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INTRODUCTION

The goal of this project is to determine the short and long term
impacts of the Exxon Valdez oil spill on commercially important
bottom dwelling species of fish and shellfish in Prince William
Sound and adjacent waters of the Gulf of Alaska. This area
supports major stocks of bottomfish and shellfish which in turn
support commercial fisheries. These fisheries include pot
fisheries for king, Tanner, and Dungeness crab; trawl and pot
fisheries for shrimp; and longline, trawl, and jig fisheries for
halibut, pollock, sablefish, Pacific cod, flatfish, rockfish and
others. These stocks are an important part of the economy of
Alaska.

It is hypothesized that the oil spill could adversely affect bottom
dwelling fish and shellfish populations in two ways. First, most
benthic species go through a planktonic stage which ranges widely
through the water colunmn. It is well documented that these
plankton are extremely sensitive to the water soluble fractions of
crude oil (Mecklenburg et al., 1977, Wells and Sprague, 1976). A
multispecies stock assessment permits appraisal of shellfish and
bottomfish abundance and distribution. Data from this study will
allow detection of reduced year-class strength consistent with the
timing of the oil spill. Otoliths (ear bones) of fish and size
frequency data of shellfish will be used for determining age
composition of various species. Secondly, adult populations could
be impacted through movement of oil to the benthi¢ environment
causing direct mortality on bottomfish and shellfish through
immediate toxic effects, contamination of prey, direct ingestion
of tar balls, and detrimental effects on functions of tissues and
organs. Trawl surveys are the best method for determining changes
in abundance of marine populations living in trawlable habitats and
for providing specimens for analysis of oil contamination. The
number of organisms caught and the area swept by trawl tows provide
the data necessary to calculate abundance.

Establishing actual degree of damage to these stocks by oil is
required to advise the public on the full scope of impact on the
commercial fishing economy due to the spill. Determining the level
of damage to these stocks is also necessary so that it can be
factored into future management decisions on harvest levels.

OBJECTIVES
1. Determine abundance of Tanner crab, sidestripe shrimp,
‘halibut, sablefish and other commercially important species.
2. Determine the age composition for primary-species (Tanner

crab, king crab, Dungeness crab, Dover sole, flathead sole,
arrowtooth flounder and pollock) such that the estimated



proportlon for each age is within #5% of the true value 90%
of the time. This objective is to be met by a trawl survey in
August/September, 1989. .

3. Determine the incidence of abnormalities in tissues and organs
in fish and shellfish captured in oiled and non-oiled areas
and whether such abnormalities result in adverse changes in
viability for the resource. This objective is to be met by a
trawl survey in May/June, 1989 and augmented by information
from a trawl survey in August/September, 1989.

4. Determine the incidence of tar balls in the demersal
environment and in stomachs of groundfish captured in oiled
and non-oiled areas. This objective is to be met by a trawl
survey in May/June, 1989 and augmented by information from a
trawl survey in August/September, 1989.

5. Identify potential alternative methods and strategies for
restoration of lost use, populations, or habitat where injury
is identified.

METHODOLOGY/DATA ANALYSIS

Two trawl surveys will occur in 1989 to meet the objectives of this
study. The May/June trawl survey will duplicate the 1978 NMFS
trawl survey in Prince William Sound (Parks and Zenger, 1979) to
the extent that time permits. This survey will focus on obtaining
hydrocarbon and necropsy samples from selected fish and shellfish
in oiled and non-oiled areas.

Abundance, -species composition, and other biological attributes of
the catch will be estimated for the entire area covered by the
August/September trawl survey. Sampling in future years and/or
post stratification of the sample area into oiled and non-oiled
areas will allow comparison of changes in abundance, species
composition, age composition, or other biological parameters that
may be related to the oil spill.

Study Design

The design for the May/June survey is to duplicate the 1978 NMFS
trawl survey in Prince William Sound (Appendix A.1l, Figure A.1,
Figure A.2). As part of this survey, hydrocarbon samples are to be
taken at eight different sites representing two levels of oil
contamination based on the surface distribution of oil as follows:



Oiled , Non-ociled

Naked/Glacier Orca Bay

North Knight Is. Passage Port Fidalgo
(or Green Island if not trawlable) Montague Trench

Upper Montague Passage ‘ Port Wells

Lower Montague Passadge

Number of tows by area are given in Appendix A.2. Results from the
May/June (spring) survey, groundfish and shellfish commercial catch
distributions, and Tanner crab pot survey results will be used to
divide the study zone into geographic sampling areas for the fall
stratified random survey, which will occur in August/September
(Brannian 1989) (Appendix B.1l). Depth strata for geographic
sampling areas are based on the 1978 PWS trawl survey. These area
strata were outlined on a nautical chart and bottom surface was
calculated in square nautical miles using a Sumigraphics digitizing
pad (Appendix B.2). Each area was then divided by stratum into a
grid of stations, each representing 1.56 square nautical miles.

In the fall survey, a total of 75 tows were optimally allocated to
area-strata based on the standard deviation of abundance weighted
by bottom surface area for each of the 13 depth-area stratum
(Appendix B.3). A compromise survey design was established after
evaluating the optimal allocation of effort using Tanner crab,
flathead sole, Pacific cod, sablefish, and sidestripe shrimp CPUE
from the May/June survey (Appendix B.6). It was assumed that cost
of sampling among strata was equal.

Fiscal restraints limit the August/September survey to 75 trawls.
Appendix B.3 presents the number of trawl tows to be conducted in
each depth-area stratum. These will be randomly chosen from the
total available stations in each depth—-area stratum. Tows which
. could be dropped or added have also been prioritized (Appendix
B.4). Locations of the proposed stations are given in Appendix B.S5.

The following procedure will be followed in conducting a tow in a
chosen station. For each station, the vessel first would go to the
station center and search for 20 to 30 minutes for trawlable
bottom. If no trawlable bottom was found, the vessel would proceed
to the location of the nearest successful historical tow. At the.
location of the nearest successful tow, the vessel would again
search 20 to 30 minutes for trawlable bottom and presumably
trawlable bottom would be found. If trawlable bottom is found while
travelling from the station location to the location of the nearest
successful tow, a haul would be made. If no trawlable bottom was
found at the station location, enroute to the location of the
nearest successful tow, or at the location of the nearest
successful haul, the vessel would move to the next station.

Standard 400 mesh eastern otter trawls without roller gear
At the completion of each haul a CTD cast will be made to profile
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water characteristics.

Data Collection - General -

Station information including location (latitude and longitude),
depth, time and duration of tow, direction of tow, weather, surface
temperature, and sea conditions, etc. will be recorded by the
vessel skipper on a paper form (Appendix D).

The catch will be processed following procedures used by the
Resource and Conservation Engineering Division (RACE) of the Alaska
Fisheries Center (N.M.F.S.) in assessing population abundance
during fisheries surveys. These procedures are described in the
Catch Sampling and Data Recording Manual of the RACE Division.
(Appendix H.1l). This manual includes all aspects of sample
collection and processing, such as sorting, counting, weighing, sex
determination, length measurements, recording, etc.

Shellfish Samples:

Sample size for Tanner, king, and Dungeness crabs will be 100% of
the catch because the numbers are expected to be fairly low.
Weight and number of all crabs by species will be recorded. For .
king, Tanner, and Dungeness crabs sex, size (carapace length or
width), shell age and shell condition will be recorded. For female
crabs of these species, stage of maturity (juvenile or mature) and
relative egg clutch size and stage of egg development will be
recorded. Degree of black mat infestation will be recorded for all
crabs (Appendix H.2).

