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EXECUTIVE SUMMARY

Wild returns of pink (Oncorhynchus gorbuscha) and chum salmon (O.
keta) to Prince William Sound (PWS) have averaged approximately 8.1
million and 870 thousand fish since 1961. Both species were
susceptible to the detrimental effects of the TV Exxon Valdez oil
spill (EVOS) because much of their spawning occurs in the
intertidal zone. To demonstrate injury to pink and chum salmon
stocks from o0il exposure, intertidal contamination must be
documented, reduced survival for some life history stage associated
with the o0il must be demonstrated, or adult returns in oiled areas
must be depressed. Natural Resources Damage Assessment
Fish/Shellfish Study 2 (NRDA F/S) has demonstrated significant
reductions in pink salmon egg survival in streams contaminated by
oil. To determine how adult returns were affected, accurate
appraisals of catch and spawning escapement are needed. The NRDA
project described in this report is designed to document oil
contamination of intertidal spawning habitat and provide accurate
estimates of wild stock escapements.

Aerial survey estimates of fish in streams were compared with data
from weirs on 10 pink salmon streams. The correlat}on between weir
data and concurrent aerial surveys was poor (R° = 0.495). The
correlation of weir and ground survey data was good (R = 0.949)
but both methods displayed negative bias (slope = 2.98 and 1.88).
Differences between aerial survey counts and weir estimates became
greater as numbers of salmon increased, were dgreater on 1long
streams with significant upstream spawning, and were greater in
1991 than in 1990.

Average stream residence time (stream life) for pink salmon
estimated in 21 streams in the ground survey and weir program in
1990, was 15.1 days. The average stream life for pink salmon
returning to weired systems ranged from 9.8 to 11 days for the
three most reliable estimation procedures used in 1991. Previous
escapement estimates based on a 17.5 day stream 1life may,
therefore, be too low, particularly in the western half of PWS.
Comparison of escapement estimates using either aerial or ground
counts to known escapements through four weirs indicated both
aerial and ground estimates tended to be low. The 1990 pink salmon
escapement to 209 streams included in the historic pink salmon
escapement index program was 1.3 million fish based on a
traditional analysis of aerial survey data. An analysis of the same
data which incorporated new estimates of stream 1life and a
correction factor for bias in the aerial method yielded an
escapement estimate of 2.3 million fish.

Tissues were removed from adult pink salmon collected from 22
western PWS spawning streams in 1990 and 1991 to test for cellular
abnormalities and the presence of mixed-function oxidases (MFO's),
enzymes known to be induced by exposure to oil,
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Stocks which sustained damage must be restored. The commercial
fishery in PWS is a significant source of mortality for adult
salmon. Fishery exploitation rates appropriate for healthy salmon
stocks may be too high for stocks damaged by the EVOS. Restoration
through altered harvest management is predicated on the ability to
accurately enumerate the escapement to damaged stocks and alter
fishing effort in response to escapement trends. Restoration Study
9 expands NRDA F/S Study 1 to include more streams and places
greater emphasis on timely inseason analysis of escapement trends.
Data from weirs and foot surveys were used inseason in 1991 to help
justify restriction of fishing time and area in southwestern PWS
near oil damaged streams where poor escapement trends were being
observed. These time and area closures reduced fishing effort on
damaged stocks and resulted in above average numbers of spawning
adults in o0il damaged streams despite intense pressure to fish
heavily on the abundant hatchery returns in this mixed stock area.



OBJECTIVES

Although the emphasis is slightly different, Restoration Study 9
differs very little from NRDA F/S Study 1. Objectives 4 through 10
for NRDA F/S Study 1 are identical to those described for the three
weirs and 12 survey streams in the Restoration Study 9.

OBJECTIVES

1. Determine the presence or absence of oil on intertidal
habitat used by spawning salmon through visual
observation, aerial photography, and hydrocarbon analysis
of tissue samples from intertidal mussels at stream
mouth.

2. Document the physical extent of o0il distribution on
intertidal spawning areas.

3. Document the presence or absence of hydrocarbons from the
EVOS in the tissues of adult salmon originating from the
fry outmigrations in 1989 and subsequent years in oiled
and unoiled areas.

4. Estimate the number of spawning salmon, by species,
within standardized intertidal and upstream zones for 27
streams in PWS.

5. Enumerate the total intertidal and upstream escapement of
pink and chum salmon through weirs installed on seven
streams which are representative of streams in the aerial
and ground escapement survey programs.

6. Estimate the accuracy of aerial counts for the 218 aerial
index streams by comparison of paired ground and aerial
counts from the same streams on the same or adjacent
survey dates and by comparison of aerial, ground, and
weir counts on seven streams.

7. Estimate average stream life of pink and chum salmon in
at least 27 streams in PWS using a variety of techniques.

8. Estimate 1961 through 1988 pink and chum salmon
escapements to the 218 aerial index streams using the
average observed error in the aerial survey method and

,,,,,,,,,,,  stream life data from 1989, 1990 and, 1991.

9. Produce a catalog of aerial photographs and detailed maps
of spawner distribution for the more important pink and
chum salmon streams of Prince William Sound for use in



designing sampling transects in the egg deposition and
pre-emergent fry studies.

10. Enumerating adult returns in streams where coded wire
tags were applied to wild pink salmon stocks and assist
in the spawning ground sampling for tag recovery.

INTRODUCTION

This project is an integral component of the impact study of the
Exxon Valdez oil spill (EVOS) on Pacific salmon populations in
Prince wWilliam Sound (PWS). Wild salmon play a major role in the
PWS ecosystem. Salmon not only provide a significant source of food
for many fish, bird, and mammal species but also convey needed
nutrients from the marine system to the estuary, freshwater, and
terrestrial environments. Although NRDA F/S Study 1 and Restoration
Study 9 differ slightly, the principal objectives are very similar
and the two studies will be treated as one escapement enumeration
study in this report. Both are integral to the investigation and of
impacts of the EVOS on Pacific salmon populations in PWS and to the
restoration of those populations.

Additional NRDA and Restoration studies in PWS rely on information
obtained in this study. Escapement enumeration of coded-wire tagged
wild stocks and coded-wire tag recoveries in wilds stock streams
are critical to the wild stock total return and survival estimates
made by NRDA F/S Study 3 and Restoration Study 8. NRDA F/S Study
3 provides estimates of wild stock contributions to the catch but
results of NRDA F/S Studies 1 and 3 must be combined to estimate
total wild stock returns. NRDA F/S Study 28 will reconstruct stock
specific returns in prior years so that historic and current
returns can be compared, and stock specific damages determined.
Stream life and aerial survey efficiency gained from the present
study will be used in the complex reconstruction model. NRDA F/S
Study #2 (injury to salmon eggs and pre-emergent fry studies)
relies on spawner density and distribution information from this
study .

Streams examined by this project are also a subset of the
anadromous salmon streams monitored by the ongoing ADF&G aerial
survey program. The results of this study will provide; 1) a total
count of salmon escapement past weirs on twelve streams; 2) an
adjustment factor for pink salmon escapement estimates from ground
and aerial survey data based on comparisons with known escapements
through 10 of the weirs; 3) adjusted current year and historic
escapement estimates based on ground and aerial data for 353
streams; 4) estimates of post o0il-spill spawning distribution
within stream zones and among streams; 5) estimates of average
stream life for pink salmon in PWS; 6) collections of
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histopathology samples and baseline genetic data on hatchery stocks
and a cross section of wild stocks; 7) and an atlas of aerial
photographs and detailed maps of important spawning sites.

8TUDY METHODOLOGY

Study Design

Streams examined by this project are a subset of the anadromous
salmon streams monitored by the ongoing ADF&G aerial survey program
(Figure 1).

Total Enumeration Studies

A weir acts as a fence which channels the upstream migration of
salmon through a small opening where they are counted visually.
Total escapement was enumerated through intertidal weirs installed
on two moderately large pink salmon streams in eastern PWS, eight
small to medium sized pink salmon streams in western PWS, and two
important sockeye salmon streams in western PWS (Figure 2). Weired
pink salmon streams were selected from the list of streams included
in the aerial and ground survey programs. Weirs were similar to
standard picket weirs which have been employed successfully by
ADF&G. Each weir was installed at the six foot tide level or as
close to the downstream limit of intertidal spawning as possible.
Counts were made periodically during the day in response to tides
and fish movement. Weir crews conducted stream life studies at
their weired stream and other assigned streams in the same
geographic area.

Ground Surveys of Escapements

Field crews at eleven remote field camps in Prince William Sound
plus crews stationed in Cordova and Valdez performed daily foot
surveys of intertidal and upstream portions of the 10 pink salmon
streams which were weired and at 47 additional pink and chum salmon
spawning streams (Figure 2). As time and conditions allowed,
weekly, semi-weekly and random surveys were performed on an
additional 28 streams during the spawning season. Streams to be
surveyed daily were selected on the following criteria:

1. The stream was included in the ADF&G aerial survey program for
pink and chum salmon escapements; :

2. The stream was included in the pink and chum salmon egg
deposition and pre-emergent fry project (NRDA Study 2):

3. The stream was included in prior spawning ground foot survey
programs;
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4. The streams were representative of the early, middle, and late
run pink and chum salmon stocks in PWS;

5. The streams were representative of the spatial distribution of
pink and chum salmon stocks in PWS and included streams from
oiled and unoiled areas.

Surveys to mark tide zones were conducted in June, prior to the
return of pink and chum salmon. The locations of tide levels 1.8,
2.4, 3.0, and 3.7 m above mean low water were measured from sea
level using a surveyors's level and stadia rod. Sea level at each
site was referenced to mean low water with site specific, computer
generated tide tables which predict tides at five minute intervals.
Tide zone boundaries were delineated with color coded steel stakes.

During the escapement enumeration portion of the project, streams
were surveyed visually from the ground in a systematic order. Each
field crew used a skiff to travel between their respective base
camps and survey streams. During each stream survey the following
data were recorded for each stream on printed data forms:

1. Anadromous stream number and name (if available);

2. Date and time (24 hour military time);

3. Tide stage:;

4. Observer names;

5. Counts of live and dead salmon by species for five zones; four
intertidal zones between elevations of 0.0-1.8 m, 1.8-2.4 m,
2.4-3.0 m, and 3.0-3.7 m above mean low water; and one
upstream zone encompassing the entire stream above 3.7 m (mean
high water);

6. A record of stream life tag observations detailing tagged
fish location, tag color, and individual tag number;

7. A record of adipose fin clipped carcasses recovered by time
and stream location;

8. A survey condition factor in each zone based on weather, water
clarity, glare, and other survey conditions. Conditions were
standardized and assigned a number from 1 (excellent) to 5
(very poor).

9. A survey rating factor for each 2zone ranging from 1
(excellent) to 3 (poor) based on the surveyors subjective
assessment. Ratings were indicative of problems associated
with the conditions but also quantified other unrelated
problems such lapses of concentration or difficulties
associated with counting huge, mobile schools.

10. A code indicating which sections were counted together by both
observers and which were counted by only one observer.

Survey patterns were adjusted using computer generated tide tables.
If tide height at the beginning of the survey was at or below

1.8 m the crew started the survey at the stream mouth (ie. the
point where a clearly recognizable stream channel disappeared or
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was submerged by salt water). Pink or chum salmon seen below the
stream mouth were recorded separately as a comment on the data
form. If the intertidal portion of the stream above the 1.8 m level
was submerged, the crew started the survey at the upstream limit of
spawning as determined by the presence of natural barriers to
salmon (ie. waterfalls), the end of the stream, or the upstream
limit of observed spawning.

Counts of live and dead pink and chum salmon were made by a two
person crew. For streams of moderate size and having a single
channel the crew members walked together but independently recorded
their counts of live fish in each stream zone. To isolate and
quantify observer bias, crew members were not permitted to compare
or discuss counts at any time. The count for each zone was
replicated a maximum of three times at the request of either
observer. Upstream counts in a single channel were similarly
enumerated. Long upstream zones were frequently subdivided into
subsections at convenient stopping points (ie. log jams or other
clear counting delineators). On large braided or branched streams,
duplicate counting was not possible and each crew member counted
separate channels or upstream forks. To avoid confusion with
counts of live fish, counts of dead fish and tagged fish were
recorded on the return leg of the stream walk or by an independent
third observer. When possible, camp personnel rotated creek
surveying assignments each day to avoid counting biases.

All counts were recorded on mechanical hand tallies for each stream
section. At the end of each section or tide zone, counts were
recorded together with other survey data on pre-printed data
sheets. Data were all stored electronically on microcomputers in
a relational data base (RBASE). Records in the data base were
stratified by stream number, survey date, tide zone, zonal section,
replicate counts, and species. Strata which were replicated by more
than one observer were coded for later categorical analysis of
differences between observers.

Maps of all streams to be surveyed daily in 1991 were originally
prepared in 1989 from aerial photographs and improved during the
course of the 1989 and 1990 field seasons. Maps were again modified
and updated at the beginning of the 1991 stream surveys to include
information from initial surveys regarding the location of stakes
and key landmarks which identified tide zones, spawner distribution
within each zone and the upstream 1limit of spawning. Spawner
density and distribution observations were used for the 46 streams
to be sampled as part of NRDA Study 2.

Aerial Surveys
Aerial survey estimates of pink and chum salmon within 209 index
streams have been made since 1961 by ADF&G's commercial fisheries

management biologists based in Cordova. Surveys have been flown
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weekly from mid-June to mid-September each year (Figure 1). Counts
of salmon by species have been recorded for the bay at the terminus
of each stream, the mouth of each stream, and within the stream.
Prior to 1991, aerial survey counts within the stream were not
stratified by tide height as they have been in the ground survey
program. This year, results of aerial surveys on creeks with weirs,
and on creeks that were surveyed on foot each day, were broken down
into above and below the weir counts, and intertidal and upstream
counts, respectively. The division between intertidal and upstream
sections of surveyed streams was marked by a large orange buoy
anchored at the 3.7 m tide level and visible from the air. Aerial
survey methods used in PWS have been described in more detail by
Pirtle (1977). In 1989, eight streams in the oiled portions of PWS
were added to the survey roster. In 1990 and 1991 funds from the
fishing industry and local aquaculture associations were use to
approximately double the frequency of survey flights. For most
weeks there were at least two observations per stream. In 1991, an
additional 144 streams were added to the 209 streams examined by
aerial surveyors. Added streams were selected from among all
streams 1listed in +the ADF&G Habitat Division catalogue of
anadromous salmon streams (Anonymous 1990). The list of anadromous
streams was stratified by area and streams were randomly selected
for inclusion in the aerial survey program. The number selected
from each area stratum was proportional to the total number of
streams in the area.

Stream Life Studies

Stream life estimates based on tagging studies were similar to
those described by McCurdy (1984), Helle et al (1964), and Sharr et
al (1990). Once a week, fish from each of 38 streams (Figure 2)
were captured with beach seines at the stream mouths and Peterson
disk tags were applied. At larger streams, 200 tags were applied
each week. At smaller streams 120 tags were applied weekly. If
fewer than the desired number of fish were available, all fish
captured were tagged. Tags were uniquely colored to represent day
of capture, uniquely lettered to identify the stream where tags
were applied, and uniquely numbered for identification of
individual fish. All streams in the tagging study were included
among those in the daily ground survey program. Tagged live and
dead fish were tallied by color within each tide zone, and where
possible individual numeric codes were recorded for 1live fish.
Tallies of dead fish included only fish that had died since the
last survey. The tail and tags, when present, were removed from
all dead fish to identify carcasses which had been counted.

methods which did not rely on tags. These methods incorporated
daily counts of live and dead fish from the foot survey program and
weir counts where available.
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Documentation of 0il Contamination

In 1989 a 2-person crew conducted aerial and foot surveys to
document the presence of oil in the intertidal spawning and rearing
habitat of all known anadromous salmon spawning streams in western
and central Prince William Sound. Most important salmon streams in
the northern and eastern portions of PWS which were part of the
ground escapement enumeration portion of this project and included
in NRDA Study 2 were also surveyed (Sharr et al, 1990).

Hydrocarbon Sampling

In 1989 and 1990 composite samples of mussels (Mytilus sp.) were
collected at the mouth of 135 streams for hydrocarbon analysis
(Sharr 1990). Results of this analysis will be used to corroborate
visual evidence of o0il contamination and will be indicative of the
availability of hydrocarbons to other organisms such as pink and
chum salmon eggs and fry which share the same intertidal habitat
for long periods of time.

Histopathology, Cytogenetic, and Electrophoretic Sampling

Histopathology. Tissue samples were removed from adult salmon for
histopathological, MFO, and cytogenetic analyses. Salmon were
selected for sampling according to the following criteria:

1. Equal numbers of stocks were chosen from streams in oiled and
unoiled areas. Stocks in the "oiled" category represented a
continuum of contamination ranging from returns to streams
where large amounts of o0il was visible to those where the
presence of oil was only suspected;

2. Wild salmon stocks from oiled and unoiled areas were chosen
from those studied in NRDA F/S Study 2 (Injury to Salmon Eggs
and Fry) and NRDA F/S Study 3 (Coded-Wire Tagging Studies);

3. Stocks were selected from areas suspected of having been oiled
but with mussel samples which gave ambiguous results.

Twenty two stocks were sampled in 1990 and again in 1991. Twelve
stocks were from streams suspected of having oil contamination, and
10 were from unoiled sites in close geographic proximity (Figure
3). Fish were sampled immediately after entering the stream and
before undergoing gross morphological changes and tissue
deterioration associated with spawning. Twenty fish of each sex
were sampled from each stock. Fish sampled for histopathological
analyses were captured with beach seines, stored immediately on
ice, and were typically sampled in the laboratory in Cordova within
six hours of the time of capture. Samples of liver, spleen,
posterior kidney, and olfactory tissue were remove from each
animal. Liver, spleen, and kidney tissues were thin sectioned. One
entire nare was removed to represent olfactory tissue. All tissues
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analyses.
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from one animal were stored in a single jar filled with 10%
phosphate buffered formalin. Each sample jar was labeled inside and
out with printed labels indicating species, sex, ADF&G anadromous
stream number, stream name, geographic location, 1latitude, and
longitude of the stream mouth, date, time, tissue type,
preservative, and sampler(s). Corresponding information was entered
on chain of custody forms. The samples were sealed with evidence
tape and stored in a secure office. A subset of samples from five
streams, two oiled, two control and, one suspect have been remitted
to the custody of Dr. David Hinton for analysis.

