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ABSTRACT 

The objectives of the Sound Ecosystem Assessment - Nearshore Fish (SEAFISH) program are to 
develop and apply technology to: (1) assess the macrozooplankton prey along the outmigration 
path of pink salmon f j  in western Prince William Sound, (2) assess the nekton along the same 
outmigration path, (3) coordinate with ADF&G and UAF on other projects within the SEA 
program to complete these tasks, and (4) evaluate where biid~rnamrnal interactions with fish may 
warrant krther study. 

Acoustic surveys conducted during the spring and summer of 1994 provided an assessment of the 
distribution, biomass, and numbers of nekton found in the outrnigration path of pink salmon fry in 
western Prince William Sound. The surveys were conducted in nearshore and offshore strata that 
were predefined for this outmigration path. 

To process acoustic samples by classification and to identi@ the species and size of the targets, 
net sampling of the targets is necessary. Net sampling for nekton was done by the Alaska 
Department of Fish and Game (ADF&G) and for plankton to the University of Alaska, Fairbanks 
(UAF). The first step in analyzing acoustic signals was to acquire net catch data and to match 
these data sets in time and space. 

Measurement of the macrozooplankton prey along the migratory path was made throughout the 
outmigration season in the nearshoreloffshore interface with 200 and 420 kHi echo sounders. 
Assessment of macrozooplankton prey density and distribution are being considered relative to 
the amount of plankton net data available to interpret results. Plankton net data are not available 
at this time. Measurement of macrozooplankton in the offshore strata was made using 120 kHz 
echo sounders, which limited assessment to large midwater layers. A 1 m tucker trawl was used 
by UAF to sample these layers. - 
Measurement of the nekton along the migratory path was made throughout the outrnigration 
season in the nearshoreloffshore interface with 120,200 and 420 lcHz echo sounders. As 
determined by the net samples provided by ADF&G, the dominant nekton species observed, 
pollock, squid, hemng, and adult salmon, were identified as juvenile salmon predators. Our first 
and current decision was to estimate the walleye pollock population size along the outrnigration 
path because this was clearly the dominant predator species observed on the survey. 

Spin-offs from the SEAFISH project have been stock assessments of the fall biomass of PWS 
herring, the winter prespawn biomass of pollock, and population size ofjuvenile salmon in Coghill 
Lake. These stock assessments of adult herring and pollock are primarily fbnded by fishermen 
and agencies for harvest management information. These stock assessment techniques were not 
available in the region prior to the initiation of SEA. 



INTRODUCTION 

The SEAFISH program supplies the underwater acoustics for quantitative assessment of nekton 
and macrozooplankton. The program has been initiated during the past year. Much of the 
equipment and processing software require development time for acquisition and application. 
Acquisition time for new sonar has been running 12+ months and application development time 
normally runs 2-3 years. The payoff is that these tools offer the best opportunity for low cost, 
large scale monitoring in the fbture. The concern for this effort's success is exemplified by three 
multiple-day reviews of the program in its first year of operation. Peer reviewers at the 
November 1993 workshop estimated the development of new predictive tools for fish abundance 
would require 8- 1 0 years. 

Background - Sound Ecosystem Assessment (SEA) 

Accurate prediction of abundance is a prerequisite to efficient restoration, rehabilitation or 
compensation of anthropogenic damages, such as oil spill damage, to key animal populations. For 
example, fisheries science has used hatchery practices on a widespread basis to restore, 
rehabilitate, and compensate for overfishing habitat destruction and industrial damages (Benson 
1970) with little knowledge of ecosystem impacts. Recently, hatchery practices have been 
critically reviewed and their benefits have become highly controversial (Thomas and Mathisen 
1993). Similar controversies exist over shoreline oil cleanup practices, habitat modification 
programs, and animal rehabilitation and recovery centers. Restoration practices will remain 
controversial until our understanding of ecosystem level processes allow for the development of 
predictive models. Predictive models are the tool for determining the outcome of anthropogenic 
events (oil spills, habitat loss, etc.) and prediction and evaluation of damages. 

