billion fish.

To conpare these values with our estimates, we expanded the fish densities
given in Table 4 up to the regional scale used by Alton and Deriso. W
assuned that all coastal waters inside of the charted 50 fathom (91 nj isobath
were potential nursery grounds, and that the average densities we observed (i.e.,
the values given in Table 4, overall) were representative of all nursery ground
area. The potential nursery ground area was estimated to be approximately
90,000 knf. The expanded survey estimates for Ogroup walleye pollock in'
the region, calculated by multiplying the densities in Table 4 by this area,
Wer e: 1980, 2.4 billion; 1981, 14.8 billion; and 1982, 1.8 billion. Expanded
estimates for 1-yr-olds were: 1980, 4.4 billion; 1981, 0.7 billion; and 1982,
2.5 billion. Despite the uncertainties of our assunptions and our linited
under st andi ng of the inportance of mdwater distributions, these estinates--
with their statistical range and the nortality rates inplied--are consistent
with the catch-at-age results.

A nunber of environmental factors are likely to have inportant effects
on the recruitnent of walleye pollock. Some of these factors may be inferred
from excellent reviews of the Qulf of Al aska and anal ogous ecosystens (Ingraham
et al. 1976; Bakun and Parrish 1980; Bakun et al. 1982; Schumacher and Reed
1983) and from our own work. Tenperature conditions can be expected to
influence growmh rates, population distributions, and the general activity
level s of fishes and their mgratory novements. Horizontal advection may be
i nportant in the region because of the vigorous and narrow coastal flows, and
the possible novenent of eggs and |arvae from the continental shelf to the

oceanic North Pacific.
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Only limted data were available for examining possible relationships
between environmental conditions, and the variations we observed in the
distribution and abundance of juvenile walleye pollock. Figure 34 shows the
long-term record of sea surface tenperature conditions in the general region
of the study area (estimated for a gridpoint at lat. 58N, long. 150°W from
April 1962 to March 1983. During this tinme, there were periods when conditions
were anonal ously warm (e.g., 1967-70, 1977-82) or cold (1962-64, 1971-73,
1975). Favorite and MLain (1973) observed tenperature fluctuations with a
5-6 yr period to be a characteristic of the northern transpacific region.

Qur juvenile fish surveys were conducted during a period of relatively warm
condi ti ons.

In the eastern Bering Sea, walleye pollock spawn along extensive areas
of the shelf edge, and in their first year and as 1l-yr-olds they are broadly
distributed over the entire central and outer continental shelf (Smth 1981).
Such wi despread distributions of juveniles have not been reported in reviews
of the biology of walleye pollock in the Gulf of Alaska (Ronholt et al. 1978;
Hughes and Hirschhorn 1979). This nay be due to inconplete sanpling coverage
and the few mdwater investigations to date. One exception, however, is an
observation from Septenber 1983 of O group wall eye pollock (approximtely
10 cm FL) occurring up to 60 km east of Marnot Bay (Craig Rose, Northwest and
Al aska Fisheries Center, Seattle, WA 98112, pers. comrun. 1984). These young
fish were found at depths of 80-200 m This suggests that the gullies and
troughs extending from coastal inlets may be inmportant routes for seasonal
and ontogenetic novenents of juveniles.

If eggs and larvae are transported from spawning sites on the continental
shelf to offshore waters, then could the North Pacific oceanic region (e.g.,

the Al aska gyre) be a nursery area for young? Probably not; there are at
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Figure 34. --Anonaly of mean sea surface tenperature in the northwestern
Qulf of Alaska from April 1962 to March 1983. Values were
interpolated at lat. 58°00 N, long. 150°00'W from gridpoint
anal ysis fields devel oped by the Fleet Nunerical Cceanography
Center. Data were provided courtesy of Douglas MLain, Pacific
Environnental Goup, Mnterey, CA 93940.
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| east three sources of evidence against it: 1) in an extensive study of

m dwat er fishes and other nektonic organisms in the northeastern Pacific
Qcean, the principal fishes taken were nyctophids and there was no nention of
wal | eye pollock (Aron 1962); similarly, 2) surveys of the food of salnonid
fishes in the North Pacific have reported the principal prey to be nyctophids,
squid, and juvenile rockfishes (Allen and Aron 1957; Manzer 1968); and 3)

studies of the diet of Dall's porpoise, Phocoenoides dalli, in the North

Pacific have reported the principal food organismto be squid (Mzue et al.
1966) .

Apparently ol der wal |l eye pollock are not very common in the Qulf of
Al aska oceanic region, either. In the extensive high seas gill-netting surveys
reported by Larkins (1964) --which included net sets in the North Pacific,

Bering Sea, and Gulf of Alaska--walleye pollock were caught only in the southern

Bering Sea.