Cytogenetic. Sperm samples for cytogenetic analysis were taken from
all males captured at 20 of the 22 streams sampled for
histopathology analyses. Males were removed live from the beach
seine at each capture site and milked for sperm into cryogenic
vials which were pre-labeled according to the same protocol
described for histopathology samples. To avoid sample contamination
by debris or other tissue types, the vent area of each fish was
wiped dry prior to milking, vials used to store sperm from each
male were not brought in contact with the fish, and any sample
containing blood was discarded and replaced by a clean sample from
another fish. Samples were transported on ice to Cordova, diluted
with of phosphate buffer, frozen in liquid nitrogen, and shipped on
dry ice to the Anchorage ADF&G genetics laboratory for processing.

Electrophoresis. To begin characterizing genetic stock composition
of PWS pink and sockeye salmon populations, returns to thirteen
pink salmon streams, three pink salmon hatcheries, two sockeye
salmon streams, and one sockeye salmon hatchery were sampled for
electrophoretic analysis (Figure 4). One hundred fish from each
stock were sampled for tissues from the muscle, liver, heart tissue
and ocular fluid. Fish were captured with beach seines at wild
stock systems or removed from brood stock raceways at hatcheries,
placed on ice and transported to Cordova for immediate dissection.
During dissection, tissues were carefully isolated to avoid inter-
fish and inter-tissue contamination. Samples were placed in pre-
labeled cryogenic vials and stored, frozen in liquid nitrogen, and
shipped to the ADF&G genetics lab in Anchorage.

Data Analysis

The collective data base from the ground survey program, weir
projects, and stream life studies is huge and data entry alone has
been a formidable task. Data editing and analyses are incomplete
at this time. Many of the methods described here are proposed, are

the coming months.
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Total Escapement Enumeration Data

Total escapement for streams with weirs is the summation of daily
counts of fish through the weir. Very infrequently pickets at a few
of the weirs had to be pulled during flooding to prevent the weir
from being washed away. These periods when a weir was no longer
fish tight typically lasted less . than 24 hours and in most
instances less than 12 hours. When they occurred, missing counts
were inferred from ground counts of live and dead fish from the day
preceding and the day follow the event as follows:

Wiony =B ((Li=L5.0)) +D;) (1)

survey number,

days elapsed since last survey,

number of live fish tagged,

number of tagged dead fish recovered on
survey 1i,

where

O3 k-
nnnu

Adjustment of Aerial and Ground Counts

Streams with weirs were used as standards to define stream
categories based on stream size, extent of upstream and intertidal
spawning, and other characteristics such as water clarity and
extent of forest canopy. Other streams in the aerial and ground
survey programs were categorized according to these same criteria.
A bias adjustment function for a weired stream was applied to
aerial and ground counts from unweired streams in the same
category.

Daily aerial and ground counts at weired streams were adjusted for
bias using the regression of survey counts to live fish in the
stream by date (L;;) estimated as:

where i = serial day of weir operation,
3 = stream category,
Wi, = live fish passed through the weir j on
day i,
D;; = count of dead fish in the stream j on day
i.

Stream Life Data

Streams in the stream life study were used as standards to define
stream categories based on stream size, gradient, and extent of

15



("

upstream and intertidal spawning, and run timing. Other streams in
the aerial and ground survey programs were categorized according to
these same criteria. The stream life for a stream in the stream
life study was applied to aerial and ground counts from streams in
the same category which were not studied. Stream life was estimated
using four methods.

Estimates From Tagging. Tagging data were used to calculate stream
life values for individual fish as:

S§=J,-J, (3)
where J, = julian date when tags were applied at the
mouth of the stream.

J = julian date of tag recovery from the dead

r

fish.

The stream life estimates for each stream and weekly strata were
the average for individual fish in the strata. The season-average
stream life estimate was the average of strata estimates. During
tagging studies in 1990 (Sharr et al 1990) tagged fish were
observed milling at the stream mouth. Stream 1life estimates
calculated using the date of tag application may not accurately
represent in stream residence time and may be too large. To reduce
bias associated with milling time at the mouth weekly stream life
estimates were adjusted as follows:

_ E (RlJl) _ E [ ( (TJ.—T(i—l)) +Ri) JJ.]

- ZR; Z[(T;=T(3-1y) +Ry] (4

survey number,

number of live fish tagged,

Julian date of tagging

number of tagged dead fish recovered on
survey i,

Julian date of survey i.

where

=

T XTI
oo

i

Estimates Using Fish Days and Total Escapement. For streams with
weirs, an estimate of mean stream life based on daily counts of
live fish through the weir and daily dead counts in the stream will
be as follows:

16
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_Z[(F;-T.0)) E (Ws-D;) ]

oW, (5)

Where i = serial day of weir operation,
J; = Julian date,
W, = live fish passed through the weir on day
i,
D; = count of dead fish in the stream on day
i,
S = stream life (in days).

Where observations for day i were missing, total live fish in the
creek on day i (Z(W;-D;)) was linearly interpolated. A similar,
though 1less reliable estimate can be made using live and dead
counts from ground surveys as follows:

= 2 [ (Ji—J(i-l) ) ZLI]

S
D,

, (6)

Where i = serial day of weir operation,
J; = Julian date,
L, = count of live fish in the stream on day
i,
D; = count of dead fish in the stream on day
i,
S = stream life (in days).

This method assumes that counts of dead fish in the stream are a
reliable estimate of the total escapement. Where observations for
day i were missing, total live fish in the creek on day i (L;) was
linearly interpolated.

Estimates From Run Timing. Another mean stream life estimate was
calculated as the difference between the mean date of abundance of
new arrivals in the stream and the mean date of abundance of daily
dead counts as follows:

5- ED;J; I [((L;~L(;y)) +Dy) J;] 7)
ZDi 2 [ (Li-L(i—l)) +Di]
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survey number,

number of live fish observed on survey i,
nunber of dead fish observed on survey i,
Julian date of survey i.

where

i

L;
D;
J;

For weired systems a similar estimate was calculated using the mean
date of daily weir counts as follows:

~ ID; TW,

1

S (8)

Escapement Estimates Based on Aerial Survey Data

Annual spawning escapement estimates (E) for pink salmon within
each surveyed stream were made using a geometric approach similar
to that described by Johnson and Barrett (1986):

(J3-Ti-1)) (Li-Tsy))

Y (33T 4oq))Ly- 5 (9)
E =
S
Where i = survey number,
j = stream category,
J; = Jjulian date,
L;; = survey estimate of live fish in the stream

adjusted for stream category j survey bias
on survey i,

S stream life (in days).

If the maximum daily survey of live fish in the stream exceeded the
total escapement estimate based on the geometric method, the
maximum daily survey count was treated as the total escapement.

Escapement Estimates Based on Ground Survey Data

Ground survey counts were summarized by species, stream, survey
date, the four intertidal zones and upstream zone, and by observer
for all 51 streams in the study. Spawning escapement to streams
surveyed from the ground was estimated using the geometric method
described for aerial survey data. Frequently survey counts (L;)
were replicated as paired observations from two observers walking
in tandem. The estimated number of fish in a section walked in
tandem was the mean of the observations. In instances where the
maximum daily sum of live and dead fish in a stream exceeds the
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total escapement estimate for the stream based on the geometric
method, the maximum daily sum of live and dead will be the total
escapement estimate.

Hydrocarbon and Histopathology Sampling

Samples of mussels for hydrocarbon analysis and tissue samples from
adult salmon for MFO analysis and histopathological examination are
processed by contractual agreement with Dr. David Hinton at the
University of cCalifornia, Davis, California. Samples for
cytogenetic analysis are being processed by contractual agreement
with Dr. Stan Alan at Rutgers University. Electrophoretic analyses
of pink and sockeye salmon tissues will be are archived at the
ADF&G Genetics laboratory in Anchorage and will be processed by
that facility.

RESULTS
0il Survey

The presence of o0il on the intertidal substrate was documented at
the mouths of 43 of the 411 streams surveyed in 1989 and the
results were summarized by Sharr et al. (1990). The oil survey
included 183 of the 211 streams enumerated by the ADF&G pink and
chum salmon escapement aerial survey program, 130 of the 140
streams studied in this project, and 57 of the 58 streams sampled
in NRDA Study 2. All photographs, maps and data sheets are
archived in the Cordova area ADF&G office. A complete catalogue of
photos, maps, and data from data sheets has been stored in both
LOTUS and RBASE format on an IBM compatible microcomputer.

Total Escapement Enumeration Through Weirs

Pink Salmon

Total escapement results from weirs operated on 10 pink salmon
streams in 1991 are summarized in Table 1 and Appendix A. Weirs
were also operated at four of these streams in 1990 (Sharr et al
1990) . Escapements in 1991 were significantly greater at three and
slightly greater at the fourth. The 1991 escapement to Irish Creek
was more than double that of 1990 (95,627 versus 43,564), the
escapement to Totemoff Creek was more than triple that of 1990
(37,633 versus 11,454), and the escapement to Herring Creek was
more than four times that of 1990 (16,723 versus 4,966) (Table 2).
Only Cathead Creek had similar escapements in 1991 and 1990 (9,655
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Table 1. Weir counts, carcass counts, and stream life estimates for ten Prince William Sound
pink salmon streams, 1991. Stream life estimates are based on tagging (equation 3),
fish days at total escapement (equations 4 and 5), and run timing (equations 6 and

7).

Stream Life Estimates by Method

Cumulative Counts

Run Timing

Tagging

Stream Live Dead L Weir Surveys Weir Surveys
Irish Creek 95,627 94,487 16.13
Loomis Creek 17,694 18,889 5.97
Totemoff Creek 27,350 37,633 3.43
Chenega Creek 48,745 51,790 9.42
Countess Creek 15,028 14,172 9.47
O’Brien Creek 27,174 33,133 7.82
Hayden Creek 18,372 16,403 11.69
Herring Creek 16,723 13,691 13.09
Cathead Creek 9,765 8,724 11.88
Hawkins Creek 48,825 42,357 16.56
Totals 325,303 331,279

Averages 10.55
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Table 2. Comparisons of 1990 and 1991 aerial escapement estimates to results from weirs and
comparisons of traditional aerial estimation procedures used in Prince William Sound
versus procedures incorporating correction factors for bias in the aerial method and
using revised streamlife values.

Aerial Aerial Escapement Estimates
Stream Correction Total Adjusted Tx
|Stream Name l Life Factor Escapement Numbers | % Error Numbers | % Error
1990
Irish Creek 18.3 1.11 43,564 29,352 -32.6% 27,607 -36.6%
Totemoff Creek 7.2 0.62 16,128 13,503 -16.3% 8,961 44 4y
Herring Creek 11.2 0.94 4,966 3,187 -35.8% 2,700 -45.6%
Cathead Creek 8.5 0,87 7.586 6,112 -19 4% 3,534 -53.4%
Totals 72,244 52,154 -27.8% 42,802 -40.8%
1991
Irish Creek 16.13 3.51 95,627 86,376 -9.7% 22,682 -76.3%
Totemoff Creek 9.10 1.98 37,633 24,088 -36.0% 9,500 -74.8%
Herring Creek 13.90 1.87 16,723 14,382 -14.0% 5,967 -64.3%
_Cathead Creek 11.88 3.85 9,765 7.583 -22.3% 1.500 -84,6%
Subtotal Totals 159.748 132.429 -17.1% 39,649 -75.2%
Loomis Creek 5.97 1.83 17,694 18,276 3.3% 3,407 -80.7%
Chenega Creek 9.42 3.01 48,745 43,421 -10.9% 7,765 -84.1%
Countess creek 9.47 1.11 15,028 6,923 -53.9% 5,400 -64.1%
O’Brien Creek 8.19 2.47 27,174 39,646 45.9% 7,512 -72.4%
Hayden Creek 11.69 1.31 18,372 7,744 -57.8% 5,000 -72.8%
_Hawking Creek 16,56 2,47 48,825 35,154 -28.0% 13.468 -72.4%
Totals 335,586 283,593 -15,5% 82,201 -75.5%
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Figure 7.

Daily numbers of fish in Loomis Creek based on weir,
ground survey, and aerial survey methods, 1991.
Regressions of aerial and ground counts against
concurrent counts from the weir are also shown.
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Daily numbers of fish in Chenega Creek based on weir,
ground survey, and aerial survey methods, 1991.
Regressions of aerial and ground counts against
concurrent counts from the weir are also shown.
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( 29












TISH IN STREAM FROM YEIR AND SURVEY DATA

a5
( "0 HAVKINS
. g
g | CREEK
o)
E 20
16 -
R
E 10 |-
6 -
0 1 A i Y Y B i
7744 ?/24 7734 8/40 8720 8/30 9/9 9/49 9/29
DATE
— R e GROUND A AERIAL
AERIAL SURVEYS VERSUS WEIR COUNTS
35
N=29
o %0
3 R%E 0.834 .
W 25 |- q,-b‘bb L
=] &
B 20 | 5\9@
]
16
x -
10 | T
= x » -—__,_,.-"""-—
B st T
Y -
7"A\‘; 0 w-ﬂ'ﬂ-ﬂ- 1 I} 1 j ] L 1
> 0 2 4 6 a 10 12 14
C FISH IN STREAM - SURYEY (X 4000)
- ‘—=  KERTAL SURVEYS ——  PREDICTED FROH SURVETS

FOOT SURVEYS VERSUS WEIR COUNTS

g
8
)
&
3
¥
g
E
n
5
N
1] 1 1 1 A1 |
1] 1) 10 15 20 25 a0
PISHE IN STREAX - SURVEY (X 1000)
"""" FOOT SURVEYS —— PREDIGTED PROM SURVEYS
Figure 15. Daily numbers of fish in Hawkins Creek based on

weir, ground survey, and aerial survey methods,
1991. Regressions of aerial and ground counts
against concurrent counts from the weir are also
shown.



Stream Life

Some of the error associated with estimating pink and chum salmon
escapements from aerial survey data may be associated with using a
stream life of 17.5 days. Results of studies by McCurdy (1984) and
on five of eight streams surveyed for stream life in NRDA Study 1
in 1989 suggest stream life varies among streams and the 17.5 day
estimate may be too large, especially for smaller streams. Results
from 21 streams studied in 1990 by NRDA F/S Study 1 (Sharr et al.
1990) also indicate stream life is variable and shorter than 17.5
days for many streams in PWS.

Estimates Based on Tagging Data

Results of temporally stratified tagging studies in 1991 are
summarized in Figure 5 and Appendix B. Approximately 30,000 tags
were applied at 38 streams (Figure 2). Data entry for all streams
is not complete and only results for weired systems have been
summarized. At the weired sites 7,893 tags were applied. Weekly
tagging strata ranged from three on small streams to as many as
eight on large streams. Tag recoveries spanned nine weeks.
Recoveries averaged 49.7% (3,925 total recoveries) and ranged from
20.7% to 78.7% across all streams and weekly strata (Appendix
B.1.).

Stream life calculated solely on tag recovery data (Equation 3)
ranged from 7.2 days to 21.9 days across all streams and weekly
strata (Figure 16). Stream life estimates averaged across weekly
strata for each stream ranged from 9.9 to 17.1 days and had a grand
mean of 13.9 days (Table 2). This is slightly shorter than the 15.1
day average reported by Sharr et al (1990) using the same method on
many of the same streams in 1990 and considerably shorter than
Helle's (1964) estimate of 17.5 days which was made for the middle
portion of the Olsen Creek return in eastern PWS. Stream life
estimates for all streams and all but one weekly strata were
shorter when adjusted for milling time at the stream mouth (Figure
16; Equation 4). Adjusted mean weekly stream life estimates ranged
from 3.2 to 19.6 days across all strata and streams. Across all
streams season average stream life estimates ranged from 6.8 to
13.9 days and had a grand mean of 9.8 days. Milling time at stream
mouths ranged from 0.0 to 9.2 days across all weekly strata and
streams. Season mean milling times across streams ranged from 1.9
to 6.1 days and had a grand mean of 4.1 days.

Weekly estimates of stream life unadjusted for milling time
decreased significantly through time. Both Helle (1964) and McCurdy
(1984) reported similar trends. Some of the decrease in the 1991
study can be ascribed to milling time which also decreased through
the season. Adjusted estimates of stream life also declined
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significantly across the season for all but one stream (Cathead
Creek, Figure 5). Mean adjusted stream life for fish tagged in all
streams in the week ending 20 July was 14.1; days whereas, mean
adjusted stream life was only 6.6 days for fish tagged in the week
ending 7 September. Mean milling time increased slightly from the
first to the second week of the study but from the week ending 21
July to the week ending 14 September declined from 8.4 days to 1.1
days. Seasonal decline in milling time was observed in all streams
except Loomis Creek and Herring Creek (Appendix A).

Estimates Using Fish Days and Total Escapement

Estimates of stream life based on daily weir counts and daily
counts of dead fish (Equation 5) and estimates based on daily
counts of live and dead fish (Equation 6) are presented in Table 1.
With the exception of Totemoff Creek, stream life estimates from
weir data are larger than from ground survey data and in general
correspond more closely to results from tagging. This is not
surprising since negative bias associated with the ground counting
method results in an estimate of fish days which is too low, hence
a stream life estimate which is too low.

The stream life estimate from weir data at Totemoff Creek is only
3.4 days. The estimate from ground survey data of 9.1 days much
more closely matches the 11 day estimate from tagging. These
results tend to corroborate the "leaky weir" hypothesis for that
stream. Low weir counts would result in an low estimate of fish
days whereas the ground estimate of fish days may be fairly
good.This suggests ground surveys of Totemoff Creek may have a
fairly small negative bias.

Estimates From Run Timing

Estimates of stream life based on the difference between the mean
dates of dead fish counts and passage of live fish through weirs
(Equation 8) or the estimates of mean date of live fish counts on
ground surveys (Equation 7) are presented in Table 1. With the
exception of Herring Creek, stream life estimates from weir data
are larger than from ground survey data and in general correspond
more closely to rest ts from tagging. The two estimates are
indistinguishable at Herring Creek and very similar to the tagging
estimate. Estimates based on run timing are based on relative
counts between days. If counting errors at Totemoff Creek we ' were
independent of time, then the stream life estimate using the run
timing method might be the best choice for that sy: : in 1991.
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Total Escapement Estimates From Aerial Surveys

Pink salmon escapements were estimated using the geometric method
(Equation 8) applied to aerial survey data for four streams in 1990
and 10 streams in 1991 (Table 2). All streams where estimates were
made had weirs. Aerial data were adjusted using regression
coefficients from aerial counts versus weir data for all streams
except Totemoff Creek. Stream life values used in the estimates
were based on fish days and total escapement through weirs for all
streams but Totemoff Creek (Equation 5).