The first step in de~elop~ng tools for the prediction of population structure and change in Prince 
William Sound (PWS) is to develop a better understanding of the marine ecosystem. 
Unfortunately, the dynamics of marine ecosystems is poorly understwd (GLOBEC 1991) making 
accurate predictions of change in marine animal populations impossible (Cullen 1989). The 
dynamics in composition and production of the plankton/nekton assemblage that resides in PWS 
is no exception, despite the intensive single population assessments after the Exxon Valdez oil spill 
(Wolfe et al. 1993). For instance, there are some long term databases on the harvests of key 
commercial fish populations (ADF&G 1994), yet little is known about how fluctuations of co- 
occurring populations (prey and predators) affect the abundance of the key populations, or how 
change in prey and predator populations are affected by climatedriven warming and cooling 
processes. 

In response to the lack of ecosystem and species-specific knowledge, SEA (1993) advanced 
several ecosystem level hypotheses to explain the physical and biological dynamics of PWS and 
potential impact on previously identified sensitive populations, pink salmon and herring (Wolfe et 
al. 1993). The hypotheses emphasize the potential role of climate driven circulation patterns on 
the abundance and distribution of macrozooplankton food of juvenile fish (the lake river 



hypothesis), how changes in water circulation patterns may effect predator and prey dynamics 
(prey switching hypothesis) and the role of winter rearing habitat on the survival of juvenile 
herring (overwintering hypothesis). Evidence exists suggesting that climate driven events are 
important for understanding survival of many fish populations. 

Pearcy (1992) has shown a positive correlation exists between the intensity and frequency of 
upwelling events (climate driven oceanographic and atmospheric processes) and salmon survival 
along the Oregon and Washington coast. Cooney (1986, 1987, 1993) has shown that the critical 
food sources for larval and juvenile fishes in PWS, the large oceanic calanoids, undergo annual 
and sesonal fluctuations in abundance, and proposed that climate-driven ocean currents cause 
major fluctuations in the calanoid abundance. Recently, low survival of salmon and herring has 
been attributed to shifts in predator populations into the La Perouse Bank during El N i o  years 
(Ware, personal communication, British Columbia). Furthermore, the lunar nodal hypothesis 
suggests an 18.6 year cycle in climate driven warming and cooling of the eastern North Pacific 
(Royer 1993) that may affect prey and predator populations, which influence fish production 
(Thomas and Mathisen 1993). Thus, it is likely that climate driven fluctuations in ocean processes 
and its influence on prey and predator abundance and distribution affect salmon and herring 
survival in PWS. 

Objectives 

The objectives of this study are to develop and apply technology to: (1) assess the 
macrozooplankton prey found in the outrnigration path of pink salmon fiy in western Prince 
WiIIiam Sound, (2) assess the nekton found in the same outrnigration path, (3) coordinate with 
ADF&C ind UAF on other SEA projects, and (4) evaluate where birdmammal interactions with 
fish may warrant hrther study. 

METHODS 

Study Area - 
Prince William Sound (PWS) is a complex fjord/estuary (Schmidt 1977) located at the northern 
margin of the Gulf of Alaska (Figure 1). Prince William Sound covers an area of about 8800 
square km with approximately 3200 krn of shoreline (Grant and Higgins 19 10). High mountain 
peaks in excess of 4000 m border the Sound and receive the brunt of the seasonally intense 
cyclonic s t o m  fiom the Gulf of Alaska. Much of the shoreline is bordered by coastal rainforest 
which receives in excess of 7 m of rain annually. Freshwater input to the Sound occurs as runoff 
fiom glaciers, icefields and streams. Large scale surface currents are driven by the wind and 
buoyancy forcing. Depths exceeding 400 m occur in the western and central portions of the 
Sound where overwintering populations of oceanic copepods are supported. 

Survey Design 

The western corridor of PWS was stratified in north-south and nearshore-offshore directions. 





The Salmon Gulch, Cannery Creek and Ester Hatcheries released over 600 million salmon fry in 
northern PWS in 1994. Three northern strata were sampled early and four southern strata later in 
the outrnigration season with the intent of following the juvenile salmon outrnigration to the Gulf 
of Alaska (Figure 2,3). 