Weight and number of shrimp by species will be recorded. Carapace
length, sex (Appendix I), and egg development stage will be
recorded for a representative sample of shrimp from tows with 250
shrimp or more (Appendix H.3 and H.4).

Data Collection = May/June
Hydrocarbon and Necropsy Samples:

Hydrocarbon and histopathology tissue samples are to be taken
during the May/June survey using standard procedures outlined by
the Damage Assessment Program.®! Three replicates for hydrocarbon
analysis will be taken at each of eight sites (four oiled and four

! pProcedures are outlined in the Standard Operating Procedure

(Appendix E); forms are found in Figures E.l1 and E.2; hydrocarbon
and necropsy procedures are also described in Appendices F.l1 and
F.2; and Chain of Custody procedures are described in Appendix G.
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non-oiled, see above) of the following tissues:

a. Pollock muscle, viscera, bile

b. Tanner crab muscle, hepatopancreas, eggs
c. halibut muscle, viscera, bile

d. Pacific cod muscle, viscera, bile

e. Flathead sole muscle, viscera, bile

£. Sablefish muscle, viscera, bile

g. Sidestripe shrimp (or pink shrimp) muscle

In total, 57 tissue samples are to be taken at each site (3
replicates X 19 tissues), or 456 samples are to be collected from
all eight sites (57 samples X 8 sites). Each sample is to be a
composite of at least three individuals. Sample sizes and
replicates are as recommended by S. Rice, NMFS, Auke Bay Lab.

Histopathology samples will be taken from pollock and sidestripe
shrimp with a sample size of 20 specimens per site (three oiled
sites, one non-ciled site). Sample sizes and number of sites were
recommended by T. Meyer, ADF&G, FRED, Pathology.

Data_Collection - Augqust/September
Age Composition (otolith) Samples:

A random sample of 500 otoliths per species will be taken during
“the August/September survey. Dover sole, flathead sole, arrowtooth
flounder and pollock were chosen as the target species for their
economic importance, ease of otolith aging, and foraging
strategies. (Dick Haight, NMFS Auke Bay Lab., personal
communication). The sample size per species was set to
simultaneously estimate proportions by age when sampling from a
multinomial population such that the probability will be at least
1 - a (precision) that all of the estimated populations will be
simultaneously within 5 percentage points (accuracy = 0.05) of the
true population age proportions. The largest sample size for a =
0.1 occurs when there are only 3 age classes present in equal
proportions and guarantees at least this level of precision and
accuracy for any number of age classes and proportions. This
"worst case" sample size (Thompson, 1987) of 403 ageable otoliths
will be used to estimate the age composition with the desired level
of precision and accuracy in the absence of - a better estimate of
population proportions. An unreadable rate of 25% was estimated
resulting in a sample size of 500. Otoliths will be read by the
Aging Unit, RACE Division.

Sampling should be spread over a number of tows and represent the
entire cruise. For widely distributed species such as arrowtooth
flounder or rex sole, 20 otoliths per tow should result in the
sample size objective being met. For pollock whose distribution
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is more patchy, 50-75 otoliths should be collected when major
catches are made. .

Flatfish otoliths will be stored in normal glycerin solution.
Pollock otoliths will be stored in 50% ethyl alcohol. All will be
labled in a manner consistent with the NMFS triannual Gulf of
Alaska survey. The form for otilith collection is Appendix H,
Figure 6. '

All individuals selected for otolith samples will be examined for
tarballs, during sex determination. If tarballs are discovered,
if the gear if fouled with o0il, or if other projects report the
presence of oil, hydrocarbon and histopathology samples will also
be taken during the Augqust/September survey.. The occurance of
tarballs is recorded on the form given in Appendix E.2. The
procedure for taking hydrocarbon and necropsy samples, as well as
the tissues to be sampled are identical to those stated above for
the May/June trawl, and recorded on the form given in Appendix E.1l.

DATA ANALYSIS .

In order to meet objective 1, trawl catch data®’ will be analyzed to
generate abundance estimates with operational computer statistical
programs utitlized for population estimates from annual Gulf trawl
surveys (Blackburn et. al., 1989). Absolute abundance will be
estimated in numbers for each target crab species by size, relative
age, and sex. Absolute abundance in weight will be estimated for
each target fish species by size. Absolute abundance in weight
will be estimated by species for miscellaneous shellfish and
finfish. Absolute abundance in weight will be estimated for shrimp
by species, size, and sex for areas not included in the semi-annual
shrimp trawl survey. Shrimp abundance for areas covered by the
shrimp trawl survey will be determined from that survey
(Hammarstrom, 1988).

Analysis of variance will be used to test for differences in
abundance and density between depths and geographic strata.
Confidence intervals for abundance estimates will be used to
document changes in abundance. Chi-square tests may be used to
test for differences in sex composition.

Objective 2 will be met by determining the age composition of
primary commercial species available to the trawl net through age

? Logistic contraints dictate that only one haul is made at
each station and sample size will rarely be less than 100% of the
catch. Catchability of the trawl is assumed to be 1.0. Scan-Mar
mensuration equipment will be used to determine the net opening at
various depths.



frequency diagrams. Size frequency distribution of crabs by
species, sex and relative age and size frequency distribution for
target species of groundfish will also be examined.

To meet objective 3, statistics for analysis of variance will be
computed to detect any differences in hydrocarbon content and
incidence of tissue abnormalities between oiled and non-oiled
areas.

Negative impacts of oil contamination on abundance of shellfish and
groundfish stocks can be determined by testing for differences in
species composition and abundance with categorial data analysis
techniques. Catch-age analyses for principal species will be
conducted to detect potential recruitment failures. Multivariate
statistics could be used to identify more complex associations
among the biological and physical parameters between oiled and non-
oiled areas.

Data can be post-stratified to determine impact levels based on
presence of o0il contaminants and mapping information .from the
coastal habitat project. Analysis of variance (parametric) or
Kruskal-Wallis test(non-parametric) will be used to test for
differences between years and impact levels for: 1) average number
of mature female crab; 2) average relative clutch size of female
crab; 3) average stage of egg development; and 4)' average number
of abnormal egg clutches. Egg development stage will be determined
by color and presence or absence of eyes.

To _meet objective 4, the number of tarballs encountered in the
-environment or in groundfish stomachs will be enumerated.
Differences between oiled and non-oiled sites will be determined
by chi-square tests.

To meet objective 5, and to identify potential methods or
strategies for restoring populations if damaged by oil, it will be
necessary to test changes in catch per unit effort, age class
strength, and reproductive viability. All data will be analyzed for
evidence of damage. Depending on the degree of damage to the stock,
fishery management actions may be necessary to reduce additional
mortality to an o0il damaged stock. This may include fishery
restrictions, total closure or other measures. Additionally, the
need for continual study and monitoring of stock conditions will
be assessed.

Analyses will be conducted in the area offices of ADF&G following
each survey using microcomputers running R:base applications.
Statistical analyses will be conducted on microcomputers using
Stats Plus or other appropriate software by ADF&G. Groundfish and
shellfish data will be analyzed by ADF&G.