- Totemoff adjustment coefficients for aerial counts in 1990 and 1991

were from aerial count to ground count regressions. The stream life
estimate for Totemoff Creek was from ground survey fish days and
carcass counts (Equation 6).

A total of 72,244 pink salmon were enumerated through four weirs in
1990. Escapements through the same weirs in 1991 totaled 159,748
fish. Aerial estimates of escapement to these four streams based on
the geometric method (Equation 9) were negatively biased in both
1990 and 1991. Estimates which incorporated new stream life data
and adjustment factors for aerial observer bias were more accurate
than estimates using the traditional uncorrected survey data and a
17.5 day stream life for all streams. In 1990, adjusted estimates
were 27.8% below the weir counts whereas the unadjusted traditional
estimate was 40.8 % low. The traditional method performed more
poorly in 1991 (-75.2%). Given the inflexibility of this method to
changes in observer bias it is not surprising it performs poorly in
the odd year when significant numbers of fish spawn in upstream
areas and aerial observations are difficult. Conversely,: the
adjusted estimate improved to -17.1% in 1991 despite the increase
in upstream spawners and a doubling of the number of fish to be
estimated. Analyses for the other six weired streams provided
similar results.

When all streams in the aerial survey program are categorized for
adjustment factors and stream life values, the departure from the
traditional escapement estimate can be quite significant. Stream
life values and adjustment factors are now available for 20 streams
in the 1990 return. The total escapement estimate for 209 streams
in the aerial survey program increased from 1.3 million to 2.1
million fish when survey data were categorized and analyzed using
these stream life and adjustment factor data.

The escapement estimate for all streams in the aerial survey
program is incomplete pending final analysis of stream life data
from streams which were not weired. However, an estimate of
escapement using a traditional analysis has been completed and the
results are compared to historic odd year trends (Figure 17). The
mean odd year aerial escapement estimate in 209 streams surveyed
annually by ADF&G since 1969 was 1.6 million The comparable aerial
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Figure 17 The relative size and distribution of 1991 pink salmon
escapements in Prince William Sound versus the average
for odd years from 1969 through 1989.
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S8TATUS OF INJURY ASSESSMENT

Information to complete objectives 1 of this project, the
determination of presence or absence of oil on intertidal habitat
used by spawning salmon, was gathered during both the 1989 and 1990
field seasons. A survey of the distribution of o0il contamination
was completed for 441 Prince William Sound streams and included
over half of the documented intertidal salmon spawning streams.
The majority of streams which were not surveyed were located in
portions of PWS unlikely to have received oil. Survey data have
been entered on computers and preliminary summaries of the
information were presented in the 1989 preliminary status report
(Sharr et al. 1990). Mussel samples taken in 1989 from the
intertidal zone at the mouths of 118 streams have been analyzed.
Results corroborated categorization of streams as oiled and control
in all but two instances. Analyses of mussel samples taken in 1990
in the mouths of 135 streams are only partially complete but
continue to support our oiled and unoiled categories.

To meet objective 2, nearly all streams surveyed in 1989 and 1990
under objective 1 were photographed, the intertidal areas of oiled
streams were mapped, and the type and extent of oil contamination
were recorded. Results have also been forwarded to investigators
in the coastal habitat studies.

Sampling to meet objective 3 was completed at the same 22 sites (12
oiled and 10 control) in 1990 and in 1991. Some of the
histopathology results are now back from David Hinton's Laboratory
at the University of California, Davis. The statistical analyses of
the results are not complete.

The requirements for objective 4 were exceeded for both NRDA F/S
Study 1 and for Restoration Study 9. Daily ground surveys within
standardized intertidal and upstream zones were completed on 51
streams in 1991. Data have been entered for all surveys and
preliminary analyses of the ground survey data from weired systems
is partially complete. Analysis of tidal 2zone spawning
distribution is still pending as are comparisons of variability of
counts between and within replicate surveys for individual
surveyors.

The requirements of objective 5 were met for both NRDA F/S Study 1
and Restoration Study 9. Seven NRDA weirs and three Restoration
weirs were constructed and operated very successfully through the
1991 season. The restoration weirs in the southwestern portion of
PWS were already provided data which was used inseason to justify
altered harvest management strategies. Weired streams were among
those included in aerial survey, ground survey, stream life, and
egg and pre-emergent fry studies. The concurrent data from all
these studies is unique and has provided the first opportunity in
the 30 year history of the PWS survey program to assess the
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accuracy of escapement estimates based on systematic survey and
stream life data.

Objective 6 was related to objective 4 and was also met. In
addition to the weir projects already described, a large set of
paired ground and aerial observations (n=92) were made in 1990.
These paired observations have been analyzed together with weir
data. Estimates of escapement from aerial data were negatively
biased with respect to estimates from weirs and ground survey data
but negatively biased when compared to weir counts. Methods for
improving aerial escapement estimates have been examined and when
applied to 1990 data, removed more than 60% of the error which
results from using traditional methods.

The requirements of objective 7 have been exceeded by both the NRDA
and Restoration projects. Stream life studies were conducted on 48
streams in 1991. Three methods for estimating stream life using
tagging data, weir counts, and daily counts of live and dead salmon
have been investigated. A fourth method using only aerial counts is
much more complex and is still under investigation. Analyses of
1991 data for stream life estimates are complete for 10 weired
streams and underway for the remaining streams. All streams in the
aerial survey index program have now been categorized as resembling
at least one stream for which we have valid stream life estimates.

Objective 8 is nearly met pending final results from stream life
studies on data from unweired systems in 1991. From preliminary
results in 1991 it is apparent that bias correction factors for
even and odd years are quite different and reflect differences in
within stream spawner distributions between the two cycles.
Analysis of historic odd year data will require completion of 1991
estimates of stream life and aerial bias for all 51 streams
studied. A preliminary analysis of even year aerial data from 1990
has been completed. Using new stream life estimates and aerial bias
correction factors, the 1990 escapement estimate was 2.1 million
fish. This exceeds the estimate using traditional methods by
800,000 fish.

To meet objective 9, ground level and aerial photos were compiled
for all of the 51 streams in the ground survey program and aerial
photos are available for all 218 streams in the current ADF&G
aerial survey program. Stream maps of the intertidal and lower
upstream portions of 138 streams in the ground survey program in
1989 and 1990 and 51 streams in the 1991 NRDA and Restoration
projects are complete and in most instances maps of streams in NRDA
Study 2 have been annotated with information about spawner
dens: les and distribution.

Objective number 10 was exceeded. Weir and ground survey crews
recovered coded wire tags at the six weired streams where tags
were originally applied and on 26 additional streams where no tags
were applied. These data will provide a unique opportunity to
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. examine straying rates among wild stocks of pink salmon and between
( wild and hatchery stocks.

A
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The 1990 egg mortality data also showed a statistically significant
difference (p=0.038) between oiled and control streams (Figure 4).
No significant zone effect or oil by zone interaction (p=0.148 and
p=0.325) was observed. Estimated contrasts indicated the
differences due to o0iling were in the upper intertidal zone. The
overall adjusted mean egg mortalities for the oiled and control
streams were 0.282 and 0.170.

The 1991 egg mortality data indicated very significant differences
between the oiled and control streams (p=0.003) (Figure 5). A
significant zone effect (p=0.009) was evident although no oil by
zone interaction was found (p=0.746). Estimated contrasts indicated
differences due to oiling in all three intertidal zones as well as
the upstream zone. The overall adjusted mean egg mortalities for
the oiled and control streams were 0.430 and 0.197. The possibility
that the differences in egg mortality across all tide zones are the
result of sublethal oil effects are being investigated by NRDA F/S
Study 1.

Egg to preemergent fry survival data were edited prior to analysis
to remove values greater than 1.0 , i.e., overwinter survivals
greater than 100%. While a test for heteroscedasticity of variances
among o0il by zone treatments for the 1989 and 1990 egg-to-fry
survival data yielded insignificant F tests, visual examination of
scatter plots of residuals suggested a need for some
transformation. The data appeared normal after an arcsin square-
root transformation.

The 1989 analysis of the egg-to-fry survival data indicated no
significant effects of o0il (p=0.58) (Figure 6). No significant zone
by o0il interaction was found (p=0.28), but a significant zone
effect was observed (p=0.001).

Similar results were obtained for the 1990 egg-to-fry survival data
(Figure 7). No significant oil or zone by o0il effect was found
(p=0.449, 0.79). A significant zone effect was observed (p=0.02).

Documentation of Hydrocarbon Contamination

No results are available for hydrocarbon analysis of preemergent
samples fry collected in 1990 and 1991. The 1989 preemergent fry
samples showed no contamination in the one stream analyzed where
0il was visually evident (Table 1).
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Appendix A.4

1990 Prince William Sound Pink and Chum Salmon Fry Dig

Pink Salmon

Chum Salmon

Eggs Fry Eggs Fry
Stream  Stream Height in No. of
# Name Date Tidal Zone Loc Dead Live Dead Live F/m’ SE Dead Live Dead Live F/of SE Digs
Total Upstream 5 0 0 76 29.18 23.88 0 0 0 0 .00 .00 14
623 Brizgaloff Creek 4 11 90 7.0 20 1 0 0 4 1.54 .88 0 0 0 1 .38 .38 14
9.0 30 34 0 0 545 209.246 119.74 5 0 0 39 16,97 14,97 14
11.0 40 414 0 0 854 327.88 162.06 ] 0 0 0 .00 .00 14
Upstream 60 766 0 2 988 379.32 198.65 0 0 0 0 .00 .00 14
Total Intertidal 449 0 0 1403 179.55 68.81 40 5. 4,99 42
Total Upstream 766 0 2 988 379.32 198.65 0 N .00 14
628 Chenega NE 3 29 90 7.0 20 9 0 0 27 10.37 5.39 0 0 0 0 .on nn 14
9.0 30 14 0 4 570 218.84 106.76 0 0 0 0 .( . 14
11.0 40 20 6 2 816 313.29 166.00 0 0 0 0 .Ou .uu 14
Upstream 63 16 3 0 121 46.46 29.69 0 0 0 1] .00 .00 14
Upstream 60 408 0 0 0 .00 .00 0 0 0 0 .00 .00 14
Total Intertidal 43 6 6 1413 180.83 67.16 0 0 0 0 .00 .00 42
Total Upstream 424 3 0 121 23.23 15.24 0 0 0 0 .00 .00 28
630 Bainbridge Creek 4 11 90 7.0 20 0 0 0 0 .00 .00 0 0 0 0 .00 .00 14
9.0 30 2 0 0 5 1.92 .91 0 0 0 1] .00 .00 14
11.0 40 49 0 0 2831 1086.90 237.50 0 0 0 0 .00 .00 14
Upstream 60 553 0 109 2364 907.61 266.88 1] 0 0 0 .00 .00 14
Total Intertidal 51 0 0 2836 362.964 111.15 0 0 0 0 .00 .00 42
Total Upstream 553 0 109 2364 907.61 266.88 0 0 0 0 .00 .00 14
632 Claw Creek 3 28 90 7.0 20 0 0 0 0 .00 .00 0 0 0 0 .00 .00 14
9.0 30 0 0 0 0 .00 .00 0 0 0 0 .00 .00 14
9.0 33 37 0 0 671 300.55 109.17 0 0 0 0 .00 .00 12































APPENDIX A.5

Numbers of live and dead pink and chum salmon eggs and fry by
tide zone for the 1991 preemergent fry survey
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Appendix A.5
1991 Prince Wiltiam Sound Pink and Chum Salmon Fry Dig

Pink Salmon

Chum Salmon

Eggs Fry Eggs Fry
Stream  Stream Height in No. of
# Name Date Tidal Zone Loc Dead Live Dead Live F/m? SE Dead Live Dead Live Fs SE Digs
430 Meacham Creek 3 30 91 7.0 20 6 0 0 76 28.41 19.14 0 0 0 0 N .00 16
9.0 30 748 0 0 136 52.21 49.34 1 0 0 0 N .00 16
11.0 40 212 0 0 3018 1158.70 174.74 0 0 0 6 2.: 2.30 14
Upstream 60 437 0 0 893 342.85 103.63 0 0 0 0 . .00 14
Total Intertidal 966 0 0 3228 413.11 101.51 1 0 0 ] 77 77 42
Total Upstream 437 0 0 893 342.85 103.63 0 0 0 0 .( .00 14
455 Paulson Creek 3319 7.0 20 1 0 0 0 .00 .00 0 0 0 0 .00 .00 14
9.0 30 0 0 0 218 83.70 51.13 0 0 0 206 79.09 46.31 14
11.0 40 ] 0 0 435 334.02 72.28 0 0 0 76 58.36 54.86 7
11.0 43 0 0 0 0 .00 .00 0 0 0 0 .00 .00 0
Upstream 60 50 0 0 558 214.23 119.96 2 0 0 261 100.21 99.38 14
Total Intertidal 7 0 0 653 100.28 32.05 0 0 0 282 43.31 21.74 35
Total Upstream 50 0 0 558 214.23 119.96 2 0 0 261 100.21 99.38 14
480 Mink Creek 32291 7.0 20 462 0 0 422 162.02 44.55 5 0 0 15 5.76 5.76 14
9.0 30 369 0 1 501 192.35 97.75 19 0 0 58 22.27 20.63 14
11.0 40 20 0 0 12 4.61 1.68 0 0 0 0 .00 .00 14
Upstream 60 21 0 0 1 .38 .38 0 0 0 0 .00 .00 14
Total Intertidal 851 0 1 935 119.66 37.22 24 0 0 73 9.34 7.12 42
Total Upstream 21 0 0 1 .38 .38 0 0 0 0 .00 .00 14
485 W. Finger Creek 329N 7.0 20 2 0 0 98 37.63 20.55 0 0 0 8 3.07 1.76 14
9.0 30 79 0 7 1862 714.88 277.51 5 0 13 106 40.70 27.52 14
11.0 40 20 0 0 753 289.10 78.14 485 0 0 0 .00 .00 14
Upstream 60 0 0 0 1397 536.35 212.73 0 0 0 33 12.67 10.77 14
Total Intertidatl 101 0 7 2713 347.20 103.61 490 0 13 116 14.59 9.42 42
Total Upstream 0 0 0 1397 536.35 212.73 0 0 0 33 12.67 10.77 14
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EXECUTIVE SUMMARY

The study is part of an integrated group of Natural Resources
Damage Assessment Fish/Shellfish Studies (NRDA F/S Studies 1,2,3,4,
and 28) and Restoration Studies (8 and9), being conducted to
quantify damage to wild Pacific salmon from the MV Exxon Valdez oil
spill and restore damaged stocks to health. To determine how adult
returns are affected, accurate appraisals of catch and spawning
escapement are needed. NRDA F/S Study 3 is designed to estimate
catch contributions and survival rates for both wildstock and
hatchery salmon in oiled and unoiled areas of Prince William Sound
(PWS). It is also designed to provide tags of known origin for
recovery in NRDA F/S Study 4, Early Marine Salmon Injury
Assessment. Restoration Study 8 integrates with NRDA F/S Study 3 as
the tag application portion of the wildstock analyses and is
summarized in this report.

Contribution of wild and hatchery pink salmon (Oncorhynchus
gorbuscha) to the 1991 PWS commercial, cost recovery, special
(discarded and donated pink salmon), and brood stock harvests were
estimated from tagged fish released from 6 streams and 4 PWS
hatcheries in 1990. Nineteen percent of the pink salmon harvest
and 90% of the wildstock pink salmon carcasses in 46 selected
streams were scanned for coded-wire tags. Oout of 14,409 pink
salmon heads sent to the Juneau Tag Lab, 8253 tags were recovered.
The preliminary maximum estimate of wildstock contribution to the
PWS pink salmon fishery is 6.8 million fish out of a total catch of
38.3 million fish (82% hatchery contribution). Estimated pink
salmon survival, unadjusted for tag loss or tagging mortality, for
the 6 tagged wildstock streams was 2.2%. Estimated maximum pink
salmon survival for all hatcheries combined was 5.1%. The 1989 and
1990 hatchery average survival rates were 4.02% and 7.02%.
Adjustment factors used in the hatchery contribution estimates
ranged from 1.4 to 1.9.

Approximately 42% of the chum (0. keta), sockeye (0. nerka), coho
(O. kisutch), and chinook (0. tshawytscha) salmon catch was scanned
for tags, and 64, 4872, 1236, and 21 tags were recovered. Marine
survival rates for these 4 species will be calculated as the many
age classes return. Coho salmon brood stock sampling has just been
completed and contribution estimates are incomplete.

Approximately 60,000 wild sockeye salmon in 3 streams and 319,400
wild pink salmon in 6 streams were tagged in 1991. Over 800,000 of
the 535 million pink salmon fry and 473,000 hatchery produced chum,
coho, sockeye, and chinook salmon released from PWS hatcheries in
1991 were also tagged.

Examination of the wild stock tagging data for differences in
survival due to oiling is underway but not yet completed. Analysis
of hatchery returns from oi! 1 and unoiled areas is also being
addressed.
























or boat name, fishing district(s) where fish were caught, number of
fish examined, number of fish with adipose fin clips found,
identification numbers for fish heads recovered, and the quality of
adipose clip on each recovered fish. District and subdistrict
information for each tender load was obtained from tender crews,
processor records, and fish tickets. Heads of clipped fish were
frozen and sent to the ADF&G Coded-Wire Tag Processing Lab in
Juneau along with sample data. The tag lab processed the heads,
recording each head's tagcode when a tag was recovered. This
information along with the information from the data sheets was
entered into the Juneau tag lab database and sent to Cordova on a
weekly basis to aid in-season editing and analysis.