There are several locations that require juvenile salmon to cross large expanses of open water. 
Schools of outmigrating juvenile salmon have been sampled in shoreline rearing areas since 1989 
(Willette 1993). However, the portion of salmon fry using the offshore versus the shoreline for 
migration purposes is unknown, so a nearshore and offshore stata were established to determine 
predator fields along the migratory path. Figure 4 shows shoreline strata. 

Acoustic transects 

The offshore area was large, sampling was sparse, and the predator population unknown, so a 
systematic transect design was chosen over a random design to provide better representation of 
the north-south gradient in densities. As a result some precision was sacrificed for accuracy 
(Cochran 1 977). Precision was estimated by assuming the transects to be independent samples 
and computing the weighted mean densities and biomass (Seber 1973). The offshore sampling 
was conducted on parallel transects that ran orthogonal to the passage being sampled (Figure 
2,3). 

For the nearshore areas, the dropoff is precipitous in most shoreline areas so transecting 
perpendicular to the shoreline was impractical. Parallel transects also were impractical since 
bottom depth and depth in the water column were known to be important characteristics of the 
nearshore predators. Threfore, a tig-zag transect design was adopted to sample nearshore fish 
and collect predator density information along extensive shorelines by bottom depth. Post- 
stratification of the shoreline by bottom depth was conducted to define near fiom offshore habitat 
and dgs were treated separately from the zags to establish independent units for computation of 
precision (Figure 5). 

Transecting was conducted between 2 and 3 meters per second usingBraincon and BioSonics 
towed bodies, which were towed off the side of the vessel at a depth of about 2 meters (offshore) 
and at a depth of 1 meter (nearshore). Boat speed was approximately 10 km/hour. Night-time 
navigation in shallow littoral areas was hazardous due to the presence of rocky pinnacles and 
large tidal fluctuations so some transects were modified for safety purposes. 

Survey timing 

Die1 timing; 

Both trawling and purse seining are most efficient at night since lower visibility reduces fish 
avoidance. In general, acoustic surveys are also best conducted at night because the fish are more 
evenly distributed in the water column (Houser and Dunn 1967; Burczynski and Johnson 1986) 
which improves the precision of the estimates. However, due to latitude the night lengths and 
light levels were not optimal and several compromises were necessary. On the trawler, acoustic 



Figure 2. Offshore Survey Areas in Western Corridor of PWS 
Northern Srata (of-1 to of-3) Southern Strata (o f4  to of-6). 



Figure 3 Offshore Survey Areas in Western Corr~dor of PWS 
Southern Strata (of-7). 



Figure 4 Nearshore Survey Areas in Western Corridor of PWS 
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Figure 5. Zig-zag Transect Design for Nearshore Acoustics Transects. 



surveying was conducted during the day and trawling was conducted at night. Acoustic sampling 
was also conducted during each trawl for signal classification purposes. In the nearshore strata, 
acoustic surveying was conducted independent of the purse seiners so both acoustic surveys and 
net sampling was conducted at night. 

Seaso 
. . 

nal hmng 

Three types of surveys were conducted six times (Leg I to VI) over the outmigration season. 
Two western PWS surveys to assess predator distributions along the length of the outmigration 
corridor were conducted with the trawler only on legs II and IV. Four north-western PWS 
surveys were conducted in the nearshore and offshore strata to assess early season predation at 
the beginning of the outmigration on legs I-IV. Two south-western surveys were conducted in 
the nearshore and offshore strata to assess late season predation at the end of the migratory 
conidor on legs V and VI. The later two surveys consisted of large scale acoustic and net 
sampling efforts to assess predator distributions, and a 24 hour die1 survey to assess temporal 
trends in feeding behavior. 