SCHEDULES  AND REPORTS

DATE ACTIVITY
May-June 1989 Repeat 1978 PWS trawl survey
June 28-29, 1989 Joint planning session with

ADF&G and NMFS, Auke Bay Lab,
in Juneau

August—Septeﬁber, 1989 Fall Survey completed
September-December, 1989 Data entry and analysis

December 21, 1989 Preliminary report and data
» analysis due

February 28, 1989 Final Report

PROJECT BUDGET

Line item category budget Totals
ADF&G NMFS

100 Personnel 127.3 125.0 252.3
200 Travel 13.0 5.0 15.0
300 Contracts 0.0 282.0 282.0
400 Commodities 7.0 37.5 44.5
500 Equipment 52.0 90.0 142.0

199.3 539.5 738.8



PERSONNEL

Alaska Department of Fish and Game

Name Class PCN PFT_mm SFT_mm Cost
Dan Urban FB II 11- 12 58.0
Dan Coyer FT II N-197 6 16.0

National Marine Fisheries Service

Name Grade months Total cost
Haynes 13 8.0 66.4
Haight 11 2.0 14.0
Rutecki 9 2.0 11.4
Wing 12 2.0 15.4
Karinen 13 0.2 1.7
Sigler. 9 0.2 1.1
Heifetz 11 0.2 1.4
Kamikawa 5 2.0 6.8
Derrah 5 2.0 6.8
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APPENDIX A.1l
SURVEY DESIGN AND STATION DEFINITION
FOR THE MAY~-JUNE 1989 MULTISPECIES TRAWL SURVEY

The May=-Junae leg of the 1989 multispecias trawl survey would repeat
tha survey conductaed in Prince William Sound in 1978. The survey
design for the 1978 multispecies trawl survey (Parks and Zenger 1979)
was a stratified random sample. Prince William Sound was divided into
four quadrants (Figura B.2). The arsa within each quadrant was
divided into depth intervals (10-%0, S$1i-100, 101-150, 151-200, and
201-600 fm) called strata. Each depth stratum was then divided into
25 square mila areas dasignatad as stations and randomly chosen for
sampling. :

For the May-June cruisa in 1989, the 63 of thae 70 stations fished in
1978 will again be sampled (Figurs B.l). These consist of 54 stations
locatad within Princa William Sound (Figure B.2) and 9 located
outsida Montague Island (Montague Trench arsa) and lower Montague
passage. (south of 60° N). Additional. stations (about 30) will also
be defined to include the northern Knight Island Passage, Port Wells,
the socuthwestarn passages and Bays, Port Bainbridgae, and the Montague
Trench area. New stations ara chosen from a list of existing
stations praviously trawled in Prince William Sound to insure-broad
area and depth coverage. Poststratification of stations by depth
within larger gecographic strata may be attemptad.

For each station, the vessel first would go to the station centaer and
search for 20 to 30 minutas for trawlable bottom. If no trawlable
bottom was found, the vassel would procsed to the location of the
nearast succassful haul. At the location of the nearesst successful
" haul, the vessal would again search 20 to 30 minutes for trawlable
bottom and presumably trawlabla bottom would be found. If trawlable
bottom is found while travelling from thae station location to the
location of the nearast succaessful haul, a haul would be made. If no
trawlable bottom was found at the station location, anrouta to the
location of the nearest succassful haul, or at the location of the
nearast successful haul, the vessel would move to the next station.

Data on distribution and abundanca of speciaes collectad on the May-
June survey will be used to salact strata and sampling intensity for
the August survay, which will be a stratified random sample.



FIGURE A.1
1978 NMFS TRAWL SURVEY
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APPENDIX A.2
FIGURE A.2
OILED AND NON-OILED SITES



APPENDIX a.2

Tow Number and location for the 1978 survey by oil contamination
area. The following 8 sites are defined by Figure A.2 and include
the following hauls conducted in 1978.

I. Qilad areas:

1.
2.
3.
4.
5.

Naked/Glacier - Tow # 21, 22, 55, 56, S8

North Knight Is. - Tow # (not surveyed in 1978)
Upper Montague - Tow # 16-18, 39, 40

Lower Montagua - Tow 47-49 and areas not surveyed
If no trawlabla stations ars found in North Knight Is.
Passage, Graen Island will be substitutad - Tow # 38,
41, 42, 44

II. Unoiled areas:

1.
2.
3.
4.

Orca Bay - Tows # 2, 12, 13, 15, 35-37

Port Fidalgo - Tows # 26=-28 '
Montague Trench - Tow # (not surveyed in 1978)
Port Walls - Tow # 53

A new station pattern has been dafined for PWS and will include
stations for the- North Knight Is, Lower Montagua, Montague Trench,
and Port Wells area.
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APPENDIX B
AUGUST/SEPTEMBER, 1989
TRAWL SITE SELECTION



- APPENDIX B.1l
SURVEY DESIGN AND STATION DEFINITION
FOR THE AUGUST 1989 MULTISPECIES TRAWL SURVEY

Prince William Sound was divided into gecgraphic areas based on the
May;June 1989 trawl survey results, groundfish and shellfish
commercial catch distributions, and Tanner crab pot survey results
(Brannian 1989). Depth strata were defined based on the 1978 PWS
trawl survey (Parks and Zenger 1979). Bcttom- surface area
measurements for the depth-area straté were made in square nautical
miles (Appendix B.2). Each depth-area stratum was then divided
into a‘grid of stations each representing 1.56 square nautical
miles. Pétentially, é trawl haul coﬁld be lécated at the center

of each étation. A total of 75 tows were optimally allocated to

.- depth-area strata based on the standard deviation of each of the

13 stratum (Appendix B.3). A compromise survey design was
established after evaluating the optimal allocation of effort using
Tanner crab, flathead sole, Pacific cod, sablefish, and sidestripe

shrimp CPUE. It was assumed that cost of sampling among strata was

equal.

Appendix B.3 presents the number of trawl tows to be conducted in
each depth-area stratum. These will be randomly chosen from the
total available stations in each depth-area stratum. Tows which
could be dropped or added have also been prioritized (Appendix
B.4). Appendix B.5 presents the location of the 75 priority tows

by depth-area stratum and 8 additional tows.



The following procedure will be followed in conducting a tow in a
chosen station area. For‘each station area, the vessel first goes
to the station area center and searches for 20 to 30 minutes for
trawlabla bottom. If no trawlable bottom is found, the vessel
proceeds to the location of the nearest successful haul (a haul
without a tear-up during a prior survey). At the location of the
nearest successful haul, the vessel again searches 20 to 30 minutes
for trawlable bottom and presumably trawlable bottom is found. If
trawlable bottom is found while travelling from the station area
center to ﬁhe location of the nearest successful haul, a haul is
mada. If no trawlable bottom is found at the station area, enroute
td the nearest successful haul, or at thg location of the nearest

successful haul, the vessel transits to the next station area and

repeats the searching procedure.
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Appgndix B.2. .Eottcm surface area measurements for depth-area
o strata developed for the multispecies trawl survey
in Prince William Sound August, 1989.

Depth i e utical Miles
Strata Hinchin=- Orca=- Central Montague- Port
(£fm) brook Fidalgo Basin Knight Is Wells OQutside
Total
10 - 50 Q.0 111.5 0.0 0.0 0.0 0.0
111.5
51 - 100 89.6 175.0 Q.0 359.3 - 0.0 117.4
741.2
101 - 200 128.5 0.0 161.0 " 155.4 57.4 . 191.3
693.6 ) - :
201 = 400 0.0 0.0 308.0 21.6 48.5 0.0
379.1
‘7 Total 218.1 286.5 470.0 536.2 105.9 308.7.
1925.4
2. L
Depth Geographic Areas (Percent of Total Area)
Strata Hinchin-  Orca- Central Montague- Port
(fm) brook Fidalgo Basin Xnight Is Wells Outside
Total
10 - 50 0.0 5.8 0.0 0.0 0.0 0.0
5.8
51 - 100 4.7 9.1 0.0 18.7 0.0 6.1
38.5 )
101 - 200 6.7 0.0 8.4 8.1 : 3.0 9.9
36.0
201 - 400 0.0 0.0 16.0 1.1 2.5 0.0
Total 11.3 14.9 24.4 27.9 5.5 16.0




APPENDIX B.3

Proposed number of trawl tows by depth-area stratum
for the multispecies trawl survey in Prince William Sound
August, 1989.

depth/strata-
s Geographic Arxeas
Hinchin- Orca- Central . Montague- Port
(£m) brook Fidalgo Basin Knight Is. Wells OQutside
Total ‘ 4
10 - 50 3
3
51 - 100 7 8 11 3
29 _
101 - 200 6 4 10 3 3
26
201 - 400 ' 11 3 3
17
Total 13 11 15 24 6 6

75




APPENDIX B.4

A list of tows that can be added or dropped by Depth-Area
strata for the multispecies trawl survey in Prince William Sound,
August 1989.