Scanning commercial pink salmon catches for coded-wire tags
involves visually selecting adipose clipped fish from a mixture of
unclipped and clipped fish on a conveyor belt. Samplers select fish
on the basis of whether they have a good view of the adipose fin
region; negative sampling bias is possible by consistent exclusion
of tagged fish. This possible sampling bias was tested by comparing
the tag recovery rates of sampled fish to recovery rates in a
conmplete census of the sampled load of fish.

Brood Stock Harvests

A technician was stationed at each of the 5 PWS hatcheries to scan
the broodstock during egg take for all five species of salmon.
After the salmon were manually spawned, technicians used visual and
tactile methods to scan approximately 95% of the fish. When an
adipose clipped fish was found, the head was removed and marked
with a uniquely numbered cinch tag. Total number of fish scanned
and total number of fin-clipped fish found were recorded on a daily
basis. Heads and their corresponding data sheets were picked up
weekly from each hatchery and returned to Cordova for editing and
shipping to the Juneau Tag Lab.

Broodstock scanning is an important part of estimating hatchery
contributions. Due to differential mortality between tagged and
untagged fish as well as differential tag loss between release
groups the tag expansion factor at release may no longer accurately
reflect the tag expansion factor in the adult population.
Theoretically, brood stock is 100% hatchery fish and representative
of returns from each fry and smolt release group (Figure 3). Based
on this assumption, tag recovery rates from brood stock can be used
to adjust the initial tag expansions for each hatchery. Salmon
sold for cost recovery are taken from terminal harvest areas
direct!- in front of the hatcheries. Therefore, these fish are
expectea to be of primarily hatchery origin. Therefore, a similar
analysis to that of the broodstock is performed for the cost
recovery irvest.
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Figure 3. Percent tags recovered in broodstock and total catch, 1991.
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Wildstock Streams

Carcasses were scanned for coded-wire tags at the six tagged
wildstock streams: Loomis, Cathead, Herring, Totemoff, O'Brien, and
Hayden, and at an additional 40 streams surveyed as part of NRDA
F/S 1. Only carcasses with a visible adipose region were counted.
Heads were removed from the adipose clipped carcasses, soaked in a

brine solution, and put into plastic bags. Total number of
carcasses and total number of adipose clipped fish were recorded on
a daily basis for each stream surveyed. Heads and their

corresponding data sheets were picked up on a regular basis and
returned to Cordova for editing and shipping to the Juneau tag lab.

Catch and Contribution

The 1986-87 tagging study indicated catch allocations for each
hatchery should be stratified by district, week, and processor
(Peltz and Geiger 1988). Processors tend to obtain fish from
specific sub-areas within each district. In 1988, most fishing
effort was restricted to terminal areas (close to the hatcheries)
to prevent harvest of wild stocks. With this fishing pattern, it
was not found necessary to stratify by processor when calculating
the Solomon Gulch Hatchery contribution, presumably because tenders
for each processor were in close proximity (Geiger and Sharr 1989).
In 1989, fishing effort was again restricted to terminal areas due
to the presence of o0il in portions of PWS, but processor
differences, though small, were found significant, suggesting that
contribution estimates should be stratified by processor even when
the fishery is conducted in terminal areas. The 1990 hatchery
contribution estimates were therefore stratified by district, week
and processor. Stratification differences have not yet been
analyzed for the 1991 data and hatchery contribution estimates
remain stratified by district, week, and processor.

Catches were obtained from summaries of fish sales receipts (fish
tickets) issued to fishermen. The total hatchery contribution (C)
to each harvest type 1is the sum over all release groups of
theestimated contributions for 1ich release group over all week,
district, and processor strata:

C=2 Z; X;; ( Ny / S5 P)
where
X,;= number ¢ group t tags recovered in ith strata,
N;= number of fish caught in ith strata,
S;= number of fish sampled in ith strata,
p,= proportion of group t tagged.

A variance approximation **3i<h ignores covariance between release
groups was calculated for sampled strata (Geiger 1988):

V(C) =%, % Xy [ (N; / S; p)° - (N, / S; p) 1.
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The average tag recovery rate for all processors in a week and
district was used to estimate hatchery contribution in catches
delivered to processors not sampled that district and week.
Variances associated with unsampled strata are not calculated.

RESULTS

Previous Findings

In 1986, 625,000 of 200.5 million pink salmon fry released (1 out
of 320) from 3 of the 4 Prince William Sound pink salmon hatcheries
were tagged with half-length coded-wire tags and marked with
adipose fin clips (Peltz and Miller 1988). These tags were
recovered in 1987 by scanning catches at four processors and
scanning the hatchery brood stock. Analysis of the 2,274 tag
recoveries suggested the 3 hatcheries contributed approximately
10.2 million pink salmon to the total PWS harvest of 26.1 million
pink salmon (Peltz and Geiger 1988). Survival of tagged hatchery
stocks was approximately 6.3%.

In 1987, roughly 178,000 of the 60 million pink salmon fry released
from Solomon Gulch hatchery were tagged, an average of 337 fish per
tag. They were recovered by sampling commercial catches and
hatchery brood stock in 1988. Approximately 300,000 pink salmon out
of the total PWS commercial pink salmon catch of 11.8 million were
attributed to Solomon Gulch returns. The survival rate for the
stock was estimated at 0.5%.

Approximately 893,000 of the 521 million pink salmon fry released
from all hatcheries in 1988 were tagged, an average of 583 fish per
tag. Approximately 8,000 PWS pink salmon heads were sent to Juneau
where 4,821 legible tags were removed and decoded. Tag expansions
adjusted by tag recovery rates from - rood stock collections yielded
a maximum estimate of 20.3 million hatchery fish in the total
harvest of 21.8 million fish which indicated a wildstock failure.
Based on this estimate, survival of pink salmon from all hatcheries
combined was 4.1%.

In 1989, over 1 million of the 506.6 million pink salmon fry
released from PWS hatcheries were tagged, an average of 480 fish
per tag. Approximately 182 thousand of the 3.68 million coho
salmon smolts released from Solomon Gulch, Esther, and Ft.
Richardson hatcheries, and 100 thousand of the 2.6 million sockeye
salmon smolts released 1.u. the Main L.y l...chery were tagged. Over
8,500 tags were recovered in the 1990 season. The maximum catch
contribution estimate was 36.5 million hatchery pink salmon out of
a total catch of 45 million (8.5 million wildstock fish). The
average survival rate for hatchery pink salmon stocks was 7.2%.
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Table 3. Coded wire tagging results and dates of weir operation for wild stocks in Prince
William Sound, 1991.

Salmon Valig Seaward . Tag
Species Treatment Stream Date Tags Migration Ratio
Pink Control cathead Creek 4/18 - 5/25 40 158" 4

O'Brien Creek 4/22 - 5/26 28 298d 10

Totemoff Creek 4/17 - 5/24 43 734 17

Pink 0il Hayden Creek 4/23 - 5/28 43 391° 9
Herring Creek 4/13 - 6/3 43 399 9

Loomis Creek 4/18 - 6/1 45 211° 5

Sockeye Eshamy River 4/4 - 6/25 21 683 33
Jackpot Creek 4/14 - 6/1 5 20 4

Coghill River 4/5 - 5/30 0 4 0

Thousands of fish.

Interpolated 5 days data.
Interpol :ed 1 day data.
Interpolated 3 days data.
Interpolated 4 days data.
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Figure 5.

Timing and mignitude of 1990 and 1991 pink salmon fry
outmigrations from three unoiled streams in Prince william
Sound.
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Table 4. Recc ery results for tagged wildstock pink salmon, 1991.
WILDSTOCK TAG TOTAL TOTAL TAG TOTAL TAGS TOTAL SURVIVAL
8TRI M CODE | RELEASED | TAGGED | EXPANSION RECOVERED CONTRIBUTION | RATE (%)
OILED HAYI N 802 275,233 30,574 9.002 154 7,457 2.71
803 89,804 12,584 7.136 24 467 0.52
HERRING 715 84,184 27,747 5.622 22 663 0.79
801 309,229 14,974 11.144 193 10,004 3.24
LOOMIS 707 130,586 27,132 4.812 219 4,396 3.37
708 72,729 17,571 4.139 42 869 1.19
UNOILED | O'BRIEN 712 207,366 22,831 9.082 69 3,688 1.78
711 82,342 5,358 15.368 1 197 0.24
TOT! OFF 713 440,358 25,457 17.298 189 10,881 2.47
714 274,101 17,535 15.631 37 3,409 1.24
CATI AD 709 125,326 30,047 4.170 180 4,266 3.40
710 29,051 9,617 3.020 35 780 2.68




(1.34%, 2.0%,3.3%) varied. There was an apparent failure in the
return of one O'Brien tagcode, 711, (one recovery) which influenced
the overall O'Brien survival rate (Table 4). Some straying of
hatchery and wildstock pinks is indicated by the 1991 tag recovery
data (Table 5.). Tagged wildstock pink salmon were recovered in
cost recovery and broodstock harvests as well as the common
property fishery, and hatchery pinks were recovered in many of the
wildstock streams. This suggests possible genetic mixing between
and among the wild and hatchery pink salmon.

The preliminary estimate of maximum hatchery contribution to the
1991 catch of 37,037,118 pink salmon is 30,358,793 ( 6.7 million
wild) with Solomon Gulch contributing 18%, W H Noerenburg 38%, A F
Koernig 16%, and Cannery Creek 28% (Table 6). Figures 6 and 7 show
contribution results stratified by district and week. Total
hatchery contribution to each harvest type ranges from 80% (Common
Property) to 92% (Broodstock) (Table 7). Pink salmon survival for

all hatcheries combined is 5.2% (Figure 8). A. F. Koernig
hatchery, located in a heavily oiled area, had the lowest survival
rate (4.56%) of the 3 PWSAC hatcheries. Summary results for

hatchery releases from 1987 through 1991 are listed in Table 8.

Tag expansion factors for 1990 releases from each hatchery were
multiplied by adjustments between 1.38 and 1.92, based on tag
recovery rates in cost recovery and brood stock samples. Tagging
related mortality and tag loss may lower the incidence of tagged
fish in hatchery returns and necessitate increasing tag expansion
factors calculated for fry releases. Among adult returns, 100% of
the fish in a hatchery broodstock are assumed to have originated
from the releases at the hatchery. If no tag loss or tagging
related mortality occur, the fraction of tagged fish in the
broodstock should closely approximate the fraction observed in fry
releases. Observed decreases in the fraction tagged are assumed to
be related to tag loss or taggging related mortalities and a tag
expansion factor calculated from tagging and release data are
adjusted according to the tag rates observed in the broodstock.
Tag rates in the broodstock were used to adjust tag expansions for
AFK and WHN hatcheries in 1991, but not for Solomon Gulch and
Cannery Creek hatcheries. At the latter 2 hatcheries, tag rates
were much lower than those observed in fry releases, but were also
much lower than those observed in hatchery cost recovery harvest.
The low occurrence of tagged fish in these broodstocks relative to
rates observed in the cost recvery harvests is puzzling. The
problem could be related to sampling error (missed clips during
scanning), but this seems unlikely since scanning procedures are
uniform for all hatcheries. Low rates of tag occurrence may also
be due to wildstock dilution of broodstock. Wild fish in the
:k iy ¢ igina from r :wural sr 'ning regul rly ol oo
in streams adjacent to Solomon Gulch and Cannery Creek hatcheries.
These streams also provide the hatcheries with water and provide
olfactory cues to both hatchery and wild fish 1 :urning to these
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Table 6.

Summary of hatchery contributions to the PWS

Fishery using tag expansions at release and

adjustment factors

calculated

from

broodstock or cost recovery.

the

Contribhution
IInadju j

SBOLOMON GULCH HATCHERY

Common Property 2,074,973 2,544,914
Cost Recovery 2,075,455 2,872,737
special ' 0 0
Broodstock 146,239 218,852
Total Return 4,296,667 5,636,503
Total Release 122,242,297

Marine Surviwval 3.51 4,61
CANNERY CREEK HATCHERY

Common Property 3,964,731 6,978,131
Cost Recovery 392,141 682,124
Special ' 430,854 760,306
Broodstock 155,690 299,275
Total Return 4,943,416 8,719,836
Total Release 143,662,511

Marine Survival 3.44 6.07
W.H. NOERENBERG HATCHERY

Common Property 5,313,197 8,084,192
Cost Recovery 710,399 1,044,032
Special ' 1,651,081 2,444,692
Broodstock 294,715 453,103
Total Return 7,969,392 12,056,019
Total Release 235,378,496

Marine Survival 3.39 5.11
ARMIN F. KOERNIG HATCHERY

Common Property 2,922,811 4,011,573
Cost Recovery 478,981 645,966
special ' 213,865 290,126
Broodstock 181,358 24 589
Total Return 3,797,015 5,192,254
Total Release 113,843,914

Marine Survival 3.34 4,56

! Special includes the pink salmon that were discarded and

donated.
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Figure 6. Hatchery contribution to the 1991 PWS
pink salmon commercial fishery by
district.
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Figure 7. Total hatchery contribution to the 1991
PWS pink salmon commercial fishery for
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24







P1NK

12

SALMON

SURV IVAL RATES BY TAGCODE- 1881

10

EF

SURV IVAL RATEC%)

B g WS e 6W 1 TH o gm

AFK

Figure 8. Pin
tag

70 54 5 W04 g &Y B B NN gp SN mm HO g 04 pa e B3 AN 4% m YA Wm W

CCH WHN SGH
HATCHERY BY TAGCODE

AFK (EF=EARLY FED, LF=lATE FED, UF=UNFED)

CANNERY CREEX (EF=EARLY FED. LF=LATE FED, UF=UNFED)

WHN (TR=T IME RELEABE STUDY - RELEASE DATES SHOWN)

SGH CER=EARLY RELEASE, MR = MID RELEASE, LR<LATE RELEASE, BB=BOULDER BAY)

kX salmon survival rates by hatchery,
code, and treatment.

26






sites. In any case, tag rates in cost recovery harvest for these
two hatcheries were much more consistent with rates observed at the
time of fry release and were used to adjust the expansion factors.
Given the high probability of at least some occurrence of wild fish
in the cost recovery harvests as well, these expansion factor
adjustments were probably too large.

STATUS OF INJURY ASSESSMENT

The major objective of this tagging study is to estimate
differential survival of fish exposed to oil contaminated waters.
Estimates of catch contributions and production from this study in
conjunction with escapement (NRDA F/S 1), egg and fry survival
(NRDA F/S 2), and early marine survival (NRDA F/S 4) will provide
information on the extent of effects on each Pacific salmon life
stage. The time frame depends on the life span of each species.
Although still preliminary, we now have survival estimates for
1989, 1990, and 1991 hatchery produced pink salmon, as well as 1990
tagged wildstock pink salmon. We also have an extensive escapement
database which will be modeled to determine whether differential
production occurred between oiled and unoiled streams. (NRDA F/S 28)

Progress on each objective is as follows:

1. Catch and survival rates of pink salmon released from four PWS
hatcheries in 1988 were estimated from 1989 recoveries. The
overall survival rate for pink salmon was 4.1%. Almost 1.4
million tagged pink, chum, sockeye, and coho salmon were
released from five hatcheries in 1989. Over 8,500 of the pink
salmon tagged in 1989 were recovered in 1990 providing an
overall hatchery survival estimate of 7.2%. Marine survival
of the other 4 species will be calculated as they return. Chum
and sockeye salmon began returning in significant numbers in
1991, and recovery efforts will need to continue through 1993
to encompass the majority of adult returns from the 1989
release. Approximately 1.6 million tagged pink, chun,
sockeye, and coho salmon were released from 5 hatcheries in
1990 along with over 265,000 wild sockeye and pink salmon. In
1991, 8253 pink salmon tags were recovered providing an
overall hatchery survival rate of estimate of 5.13%. Chinook
salmon tagged in 1990 will begin returning in 1993 and
continue through 1995. Sockeye, chum, and coho salmon from the
1990 release will continue to return through 1994. In 1991,
approximately 473,000 tagged vpink, chum, sockeye, and coho
salmon were released from the _ hatcheries.

2. Six streams (3 oiled and 3 0ile °° were selected for pink
salmon fry tagging and estimation of seaward migrants in 1990
using information gathered in NRDA F/S 1 and 2. Over 240,000
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wild pink salmon were tagged at the 6 streams. These fish were
recovered in the 1991 harvests and escapement surveys (NRDA
F/S 1), providing survival rates and production estimates.
The preliminary contribution estimate is 47,077 and the
average survival rate was 2.2%. In 1991, 319,400 wild pink
salmon were tagged at these same six streams.

Over 90,000 sockeye salmon smolts were tagged at Eshamy and
Coghill Rivers in 1989. These fish will began returning in
1991. In 1990, 25 thousand tags were applied to sockeye salmon
smolts in the Jackpot and Eshamy Rivers. Fish from the Coghill
River were not tagged due to low smolt abundance. The sockeye
salmon tagged in 1990 will begin returning in 1993. In 1991,
approximately 60,000 tags were applied to sockeye salmon in
the Eshamy, Jackpot, and Coghill Rivers. Weirs operated by
ADF&G Commercial Fisheries and OSIAR Divisions are in place to
monitor the escapements.

Almost 1.4, 1.6 million and 1.3 million Pacific salmon were
tagged and released in 1989, 1990, and 1991 providing fish of
known origin for NRDA F/S 4 (early marine life history) and
this study.

The analysis of spatial trends in the recent and historic
catch and escapement data suggest that alternative strategies
for managing the commercial fleet may be the first and most
effective step in restoring full production to PWS in the wake
of the Exxon Valdez o0il spill. A comprehensive escapement
enumeration and stock identification projects, which are
designed to improve the accuracy of current management
strategies, have been proposed.
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Otoliths were used to back calculate the size-at-age and weekly
growth rates of coded-wire tagged pink salmon fry recov

oiled and non-oiled areas. Otolith data from the early-fed group
released from the AFK Hatchery in 1989 has been analyzed. Weekly
otolith growth estimates showed a significant (P=0.05) time-by-
area interaction. Growth rates of fish remaining in the heavily
oiled area near AFK Hatchery declined over time while the growth
of fry that migrated to the relatively lightly oiled southern
coast of Knight Island did not decline. Growth rates of fry in
the heavily oiled area were significantly lower (P=0.003) than
those in the lightly oiled area by the third week after release.
Growth rates of fish recovered in the heavily oiled area were
significantly lower (P=0.04) in the third week than in the first
week after release.