Paci fic Cod

In conparison to walleye pollock, tie are |limted to a relatively
fragnentary understandi ng of the recruitnent process of Pacific cod in the
Qulf of Al aska; however, it is possible to infer some of the inportant activity
areas and their relationships to the seasonal mgratory cycle. In the Qulf
of Alaska, adult Pacific cod are thought to migrate to deep water in wnter,
spawn primarily along the outer continental shelf at depths 150-250 m during
February and March (H rschberger and Snith 1983), and nigrate to shall ower
areas in spring and sumer. It also seems |ikely that some fish spawn in
inshore regions of the continental shelf; ichthyoplankton surveys have sonetines
found noderate concentrations of larvae in inner Shelikof Strait (e.g.., Bates
and Clark 1983). This pattern of population activity and novenment is simlar
to the seasonal cycle that Ketchen (1961) described for Pacific cod in Canadian

wat ers.
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Of British Colunbia, Pacific cod spawn primarily off the open coast at
depths 90-150 m but also in bays and straits (Yusa et al. 1977). In Japanese
waters, spawning is reported to occur primarily in bays and straits (Yusa et al
1977). Port Townsend Bay is a mmjor spawning site in the Puget Sound (Karp 1982).

Since the eggs of Pacific cod are denersal and 'adherent (Thonson 1963),
they may largely remain near their deposition sites until hatching. Devel oprent
times and other aspects of the early life history have been reviewed by Yusa
et al. (1977). At the environnental tenperatures observed in the GQulf of
Al aska, approximately 4.5 to 5.9°C (Hirschberger and Smith 1983:24), the tine
required from spawning to hatching is expected to be about 14-18 days. Of
Japan, the postlarval stage is conpleted about 1 nonth after hatching at
about 10 mm length; dorsal and anal fin rays are devel oped at about 14-17 mm
total length (Yusa et al. 1977).

Al the early life history stages appear to be closely associated with
bottom waters. In plankton surveys, larvae are usually caught only in deep
oblique net tows and are seldom if ever, taken in neuston sanples (Bates and
Clark 1983). Early juveniles are thought to be epibenthic, (Karp 1982).

Because of this orientation toward the bottom environment, the early stages
of Pacific cod may be influenced by markedly different transport, dispersal
and mi xi ng processes than fish that have pelagic eggs and | arvae such as
wal | eye pol | ock.

In this study, young-of-the-year Pacific cod (9-10 cm FL) were found in
5 of the 12 bays and primarily at depths shallower than 80 m Mjor information
gaps in our understanding of the recruitment process, then, are the sources
and transport mechanisnms for these -juveniles. Inportant questions include
Are the spawning areas along the outer continental shelf the principal sources

of young? If so, how do larvae and early juveniles nove across the shelf to
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shal | ows, and what are the inportant factors influencing their survival and
mgratory success? What spawning occurs in or near bays?

I f deepwater spawning sites are the principal sources of larvae, and if
coastal enmbayments and other shallow areas of the continental shelf are the
nursery areas, then it seens reasonable to hypothesize that the shoreward
mgration of young along the bottom mght be a particularly critical phase of
the recruitnment process. Effects of near-bottom oceanographic conditions,
such as coastal current flows, may be inportant. For exanple, the conditions
of divergence and upwelling at the coast that are typical from June to August
(I'ngrahamet al. 1976:table 2) should result in shoreward novements of deep
shelf water. Simlarly, the related deepwater current flows into Shelikof
Strait and up the troughs along the east coast of Kodiak Island (Schumacher
et al. 1978;,Lagerloef 1983). may be inportant avenues for shoreward |arval
transport. Further research is needed in these areas.

In our studies, Ogroup Pacific cod were taken in relatively few sanples
in 1980 and 1982, and densities in the 12 inlets were relatively spotty (Figs.
18-20, Table 6). As a result, year-class strengths estimated fromthe
surveys showed high variation from year to year. Only Wde Bay was observed
to have Ogroup juveniles in all 3 yr (only at one location in 1980)'; el sewhere,
the locations where high densities occurred were inconsistent from year to
year. There were-no evident trends in abundance. For these reasons, and
because our results appeared to be sensitive to small differences in the
survey approach, one would have to conclude that the specific sanpling nethods
were not very effective and need inprovenent.

For exanple, the vertical distribution of Ogroup Pacific cod in their
nursery areas, both on-bottom and in mdwater, needs to be nore clearly'

det er mi ned. If the target populations for our surveys were alnmst entirely



78

| ocated at depths shallower than 80 m (e.g., see Fig. 21), then they nay not
have been sanpled with the same effectiveness fromyear to year; 25.4% of the
tram tows taken in 1980 were at depths < 80 m in 1981, 34.6% and in 1982,
only 24.6% (Fig. 2).