Tows that could be dropped in case of inclement weather:

1. Drop 3 tows at >200 fm in the Montague Strait & Knight Island
Area :

2. Drop 1 tow at >200 fm in the Central Basin Area

3. Drop up to 2 tows at 51-100 fm in the Montague Strait & Knight
Island Area

Tows that can be added if additional time becomes availaﬁle

1. Add 1 tow at 51-100 fm in the Outside Area

2. Add up to 2 tows at 101-200 fm in the Outside Area (Montague

Trench)

3. Add 1 tow at 51-100 fm in the Hinchinbrook Area

4. Add up to 2 tows at 51-100 fm in the Orca Bay and Port Fidalgo
Area :

5. Add up to 2 tows at 101-200 fm in the Central Basin Area




Appendix B.S.

Location of proposed trawl tows for the August 1989

Prince
William Sound multispecies trawl survey.
Depth Area ‘Latitude Longitude Station Number
51-100 OQutside 1. 59.44.00 147.38.30 62024
2. 59.40.38 147.43.45 62058
3. 59.44.15 147.11.45 62044
101-200 Outside 4. 59.49.22 147.03.45 63089
5. 59.43.07 147.01.15 63110
6. 60.08.07 147.03.45 63026
51-100 Montagque/ 7. 59.45.37 148.21.15 42190
Knight I. 8. 59.54.30 148.25.39 42104 .
9. 59.50.38 148.21.30 42138
10. 59.46.52 148.26.15 42176
11. 60.08.07 147.45.10 42055
12. 59.52.45 148.16.20 42117
13. 59.54.30 147.51.15 42110
14. 60.00.40 148.10.35 42079
15. 59.51.55 148.13.40 42130
16. 60.25.37 147.26.45 42020
17. 59.44.22 148.26.15 42199
101-200 Montague/ 18. 60.05.37 147.48.45 43069
Knight I. 19. 60.34.25 147.30.25 43004
20. 60.21.25 147.48.20 43019
21. 59.59.30 147.44.30 43094
22. 60.36.30 147.33.45 43001
23. 60.08.07 147.51.15 43059
24. 59.59.40 147.50.30 43091
25. 60.12.45 148.00.00 43038
26. 60.09.22 147.53.45 43052
27. 60.17.45 147.33.45 43026
201-400 Montague/ 28. 60.18.07 147.58.45 44003
Knight I. 29. 60.13.10 148.03.00 44009
30. 60.13.45 147.58.35 44008
51-100 Hinchen- 31. 60.28.25 147.16.40 12016
brook 32, 60.18.07 147.17.30 12053
33. 60.24.22 147.13.45 12033
34. 60.23.07 147.16.15 12040
35. 60.24.22 147.18.45 12031
36. 60.18.07 146.52.50Q 12051
37. 60.25.37 147.16.15 12025
101-200 Hinchen- 38. 60.12.15 146.46.30 13081
brook 39. 60.29.22 147.03.45 13004
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Appendix B.5 (continued)

Depth Area Latitude Longitude Station number
101-200 Hinchen- 40. 60.25.30 147.00.45 13027
brook 41. 60.27.05 146.50.50 13023
’ 42. 60.24.22 146.48.45 13039
43. 60.29.15 147.16.10 13001
51-100 Orca/ 44. 60.39.22 146.38.45 21020
Fidalgo 45. 60.29.25 146.34.25 21066
46. 60.36.52 146.18.45 21042
51-100 Orca/ 47. 60.30.30 146.33.45 22096
Fidalgo 48. 60.34.30 146.33.45 22059
49. 60.28.0Q07 146.40.30 22099
50. 60.41.52 146.11.15 22022
S1. 60.33.07 146.41.05 22072
52. 60.29.35 146.38.00 22098
53. 60.46.52 . 146.41.15 22015
S4. 60.33.07 146.35.15 22074
101-200 Central 55. 60.39.22 147.08.45 33044
Basin 56. 60.43.07 147.11.15 33029
57. 60.34.22 147.08.45 33080
58. 60.49.22 147.01.15 33009
201-400 Central 9. 60.39.22 146.53.45 34098
Basin 60. 60.44.22 147.06.15 34063
61. 60.36.52 147.58.45 34114
62. 60.41.52 146.58.45 34083
63. 60.28.00 146.51.45 34183
64. 60.35.37 147.56.15 34127
65. 60.45.37 147.41.50 34042
66. 60.44.22 147.01.15 34065
67. 60.43.07 147.33.45 34070
68. 60.50.30 147.31.55 34001
69. 60.46.52 147.01.15 34040
101-200 Pt.Wells 70. 60.50.00 148.15.45 53017
71. 60.58.0Q07 148.03.45 53005
72. 60.46.52 148.00.25 53024
201-400 Pt.Wells 73. 60.46.30 148.08.30 54018
74. 60.49.22 148.13.50 54011
75. 60.45.37 148.02.30 54019



APPENDIX B.6 (

Tabla. Allocation of affort among individual depth-arsa strata to minimize the variance
an estimata of Tanner Crab - abundance with 1989 area measurements. i

15-Jul-89 12:57 BM

Sample Size by Depth-Area Strata

Depth: Depth____  Hichen- Orca-  Cantral Montague Port Outside
Strata (fm) sSD Area Brook Fidalgo. Basin Knight Wells :
10 - 50 12.3  111.5 ) 1 a ) e - a

51 - 100 199.2 741.2 .15 11 ) 6 ) 5
191 - 209 124.8 693.6 7 Q 7 15 1 Q
201 - 400 37.5 379.1 ) Q. 7 e 1 )
Total 1.925.4 22 12 14 21 1 8

a Rounding errors may result in column and row totals not being correct.

Table. Allocation of effort among individual depth-area strata to minimize the variance
an estimate of Tanner Crab abundance with 1989 area measurements. a
15-Jul-89 12:58 PM

Sample Size by Depth-Area Strata

Depth Depth__ Hichen- Orca-  Central Montague Port OQutside
Straca (fm) sSD Are=a Brook Fidalgo Basin ° Knight Wells

1¢ - 5@ 12.3 111.5 %} %] 9 ) %) Q

S1 - 12@ 190.2 741.2 7 - Q 3 2 3

121 - 209 124.3 693.6 3 Q 3 7 Q Q

201 - 429 37.58 379.1 Q ] 3 2 Q Q

Total 1,925.4 11 8 7 19 1 3

a Rounding errors may result in column and row totals not being corract.
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Table. Allocation of effort among individual depth-area strata to minimize the variance
an estimate of Flathead Sole

abundance with 1989 area measurements.
15-Jul-89 12:37 PM

Sample Size by Depth-Area Straca

Depth Depth__ = Hichen=-: Orca~  Central Montague Port OQutside-
Strava (fm) SD Ar=a. Brook FPidalgo Basin Knight Wells

19 - 50 116.9 111.5 ) 4 2 2 2 ?