A bioenergetic model was used to examine whether fry growth in
1989 was affected by small-scale differences in zooplankton
biomass between oiled and non-oiled areas of PWS. Feeding rates
were estimated for the ranges of water temperature and
zooplankton biomass measured in PWS in 1989. Results indicated
that fry growth was not food limited at the levels of zooplankton
biomass measured in oiled and non-oiled areas of PWS during May
1989. However, zooplankton biomass during June was low and fry
growth may have been affected by small-scale differences in food
abundance between oiled and non-oiled areas.

The migration of coded-wire tagged fish from AFK Hatchery
appeared to be affected by heavy o0il contamination near the
hatchery in 1989. One hundred and thirteen coded-wire tagged fish
from AFK hatchery were recovered along the southern coast of
Knight Island in 1989. Only 14 and 43 AFK Hatchery fry were
recovered in this area in 1990 and 1991, respectively. Visual
observations of juvenile salmon abundance also indicated that
much higher numbers of fish were present along the southern coast
of Knight Island in 1989 than in 1990 and 1991.

Pink salmon fry growth in 1989 was significantly related
(P=0.009) to fry-to-adult survival. A reduction of fry growth of
1% body weight per day resulted in a 2.5% reduction in survival
to the adult stage. Fry growth in 1990 was not significantly
related (P=0.49) to fry-to-adult survival.

The level of mixed-function oxidase (MFO) activity in pink salmon
fry generally coincided with the degree of oil contamination
observed in the sampling area. Fish captured in a non-oiled area
exhibited very mild or negative MFO activity. Fish captured in
the heavily oiled area near the AFK Hatchery exhibited strong to
moderate MFO activity. Fish captured along tl >ut] ct : of
Knight Island exhibited declining MFO activity over time,
coincident with an apparent decline in oil contamination in the
area. The distribution of stained monoclonal antibodies indicat 1
that hydrocarbons were taken up primarily through the gills and
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Five shorter radius lines were drawn across the marine zone near
the primary radius line to obtain detailed pixel luminance
series. The luminance series from the first line was cross
correlated with the luminance series from the other four lines.
The maximum lag correlation was then used to align the five
luminance series. A principal components analysis was performed
on the five aligned luminance series. The amplitude time series
from the first principal component was used in subsequent
analyses.

To verify that otolith measurements were related to fry growth,
otolith radius length (um) and increment count were regressed
against fry body weight (g) and age (number of days after
release), respectively. Otolith increments were counted from the
marine check to the outer edge. Increments were identified in the
amplitude time series as a minimum amplitude within any five
consecutive data points. To date only early-fed fry released from
AFK Hatchery in 1989 have been analyzed. The precise age of
individual fry from this group was not known because the fry were
released over a period of six days. The mean time-of-release for
the group was used to estimate age from time-of-release.

A modified Fraser-Lee procedure was used to back calculate fish
body weight at age (Campana 1990). The relationship between fry
weight and otolith size may vary systematically with somatic
growth rate, resulting in relatively large otoliths in slow
growing fish. The modified Fraser-Lee method accurately estimates
fish weight at age in the presence of a growth effect. The
equation to back calculate fry weight is

W, = W_ + (0, = 0.) (W,-W,) (0,-0,) " (1)
where W, = ln(body weight) at age, O, = otolith radius at age, W
= ln(body weight) at capture, o, = otolith radius at capture, W
= 1ln(body weight) at the beginning of the experiment, and O, =
otolith radius at the beginning of the experiment (Campana 1990).
This method assumes that fry weight and otolith size are the same
among all individuals at the beginning of the experiment. In the
present study, the beginning of the experiment was egg hatch. Fry
weight and otolith radius length at hatch were estimated to be
100 mg and 136.2 um, respectively, for all individuals. These
estimates were based on measurements along the primary radius
line to the hatch check. An exponential model was used to
estimate weekly growth rates (G) in percent body weight per day
as

c
]

G = 100[(1n(W;) - 1n(W,))/(t,-ty)] (2)

where W, = body .ght at tir t,, and W, = body ' ight at time
t,. Otolith increments were assumed to be formed daily.
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fish remaining in the heavily oiled area near AFK Hatchery (area
4) declined over time while the growth of fry that migrated to
the relatively lightly oiled southern coast of Knight Island
(area 5) did not decline. Growth rates of fry recovered from
these two areas were not significantly different from each other
until the third week (P=0.003) after release. Growth rates of
fish during the third week after release were significantly
different (P=0.04) from the first week in area 4.

Objectives A-6 & A-7:

Regression of environmental variables against weekly growth
estimates obtained from otoliths cannot be completed until all
otoliths are processed.

Objectives A-8 & A-9:

Laboratory analyses of stomach contents are not yet completed.

Objective A-10:

Results from a bioenergetic model indicated that fry growth
likely was not affected by small-scale differences in zooplankton
biomass between oiled and non-oiled areas of PWS during May 1989.
Within the range of zooplankton biomass observed during May, fry
growth is not food limited if large copepods (Neocalanus
plumchrus) are consumed or water temperatures are below 8° c. In
May. 1989, the biomass of large copepods ranged from 0. 10 to 1.20
g/m, and water temperatures were generally less than 10° c.
Diets of pink salmon fry (April-June 1989) were composed of large
copepods (20-81%), small copepods (5-43%), and various other
species (Wertheimer 1990). Model output indicated that pink
salmon fry will likely obtain maximum daily ration under these
conditions.

Fry growth may have been affected by small-scale differences in
zooplankton biomass between oiled and non-oiled areas in June 3
1989. At that time, zooplankton biomass was less than 0.10 g/m
and temperatures exceeded 10° C. Under these conditions, fry may
not obtain maximum daily ration if feeding exclusively on small
copepods (Pseudocalanus spp.).

Objectives B-1 & B2:

The migration of CWT fish from AFK Hatchery appeared to be
affected by heavy o0il contamination near the hatchery in 1989. A
total of 113 CWT fish from AFK Hatchery were recovered along the
southern coast of Knight Island in 1989. In 1990 and 1991, only
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Table 2. Mean growth rate of coded-wire tagged pink salmon fry
recovered within 30 days after release and length-
weight parameter estimate of all fry recovered from
early-fed release groups from Armin F. Koernig (AFK)
and Wally H. Noerenberg (WHN) Hatcheries in Prince
william Sound from 1989-1991.

Growth Condition
Recovery _
Year Hatchery Area n X SE n Slope  SE
1989 AFK Non-oil 95 4.78 0.11 119 3.27 0.06
0il 64 3.16 0.17 129 3.30 0.08
WHN Non-o0il 101 4.89 0.21 119 2.90 0.08
0il 23 3.72 0.40 31 3.15 0.13
19390 AFKb Non-o0il 13 5.17 0.23 14 3.14 0.49
0il 114 4.55 0.07 258 2.79 0.04
WHN Non-o0il 73 2.67 0.40 95 3.28 0.11
0il 8 1.49 0.51 31 3.13 0.08
1991 AFK Non-oil 39 3.42 0.08 43 1.70 0.21
0il 59 2.51 0.08 272 2.66 0.04
WHN Non-oil 29 3.39 0.17 116 3.05 0.08
0il 15 3.65 0.27 120 2.81 0.07

2 Slope parameter estimate of linear regression of 1ln(weight)
on 1ln(length).

b Analysis only for recovery time period 3.
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Figure 4: Geographic distribution of coded-wire tag recoveries in Prince William Sound in
1989: (a) fish released from the Armin F. Koernig Hatchery, (b) fish released from
the Wally H. Noerenberg Hatchery. Enclosed values indicate the number of coded-wire
t jged pink salmon recovered at each site.


















PROJECT 4. NMFS COMPONENT: IMPACT OF OIL SPILL ON JUVENILE PINK AND
CHUM SALMON AND THEIR PREY IN CRITICAL NEARSHORE HABITATS

Executive Summary

The objectives of the NMFS component of F/S-4 were to determine
the impact of the o0il spill on juvenile pink and chum salmon
during their initial period of marine residency in nearshore
habitats. Field studies in 1989 and 1990 compared (1)
distribution, abundance, size and nominal growth rates; (2)
exposure to and contamination by hydrocarbons; (3) feeding
habits; and (4) prey abundance for these fish between pairs of
oiled and non-oiled locations in Western Prince William Sound.
The effects of oiled sediments on the littoral prey resources of
juvenile salmon were also examined. 1In 1991, field work was
discontinued, and a laboratory study was initiated examining the
effects of ingestion of food contaminated with whole oil. The
emphasis was on juvenile pink salmon, both because of their
economic value and because of their numerical abundance relative
to other salmon species.

Based on the analyses to date of field and laboratory samples, we
have reached a series of preliminary conclusions regarding the
impacts of o0il in the nearshore marine environment. Juvenile
pink and chum salmon were contaminated by oil in 1989; the
probable route of contamination was through ingestion of whole
0il, either directly or by feeding on contaminated prey. Growth
was reduced in pink salmon in oiled areas in 1989 as a
physiological consequence of this contamination. Laboratory
studies in 1991 demonstrated that ingestion of whole o0il can
reduce the growth of juvenile pink salmon at sub-lethal dosages.

There were detectable levels of hydrocarbons in tissues of
juvenile pink salmon collected in the nearshore environment of
oiled areas of Prince William Sound in 1989 processed to date.

In order to test that hydrocarbons detected in samples were not
due to external contamination, flesh samples and viscera were
processed separately from some samples of fish from oiled
locations; both types of tissues were contaminated by
hydrocarbons, with higher levels in the viscera. The composition
of the hydrocarbon in the tissues indicated that ingestion,
either of whole o0il or oil-contaminated prey, was the likely
route of contamination. Sample processing is still incomplete;
additional samples need to be analyzed to finalize these
preliminary findings. However, evidence of o0il was also observed
in the stomachs of a small percentage of pink and chum salmon
collected at oiled sites.

Exposure of both pink and chum salmon fry to physiologically
significant levels of oil in 1989 was also indicated by levels of
mixed-function oxidase (MFO) activity in fry from oiled areas.
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Bay Crude 0il reduced survival and growth of juvenile pink salmon
growth. Temperature, prey availability, and feeding efficiency

were as high or higher in oiled locations in 1989, and therefore

do not explain the observed reduction in growth.

Juvenile chum salmon were significantly larger in the oiled
locations in both 1989 and 1990. As with pink salmon, there was
no evidence of a reduction in condition factor in the oiled area.
Chum salmon were rarely captured in oiled habitats; there was
insufficient data to compare apparent growth rates for this
species.

Pelagic zooplankton dominated the diet of juvenile pink and chum
salmon in both 1989 and 1990. Calanoid copepods were the primary
prey group of zooplankton. There was no indication of reduced
feeding of pink or chum salmon in the oiled areas in 1989, based
on measures of stomach fullness and numbers and biomass of prey
consumed. There was a significant switch in the diet composition
of juvenile pink salmon between the oiled and non-oiled areas. In
1989, epibenthic prey was utilized to a greater extent in the
non-oiled area than the oiled area, and zooplankton prey was used
to a greater extent in the oiled area than in non-oiled area.

The reverse pattern was observed in 1990. This switch in diet
composition is attributed to differences in the timing and
abundance of the spring zooplankton bloom.

We found no evidence of a reduction in available prey organisms
of juvenile salmon due to o0il contamination. No significant
differences were detected in the biomass of pelagic zooplankton
between oiled and non-oiled areas in either 1989 or 1990.
However, the trend in 1989 was for higher zooplankton biomass in
the oiled area; zooplankton biomass declined more rapidly from
seasonal peaks in the non-oiled area than in the oiled area. The
reverse was true in 1990. Zooplankton biomass was greater in
corridors than bays in 1989 and 1990. Epibenthic prey biomass,
including harpacticoid copepods, was higher in oiled locations
than in non-oiled locations in 1989. This ti1 ad could have been
due to geographic variability, reduced cropping associated with
lower abundance of juvenile pink salmon, or direct enhancement by
0il contamination. Preliminary analyses of results from 1990
field studies on epibenthic prey support the latter explanation.
Harpacticoid copepods were more abundant in 1990 on heavily oiled
beaches than lightly oiled beaches within the same embayment.
Although the differences were not significant in the preliminary
analysis, harpacticoid copepods and meiofauna also tended to be
higher in the oiled sediments in the field experiment examining
the colonization of azoic sediments.
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CHAPTER 2: ABUNDANCE, DISTRIBUTION, 8IZE, AND GROWTH OF JUVENILE
8ALMON

Objectives

2.A To test the hypothesis that the abundance of juvenile pink
and chum salmon does not differ between oiled and non-oiled
areas.

2.B To compare distribution and habitat utilization by juvenile
salmon between 1989 and 1990.

2.C To test the hypothesis that the size and growth of juvenile
salmon do not differ between oiled and non-oiled areas.

2.D To recover coded-wire tag pink salmon for inclusion in the

tag-recovery data base used to determine migratory behavior and
specific growth rates of hatchery juvenile salmon (analyzed by

ADFG component of F/S-4).

Methods
Sample collection and processing

The general sampling design incorporated 8 locations: 4 oiled and
4 non-oiled (Figure 2.1). For both the oiled and non-oiled
locations, two sites each were selected in embayments and
migration corridors. The study locations were paired a priori
for pairwise comparisons between oiled and non-oiled locations.
These -pairings were (non-oiled first): McClure Bay-Herring Bay;
Long Bay-Snug Harbor; Culross Passage-Prince of Wales Passage;
Wells Passage-Knight Island Passage.

Three habitat types (low, medium, and steep gradient beaches)
were sampled at each location. Low gradient beaches were <10%
grade, with granule-pebble substrate; medium gradient beaches
were 12-25% grade, with pebble-cobble substrate; and steep
gradient beach were >50% grade, with bedrock or large boulder
substrate. Particular sample sites within paired oiled and non-
oiled locations were selected for similarity in such
characteristics as wave exposure, macrophyte coverage, and
substrate.

In 1989, one beach of each habitat type was sampled at each

] 1 a total of 24 systematically sampled sites. 1In
1990, two beaches of each habitat type were sampled at each
location, for a total of 48 systematically sampled sites. The
locations of each systematic sample site are shown on Maps A-F,
Appendix 2.1. There were five sampling trips over the time
period April 10 - June 26, 1989, and four sampling trips over the
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period April 16 - June 14, 1990. Triplicate measures of
temperature and salinity data at 1-m and 4-m depths were
collected at each location for each sampling period using a
conductivity-temperature meter.

In addition to the systematic sampling of these sites, 2-3 miles
of shoreline adjacent to the sites at each location were sampled
to locate congregations of juvenile salmon, using both "blind"
sets (no fish observed) and "directed" sets (fish observed).
This sampling effort was intended to provide additional coded-
wire tag collections, as well as to supplement samples for
hydrocarbon and otolith analyses when insufficient numbers were
collected at the systematically sampled beaches. Effort was
higher in the oiled area because of the emphasis on recovering
juvenile pink salmon for hydrocarbon analysis.

Sampling at the systematic study sites was restricted to the -1
to +3 tide levels to minimize tidal effects between sites. Fish
were captured using 37 m beach seines (outer wings, 10 m long, 32
mm "scare" mesh, dyed green, tapering from 1 to 3 m deep; inner
wings, 4 m long 13 mm mesh dyed green, tapering from 3 to 4 m
deep; bunt, 8 m long, 6 mm mesh dyed green, tapering from 4 to 5
m deep) and a 37 m seine modified to sample the steep gradient
sites (3 m deep; wings 10 m long with 32 mm "scare" mesh dyed
white; bunt 17 m long with 6 mm mesh dyed green and a floor of 6
mm green mesh formed by a 9 m lead line connecting the bottom
intersections of the wings with the bunt). Dip nets were also
used to collect fish during the non-systematic sampling.

Catches were sorted by species and enumerated; all salmon were
checked for the presence of coded-wire tags. Samples of juvenile
pink and chum salmon were preserved in 10% buffered formalin for
later length and weight, diet, and mixed-function oxidase (MFO)
analyses. Samples of juvenile pink salmon were frozen for
hydrocarbon analysis; 50 juvenile pink salmon from each embayment
site were also preserved for analysis of otolith growth patterns.
Fish collected for size and stomach analysis were retained in
formalin for at least 45 d to assure uniform shrinkage.
Coded-wire tagged fish were stored frozen until processed for
tags by the ADFG Tag Processing Laboratory in Juneau.

Otolith samples in 1989 were taken from frozen fish processed for
hydrocarbons. The heads were removed from the fish and placed in
100% ethanol when the samples were prepped for the hydrocarbon
processing. In 1990, fish were subsampled in the field
specifically for otolith samples; the fish were measured, and the
heads removed immediately and placed into 100% ethanol. Samples
v processed from fish  ptured in firn =}t 1f E1 . T
heads were sent to the Washington Department of Fisheries (WDF)
Calcified Tissues Laboratory, where the sagittal otoliths were
removed, mounted in epoxy resin, ground, and examined to
determine the number of increments subsequent to the hatching and
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These differences in response over time were more pronounced at
the 1-M sampling depth, which was characterized by occasional
temperature spikes (Fig. 2.2). At both the 1-M and 4-M depths,
there were no significant differences between bay and corridor
sampling locations (Table 2.1). However, there were significant
time*bay/corridor and time*oil#*bay/corridor interactions at the
4-M depth in 1989, due to different patterns in the change in
temperature over time in the bays in 1989. Temperature generally
increased steadily with time except in the bays in 1989, where
temperature changes were more variable (Fig. 2.2).

Salinities were consistently higher at both sampling depths at
the oiled locations (Fig. 2.4, 2.5). In oiled locations,
salinities averaged 28.6 and 29.9 ppt at 1-M in 1989 and 1990,
respectively, and 29.7 and 30.8 at 4-M. In the non-oiled
locations, salinities averaged 23.0 and 25.1 ppt in 1989 and
1990, respectively, and 27.9 and 30.2 ppt at 4-M. The
differences between the oiled and non-oiled areas were
significant at 1-M in both 1989 and 1990, and at 4-M in 1989
(Table 2.2). Salinities also varied significantly between
sampling times, and tended to decrease over the sampling period.
In 1989, salinities at 4-M declined to a greater extent over time
in the non-oiled locations (Fig. 2.4), resulting in a significant
time*0il interaction (Table 2.2). Also in 1989, there was
significant interaction between bay/corridor and oil at the 1-M
depth, due to extreme low salinities observed in the non-oiled
bays (Fig. 2.4). These interactions reflect differences in the
degree to which oiled and non-oiled locations differed, but do
not contradict the conclusion that salinities were higher overall
in the oiled sampling locations. No significant interactions
were seen in the salinity comparisons in 1990 (Table 2.2).