Acoustic equipment and processing 

Geo-time coded acoustic data was collected using BioSonics 101-120 kHz and 102-2001420 kHz 
dual beam echosounders and processed in real t i e  with ESP and BIOMAP s o h a r e  on a 486 
laptop computer. Each sonar system was equipped with a Magellan DX5000 GPS receiver and 
external antenna to measure geographic position. Data were collected in 1 meter depth strata 
from 0-20 meters, 2 meter strata from 20-50 meters and in 5 meter strata below 50 meters for the 
offshore. For the nearshore, 2.5 meter strata were used fiorn 20-98 meters. Sample process 
distances were established as every 45 pings in offshore strata and every 45 seconds on the 
inshore strata. Echo integration, dual-beam target strength and GPS data were stored on hard 
drives and backed up on optical or magnetic diskdtapes. Unprocessed data were stored on DAT 
recorders. A block diagram of the data acquisition system is shown in Figure 6 .  

Noise peaks at 100 meters were approximately 10 mV on the narrow and wide beams, 
respectively, with 40 log R amplification. A 33.2 mm tungsten-carbide ball was used as a 
standard target for dockside calibrations which produced a constant mean target strength of -41 
dB with a SE of 0.3. Standard tungsten-carbide targets which are accurate within 1 dB (Foote 
and MacLennan 1992) were used for dockside calibrations. Dockside calibrations were made by 
collecting a large sample of positions in the beam by allowing the target to swing freely within the 
acoustic beam. Using the known TS of the sphere, the peak in the target strength distributions 
were used to calculate the combined source level and receiver gains (SL+RGn and SL+RGw). 
Subsequently, TS distributions are generated for possible values for the wide beam dropoff (w), 
and w is chosen from the distribution with the minimum variance. The determined calibration 
parameters are then set so that the expected TS value of the sphere can be obtained regardless of 
position in the beam. Ping-pong balls were used in the field on extended cruises to monitor for 
through-system changes in sensitivity (Foote and MacLennan). Important system parameters and 
calibration data are presented in Table 1. 





Table 1 

Parameters of the acoustic equipment used during the 1994 SEA surveys in 
Prince William Sound. 

Svstem Frea u e n c ~  Source level &stern gain Transducer Pulse duration 

BioSonics 101 120kHz 225.075dB -165.264dB .0010718 0.4 ms 

BioSonics 102 200kHz 221.655dB -179.779dB .00065 15 0.4 ms 

420kH~ 220.257dB -164.771dB ,00065 15 0.4 ms 



Reference voltages and TVG curves are systematically recorded at the beginning of every 2-hour 
DAT tape, measured on a digital voltmeter, and written in the field log book. This allows us to 
calibrate the tape playback output in the laboratory to match the echosounder's output fiom the 
field. This routine also allows for detecting changes in the receiver gain while in the field 
(amplifier drift and TVG curve). 

Considerable post processing was necessary because equipment mallirnctions in the field often 
interrupted real time processing. Post processing to collect missing target strengthecho 
integration and echogram data, and to correct for system parameter changes was conducted by 
playback of DAT tapes on personal computers and BioSonics processing equipment. All 
processing of echo-counting, echo-integration, target strength determination, and biomass 
estimation was done in accordance to standard techniques (Traynor and Ehrenberg 1979, Thorne 
1983). Acoustic data for echo-integration was received on the narrow beam element only, and 
amplified by a 20 Log R time varied gain (TVG). Dual beam processing data were received on 
both wide and narrow elements of the transducer and amplified by a 40 log R TVG. 

Batch processing of data to correct for real time measurement of temperature and salinity, bottom 
integration, classification and transformation of acoustic targets f?om dB to kg and numbers, 
estimation and visualization of biomass were conducted after transferring the data to a UNTX 
workstation. All data are stored in the appropriate format for post processing using ARCINFO, 
interactive data language (IDL), and automated visual systems (AVS) software. ARCINFO is the 
geographic information system software being used to store and process electronic map 
information. The Interactive Data Language (IDL) is an array-oriented programming 
environment which has been chosen for visualization, signal processing, and statistics. Advanced 
Visualization System software allows for 3D visualization, data UO, and statistical hnctions. 