51 - 100 293.6 741.2 s 6 Q 31 ) L

191 - 20@ 260.9 693.6 4 Q 1 14 Q 3

201 - 409 46.7 379.1 2 ? 4 Q Q ]

Total 1,925.4 19 190 S 45 ] 8

a Rounding errors may result in column and row totals not being correct.

Table. Allocation of effort among individual depth-area strata to minimize the variance
an estimate of Flathead Sole

abundance with 1989 area measuresments.
15-Jul-89 12:08 PM

Sample Size by Depth-Area Strata
Port. Qutside

Depth Depth__ Hichen- Orca- Cantral Montague

Seraca (fm) SD Area Brook Ffidalgo Basin Knight Wells
19 - 5@ 116.9 111.5 Q 2 Q Q Q Q
S1 - 100 293.8 741.2 3 3 %] 1S 9 Q
121 - 209 260.0 " 693.6 2 9 Q 6 Q 3
201 - 429 46.7 379.1 ] 2 2 2 Q Q

Total 1,925.4 S 5 2 22 Q 3

a Rounding errors may result in column and row totals not being correct.



Table. Allocation of effort among individual depth-area strata to minimize the varianca f
an estimate of Pacific Cod abundance with 1989 area measurements. a
15-Jul-89 12:17 PM

. Sample Size by Depth-Arasa Strata

Depth Depth___ Hichen~ - Orca- Central Montague Port OQutside
Strata (fm) sD Area Brook Fidalgo Basin Knight Wells

19 - 5@ 65.6 111.5 Q 2 Q Q ) 2

51 - 100 89.8 741.2 7 11 o 1S %) 3

191 - 200 - 1358.7 693.6 8 Q 2 4 Q 18

201 - 409 42.5 379.1 Q %] 12 Q o} Q

Total 1,925.4 12 11 12 19 %] 21

a Rounding errors may result in column and row totals not being correct.

Table. Allocation of effort among individual depth-area strata to minimize the variance
an estimate of Pacific Cod abundance with 1989 area measurements. a
15-Jul-89 12:17 PM

Sample Size by Depth-Area Strata

Depth - Depch____ . Hichen- Orca-  Central Montague . Port Outside
Strata (fm) SD Area Brook Fidalgo Basin Knight Wells
19 - S5O 65.8 111.5 ] Q Q Q %) Q
S1 - 1@ 89.8 741.2 3 5 ] 7 2 L
101 - 229 135.7  693.6 3 Q L 2 0 3
201 - 429 42.5 379.1 ] Q S Q Q @
Total 1,925.4 6 5 6 9 Q 1@

a Rounding errors may result in column and row totals not being correcct.



Table. Allocation of effort among individual depth-area strata to minimize the variance
an- estimate of Sablefish abundance with 1989 area measurements. a
’ 15-Jul-89 91:93 PM

Sample Size by Depth-Area Strata

Depth Depth___  Hichen- Orca- - Central Montague Port. Qutside
Strata (fm) SD Area Brogk Fidalge Basin Knight Hlalls

190 - 50 28.6 111.9 Q %] Q % Q %}

51 - 10Q 26.9 741.2 2 2 %] 3 %] 2

191 - 20@ 223.2 693.6 11 9 1 14 2 22

201 - 409 123.1 379.1 Q Q9 16 %] 2 Q

Total 1,925.4 12 2 16 17 4 24

a Rounding errors may result in column and row totals not being corracet.

Table. Allocation of effort among individual depth-area strata to minimize the variance
an estimate of Sablefish abundance with 1989 area measurements. a
15-Jul-89 @1:93 PM

Sample Size by Depth-Area Strata

Depth Depth__ = Hichen- Orca- Central Montague ° Port OQutside
Strata (fm) SD  Area B8rock Fidalgo Basin Knight Wells
19 - 35O 28.6 111.5 %) Q Q Q Q Q
51 - 100 26.9 741.2 1 1 ) 1 ) L
101 - 20 223.2 693.6 5 ) ) 7 1 12
201 - 400 123.1  379.1 ) 2 8 ) 1 a
Total 1,925.4 6 1 8 3 2 1L

a Rounding errors may result in column and row totals not being correct.



. llocacioﬁ of effort among individual depth-area strata to minimize the variance
Table. A an estimate of Sidestripe Shrimp abundance with 1989 area measurements. a

15-Jul-89 91:96 PM

Sample Size by Depth-Area Strata

Depth Depth___ Hichen- Orca- Central Montague Poert OQutside
Straca (fm) s Area Brook Fidalgo Basin Knight Walls

19 - 5@ 3.2 111.5 Q - Q . Q Q ] Q

51 - 129 13.3 741.2 4 3 Q S %) Q9

101 - 20@ 36.7 693.6 1 Q 5 12 3 L

291 - 400Q 78.2 379.1 Q Q 39 %] 3 5]

Total 1,925.4 ] 3 43 18 . 6 1

a Rounding errors may result in column and row totals not being correct.

Table. Allocation of affort among individual depth-area strata to minimize the variance
an estimate of Sidestripe Shrimp abundance wich 1989 area measurements. a
15-Jul~-89 21:97 PM

Sanmple Siza by Depth-Area Strata

Dapth Depth__ _ Hichen- Oreca- Central Montague Port Outside
Scrata (fm) SD Area . Brook Fidalgo 8asin Knight Wells
10 - 30 a.2 111.5 2 Q ] ] Q Q
51 - 100 13.3 7412 2 1 2 3 2 2
101 -~ 290 36.7 6§93.6 %] Q 2 ) 2 Q
291 - 4Q9Q 78.2 379.1 %) %) 19 Q 1 5
Total 1,925.4 2 1 21 8 3 Q

a Rounding errors may result in column and row totals not being correcct.



Table. Allocation of effort among individual.depth-area strata to minimize the variance
. an estimate of Arrowtooth Floundeabundance with 1989 area measurements. a

15-Jul-89 12:13 PM

Sample Size by Depth-Area Strata

Depth ___Depth___ Hichen- . Orca- Central Montague Port Outside |
Straca (fm) SD Are=a Brook Fidalgo Basin Knight Wells
190 - SO 164.5 111.5 Q 1 Q Q ) Q
51 - 1@@  2078.5 741.2 1 2 ) 47 ) S
191 - 209 812.2 693.6 1 ) 1 7 ) L
291 - 400 505.8 379.1 %] Q 8 Q 5} %}

Total 1,925.4 2 3 9 55 Q &

a Rounding errors may result in column and row torals not being correct.

“Tahle. Allocation of effort among individual depth-area strata to minimize the variance
an estimate of Arrowtcoth Floundeahundance with 1989 area measurements. a
15-Jul-89 12:21 M

Sample Size by Depth-~Area Strata

Depth Depchi____  Hichen- Orca- Central Montague Port Outside
Strata (fm) sSD Area Brook Fidalgo 8asin Knighet Hells
1@ - SQ 164.5 111.5 ] Q ] Q Q )
S1 - 129 2078.5 741.2 1 1 2 23 Q 2
191 - 20@ 819.2 693.6 1 Q Q 4 Q 1
201 - 409 505.8 379.1 ] Q 3 Q Q Q
Total 1,925.4 1 2 3 28 Q 3

a Rounding errors may result in column and row totals not being corcracet.



