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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 


