Measured target strengths of individual fish were compared with length data of fish captured by the 
nets. A power function (Traynor and Ehrenberg, 1979) is currently used to simulate a transducer's 
beam pattern (ideally a Bessel hnction) so as to estimate TS. The target strengths are therefore 
compensated for off-axis location, and targets with angle greater than the mode in the angle 
distribution (usually about 3 degrees) are excluded so as to remove size bias (since off-axis targets 
require higher noise thresholds). The empiracle formula derived by Traynor (personal 
communication) for walleye pollock, 20 log L -66dE3, was used to convert lengths of captured fish 
into predicted values of target strength. 

Net sampling equipment and data acquisition (ADF&G) 

Acoustic data analysis 

Identijjcation of targets is a problem in Prince William Sound because of the diversity of marine life. 
While pollock, salmon, and herring are the dominant fish species, other organisms including 
zooplankton, squid, and jelly plankton are plentihl and capable of reflecting sound. A first step in 
the identification of targets was to classify target types on the echogram: schools, layers, 
aggregations of large targets, large single targets (nekton<-60dB) and small single targets (plankton 
>-60dB). The second step was to code the appropriate echo integration cells and outline the targets 



in the processed electronic files with the type of classification or mix of classification that represent 
each. Third, the species composition for target classes was determined and applied to each of the 
coded integration cells. At this step, the lengths of the fish in the net catch was also compared to the 
target strength data fiom the dual beam analysis. Those cells which had mixed classifications received 
prorated estimates of composition. At this point the integration cells were assigned a species and 
size. In this case, cells containing walleye pollock were electronically tagged for biomass estimation. 
The target strength for the acoustic to biology transformation (dB to weight) was then chosen fiom 
the literature values, for the length of fish in the net catch. Weight of cells then were expanded to 
density per unit volume or surface area for vizualization and estimation of biomass. The area 
estimates of the strata used to expand density to biomass were derived fiom maps generated in 
ARCINFO. Weighted mean densities and their variances were computed and extrapolated to biomass 
and 95% confidence limits via the delta method (Seber 1973). Biomass estimates of predators were 
then combined with estimates of salmon fry predation by the same technique to estimate total fiy 
consumption. A block diagram of data analysis is shown on Figure 7. 

Two modes of samphng were chosen for collecting biological information on the fish: purse seining 
and midwater trawhng. Purse seining was used along the shorelines and done in conjunction with the 
nearshore acoustic transects. Two 15 meter commercial purse seiners were chartered to deploy 250 
by 30 m seines with 1.5 cm stretch mesh and a sink depth of 20 meters. Both round hauling and 20 
minute hook set procedures were used. A midwater trawler of 25 m was chartered to fish a 40 by 
28 m wing trawl with 1.5 cm mesh in the bunt. The trawl was equipped with a remote net sounder 
to determine depth to head rope and measure fish entering the mouth. Time of trawl ranged from 20 
minutes to two hours dependent upon catch rates. 

All fish in small catches were processed for species, length, weight, stomach contents, otoliths and 
external lesions. Large catches were systematically subsampled in accordance to Ricker (1 975). Fish 
are caught to determine species, measure physical lengths (to compare to acoustic measurements), 
and to estimate food consumption rate and diet composition for each predator species. Processing 
of fish samples f?om each net set is outlined by Livingston (1 989) and Dwyer et al. (1 989). The age 
composition of the predators was estimated from otolith and analysis and length frequency data. 
Length modes are clearly separated for ages 1-3 among juvenile walleye pollock from the northwest 
Gulf of Alaska (Smith et al. 1984). A normal curve separation technique will be employed to assign 
length categories to age groups (MacDonald and Pitcher 1979). 

The ADF & G conducted the net sampling primarily to collect fish stomach samples to identlfL 
predators. S p d c  sample s i i  were the goal of the purse seiners in the nearshore areas and offshore 
for the trawler. Thus, sampling of acoustic targets was not always synoptic. For purse seining there 
were 447 sets: 26 were directed sets to sample known targets and 173 were in the same survey area 
at the same time as the acoustic surveys were done. These sets were used where appropriate to 
identi@ targets. The trawling was done at night, with acoustic surveying being conducted with the 
trawling. Separate acoustic surveys were also done in the offshore areas during the day. 
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RESULTS AND DISCUSSION 

The major goal of 1994 acoustic surveying was to estimate potential predator populations along the 
outmigration route. When it became apparent that the dominant predator was walleye pollock, the 
stock assessment survey on prespawn pollock (a joint study with the Alaska Draggers Association 
(ADA) and the Alaska Department of Fish and Game) gained relevance to the SEA objectives. 
Furthermore, in the absence of overwintering herring surveys, the stock assessment of fall herring 
biomass in 1993 and 1994 surveys (joint studies with Cordova Fishermen United (CDFU) and 
ADF&G) became important to SEA. 