" Table. Allocation of effort among individual depth-area strata €o minimize the variance
_an. estimata of Halibut B abundance with 1989 area measurements. a

15-Jul-89 21:9d PM

Sample Size by Depth-Arsa Strata

Depth Depcth___ Hichen- Qrca-  Central Montague Port . Outside
Strata (fm) sD Area Brook Fidalgo Basin Knight Wells

10 - S@ 128.9 111.5 %] 4 Q Q9 5} %]

51 - 12@ 192.8 741.2 3 S Q 16 %} 12

191 - 200 234.9 693.6 3 %] 3 13 2 1

201 - 4@ 153.7 379.1 %] . Q 11 Q9 1 Q2

Total 1,925.4 6 9 14 30 3 14

a Rounding errors may result in column and row totals not being correct.

Table. Allocation of effort among individual depth-area strata to minimize the variance
an estimate of Halibut abundance with 1989 area measurements. a
15-Jul-89 Qd1:91 PM

Sample Size by Depth-Area Strata

Depth Depth__ _  Hichen- Orca- Cantral Montague Port tside
Straca (fm) SD Area Brook Fidalgo Basin Knight Vells

19 - 5@ 128.9 111.5 Q 2 Q Q Q Q

51 - 1@ 192.8 741.2 1 2 Q 8 %} 8

101 - 20Q 234.9 693.6 2 ) T 7 1 L

201 - 4909 153.7 379.1 Q Q S Q 1 5]

Total 1,925.4 3 4 7 14 2 3

a Rounding errors may result in column and row totals not being correct.



Table. Allocation of-effort among individual depth-area strata to minimize the varianca
an estimate of Rougheye Rockfish abundance with 1989 area measurements. a
15~-Jul-89 91:94 PM

Sample Size by Depth-Area Strata

Depth Depth___ Hichen- Orca- Central Montaque Port Outside
Strata (fm) SD Area Brook. Fidalgo Basin Knight Wells :
190 - 5@ 6.4 111.5 Q 1 2 2 Q Q

51 - le@ . 79.9 741.2 2 13 Q 20 Q 2
191 - 209 126.4 693.6 S Q 28 2 L L
201 - 4QQ 13.7 379.1 2 % 1 2 ‘ 1 2
Total 1,925.4 7 13 28 23 3 i

a Rounding errors may result in column and row totals not being correcct.

Table. Allocation of effort among individual depth-area strata to minimize the variance
an estimate of Rougheye Rockfish abundance with 1989 area measurements. a
15-Jul-89 91:9S PM

Sample Size by Depth-Area Strata

Depth Depth__ Hichen- Orca- Cantral Montague Port OQutside
Strata (fm) sSD Area Brook Fidalgoe 3asin Knight Wells

19 - 359 8.4 111.5 2 %} Q ) %) Q

S1 - L@@ 79.9 741.2 1 6 Q 19 %) Q

191 - 209 106.4 633.6 2 9 13 1 1 Q

221 - 400 13.7 379.1 Q9 Q Q Q 1 Q

Total 1.925.4 3 6 13 11 1 L

a Rounding errors may result in column and row totals not being correct.



, Table. Allccacion of effort among individual depth-area strata to minimize the variance
an estimate of Shortracker Rockfiabundance with 1989 ar=a measurements. a
- 15-Jul-89 91:95 PM

-~
L

Sample Size by Depth-Area Strata

T ———————

Depth . Depth___ Hichen- Orca-  Central Montague Port Outside
Strata (fm) sD Area Brook Fidalgo Basin Knight Wells :

1@ - 352 2.9 111.5 Q Q Q Q %] ]

S1 - 10@ 2.9 741.2 Q %) %] %} %) | Q

191 - 20 5.5 693.6 Q Q 4 3 4 %]

201 - 4@ - —73.7 379.1 Q %] 6@ Q 3 5]

Total 1,925.4 Q Q 64 3 8 2

a Rounding errors may result in column and row totals not being correct.

Table. Allccation of effort among individual depth-area strata to minimize the variance
an estimate of Shortracker Rockfiabundance wich 1989 area measurements. a
15-Jul-89 91:96 PM

Sample Size by Depth-Area Strata

Depth Depth____  Hichen- Orca-  Central Montague Port OQutside
Strata (fm) SD Area Brook Fidalgo Basin Knight HWells
10 - 359 2.9 111.5 Q 2 a Q 9 3
51 - 100 : 2.9 741.2 Q ] %] %} %) Q
191 - 229 5.9 . 693.6 Q2 Q 2 1 2 Q
291 - 4090 73.7 379.1 Q Q 29 2 2 5]
Total 1,925.4 ) ) 31 1 4 3

a Rounding errors may result in column and row totals not being correct.



Table. Allocation ot effort among individual depth-area strata to minimize the variance
an estimata of Pollock

abundance with 1989 area measurements.

15-Jul-89 12:24 PM

a

Sample Size by Depth-Area Strata

T st ——

Depth Depth___  Hichen- Orca- Central Montague Port OQutside
Strata (fm) sSD Area Brook Fidalgo Basin Knight Wells

1@ - S0 70.7 °  1ii.s Q 1 9 9 - Q 5]

S1 - 109 12@9.9 741.2 2 2 ] 34 Q 32

191 - 209 S6.1 693.6 1 %} 1 1 Q 1

201 - 40 S9.2 379.1 %) %] 2 Q Q 9

Total 1,925.4 2 3 3 34 Q 33

a Rounding errors may rasult in column and row totals not being corract.

Table. Allccation of effort among individual depth-area strata to minimize cthe variance

an estimate of Pollock abundance with 1989 area measurements. a
15-Jul-89 12:28 PM
Sample Size by Depth-Area Strata
Depth Depth___  Hichen- Qrca- Central Montagque Port Qutside
straca (fm) sSD Area Brook Fidalgo Basin Knight HWells
19 - S@ 79.7 111.5 ] ] Q Q Q Q
S1 - 109 129@9.9 741.2 1 1 Q 16 Q 18
191 - 200 S6.1 693.6 Q Q9 Q )} Q 1
291 - 499 59.2 379.1 Q 2 1 )} Q @
Total 1,925.4 1 1 p 1 18 2 1%

a Rounding errors may result in column and row totals not being correct.



e . b varksheet for eslisating seam catch sad ils variance for Che Aay-Juae trawl survey in WS, 1989,

*This table is ter Tinaer Crad

Quadreats - Aean Cateh

15-Jui-49

11:58 an

Nith 1989 irea seasuresents

Tinner (rad

Quadcaats - Variance Catch

“anner Crad

1epth 1 ? ] { $ Total-fesled fepth ! ? ] i § ToCal-Poeled
1 A : 12.3 1 18.3 1584
PO V1 Y0 R &} 994 ELS S P §3.4 1898 7 LY 16,2939 1,280.2 81,3384 §,962.0  16,188.1
LIRS 72 B ¥ N 9.6 1308 .6 18 AFIWLIN 1.190.4 LaGs g 6.2 1%.%83.3
4 $7.¢ §8.7 §5.% L (N 1.468.1 1.489.2

otal 103 186 EI SE T KN | 8.6 188 Tetal” 7,311 15,411.3 L3188 57,1603 8480 L ne

“anner Crab Ares - Ream (atch Tanaer Lrad Area - Variance for Catch

epth 1 ? ] ¢ 5. § Tatal-Peoled Oepth ! b 3 t § § Tetal-Pe
i .8 ] 2.1 1.0 181.9 :
! 511 182 182 §3.4 15898 2.4 90.617.3‘ 12.504.8 $92.9 §.382.0 38!
11584 10,2 21 I NN I 1. 1‘0.352.1 §.542.4 30,8264 §.2 158
¢ 58.3 4.5 8.8 [N 1.788.] 50 il

fetal 1001 1822 1.1 1.8 .5 6.6 18,5 Total &6,468.1 13,998 AL 18,2908 98,8 L3831 L.