The abundance estimates for 1 and 2-yr-old Pacific cod were also
characterized by a |ow nunber of occurrences, high variability, and inconsistent
mortality rates from year to year. There was little evidence for residence
of large or small populations in individual inlets. This suggests that
mgration between inlets and seasonal exchange between inlets and shelf are
probably inportant at these ages, and a part of progressive nmovenents onto the
outer continental shelf.

The surveys probably occurred at the end of the optinmumtine period for
sampling juvenile Pacific cod effectively. Yusa et al. (1977) reported
that young Pacific cod nove out of the bays of Japan in late summer. This

sane behavior is likely to occur in the Gulf of Al aska.

Sabl ef i sh

Specific characteristics of the spawning biology and early life history
of sablefish in the Qulf of Al aska are poorly understood. Of the west coast
of Canada, peak spawning activity occurs in February, although fenales have
been found in spawning condition from January through March (Mason et al.
1983). Observations from other studies provide evidence suggesting that the
reproductive timng may be similar in other areas of the species range (Mson
et al. 1983).

Spawning areas for sablefish in the GQulf of Alaska are not well known.
O f western Canada, studies of the distribution and abundance of eggs have
indicated that spawning activities occur coastwide, primarily over the

continental slope (Mason et al. 1983). But on the basis of size and tagging
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data, Bracken (1982) hypothesized that offshore areas in the eastern Gulf of
Al aska--including deepwater areas off British Colunbia,. southeastern Al aska,
and Yakutat--may be major spawning grounds.

In the 12 inlets that we studied, we found three juvenile age groups of
sabl ef i sh. One-yr-olds were the dom nant age group in all 3 yr of our surveys;
they occurred in alnost all 12 strata in high densities (see Table 9). In
1980 and 1981, they were particularly abundant in bays along the Al aska
Peni nsul a. In 1982, they were abundant in Kujulik Bay and in inlets along
the east side of Kodiak Island. Young-of-the-year sablefish (approximtely
20 cmlength). were observed only in 1981, when they were taken in the shallows
of Alitak, Kujulik, and Marnot Bays; warn tenperature conditions in that year
(e.g., see Figs. 3 and 34) may have contributed to this occurrence

A notable feature of the results for sablefish was the distinct separation
of the different age groups. Young of the year were rarely found in our surveys,
and then only in sanples fromthe shallows of inlets. These fish may have
been nore abundant in the shallows than our predoninantly deep-water surveys
showed; sone may have still been offshore. In contrast, 1-yr-olds were
fairly common in the areas and depth zones covered by the surveys.' Two-yr-olds
were sel dom taken, but occasionally occurred at scattered |ocations in |ow
densities.

In the studies of sablefish reported by MFarlane and Beani sh (1983a),
which followed juveniles froman exceptionally abundant 1977 year-class, the
novenents of juveniles within the inside waters off the west coast of Canada
were found to be conmplex. Fish remained in inside waters--including Hecate

Strait, Queen Charlotte Sound, the Strait of Georgia, and nmainland inlets--until
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age 3+, then began to nove offshore. A large percentage remained in inside
waters at least until age 5+. Corresponding aspects of the biology of
juvenile sablefish in the Gulf of Al aska could be clarified by simlar
assessment and tagging studies.

Because the recruitnent of sablefish appears to be characterized by
infrequent, strong year-classes, Sasaki (1983) and others have pointed out
the need to obtain early estinmates of the abundance of year-classes through
field investigations. Qur results indicated that it might be possible to do
this by surveying |-yr-olds in inshore nursery areas. However, sone aspects
of the methods we used for sanpling and estimation need inprovenent. For
exanpl e, despite the apparent variations shown by the best estimates of
abundance, our surveys did not detect significant changes in the catch data
of I-yr-olds over the 3 yr studied. This suggests that |arger sanple sizes
nay be needed to detect changes in popul ation |evels between years; the
optimal sample size should be evaluated before further fieldwork is conducted
In addition, the optimum tinming for prerecruit surveys (which, in our studies

was inpossible to explore) needs to be exam ned

Forecasting Resource Abundance
One of the goals of forecasting is to define the future in terns of

probabilities, so that the possible futures can be incorporated as ingredients
in the long-range planning process (Helnmer 1983). This type of planning is

an inportant, although relatively undevel oped, aspect of the nanagenent of
groundfish fisheries in the Al aska region. Here, the major traw and |ongline
fisheries are managed using the technique of "active" regulations applied to
the harvesting sector. Annual catch quotas are established for the inportant

target species, based on the nost current information on popul ation size and
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condition. At present, however, nuch of the popul ation assessnent is retro-
spective and there is little information available that allows |ooking ahead.