The principal nekton species observed in both offshore and nearshore surveys were pollock, squid, 
herring and adult salmon. The catch per unit effort (CPUE) for adult pollock, juvenile gadoids, squid 
and herring for the offshore trawl are given in Figure 8. Gelatinous plankton and macrozooplankton 
were also plentifkl in the net catches and are also capable of reflecting sound (Figure 9). The 
dominant predator incurred along the outmigration route of the pink salmon fry was walleye pollock. 
This initial analysis focused on determining the distribution and biomass density of pollock 
populations. See accompanying Table 2. 

Obsewations and data gathered in the 1994 field season on macrozooplankton, birds and mammals 
merit hrther study. Along the nearshordoffshore habitat interface, density layers of 
macrozooplankton were observed on the 420 kHz sonar. In certain locations, distinct boundaries 
existed (Figure 10). The 1995 nearshore sampling design has been modified to address these. 
Direct visual observations and echograms of marbeled murrelets feeding on pollock fry were also 
made (Figure 1 1). Kittiwakes and shorebirds were observed f m  on schools of salmon fiy in Lake 
Bay and off the northern end of Prince of Wales Passage. Humpback whales feeding on a 
macrozooplankton layer in Knight Island Passage were also observed. For 1995, SEAFISH will 
collaborate with Dr. David Scheel's study on "estimating local avian predation rates on hatchery- 
released fry" to gather information on the distribution and abundance of birds and mammals relative 
to the distribution of fishes and macrozooplankton. 

L 

The long term goals of SEAFISH are critical in the development of restoration models. However, 
on the shorter term much of this is also pertinent to harvest management (Figure 12). Acoustic 
surveys on the number of herring spawners and the number of pollock spawners are providing 
knowledge of stock size from which harvest management decisions can be made. These data are 
derived fiom SEA spinoff projects. Furthermore, surveys providing assessment of the year class 
composition and the oversummer and overwinter survival will provide the harvest managers with 
additional information to better assess the harvest potential of those fisheries. Both fishermen and 
the management agencies are bearing much of the costs of these surveys. 

Restoration of depressed populations (i.e. hemng) is dependent upon understanding the effects of 
natural and anthropogenic events. SEA proposed, in accordance with GLOBEC, that oceadtrophic 
state survival models are needed for this assessment. 
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Figure 8. Catch Per Unit Effort (CPUE) for Adult Pollock, Juvenile Gadoids, Squid, 
and Herring for the offshore trawl. 





I M i n u t e s  trawled, by  l e g  a n a  a r e a  
\ 1 2  3 

1 3  3 8 7  5  6  6  7 7 5  
1 4  3  9  2 7  1 2 1 5  
1 5  1 9  1 4 0  0  
1 6  0 0  0 
1 7  0  0  0  
1 8  0  3  0  0  
1 9  0  ‘ 3 0  ' 0  
T 4 4 5  1 0 3 7  990  

# p o l l o c k  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  

T 

c a u g h t  
1 2 7 8  

8  7  
1 0  

0  
0  
0  
0  

1 3 7 5  

i n  t r a w l  
1 3 8 7  474  1 8 5 5  
1 0 1 9  2 4 0  3 7 8  

5 4 2  0  1 2  1 
0 0  0  
0  0  0  

3  3  0  0  
7 0  1 

2 9 8 8  7 1 4  2  3  5 5  

Avg w e i g h t  ( g )  o f  p o l l o c k  i n  t r a w l  
1 3  8 4 8  7  92 8 3 0  7  92  
1 4  8 2 2  7  5  9 7 8 9  7 4 2  
1 5  1 0 7 6  7  3  9 7 1 8  
1 6  