Tanner Crad
Jeptd

Guadrast- Statitied sean catch- Weighted dy stravum
{ { 3 { §  Tetal

{ 8] 1.4

s

127 18.3 1.4 2.4 .8 6.2
3 12.2 148 18 w7 {19 .1
¢ 1.8 5.3 1.5

Stratified Moas Cateh fer WS 1.4 §1.4

Tanner Crad

Quadrants - Variasce veighed Dy stritum ires

Jepth { ? 1 { $ Total
i 4 b4

2 16,4 168 (8 LI 2.3 122.9

3 1284 5.4 1.3 ki N ] (8 {18.4

{ 1.8 1.5 14
varisace for the stratified easn cateh H T TR
felative frrar 17.9%

Tanaer £rad  Ared - Statified eedm cateh - Veighted dy stritum

Tanner Coad

Ared - Variance Weightad By stritum ared

Qepth ! 2 3 ¢ $ § Total Oepth i ! 1 ¢ § §
{ t.3 1.3 { 1.2
? 2.t 1.7 6.] 1.8 8.3 K 85.4 1f.3 [V} 12.8
3 183 8.5 8.3 20 ] 1.8 1. 1.3 L.t
[ st 1.2 181 { .2 [ K}
Stratitied nean Catch far PUS 8.3 §9.3 variance for the straCified aean caled N

Relative £rror

.- N
ceslim mnmallaa



it . & worksheet for estimating sedn calch aad ils variance for the Ray-June Crawl survey in PNS, 1389,

This tadle is fer flathead Sole

‘Tathead 3ole Quadrants - lese Calth

18-Juj-8§ 12:46 #%
Vith 1989 ares sedsuresents

flathesd Sale

Quadrants - Varidnce (atch

epth t 2 3 § § Tolal-Pooled Depth 1 2 b} { § Tolal-Fooied
1 i S N} 5.4 { 1880 11,4833
¢us) Ul 15,8 $32.8 5.0 6.8 3 OSLIT 0 WA82.2 0 2638 1W, 327 848, 56,018.3
3 1122 4.8 §¢.9 1.2 1303 175,48 3o 1§,116.9 1.663.3 186,047 14,8994 67'.560.3
¢ 1.4 §.¢ 4.8 o 8,380. 1.2 1.184.3
KITTRIN O 146.6 35.3 et 105.8 192.1 Total 37,79%.1 14,938.5 §,132.8 158,467 §,498.0 63,8680
‘lathead Sole Arez - Aean gatca : flithead Sole Area - Varizace for Catch o
“pth t ? 3 i § § Total-Pogled  Depth 1 1 3 4 § - b Total-Foalee
! 8.2 8.t L.t W.412.2 13,483.3
? 921 187.% - S84, 16,0 4800 NS RPN | Bt Z;.l‘ll.i 147,889.8. §48.4 88,2185
3 1238 i8] 1#1.8 136, 175,86 1.0 11,868.5 2.4 148,315.8 14,8994 67,0802
: 9.2 L. 2¢.8 “ 1,488 a.s RBEE:
Totzd 5.0 2.8 Wy ues 8.9 18 1974 Toal 41,8750 18,4435 PR EIS ST I 8.6 §.495.2  §8,3a8.8
‘lathead Sole Quadrant- SCatified sean catche Veighted by stratus Flathesd Sele Quadraats - Varizace veighed dy stratue ares ’
lepth i I 3 [ S Tetal Oepth 1 2 1 { $ fotal
! £t §.¢ 1 .2 2.2
2 LAY 172 [ . P2V S 1 X P9 ? 146.2 8.4 18.7] 152.8 8.3 19%.8
3 l;..l 16e 5.t HBI 1.4 §2.2 3 1387 5.1 S 186.5 1.} 1131
¢ .3 ¢.8 §.1 ¢ .1 e §.2
Stratifisd Keam Calch for NS s L Variaace far the stratified seda cateh HIR 4.3
Relative Error 15.5%
Flatnead Sole Ares - Statified sesn catch - Weighted by stratus flathead Sele Area - Variance Weighted dy strafus irea
Qepth 1 t i t s § Total Oepth { 2 3 [} H § T
i $.2 €2 { 2.5
2 13,8 5.2 3¢.1 [ IRE 2 $2.6 18.8 843.8 1.2
RS S L0y o wl 1w b 156 9.1
1 ¢ 0.2 w8 1 1.3 X
Stratitied Rean Caten tor PUS 194.9 1§59 variance for the stratitied sean cater 996.4
Relative Ecror
e 131-J“N variance for eean caleh from sisle random sampling

Relative Error

“




lt . & vorksheet for estisdling sean-catch and its variance for the Kay-June Cravl survey in PNS, 1989,

15-Jul -85 12:1¢ sa

Wilh 1989 drey seasuresents

This tadle is for Pacitic C‘od‘
1
aeitic Cad fuadrants - Rese (alch Pueific Cod fuddrants - Variance Cateh
oty 1 b ] ¢ $ Total-Pasled Depth 1 ? 3 4 § Total-Pooled
! [ 39.8 ! 2.3 LI
P § 500 B S0 | St .1 et 15,4 2 13,85%.8 $,299.8 2,73%.4 1,540.0 1,568.¢ LR
: . §6.3 1.1 él.ﬁ Ny ULs 3 14 1.600.3°  2,406.8 LAtL6 23,185.3  1a.u8.9
¢ 2.3 5.t A 15.7 LR 1037 %4 155.6 19821 9}
3l £9%! 1%.¢ b 8.4 Z]O.S 5.8 Tatal  §,482.8 §,§32.8 1L.H1.2 LIPS 20 I TR T T 00 | 14,654.3
acitic Cod Area ~ Rean Catch Pacitic Cod Aeea - variance for Cateh
‘epth 1 ? ] i § § Total-Pacied Jepth 1 2 3 { § § Tatal-fooi-
1 11 8.8 1.4 8.2 (PS1 IR
N 03 30 B 9 X §5.1 6.4 93} 2.4 13.770;5 3,397 {,248.8 1.568.4 §.417.
3 §3.3 38.!’ §6.1 379.8 112.8 b 48388 §75.8 1.738.2 13.188.3 18,418,
§ .1 2.8 180 [ 3.877.0 N 1.8
“otal  tHLS 31 28.8 §4.3 38 Iy s Tetal 7.882.2 9,891.8 1,943.7 1.340.5 19,2 AL 1,854 |
l
Saeitfic (od  Ouadrant STatified seanm catche Weighted dy stritus Pacitic Cod fuadraats - Varisnce veighed by stratim ares
Jeolh 1 14 ] [} §  Tetal Gepth i ! 3 { s Tetal |
i t.2 LN i .t L.t
JVYS S ¥ SO SR WSS O T 3% s 8.3 1.2 5.1 s €. |
AR S U ¥ N T TS N OF R £ 3 e 1.8 6.5 1 15.1 .S ‘
{ .8 LS 1.2 ] 8.9 t.2 It |
Stratified Reaw Caten for WS n.1 n.i Varisace for the stratified seas catch 84.4 3.t
telitive Error 18 1) |
tacitic Cod  Ares - Statified eesm catehk - Neightad dy stratue Pacific Cod Area - Variance Veighted by stralum ires
Seotn ! 2 3 1 5 § Total Depth ! 2 3 ' § £ e |
i t.2 [P ! [N ] |
2 §.5 18,7 b3 £.5 338 4 9.9 1.8 18,9 2.8
K 5.6 1.2 &1 . s ] S.t [ .1 18.2 |
3 1.1 1.1 1.3 4 5.0 1.t 4
Stratitied neen Cateh for SUS 568 ¢4 varisnce for the stratified sean cateh 129.%
Kelative trror ‘
158 Variance for sean catch fros simgle randew samsling ‘