Abundance of juvenile pink salmon

Systematic catch. In the systematic sampling in both 1989 and
1990, considerably more pink salmon were captured in non-oiled
than oiled locations. 1In 1989 a total of 33,290 pink salmon were
captured in 120 systematic sets, with 43% zero catches and a high
catch of over 8000. More than 4 times as many pink salmon were
captured in the non-oiled area, 27,200 fish compared to 6090 fish
in the oiled area. 1In 1990 a total of 81,869 pink salmon were
captured in 191 sets, with 28% zero catches and a high catch of
22,977. More than 6 times as many pink salmon juveniles were
captured in the non-oiled area in 1990, 70,496 fish compared to
11,373 fish in the oiled area.

The ANOVA's of the systematic catch data for 1989 and 1990
combined indicated that pink salmon were significantly more
abundant in the non-oiled area than the oiled area in terms of
both Ln catch (P = 0.03) and ranks (P = 0.03, Table 2.3). This
trend was consistent in both years; in neither analysis was the
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bays (Table 2.19). In 1989 chum salmon were larger in non-oiled
corridors than oiled corridors, whereas the reverse was true in
1990.

There were differences in the condition regressions for juvenile
chum salmon between bays and corridors in oiled and non-oiled
areas in both 1989 and 1990 (Table 2.18); therefore, comparisons
between oiled and non-oiled areas were considered separately for
bays and corridors. There were no significant differences in
slopes or adjusted means for chum salmon between oiled and non-
oiled corridors in 1989 or 1990.

The condition regressions were significantly different between
oiled and non-oiled bays in both years (Table 2.18). The
intersection of the regression lines for chums in oiled and non-
oiled bays is 57 mm in 1989, and 44 mm in 1990. Below the
intersection point within a particular year, chum salmon in oiled
bays were heavier at a given length; above the intersection
point, chum salmon in non-oiled bays were heavier at a given
length. Chum salmon had distinctly different size distributions
in oiled versus non-oiled bays; they were generally much larger
in the oiled bays (Table 2.19). Of the chum salmon caught in
bays in 1989, 85% and 99% of the fish were below 57 mm in oiled
and non-oiled bays, respectively. In general, therefore, chum
salmon juveniles had a higher condition factor in oiled bays in
1989.

In 1990, there was not a consistent difference over the size
range sampled in the bays. Most (94%) of the chum salmon in non-
oiled bays were below the intersection point, the size range
where condition given by the non-oiled regression is lower
relative to fish in the oiled area of similar length. However,
most (82%) of the chum salmon in oiled bays were larger than 44
mm, the size range where condition given by the oiled regression
relationship is lower relative to fish in the non-oiled area of
similar length.

Discussion

Juvenile pink and chum salmon were more abundant in the non-oiled
area in both 1989 and 1990. Avoidance of oiled habitats or
direct mortality are possible explanations of the differences in
abundance. There was, however, no evidence of direct mortality
in oiled areas. In both years, large schools of juvenile pink

¢ lmon = 4 wmp. . in both oi. 1 and non-oi
locations. Pink salmon fry did not appear to avoid o0il; schools
of pink salmon were observed under large expanses of mousse
accumulated along booms in ou! : Snug Harbor in 1989; the fish
may actually have been using the mousse for cover.
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locations in Prince William Sound in 1990.
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Wells Passage

Culross Passage

Appendix 2.1B. Systematic sampling sites at Long Bay,
Wells Passage and Culross Passage; low = low gradient,
med = medium gradient and high = steep gradient. Sites
followed by the number 2 were sampled only in 1990; all
other sites were sampled in both 1989 and 1990.
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Appendix 2.1C. Systematic sampling sites in Herring Bay and Knight

Island Passage; low = low gradient, med = medium gradient and high =
steep gradient. Sites followed by the number 2 were sampled only in

1990; all other sites were sampled in both 1989 and 1990.
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L  Prince of Wales Pass,.

Appendix 2.1E. Systematic sampling sites in Prince of Wales
Passage; low = low gradient, med = medium gradient, and high =
steep gradient. Sites followed by the number 2 were sampled only
in 1930; all other sites were sampled in both 1989 and 1990.
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CHAPTER 3. EXPOSURE AND CONTAMINATION OF JUVENILE S8ALMON TO
HYDROCARBONS

Objectives

3. To test if hydrocarbon levels in juvenile pink salmon and
multi-function oxidase (MFO) induction in juvenile pink and chum
salmon differed between oiled and non-oiled areas.

Methods

Juvenile pink salmon, mussels, and surface sediments (top 2 cm)
were sampled for hydrocarbon analysis at each of the sampling
locations in 1989 and 1990 throughout the extent of the sampling
period. Sampling procedures followed those developed by the
Hydrocarbon Technical Committee. Water samples were taken at
each location in 1989 only. Sediments were also sampled in
association with the tidal epibenthic prey transects in 1989, the
epibenthic prey transects at light- and heavy-oiled beaches in
1990, and the azoic sediment pans in 1990. Tissue and sediment
samples taken for direct evaluation of hydrocarbon content were
frozen immediately after collection. Water samples were
immediately processed with dichloromethane to extract
hydrocarbons; the extracts were then frozen. An exception to
the immediate freezing of samples was in April, 1989, when
freezing capability was not available on the chartered fishing
vessel used to support the first sampling trip. Hydrocarbon
samples on this trip were packed in ice in an insulated box until
they could be frozen. Field blanks were included with
hydrocarbon samples for quality control on collection vials,
storage, and processing.

Salmon tissues were analyzed for aliphatic hydrocarbons using gas
chromatography with a flame ionization detector (GCr—D) and
aromatic hydrocarbons using high pressure liquid chromatography
(HPLC) techniques followed by gas chromatography with a mass
spectometer (GCMS) at two independent laboratories: Geochemical
and Environmental Research Group (GERG) at Texas A&M University,
and by the Auke Bay Laboratory (ABL). The majority of our
samples were analyzed by GERG.

Samples of juvenile pink and chum salmon were also preserved in
10% buffered formalin in both 1989 and 1990 for analysis of
induction of MFO's as an indicator of exposure to hydrocarbons.
MFO samples were processed at Woods Hole Oceanographic _ast: aite.
Approximately 6 fish per sample group were examined by
histological sectioning and immunochemical staining for P450E
cont 1t. Slides were stained in duplicate for both specif:
antibody and control antibody. Prevalence and intensity of
staining were qualitatively ranked on a scale of 0 = negative; 1
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= very mild; 2 = mild; 3 = mild/moderate; 4 = moderate; 5 =
moderate/strong; and 6 = strong. Ratings of 0-1 reflect normal,
background staining; 2 is a borderline level that may indicate
induction from anthropogenic pollutants or may be high natural
background; and 3-6 indicate definite induction (personal
communication, Roxanna Smolowitz, Woods Hole Oceanic Institute).

In 1989, groups of formalin-preserved fish were weighed and
measured, subsamples were selected for stomach analysis and
transferred to 40% isopropanol, and the remaining fish returned
to formalin. The same procedure was to be followed in 1990;
however, all fish were incorrectly transferred to isopropanol
following size measurements instead of only the subsamples for
diet analysis. As a result, it was necessary to test the effect
of transfer of samples to isopropanol after 6-8 wk in formalin.
Four paired samples of 1989 fish from oiled locations were
processed for MFO activity, where subsamples of fish from the
same set had been transferred to isopropanol and retained in
formalin.

Results
Sediment contamination

In general most sediments collected at oiled sites during 1989
were contaminated ('yes' score, Table 3.1) and sediments at
control sites were not contaminated by o0il ('no' score, Table
3.1). The 'yes' score observed in Culross Passage is unexplained
because of its late collection date (June 23, 1989) and may in
error.

Not included in the 'yes/no' sediment data analysis (Table 3.1)
are some returns that appear highly suspicious. Having been
previously alerted to likely errors in the GERG sediment data
returns, we find the following observations unlikely: 5 'yes' +
1 'yes?' from Long Bay collected June 23, 1989 1d 4 'yes' + 1
‘yves?' from McClure Bay, June 22, 1989. Catalog numbers are 6546
and 6550.

Of the many compounds available from analysis, only a few were
used during sediment analysis: sum hydrocarbons, sum alkanes,
sum aromatics, unresolved complex mixture (UCM), pristane,
phytane, sum naphthalenes, sum fluorenes, sum phenanthrenes, sum
dibenzothiophenes, and sum chrysenes. Certain index values were
also considered during analysis: pristane/phytane ratio, n-
Cl8/vhvtane ratio, saturated hydrocarbon weathering index (SHWR),

_ ference index (-2I), and high/low aromatic ratio.
Future analysis will likely include all individual analytes,
possibly using principal component analysis.

Differences in hydrocarbon concentrations among sediments

3.2






William Sound were contaminated by hydrocarbons ('yes' score,
Table 3.3). Mussel tissues collected from control areas
generally did not contain hydrocarbons (91%, 'no' score, Table
3.3). The hydrocarbons observed in control areas were collected
from Culross Passage on April 17 and on May 4. We observed small
amounts of mousse on beaches in the vicinity of the collection
site on May 4, and thus attribute the contamination to the Valdez
spill. Hydrocarbon contamination of mussel tissues in Culross
Passage did not persist; samples collected from the same location
on May 20 and later did not contain hydrocarbons.

The presence of hydrocarbons in mussel tissues was clearly
evident in some hydrocarbon analytes or groups of analytes.
Phytane, sum phenanthrenes, sum fluorenes, sum dibenzothiophenes,
and sum chrysenes concentrations were significantly greater at
oiled sites than at control sites (a = 0.05: Scheffe' a
posterior multiple comparison test) (Figure 3.3). Pristane, sum
hydrocarbons, sum aromatics, and the unresolved complex mixture
(UCM) also were significantly greater at oiled sites. Results of
analysis were basically the same whether the two contaminated
Culross Passage samples were included or excluded; levels of
contamination in these samples was low, and did not persist over
time.

Based on the one sample has been analyzed to date from 1990
collections, mussel tissue contamination in oiled locations
persisted into 1990 (Table 3.4).

Juvenile pink salmon

Based on the samples analyzed to date from 1989 (April 15 -June
25), 43% of the juvenile pink salmon tissues sampled in oiled
areas of Prince William Sound were contaminated by hydrocarbons
('yes' score, Table 3.5). None of the juvenile pink salmon
tissues collected in control areas contained hydrocarbons ('yes'
score, Table 3.5). Data were analyzed without considering time as
a factor.

Relatively few juvenile pink salmon tissues collected in 1989
have been analyzed to date, or are available for analysis (Table
3.5). (Data are considered available for analysis when they are
contained in the electronic database). For this reason results
are preliminary, and will benefit from continued analysis.

Salmon tissues were analyzed for hydrocarbons “-- GERG and by ABL.
It is possible that analyses from these two inaependent sources
increases systematic error, but insufficient quantities have been
a1 lyzed to compare the results statistically be¢ reen
laboratories. Nonetheless, inspection of the data suggests that
analyte concentrations may vary between laboratories. Until
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oiled areas during 1989 and analyzed the carcasses (integument
and muscle) and viscera separately. If contamination were an
external artifact of sampling in polluted water where sheen and
mousse were often present, we reasoned that the viscera should
show no or little hydrocarbon contamination relative to the
carcass. In 4 samples from oiled areas, both carcasses and
viscera showed hydrocarbon contamination (Figure 3.6), and
viscera concentrations were significantly (P < 0.05) higher.

Although more carcass:viscera tissue analyses (12 samples) are
pending, no additional data were available since the 1990 report.
Because the original data set left some questions, analysis will
benefit from increased sample size.

MFO analysis also indicated that juvenile pink salmon were
exposed to physiologically significant levels of hydrocarbons in
the nearshore marine environment in 1989. None of the four
samples from non-oiled locations had MFO activity levels above 2,
the level characteristic of high natural or low contaminant
induction, while all of the 13 samples of pink salmon from oiled
locations were at level 2 or above (Figure 3.7a). Nine of the
samples from oiled areas had MFO activity rankings of 3 or
greater, indicative of definite induction (Table 3.7).

High MFO activity was also observed in juvenile chum salmon
sampled in oiled areas in 1989, indicating that this species was
also exposed to physiologically significant levels of hydrocarbon
contaminants. No MFO activity above Level 1 (very mild) was
observed in samples of chums from non-oiled sites in 1989, while
the three samples of chums collected from Herring Bay had strong
or very strong induction of MFO's (Figure 3.7b).

There was a temporal aspect to the MFO induction in juvenile pink
salmon in 1989. Nine of 10 samples of pink salmon taken from
oiled areas before June 8 showed definite induction (activity
levels of 3 or greater; Table 3.7). Samples with strong (5-6
rank) induction were observed in all four oiled locations in mid-
May to early June (Figure 3.8). MFO activity declined to
marginal induction levels, however, in all three locations where
samples of juvenile pink salmon were collected in the latter half
of June. This decline was not observed in chum salmon samples
from Herring Bay; MFO activity was still strong in these fish in
late June (Figure 3.8).

The transfer of 1990 samples from formalin to isopropanol reduced
the sensitivity of the immunohistochemical assay on average by
cne level of detectable activity. Four comparisons :re possible
where subsamples of pink salmon “rom the same seine set in 1989
had been preserved in both formalin and isopropanol. 1In one case
the samples were rated the same; in two cases the activity in the
fish preserved in isopropanol was rated one level lower than the
corresponding fish preserved in formalin; and in one case the
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activity in the fish preserved in isopropanol was two levels
lower (Figure 3.9).

There was no indication that MFO induction occurred in pink and
chum salmon juveniles in nearshore habitats in 1990. 2All of the
samples in 1990 from both oiled and non-oiled locations were
rated either 1 or 0. If we assume that isopropanol reduced
staining by a level of activity, and increase the activity level
by 1, there is still no sample that would be increased to the
"definite induction" range (3-6). A higher percentage of samples
of pink salmon from oiled locations showed some degree of
staining: four of seven were rated 1 compared to one of four from
non-oiled locations (Table 3.7). However, the opposite trend was
observed for chum salmon, where one of three samples in non-oiled
locations had some degree of staining and all three samples from
the oiled locations were negative (Table 3.8).

Discussion

Contamination of sediments and mussel tissues have established
that petroleum hydrocarbon contamination was present in oiled
areas but not in control areas with a few possible low level
exceptions. Contrasts between oiled and non-oiled sites should
therefore provide a valid measure of oil impact.

Sediment hydrocarbon concentrations in oiled areas are highly
variable. We expect that refinements in the analysis, such as
accounting for sample elevations and time, will probably decrease
this variability. Variability will tend to remain high, however,
because oil distributions were patchy; in particular oiled
sediments frequently occurred as oiled bands at various
elevations. Analysis of the detailed tide transect sediment data
should more clearly define these distributions in Herring Bay and
Snug Harbor. There is also a limited amount of data available
from other oiled sites that can be used to examine the
relationship of sediment contamination to elevation at our sample
sites. Completion of the analysis of sediment contamination will
also require processing a few additional frozen samples to fill
in identified gaps in the data set.

Mussel tissues are an excellent measure of the biological
availability of petroleum hydrocarbons at specific locations
because they are sessile and because they accumulate hydrocarbons
in their tissues without appreciable depuration. Despite the
extreme®’ - low concentrations of hydrocarbons in the water column
in the spill area (Short 1990; Maki 1991; our water samples have
not yet been analyzed), mussels showed a dramatic separation
between control and oiled sites. Concentrations of hydrocarbons
in mussel tissues will be tested over time as more data become
available.
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\nalysis of pink salmon tissue samples is complete for 1990;
there are still 42 samples collected in 1989 that need to be
analyzed. However, there is sufficient information from the 1989
samples to reach some preliminary conclusions.

Juvenile pink salmon tissues were contaminated by petroleum
hydrocarbons in oiled areas. Hydrocarbon contamination patterns
observed in juvenile salmon tissues were similar to the more
clearly defined patterns observed in mussel tissues collected at
the same sites. Because mussels are sessile and depurate
hydrocarbons relatively slowly, while pink salmon fry are pelagic
and depurate hydrocarbons more rapidly, we believe the results
compare favorably.

Although hydrocarbons in CWT fry tissues did not differ
significantly between oiled and non-oiled areas (Knight Island
Passage versus Wells Passage), observed concentrations were
always higher in tissues collected from the oiled site; the
single exception was the phytane observation (Figure 3.10). _
Although not statisticly significant, this trend suggests that
tagged fry, released from known locations, did accumulate
hydrocarbons.

Not all juvenile pink salmon collected at contaminated sites had
hydrocarbons in their tissues. Because they are highly mobile
pelagic fish, this is not surprising; uncontaminated samples may
indicate the salmon had not been in the oiled area long enough to
become contaminated.

Because juvenile pink salmon viscera contained significantly
higher hydrocarbon concentrations that carcasses, we rule out the
possibility that observed contamination was caused by superficial
contamination by collection techniques. Contaminated visceral
tissues may also support the uptake by ingestion mechanism. The
MFO induction in oiled areas also corroborates direct hydrocarbon
measurements; Jjuvenile _ ink salmon accumulated biologically
significant guantities of petroleum hydrocarbons and expended
energy to depurate it.

Induction of MFO's in juvenile pink salmon decreased over time in
1989, suggesting that hydrocarbon concentrations began to
decline. We will be looking more closely at the mussel, sediment
and pink salmon tissue data as it becomes available for similar
trends. By 1990, hydrocarbon concentrations in pink salmon
tissues and surface sediments had clearly declined. Insufficient
data a1 avai. »>le : 1s~~'s in 1990 to determine trends, but
it is likely they will be saimilar.

The mean ratio of tot ~ aromatics to total hydrocarbons observed
in juvenile pink salmon tissues was 0.02, indic :ing that
exposure to whole o0il was the source of contamination. At the
time of these observations, concentrations of hydrocarbons

3.8



dissolved in the water column were near or below detection limits
(Short 1991; Maki 1991), excluding water soluble fractions (WSF)
as the probable route of contamination.