Avg l e n g t h  (mm) o f  p o l l o c k  i n  t r a w l  
1 3  4  95 4 9 1  4  98 4 6 9  
1 4  4 8 9  4 7 8  47 6  4  68 
1 5  5 5 5  4 7 3  4  6 5  
1 6  
1 7  
1 8  4 7 0  
1 9  3  9  6  6 1 9  

T 4  95 4 8 2  4  90  4 6 8  

TS p e r  w e l g h t ,  dB/Kg, as  d e t e r r n l n e d  by  n e t  
\ 1 2 3  4  

1 3  - 3 1 . 3  -31 .0  - 3 1 . 1  - 3 1 . 4  
1 4  - 3 1 . 3  - 3 1 . 2  - 3 1 . 3  - 3 1  - 2  
1 5  - 3 1 . 4  - 3 1 . 1  - 3 1 . 1  
1 6  
1 7  
1 8  - 3 0 . 9  
1 9  - 3 0 . 0  - 3 0 . 9  

T - 3 1 . 3  - 3 1 . 1  - 3 1 . 2  - 3 1 . 4  

TS p e r  w e l g h t ,  &/Kg, a s  d e t e r r n l n e d  b y  n e t  
\ 1 2 3  4  

1 3  - 3 4 . 5  - 3 4 . 5  - 3 4 . 5  - 3 4 . 4  
14 - 3 4 . 5  - 3 4 . 4  - 3 4 . 4  - 3 4 . 4  
1 5  - 3 4 . 8  - 3 4 . 4  - 3 4 . 4  
1 6  
1 7  
1 8  - 3 4 . 4  
1 9  -33.9  - 3 5 . 1  

T -34  - 5  -34 - 5  - 3 4 . 5  - 3 4 . 4  

l e n g t h  ( + T r a y n o r  TS)  a n d  w e i g h t  . 
5  - 6  T 

-29 .5  - 3 1 . 3  
- 3 0 . 5  - 3 1 . 2  
-30.2  - 3 1 . 0  

- 3 0 . 5  - 2 9 . 6  - 2 9 . 8  
- 3 1 . 3  - 3 0 . 1  - 3 0 . 8  

- 3 1 . 7  - 3 1 . 5  
- 3 0 . 0  - 3 0 . 0  

- 3 1 . 2  - 3 0 . 3  - 3 1 . 3  

l e n g t h  a n d  T h o r n e  c u r v e  
5  6  T 

- 3 4 . 4  - 3 4 . 5  
-34.4  - 3 4 . 4  
-34 .7  -34 .4  

-34 - 6  - 3 4 . 5  - 3 4 . 5  
- 3 4 . 4  - 3 4 . 5  - 3 4 . 5  

- 3 3 . 5  - 3 3 . 7  
-33 .5  -33=5  

- 3 4 . 4  - 3 3 . 7  ./ '34.4 ,, 

Table 2. Distribution and biomass density of walleye pollock from the offshore trawl, 
by leg and area. 









LITERATURE CITED 

ADF&G. 1994. Catch statistics and records. Unpublished. Cordova, Alaska. 

Benson, Norman. 1970. A Century of Fisheries in North America. Special Publication #7 
American Fisheries Society. Washington D.C. 320 pp. 

Burczynski,J. J., and R. L. Johnson. 1986. Application of dual-beam acoustic survey techniques 
to lirnnetic populations of juvenile sockeye salmon (Oncorhynchus nerka). Can. J. Fish. Aquat. 
Sci. 43: 1776-1 788. 

Cochran, William G.  1977. Sampling techniques. John Wdey and Sons. New York. 428pp. 

Cooney, R.T. 1986. The seasonal occurrence of Neocalanus cristatus, Ne~~~~lanusplumchrus, 
and Eucalanus bunpi over the shelf of the northern Gulf of Alaska. Cont. Shelf Res. 5: 54 1-553. 

Cooney, R.T. 1987. Gulf of Alaska: Zooplankton in D.W. Hood S.T. Zimmerman (eds.). The 
Gulf of Alaska: Physical Environment and Biological Resources. NOAA. 285-303. 