Qur studies provided evidence that, with additional inprovenments, it may
be feasible to use bottomtraw surveys of coastal nursery areas in the
northwestern Qulf of Alaska to obtain useful, early measures of year-class
abundance. Species and age groups that were relatively commn in our sanples,
and that we believe offer the best opportunities for surveying, were O group
and | -yr-old wal |l eye pollock; Ogroup Pacific cod; and 1-yr-old sabl efish.

In nost cases, measures of these species and ages provide indicators that are
3-5 yr in advance of the other information used for stock assessment

Furt her research needs to be done, however, to eval uate and devel op
speci fic aspects of this approach. Do the neasures of prerecruit abundance
really provide useful information? How reliable and valid, in a statistica
sense, are projections nmade from then? How do the statistical properties of
the data affect the sensitivity to detect changes? What is the appropriate
timng and area coverage for surveys, sanpling design, and sanple size?

It is too early to answer sonme of these questions, because none of the
year-cl asses studied have yet been reported in any analyses of commerci al
fisheries data. In any event, a longer tine series will be required for
meani ngful validation. Sone of these questions will require new field
studies and exploratory sanpling. Some of the questions relating to
characteristics of juvenile populations in the |arger geographic region, and
the quantitative aspects of the assessnent problem wll be explored in the

second and third reports.
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Recommendat i ons

1. The nethods devel oped by this study, based on annual surveys of
juvenile fish and shrinp in inportant bays and nearshore waters of the
northwestern Qulf of Al aska, appear to offer reasonable opportunities for
obtaining early neasures of the year-class strengths of walleye pollock,

Pacific cod,' sablefish, and sonme other groundfish. W recomend that this
type of survey approach--i.e., establishing a standard survey series--be
continued and inproved.

2. The approaches described in this study--i.e., the Septenber timng,

12 strata, sanpling gear, and field nethods--should be held constant as a "core"
sanpling program so as to maximnize the return on the sampling effort already

i nvested. Beyond this basic program however, it is inportant to evaluate

and inprove the specific nethods of sanpling; this should involve both experi-
mentation and standardization. Myre exploratory survey work is-needed for
better evaluation of distribution patterns and seasonal nmovenents. For
exanple, we believe that additional sanpling in shallow water would inprove

the population estimates for Ogroup Pacific cod, and sanpling in additional
bays mght inprove the assessments of Ogroup and 1-yr-old walleye pollock.

At the sane tinme, the distribution of sanpling depths should be standardized.

3. There is a need to evaluate and inprove the nethods used for estimating
prerecruit population levels. This should include exploring statistical
properties of the catch data, evaluating the experinental design, and estimating
sanple size requirenents. Procedures need to be devel oped for associating
confidence intervals with the point estinmates of age group abundance. This
is inportant for evaluating the reliability of the estimates and for conparing
values (e.g., neasures of year-class strength) between different populations,

years, or regions.
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4. It should be recognized that a long-term conmitment will be required
before the predictive validity of population indicators from the surveys can
be adequately tested. This is because there is a tine lag between the
acquisition of the data and the criteria against which its performance as
an indicator will likely be neasured, i.e., recruitnent to the first one or
two age groups represented in the comercial fisheries catch data. For
exanpl e, the 1980 year-class of walleye pollock described in this study wll
not be included in catch-at-age anal yses of commercial fisheries data until
later in 1984. If the survey coverage is resuned and conducted annually from
1984 onwards, only six data points (i.e., estimates of the O group abundance
of the year-classes from 1980-82 and 1984-86) will be available by the year
2000.

5 It will be inportant to clarify, early in the forecasting program
the predictions we expect from these types of studies. W should define
specific populations and ages, regulatory area, tine, and any other inportant
obj ecti ves.

6. Further investigations should be made of the inportant environnental
factors affecting juvenile abundance, survival, and recruitment to fisheries.
I mportant biological research to be done includes further clarification of
the recruitnent process for each species--i.e., describing the major sources
of eggs and |arvae, transport mechanisns, migratory novenments of juveniles,
and the patterns and sources of nortality during the prerecruit Iife history
stage. Predation is undoubtedly inportant, but feeding relationships are
poorly understood in the Qulf of Al aska. Qher research to be done includes
eval uation and devel opnent of the physical oceanographic and neteorol ogi cal

data bases available for the region. Tine series will be important for
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estimating both environmental tenperatures experienced by continental shelf
organi snms and horizontal advection, particularly cross-shelf and of f-shelf

transport.
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