Direct ingestion could have been the route of contamination of
juvenile salmon. We have evidence of oil ingestion by juvenile
pink and chum salmon. During analysis of stomach contents, oil
sheen or droplets were observed from several fish collected in
oiled areas; no similar occurrences were noted from fish
collected in control areas (Chapter 4). O0il particles that are
the same size prey could be mistaken as prey and ingested
directly. 0il particles ranging from 0.01 - 1.0 mm diameter were
observed as deep as 80 m in Chedabucto Bay following the wreck of
the tanker Arrow (Forrester, 1971).

Contaminated prey could also have been a route of contamination.
Particulate crude oil may be ingested directly by zooplankton
(Conover 1971). Various studies have also shown hydrocarbon
uptake from the WSF of o0il by crustaceans (e.g. Macek et al 1977,
Schwartz 1985, Carls 1987). Epibenthic microcrustaceans, such as
harpacticoid copepods may biocaccumulate oil from sediments, and
therefore pass hydrocarbons up the food chain. Uptake of
hydrocarbons by benthic organisms may be via interstitial water
and is therefore kinetically controlled by desorption from
sediment particles and organic matter (Landrum, 1989).
Hydrocarbons, particularly the more strongly sorbed compounds,
may also be assimilated via ingestion (Landrum, 1989).



Table 3.1. Analysis of hydrocarbons in sediments collected at
standard beach sites during 1989. CP = Culross Passage, LB =
Long Bay, MB = McClure Bay, and WP = Wells Passage, HB = Herring
Bay, KP = Knight Island Passage, PP = Prince of Wales Passage,
and SH = Snug Harbor.

Control sites

Local sampled requested analyzed available no maybe yes
CP 16 11 10 8 9 0 1
LB 63 26 19 15 18 1 0
MB 77 28 18 18 16 1 0
WP 16 12 11 9 7 4 0

sum 172 77 63 50 50 6 1

percent 88% 11% 2%

Oiled sites

Local sampled requested analyzed available no maybe yes
HB 79 44 33 15 6 5 22
KP 19 12 11 10 2 1 8
PP 21 14 12 11 4 1 7
SH 64 54 50 37 2 5 43

sum 183 124 106 73 14 12 80

percent 13% 11% 75%



























Sediments, standard locations, 1990
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Figure 3.2--Concentrations of selected hydrocarbon analytes observed in sediments
collected during 1990. Control sites are at the left of each graph (CP = Culross
Passage, LB = Long Bay, MB = McClure Bay and WP = Wells Passage); oiled sites are

HB = Herring Bay, KP = Knight Island Passage, PP = Prince of Wales Passage and SH
= Snug Harbor.
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Pink Salmon fry, 1989
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Figure 3.4--Concentrations of selected hydrocarbon analytes observed in juvenile
pink salmon tissues collected during 1989. Control sites are at the left of each
graph (CP = Culross Passage, LB = Long Bay, MB = McClure Bay and WP = Wells Passage);
oiled sites are HB = Herring Bay, KP = Knight lsland Passage, PP = Prince of Wales
Passage and SH = Snug Harbor.
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CHAPTER 4: FEEDING HABITS

Objective 4. To compare the feeding habits of juvenile pink and
chum salmon between oiled and non-oiled areas.

Methods

When fish from each site were weighed and measured (Chapter 2),
individuals were randomly subsampled for analysis of stomach
content. In 1989, 10 each pinks and chums (depending on
availability) were subsampled from each site. In 1990, the 10
fish were randomly selected from the pooled hauls from replicate
sites for each habitat type. Each fish retained for stomach
analysis was put into 40% isopropyl alcohol. When the fish was
processed, the foregut was excised and weighed, stomach fullness
was estimated, and the contents removed. The empty foregut was
then weighed to get a measure of total content wet weight.

The stomach contents were identified and counted by taxa,
generally to the order level. 1In 1989, harpacticoid copepods
were identified to genus or family level in a subsample of
stomachs. Calanoid copepods were also classified by total length
as large (> 2.5 mm) or small (< 2.5 mm). Biomass of prey taxa
were estimated from dry weights computed for the same or similar
taxa in other feeding habits research (Landingham 1982; Cooney et
al. 1981; Landingham and Mothershead 1988). If adequate
literature values were not available, dry weights were computed
by weighing a sample of up to 100 intact representatives of a
taxon dried in a constant- temperature oven at 60°C for 24 hr.

Stomach contents were categorized as to production system:
epibenthos, pelagic zooplankton, and drift insects. Epibenthos
was further divided into harpacticoid copepods and other
epibenthos. Pelagic zooplankton was further divided into large
and small calanoids and other zooplankton. For these prey
categories, dry weight, dry weight as a percent of total prey
weight in a stomach, numbers, and numbers as a percent of total
numbers in a stomach were calculated for each fish. Stomach
content weights were also calculated as a percent of fish weight
for each fish. Frequencies of occurrence for the prey categories
were calculated as a percentage of the occurrence in the stomachs
processed from a particular set.

The general overv1ew of juvenile pink and chum salmon feeding
habits is } 3 1 the biomass of the prey consumed.
This single parameter best represents the importance of prey
items from the energetics perspective of the predator (Bowen

1983). Wilcoxon signed-rank tests were used to compare the broad
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There were no consistent differences in fullness and total prey
between oiled and non-oiled locations. In 1989, there were no
significant differences in these parameters (Table 4.11). Of the
seven measures of fullness or total prey listed in Table 4.11,
the estimated median difference was greater for oiled in three
cases, greater for non-oiled in three cases, and zero in one
case. In 1990, there was significantly higher dry weight of prey
as a percent of total body weight for non-oiled samples (Table
4.12). No other parameters were significantly different, and
there was no consistent trend for lower values of fullness or
total prey consumed for oiled samples: oiled was higher in four
cases, non-oiled in two cases, and the estimated median
difference was zero in one case.

There were no significant differences in 1989 in the utilization
of the major prey categories between chum salmon from oiled and
non-oiled areas (Table 4.13). 1In 1990, there was significantly
(P = 0.052) higher proportion of zooplankton consumed by chum
salmon in the non-oiled area, in terms of both number and weight
(Table 4.14). Frequency of occurrence and total prey dry weight
of zooplankton were also higher for non-oiled samples, although
they were not significantly different. Number of zooplankton
consumed, however, tended to be higher in the oiled samples.
This may be an instance of size differences skewing the
comparisons; larger fish may be consuming absolutely larger
numbers, but proportionately less of the prey category.

When the major prey categories are subdivided into harpacticoid
and calanoid copepods, there are again no significant differences
between oiled and non-oiled samples in 1989 (Table 4.15). 1In
1990, the consumption of calanoids was significantly greater in
the non-oiled sites (Table 4.16). Total calanoids were higher
for non-oiled samples for all five diet parameters, and
significantly greater for all except total number. Large
calanoids were significantly greater for non-oiled in all the
diet parameters tested. These differences are reflective of the
relatively low utilization of calanoids by chum salmon in the
oiled sites in 1990 (Figure 4.9). There was also a consistent
trend of greater harpacticoid copepod consumption in oiled sites
in 1990; total biomass of harpacticoids consumed was
significantly (P = 0.076) higher in the chum salmon from the
oiled area (Table 4.16). This is another case where large size
of fish in oiled sites could be affecting the significance of the
test, since larger fish would be expected to consume a higher
biomass of prey.

Discussion

There was evidence that oil was being ingested by juvenile salmon
in 1989; sheen or tar globules were observed from 0.7% of the
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in the spring along steep, rocky shorelines; in these habitats,
zooplankton always dominated the diet of the fish.

The rapid movement of juvenile of pink salmon from more protected
bays to migration corridors (Chapter 2) may be an adaptive
feeding strategy to take advantage of the higher zooplankton
biomass in corridors in early spring (Chapter 5). The increase
in epibenthic prey with time coincides with the decline of the
spring zooplankton bloom (see Chapter 5). This shift in feeding
habits, in conjunction with the collapse of the spring calanoid
populations in Prince William Sound has been identified
previously by Cooney et al. (1981). As calanoid copepods become
less abundant, the juvenile salmon in the nearshore utilize
alternative prey resources to a greater degree. This change in
availability of prey over time probably explains the weak
relationship between fish size and prey categories. At the same
time, juvenile pink salmon are also dispersing from the nearshore
environment to more off-shore waters, where they are obligate
feeders on pelagic food webs. Further analysis is needed to
determine the relative effects of prey availability and size of
fish on the feeding habits of the salmon.

Although pelagic zooplankton composed the majority of the diet of
both pink and chum salmon juveniles, chum salmon did tend to eat
a higher proportion of epibenthic prey. The higher proportion of
epibenthos may reflect the affinity of chum salmon for lower
gradient habitats during their nearshore phase (Chapter 2).
Epibenthic prey were more abundant in the lower gradient habitats
than in the steep habitats (Chapter 5). Barnard (1979) also
found a higher proportion of harpacticoid copepods and other
epibenthic organisms in the diet of chum salmon than in the diet
of pink salmon in Prince William Sound. Because of their
distribution in nearshore habitats and their propensity to forage
to a greater extent on epibenthos, juvenile chum salmon may have
been more susceptible than juvenile pink salmon to hydrocarbon
exposure in the oiled area.





















Table 4.7. Summary table of Wilcoxon paired-signed rank tests
comparing average values for prey sub-categories consumed by
juvenile pink salmon in 20 paired sets from oiled vs. non-oiled
areas of Prince William Sound, 1989. A negative value for the
estimated median difference indicates non-oiled > oiled. t =
number of ties deleted from comparison. N-0 Mean and Oiled Mean
are means of non-oiled and oiled values used in the comparisons,
respectively. %F.0. = Percent Frequency of Occurrence, Dry wt. =
mg dry weight, Cal. = Calanoids.

Prey Category t  WwWilcox. P- Est. N-O Oiled
Stat. Value Median Mean Mean
Harpacticoids
%F.0. 2 64.0 0.360 - 0.058 0.686 0.619
Number 0 77.0 0.305 =16.50 46.8 48.0
% Number 0 76.0 0.287 - 0.085 0.346 0.262
Dry Wt. 0 80.0 0.360 - 0.184 0.555 0.576
% Dry Wt. 0 84.0 0.444 - 0.054 0.234 0.192
Tot. Cal.
%$F.0. 4 86.0 0.366 0.109 0.588 0.681
Number 2 103.0 0.459 3.500 26.1 34.7
% Number 0 155.0 0.065%* 0.168 0.278 0.428
Dry Wt. 0 170.0 0.016** 0.989 1.134 2.15
% Dry Wt. 0 153.0 0.076%* 0.169 0.384 0.522
Small Cal.
$F.0. 2 109.5 0.306 0.175 0.511 0.627
Number 1 116.0 0.409 5.000 19.2 30.6
% Number 0 141.0 0.185 0.085 0.213 0.288
Dry Wt. 0 125.0 0.467 0.137 0.524 0.838
% Dry Wt. 0 114.0 0.751 0.030 0.207 0.231
Large Cal.
%$F.0. 5 85.5 0.156 0.069 0.314 0.413
Number 7 83.0 0.010%* 1.000 1.3 2.7
% Number 3 117.0 0.058%* 0.032 0.031 0.132
Dry Wt. 4 120.0 0.008*%* 0.529 0.609 1.314
% Dry Wt. 3 105.0 0.185 0.051 0.176 0.290

*1ndicates P-value < 0.1
**indicates P-value < 0.05
***indicates P-value < 0.01






able 4.9. Percent dry weight of prey categories in the diet of
112 chum salmon fry diets from fish collected in Prince William
Sound, Alaska, April-June 1989, in oiled and non-oiled areas by
habitat in bays and corridors. Samples are pooled over time (trip

number) and fry size. Cal. = Calanoids, Zoop. = Pelagic
Zooplankton, Epi. = Epibenthos, N/A = Insufficient Data).
Species Bays Corridors
Category
Low Medium Steep Low Medium Steep

NON-OILED

Large Cal. 0.00 64.72 N/A 65.02 N/A N/A
Small cal. 78.10 13.38 N/A 0.49 N/A N/A
Other Zoop. 0.00 2.79 N/A 1.86 N/A N/A
(Total Zoop.) (78.10) (80.89) N/A (67.37) N/A N/A
Harpacticoids 3.26 1.72 N/A 16.86 N/A N/A
Other Epi. 13.60 1.39 N/A 14.08 N/A N/A
Total Epi. (16.86) (3.11) N/A (30.94) N/A N/A
Drift Insects 5.00 15.99 N/A 1.68 N/A N/A
OILED

Large Cal. 74.30 36.37 N/A 63.60 N/A N/A
Small cCal. 0.00 0.83 N/A 0.29 N/A N/A
Other Zoop. 1.62 6.16 N/A 1.43 N/A N/A
Total Zoop. (75.92) (43.36) N/A  (65.32) N/A N/A
Harpacticoids 0.69 6.11 N/A 0.55 N/A N/A
Other Epi. 6.46 47.81 N/A 0.05 N/A N/A
Total Epi. (7.15) (53.92) N/A (0.60) N/A N/A
Drift Insects 16.92 2.71 _JA 34.06 N/A N/2










Table 4.12. Summary table of Wilcoxon paired-signed rank tests for
average diet and size parameters of juvenile chum salmon in 7
paired sets from oiled vs. non-oiled areas of Prince William Sound,
1990. Wilc. Stat. = Wilcoxon statistic. A negative value for the
estimated median difference indicates non-oiled > oiled. t =
number of ties deleted from comparison. N-0O Mean and Oiled Mean
are means of non-oiled and oiled values used in the comparisons,
respectively. W.W. = mg wet weight, D.W. = mg dry weight, B.W. =
body weight, Full = stomach fullness index, % Empty = percent of
stomachs without food, FL = mm Fork Length, Weight = g wet weight.

Parameter t Wile. P - Est. N-0 Oiled
Stat. Value Median Mean Mean
Fullness
Gut W.W. 0 23.0 0.151 8.875 0.013 0.022
W.W. % B.W. 0 15.0 0.933 0.0002 0.023 0.022
D.W. % B.W. 0 0.0 0.022% ~-0.0232 0.063 0.015
Full 0 18.0 0.554 0.5021 3.6 4.0
% Empty 5 1.5 1.000 0.0000 0.017 0.017
Total Prey
Number 0 21.0 0.272 33.40 45.9 84.4
D.W. 0 7.0 0.272 -0.9878 5.93 2.66
Size
FL 0 26.0 0.052%* 6.950 418 511
Weight 0 26.0 0.052% 429.3 583 1291

*1ndicates a P-value < 0.1
**indicates a P-value < 0.05
***indicates a P-value < 0.01






Table 4.14. Summary table of Wilcoxon paired-signed rank tests
comparing average values for prey categories consumed by juvenile
chum salmon in 7 paired sets from oiled vs. non-oiled areas of
Prince William Sound, 1990. A negative value for the estimated
median difference indicates non-oiled > oiled. t = number of ties

deleted from comparison. Wilc. Stat. = Wilcoxon Statistic. N-0
Mean and Oiled Mean are means of non-oiled and ociled values used in
the comparisons, respectively. ¥F.0. = Percent Frequency of
Occurrence, Dry wt. = mg. dry weight, Cal. = Calanoids, Zoop. =
Zooplankton.
Prey Category t Wilc. P - Est. N-0 Oiled
Stat. Value Median Mean Mean

Pelagic Zoop.

$F.0. 1 2.5 0.116 -0.1854 0.907 0.681

Number 0 16.0 0.800 3.200 17.6 30.4

% Number 0 2.0 0.052% =-0.2767 0.581 0.2865

Dry Wt. 0 5.0 0.151 -0.9985 2.354 1.309

% Dry Wt. 0 2.0 0.052%* -0.2598 0.692 0.388
Epibenthos

$F.O. 1 18.0 0.142 0.2000 0.730 0.948

Number 0 19.0 0.447 23.67 25.0 44.6

% Number 0 22.0 0.205 11.82 0.296 0.553

Dry Wt. 0 20.0 0.353 0.8637 3.539 1.313

% Dry Wt. 0 23.0 0.151 0.2891 0.270 0.570
Drift Insects

$F.0. 2 2.0 0.178 0.2917 0.214 0.097

Number 3 1.0 0.201 -0.1500 0.286 0.100

% Number 1 8.0 0.675 -0.0009 0.016 0.010

Dry Wt. 3 2.0 0.361 -0.0198 0.067 0.039

% Dry Wt. 1 10.0 1.000 -0.0010 0.022 0.034
*1ndicates a P~value < 0.1

**indicates a P-value < 0.05
***indicates a P-value < 0.01



Table 4.15. Summary table of Wilcoxon paired-signed rank tests
comparing average values for prey sub-categories consumed by
juvenile chum salmon in 6 paired sets from oiled vs. non-oiled
areas of Prince William Sound, 1989. A negative value for the
estimated median difference indicates non-oiled > oiled. t =
number of ties deleted from comparison. N-O Mean and Oiled Mean
are means of non-oiled and oiled values used in the comparisons,
respectively. &F.0. = Percent Frequency of Occurrence, Dry wt. =
mg. dry weight, Cal. = Calanoids, Zoop. = Zooplankton.