Cooney, R. Ted. 1993. A theoretical evaluation of the carrying capacity of Prince U Jliam 
Sound, Alaska for juvenile Pacific salmon. Fisheries Research. 18(1-2): 77-88. 

Cullen, Vicky. 1989. (Ed.) Global ecosystem dynamics. Joint Oceanographic Institutions, Inc. 
Washington D.C. 13 1 pp. 

Dwyer, D.A., K.M. Bailey, P.A. Livingston. 1987. Feeding habits and daily rationof walleye 
pollock (Theragra chalcogramma) in the eastern Bering Sea, with special reference to 
cannibalism. Can. J. Fish. Aquat. Sci. 44: 1972- 1984. 

GLOBEC. 1991. GLOBEC: Workshop on acoustical technology and the integration of 
acoustical and optical sampling methods. Global Ecosystem Dynamigs. Report Number 4. Joint 
Oceanographic Institutions, Inc. Washington D.C. 93pp. 

Grant, U. S., and K.F. Higgins. 19 10. Reconnaissance of the geology and mineral resources of 
Prince William Sound, Alaska, U.S. Geological Survey Bulletin. No. 443. 89pp. 

Houser, A., and J.E. Dunn. 1967. Estimating the size of the threadfin shad population in Bull 
Shoals Reservoir from midwater trawl catches. Transactions of the American Fisheries Society. 
96:176-14. 

Livingston, P.A. 1989. Interannual trends in Pacific cod, Gadus macrocephalus predation on 
three commercially important crab species in the eastern Bering Sea. Fish. Bull. 87:807-827. 

MacDonald, R.D.M. and T. J. Pitcher. 1979. Age groups fiom size frequency data: a versatile 
and efficient method of analyzing distribution mixtures. J. Fish Res. Board Can. 36:987-100 1. 



Pearcy, W.G. 1992. Ocean ecology of North Pacific salrnonids. Univ. Washington Sea Grant 
Publication. Seattle. 177 pp. 

Ricker, W.E. 1975. Computation and interpretation of biological statistics of fish populations. 
Dept. of Environ. Fish. and Mar. Service. Ottawa. Canada. p. 382. 

Royer, T.C., 1993. High latitude variability associated with the 18.6 year nodal tide. J. Geophys. 
Res. 98: 4639-4644. 

Schmidt, G.M. 1977. The exchange of water between Prince William Sound and the Gulf of 
Alaska. MS thesis. University of Alaska, Fairbanks. 1 16pp. 

Seber, G.A.F. 1973. The esitmation of animal abundance and related parameters. Charles Griffin 
and Co. London. 506pp. 

Smith, G.B., G.E. Walters, P.A Raymore, and W.A. Hirchberger. 1984. Studies ofthe 
distribution and abundance of juvenile groundfish in the northwestern Gulf of Alaska, 1980-82. 
Part 1, three year comparisons. NOAA Technical Memorandum NMFS. F/NWC-59. 100p. 

Thomas, G. L. and 0. A Mathisen. 1993. Biological interactions of natural and enhanced stocks 
of salmon in Alaska. Fish. Res. 1 8: 1 - 17. 

Thorne, RE. 1983. Assessment of population abundance by hydroacoustics. Biological 
Oceanography. 2:254-261. 

Traynor, J.J. and J.E. Ehrenberg. 1979. Evaluation of the dual-beam acoustic fish target strength 
method. Journal of the Fisheries Research Board of Canada. 36: 1065- 107 1. 

Willette, M. 1993. In Wolfe, Douglas, Robert Spies, David Shaw and Pamela Bergman (editors). 
1993. Proceedings of the EXXON VALDEZ Oil Spill Symposium. February 2-5, 1993. 
Anchorage, Alaska. 355 pp. - 
Wolfe, Douglas, Robert Spies, David Shaw and Pamela Bergrnan (editors). 1993. Proceedings 
of the EXXON VALDEZ Oil Spill Symposium. February 2-5, 1993. Anchorage, Alaska. 355 
PP. 