Prey Category t Wilc. P - Est. N-O Oiled
Stat. Value Median Mean Mean
Harpacticoids
%F.0. 1 4.0 0.418 -0.125 0.638 0.537
Number 0 8.0 0.675 -2.133 27.9 6.2
% Number 0 9.0 0.834 -0.061 0.273 0.224
Dry Wt. 0 8.0 0.675 -0.033 0.288 0.072
% Dry Wt. 0 5.0 0.295 -0.069 0.136 0.061
Total Cal.
%F.O. 2 3.0 0.584 -0.238 0.846 0.669
Number 0 8.0 0.675 -2.989 30.9 6.6
% Number 0 6.0 0.402 -0.081 0.394 0.286
Dry Wt. 0 11.0 1.000 0.048 2.101 2.919
% Dry Wt. 0 9.0 0.834 -0.128 0.574 0.496
Small Cal.
3F.0. 3 4.0 0.789 0.000 0.567 0.085
Number 0 3.0 0.142 -6.314 27.1 0.5
% Number 0 3.0 0.142 -0.174 0.370 0.042
Dry Wt. 0 3.0 0.142 -0.174 0.754 0.014
% Dry Wt, 0 3.0 0.142 -0.123 0.195 0.040
Large Cal.
%F.O. 0 0.0 0.036%** =0.494 0.479 0.608
Number 2 7.0 0.584 3.250 2.7 5.9
% Number 2 7.0 0.584 0.040 0.105 0.185
Dry Wt. 2 7.0 0.584 1.596 1.346 2.905
% Dry Wt. 2 5.0 1.000 0.000 0.379 0.455

*1ndlcates a P-value < 0.1
**indicates a P-value < 0.05
**k*xindicates a P-value < 0.01
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Figure 4.1. Prey percent dry welght from 397 pink s: n fry stomachs collec |
In Prince WIlll:  Sound, Alaska, 1989. LC = Large Calanoids, SC = Small
Calanolds, OZ = Other Zooplankton, H = Harpacticoids, OE = Other Eplbenthle.
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Figure 4.2. Prey percent dry welght from 595 pink salmon fry stomachs collected
In Prince Willlam Sound, Alaska, 1990. LC = Large Calanolds, SC = Small
Calanoids, OZ = Other Zooplankton, H = Harpacticoids, OE = Other Eplbenthlic.
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Table 5.14. Percent abundance and biomass of organisms of
epibenthic and pelagic origin captured by the epibenthic sled in
Prince William Sound from April to June, 1989. Whether the organism
is a potential prey item of juvenile salmon is also indicated.

Percent Percent Prey
Organism Abundance Biomass Item
EPIBENTHIC ORIGIN
Cnidaria
Hydroida 0.4424 0.3036 no
Platyhelminthes
Turbellaria 0.1093 0.0131 no
Nematoda
Nematode general 2.3984 0.0961 no
Annelida
Oligochaeta 0.0254 0.0081 no
Mollusca
Mollusk general 0.0163 0.0519 no
Mytilus sp. 0.0280 0.0444 no
Arthropoda
Halacaridae 0.6315 0.0432 yes
Nematocera 0.0036 0.0063 yes
Chironomidae 0.3488 0.2387 yes
Collembola 0.0066 0.0004 yes
Copepoda
Halicyclops sp. 0.0005 0.0000 no
Harpacticoida
Harpacticoid general 0.4149 0.0081 yes
Alteutha sp. 0.0084 0.0000 no
Amonardia sp. 0.1354 0.0224 yes
Amphiascoides sp. 0.0168 0.0000 yes
Amphiascopsis sp. 0.3020 0.0709 no
Amphiascus sp. 0.2863 0.0061 no
Danielssenia sp. 0.0076 0.0000 yes
Diosaccus sp. 5.8165 1.2962 yes
Harpacticus sp. 13.9517 4.0891 yes
Mesochra sp. 0.0331 0.0000 yes
Microarthridion sp. 0.0010 0.0000 yes
Paralteutha sp. 0.0056 0.0046 no
Paramphiascella sp. 0.1083 0.0327 no
Parastenhelia sp. 0.1088 0.0000 yes
Porcellidium sp. 0.0041 0.0000 no
Pseudonychocamptus sp. 0.0158 0.0004 no
Robertsonia sp. 0.0341 0.0010 yes
Scutellidium sp. 0.6739 0.0796 yes
Stenhelia sp. 0.0036 0.0000 yes
Tisbe sp. 11.7791 1.7109 yes
Zaus sp. 0.5030 0.0316 yes















Table 5.16. Biomass (g/m®) of epibenthos by habitat collected from
four pairs of non-oiled and oiled locations in Prince William Sound,
Alaska, April-June 1989, in the systematic epigenthic sled samples.
Habitat designations are LG (low gradient), MG (medium gradient) and

SG (steep gradient).

Time Non-oiled locations Oiled locations
Period LG MG SG LG MG SG
McClure Bay Herring Bay
Late April 0 140 12 168 6 58
Early May 2 5 10 15 113 34
Late May 1 1 - 9 740 4957
Early June 1 1 1 237 684 253
Late June 5 21 0 842 - 83
April-June 2 33 4 254 386 1077
Long Bay Snug Harbor
Late April 32 43 4 74 28 115
Early May 9 37 4 422 40 38
Late May 15 1 0 214 12 4
Early June 84 55 4 43 55 4
Late June 12 1 2 39 - 16
April-June 30 27 3 158 34 35
Culross Passage Prince of Wales Passage
Late April 1 16 4 29 344 14
Early May 17 144 7 115 32 8
Late May 31 465 23 552 541 43
Early June 1 -~ 8 50 7 6
Lat June 1 - 4 201 28 1
April-June 10 208 9 189 190 14
Wells Passage Knight Island Passadge
Late April 259 6 33 33 50 46
Early May 77 57 11 107 151 14
Late May 58 94 4 1120 395 142
Early June 8 22 0 --= 132 40
Late June 70 7 3 6 - 31
April-June 94 37 10 317 182 55



Table 5.17.

ANOVA table, 1ln biomass of epibenthic harpacticoid

copepods captured in the systematic epibenthic sled samples in
Prince William Sound, 1989; t = time, o = 0il, h = habitat, b =
bay/corridor, 1 = location, and (ob) indicates nesting within oil
and bay/corridor.

Source Error D.F.  Sum of Mean F Prob.
Term Squares Square
(o} 1(ob) 1 125.169 125.17 12.25 0.025%%*
b 1(ob) 1 71.689 71.69 7.02 0.057%*
ob 1 (ob) 1 12.824 12.82 1.25 0.325
1(ob) 4 40.877 10.22
t t1l(ob) 4 35.770 8.94 2.74 0.066%*
to t1l(ob) 4 19.303 4.83 1.48 0.256
tb t1l(ob) 4 86.248 21.56 6.60 0.002%%%
tob t1l(ob) 4 5.569 1.39 0.43 0.788
t1 (ob) 16 52.296 3.27
h hl (ob) 2 93.146 46.57 6.01 0.025%%*
oh hl (ob) 2 19.355 9.68 1.25 0.337
bh hl (ob) 2 0.137 0.07 0.01 0.991
obh hl (ob) 2 8.586 4,29 0.55 0.595
hl (ob) 8 61.993 7.75

0.050 < P < 0.100
0.010 < P < 0.050

=P < 0.010



Table 5.18. ANOVA table, 1ln biomass of epibenthic harpacticoid
copepods captured in the tidal transect epibenthic sled samples in
Prince William Sound, April-June, 1989; t = time, o = oil, h =
habitat, 1 = location, r = tide level, and (o) indicates nesting
within oil.

Source Error D.F. Sum of Mean F Prob.
Term Squares Square

o 1(o) 1 377.8 377.8 3.29 0.211
1(0) 2 229.4 114.7

t tl(o) 3 55.2 18.4 4.07 0.068%*
to tl(o) 3 7.8 2.6 0.57 0.652
tl(o) 6 27.1 4.5

h hl(o) 2 46.1 23.0 5.67 0.068%*
oh hl (o) 2 4.1 2.0 0.50 0.640
hl (o) 4 16.2 4.1

th thl (o) 6 70.9 11.8 1.78 0.187
toh thl (o) 6 22.6 3.8 0.56 0.751
thl (o) 12 79.9 6.7

r rl(o) 2 63.5 31.7 3.84 0.117
or rl(o) 2 20.0 10.0 1.21 0.387
rl(o) 4 33.0 8.3

tr trl(o) 6 14.4 2.4 0.64 0.699
tor trl(o) 6 8.1 1.3 0.36 0.891
trl(o) 12 45.3 3.8

hr rhl (o) 4 37.5 9.4 2.49 0.126
ohr rhl (o) 4 28.5 7.1 1.90 0.205
rhl (o) 8 30.1 3.7

thr thrl (o) 12 26.5 2.2 0.65 0.777
tohr thrl (o) 12 22.2 1.8 0.54 0.863
thrl(o) 24 81.4 3.4

* = 0.050 < P < 0.100
** = 0.010 < P < 0.050
*** = P < 0.010









Table 5.21. ANOVA tables for proportion substrate composition
pebble or smaller (< 65 mm), proportion macrophyte coverage, and
total organic carbon (TOC), between lightly-oiled and heavily-oiled
transects in two embayments in Prince William Sound. o = o0il level,
r = transect, and (o) indicates nesting within oil. Proportions
were arcsine transformed prior to the statistical test.

Source Error D.F. Sum of Mean F Prob.
Term Squares Square

Herring Bay substrate

o r(o) 1 1.06 1.06 3.61 0.106
r(o) 6 1.77 0.29

Error 40 3.46 0.09

Total 47 6.29

Herring Bay macrophyte

o r(o) 1 0.21 0.21 0.28 0.613
r(o) 6 4.53 0.75

Error 40 6.41 0.16

Total 47 11.15

Herring Bay total organic carbon

o Error 1 3 3 0.00 0.995
Error 6 513096 85516

Total 7 513099

Bay of Isles substrate

o r(o) 1 0.11 0.11 0.46 0.522
r(o) 6 1.41 0.24

Error 40 3.63 0.09

Total 47 5.15

Bay of Isles macrophvte

o r(o) 1 0.12 0.12 0.67 0.417
r(o) 6 1.40 0.23

Error 40 7.26 0.18

Total 47 8.78

Bay of Isles total organic carbon

o Error 1 98 98 0.00 0.967
Error 6 319160 53193

Total 7 319258






Table 5.23. Surface substrate composition of transects sampled for
harpacticoid copepod abundance in Prince William Sound in 1990.
Proportions shown are means, with SE in parentheses, of values from
six 0.25 m? quadrats randomly placed within each of six equidistant
sections of the transect line. Substrate composition was estimated
using the Wentworth scale: Boulder > 256 mm; Cobble = 64-256 mm;
Pebble = 4-64 m; and Granule or smaller < 4 mm.

Surface Substrate
£§32250t Boulder Cobble Pebble Granule
Herring Bay: Heavily Oiled
HB-1 0(0) .10(.04) .55(.08) .35(.08)
HB-3 0(0) .18(.03) .47(.04) .35(.04)
HB-5 0(0) .37(.06) .50(.04) .13(.03)
HB-7 0(0) .30(.08) .45(.10) .25(.13)
Mean 0(0) .24(.06) .49(.02) .27(.05)
Herring Bay: Lightly 0Oiled
HB-2 0(0) .73(.13) .15(.06) .12(.07)
HB-4 0(0) .38(.09) .28(.05) .33(.08)
HB-6 0(0) .30(.12) .42(.09) .28(.10)
HB-8 0(0) .38(.12) .52(.09) .10(.07)
Mean 0(0) .45(.10) .34(.08) .21(.06)
Bay of Isles: Heavily Oiled
BI-1 0(0) .23(.10) .42(.08) .35(.10)
BI-3 .02(.02) .18(.04) .63(.03) .17(.05)
BI-5 0(0) .30(.06) .52(.10) .18(.06)
BI-7 .02(.02) .48(.06) .47(.06) .03(.02)
Mean .01(.01) .30(.07) .51(.04) .18 (.07
Bay of Isles: Lightly Oiled
BI-2 .02(.02) .47(.09) .52(.09) 0(0)
BI-4 ooy A2 AN .47(.12) .10(.15)
BI-6 0(0) .37(.07) .52(.10) .12(.07)
BI-8 0(0) .19(.05) .77(.07) .05(.02)
Mean 0(.005) .36(.06) .57(.07) .07(.03)

5.41

































































































cummulative number of fry removed for disease control up to the
time of observation.

Data were analyzed with nested ANOVA techniques. Replicate tanks
were nested in treatment. If a significant difference among means
was detected, the Dunnett a posteriori multiple comparison test
was used to compare treatments to the control mean.

Results

Concentrations used for the analysis are target concentrations;
actual oil concentrations in the food preparations will be
determined from GC analysis as data become available. Nominal
concentrations for control, treated control, low o0il, mid oil, and
high oil were 0, 0, 0.80, 7.94, and 74.1 mg/g, respectively.

Except for the high oil treatment, mortality remained low in all
treatments and controls (Figure 6.1). Mortality in the high oil
group separated significantly from controls after two weeks (a =
0.05) and increased rapidly until fry began feeding on clean food
(day 45) (Figure 6.1). Mortality did not change much after the
oiled food was discontinued (day 44) until the end of the
experiment (day 72) (Figure 6.2). The estimated median lethal
response at the end of the experiment was 48 * 1.8 mg/g.

Fry growth was inhibited by oiled food (Figure 6.3). Data have
been analyzed statistically through week 7. Fry in the medium and
high treatments were significantly shorter and weighed less than
controls after 1 week exposure. In the low treatment group fry
tested significantly shorter than controls on four separate
occasions, and lighter twice.

Feeding rates were also affected by oiled food. Percent stomach
weights declined immediately in the high o0il treatment group and
remained depressed until clean food was available (Figure 6.3). No
other groups separated from the controls. We also observed
declines in feeding rates for high treatment fry, based on
observation of fry striking food, and based on accumulation of
uneaten food at the tank bottoms. Fecal output has not yet been
analyzed.

Oiled food caused RNA/DNA ratios to decline (Figure 6.4). Partial
data processing and analysis has been completed for weeks 1 and 6.
The RNA/DNA ratio for the high o0il treatment group was
significantly smaller than controls (and treated controls),
measured after 6 weeks with 110 samples analyzed. Declines in
_JA/DNA ratios were observed af 1 week and were marginally
significant (P = 0.056) with 95 samples analyzed.

Otoliths have been extrac =2d and mounte¢e . Thin-sec lon p1 »2¢ 1ition
is proceeding; no data are available for analysis at this time.
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There were detectable levels of hydrocarbons in tissues of
juvenile pink salmon collected in the nearshore environment of
oiled areas of Prince William Sound in 1989. In order to test
that hydrocarbons detected in samples were not due to external
contamination, flesh samples and viscera were processed
separately from some samples of fish from oiled locations; both
types of tissues were contaminated by hydrocarbons, with higher
levels in the viscera.

The composition of the hydrocarbon in the tissues indicated that
ingestion, either of whole oil or oil-contaminated prey, was the
likely route of contamination. Evidence of 0il was also observed
in the stomachs of a small percentage of pink and chum salmon
collected at oiled sites in 1989.

Exposure of both pink and chum salmon fry to physiologically
significant levels of oil in 1989 was also indicated by levels of
mixed-function oxidase (MFO) activity in fry from oiled areas.
MFO activity levels in pink salmon declined by late June 1989,
suggesting that the degree of exposure of pink salmon in the
nearshore marine environment decreased in late spring, 1989.

Samples of juvenile pink salmon from 1990 processed to date show
no evidence of hydrocarbon contamination, indicating a marked
decline in the level of exposure of juvenile pink salmon from oil
year 1 to year 2. Results for 1990 samples analyzed for MFOs
also show no evidence of induced activity in 1990.

Juvenile pink and chum salmon were more abundant in the non-oiled
area in both 1989 and 1990. Because the pattern of abundance did
not change as exposure levels diminished, we conclude that the
differences observed in abundance were more likely due to
geographic differences or distribution of spawning populations
rather than a response to exposure to oil.

Juvenile pink salmon moved rapidly from sheltered bays to more
exposed, steep gradient beaches in migration corridors, where
they fed predominately on zooplankton. This rapid movement is
considered to be an adaptive feeding strategy in response to the
distribution of zooplankton in nearshore habitats in Prince
William Sound. The observation of this behavior over a wide
geographic range reinforces the conclusion drawn in the UAF
component of F/S-4, that the presence of oil-deflection boom in
Port San Juan in 1989 disrupted the normal migration behavior of
fish released from the Armin F. Koerning Hatchery (Cooney 1990).

There was no indication of reduced feeding by pink and chum
salmon juveniles in oiled areas in 1989, based on measures of
stomach fullness and r ers and biomass of prey cons ed. The:
was a significant switch in the diet composition of juvenile pink
salmon between the oiled and non-oiled areas. In 1989, epibenthic
prey was utilized to a greater extent in non-oiled areas than in
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oiled areas, and zooplankton prey was utilized to a greater
extent in oiled areas and non-oiled areas. The reverse pattern
was observed in 1990. We attribute this switch in diet
composition to differences in the timing and abundance of the
spring zooplankton bloom.

Juvenile chum salmon in oiled areas may be more susceptible to
hydrocarbon exposure than pink salmon because of their
distribution in nearshore habitats. Juvenile chum salmon
utilized low gradient shorelines to a greater extent, and thus
were more likely to forage over contaminated sediments. This
habitat preference is also reflected in the higher utilization of
epibenthic prey by chum salmon relative to pink salmon. The MFO
induction observed for chum salmon in 1989 was consistently
strong, and tended to persist longer than in pink salmon.
However, juvenile chum salmon were generally rare in the oiled
locations sampled.

There were no significant differences observed in the size of
juvenile pink salmon between the oiled and non-oiled locations
sampled. Pink salmon tended to be larger in the non-oiled area
in both 1989 and 1990. There was no evidence of a reduction in
condition of juvenile pink salmon in oiled areas: in both 1989
and 1990, pink salmon tended to have a greater weight at a given
length in the oiled locations.

There was a significant reduction in the apparent growth rate of
juvenile pink salmon in oiled corridors relative to non-oiled
corridors in 1989. This reduction was not observed in 1990.

This analysis of unmarked fish corroborates the significant
reduction in growth of tagged pink salmon in oiled areas reported
in the ADFG component of F/S-4. We attribute this reduction in
growth to a physiological response to oil contamination. 1In the
laboratory experiment, ingestion of oil-contaminated food reduced
the growth of juvenile pink salmon, and at high doses also
reduced their survival. Temperature, prey availability, and
feeding efficiency were as high or higher in oiled locations as
in non-oiled locations in 1989, and therefore do not explain the
observed reduction in growth.

Juvenile chum salmon were significantly larger in the oiled
locations in both 1989 and 1990. As with pink salmon, there was
no evidence of a reduction in condition factor in the oiled area.
Chum salmon were rarely captured in oiled habitats; there was
insufficient data to compare apparent growth rates for this
species between oiled and non-oiled areas.

We found no evidence of a reduction in available prey organisms
of juvenile salmon due to oil contamination. No significant
differences were ¢ 'ted in the biomass of pelagic zooplankton
between oiled and non-oiled areas in either 1989 or 1990.
However, the trend in 1989 was for higher zooplankton biomass in
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