Relative Error



2t .k varksheet for estisaing sean caleh and its variance far the Say-June (ravl survey in PUS, 1985,
. Arroutoetd Flounder

This table is fer

srroutaeth flaunder

Suadrancs - Ream Catch

18-Jul-89 12:18 7%

Vith 1989 ared aedsuresents

Areouteeth Flounder

fuadrants - Variaace Catch

seoth ! ? 3 { § Total-Poeled Depth ! H 3 { § Total-Penied
1 X m. ! RN .50
PARR | } 95 N 15 PN 1 %2 1384 s 149, 446.0  L08.0142.%  16,982.0 1,338,583 976.842.9 £,320.110.5
3 fl).é 2384 1418 1329504 IR T ) 1 18,718.8 $9,56%.¢ 19.303.8 1,328,490.8  [7.840.¢  §%6,489.)
[ N | 3.5 W) t 829,492, 1,287.6 255,364.3
stal 818, 58,8 $9.7 U §23.3 191.1 Tatal 3207917 112,19%.% $,837.4 §,H8,843.3  393,L22.¢ L.y
«reouCooth Flounder  Area - Aeam Catth Arravtoolh flounder Ares - Variaace for Catch ]
Hpth { 2 3 - § § Total-Pesled Qepth { 2 3 { $ § Total-Pacle
1 173.1 2.1 W 1.968.1 11,8501
N 175.¢ §99.3 3,636.8 93B.4 14854 2.0 8,221 9943500 3,912,775.8 §76,842.9 4,378, 114.¢
LA 1N 4 1130 1,140.8 IR AR I9) IR RN IN LR 13,239.7 1,343,431, 11,840, 8 655.!&‘;,;
: e §2.% ury [N 387,254.6 §,§26.3 - 255, 864,
‘etal  S497 /”:SlZ.S 1. 19388 §2.5  S28.1 9. Tetal 186,776.5 L47,831.¢  2S2,792.1 6.128,819.3 1,184.7  193,122.% L.814,018.
eroutseth FloQuadrant- STatified sesm catche Weightes by stratue Arroutooth Floynder Quadrants - Variance veighed dy stratue arva
jeath 1 ! 3 [ §  Tetal Jepth 1 N 3 i ] Total
! . .l { .2 t.2
? 4.3 $3.8 3.2 560 .8 181§ b 99.5 §.¢ .3 7. 196.8 10,8781
3 1.2 8.t 1.2 et s 11,738 128.1 §2.5 1.489.4 1.8 3.428.1
¢ .} 3.2 §5.3 [ s8e.8 [ 8.1
stratified Aesn Cateh for NS §10.5 6868 Varisace for the stracified eean catch 161096 14,909.6
Relative Error 11.53

ireoutoath Flores - Statified eedm cateh - Veighted dy stratus

Arrovtaeth Flounder

Area - Variance Ueighted

by stratus ired

Jepth ! 2 3 ] ] § Total Qepth t ! 3 [ § 5 Tt
1 13.7 187 1 2.4
2 36.1 £3.¢ 92.4 §1.1 §48.8 ! 8.4 1.t 4.1403 1.815.2 5.1
1 9.1 o e 180y 9.1 188.6 3 88,7 18.§ 1,821.3 §8.1 L.
{ 4.9 2.1 §1.2 H 3540 t.3
Stratified tean Catch for PUS 83%.¢ 293¢ varidnce for the stratified eean cateh a1 i,
fRelative Error
e eaea 1.1 Viriance for sean c;(ch from siaple randem samsling %

felative Ervor



e . A vornsheet for estimating seam cateh aad 1ts variance for the Ray-June trawl survey in PUS, 1989,

19-Jui-89
WILh 1989 ared seasurements

12:22 o

-This tadle 1¢ for salidut
t
uumv Quadraats - tewn (afCh ¢ Nalibut. Quadeants, - Yarizace Cateh
septh 1 ? 3 [ § Total-teeled fepth { ? 3 { § Tatal-Peoled
{ 12t ¢ 1188 ! 28,992.3 18,5148
? 8.7 8. b4 JOJN P2 P S ¥ I O NS ¥2 29 76,4388 9.428.¢ LIS LS LIS 1181
IALE W W6 288.5 .5 S 118,68 .78 3128, 1N ELLS RS IS DA NS
\ 8.2 151.9 196.8 LIS NYIN | 18.641.2 3828
elal 120 98,7 118 1L N2 18y Total 22,185.7 17,2860 12.881.9  TT456.3  1M7.99%.6  37.1%0.3
s3libut Area - fean Catch Halidut Area - Variance for Catch
lepth 1 H 3 $ $ & Total-Posled Gepth 1 1 3 $ § § Totai-foo
1 ".1 3L | 1.3 13,3282 18,314
R (T 90 S 1 116.1 914 1282 .4 15,281.] UL e 1,300 LT s 37018
? (18] 894 257.¢ 18.8 14808 b 4888 3:9|!.S 126,146.0 3468 SSLLTH
‘ TS 8.1 196.1 w 2.0 13519 sz
fetal  98.3 .7 1B g §8.4 1207 U8 Total 13,8763 11,8843 73,480,2 T3,288.) 12.58M8  101,9%9.5 31,18
Ralibyt Quadrant- Statifies meam catche Weighted by stratum Nalibut Quadrants - Variance veighed by stratus irea
Jeoth 1 ? 3 { §  Tetal Depth { 2 3 L § Totel
1 5.6 5.6 1 s .
: 8.8 £.1 t.§ 1.4 14.2 4. 2 13.¢ 8.8 8.7 S 1e.7 .127.5
2 1.1 3.3 (K1 Ie R .4 .4 3 98.4 662 6.8 1547 (81 u.l
[ 1.2 184 2.8 { U 18.7 8.4
Stratified nesm Cateh for NS eSS Variance for the stratified seam cateh §23.% $23.9
telative Ercer 15.3%
;zlihut Ares - Statified eeam cateh - Ueighted by stratim _ Kalibut hrea - Variance Weighted by stritus arna
fepth i 1 3 ! S § Total Qepth { 1 3 \ $ § T
1 4.6 [ 1 a8
1 1.1 9.2 15.8 .3 810 4 1.4 9.1 136.4 1.8
1 1.2 s 1.1 Ly s 3 4.6 §.8 144.) 1
\ H. 1.7 . ¢ 93 1.3
Stratified mean Cateh for PUS 148.9 148.9 variance for the stratified sean cateh 716.9
Relative Error )
csamla aase 148, variance for etan cateh froe sisple randes sampling

telative Error



.t
Mhie

teole 15 for Pollock

& uorhsneel for ectisating seam caleh and 10 variance for the may-June traul survey 1n PUS, (989,

1$-Jui-49 12:24 2
Vith 1339 ares aeasyresent:

slleeh Cusarants « Aese- (atch Pollock Quadraats - Yariaace Cateh
233 1 ? ] ( § Total-Pocled feslh { 2 3 4 § Tetal-Pooied
{ H N 544 1 §.538.3 S Hee.S
1 70 B« TR T 40 Y9 RN 12 20 A1 1L S R YO 8 | 119,860, 16,0808 24,156.8 L.028.733.0 £,293,848.9 1,019,983,
3 82.¢ .8 188y 8.3 1.1 18,58 b . 1887 1,182 §.178.1 BT 8.2 1144
U 6.7 §3.1 1. V1812 1,862.1 15456
el 9¢.2 i 1.t nes g NI fotal 11.785.4 14,380, §,585.8  8Z9.136.4 1,231,890.7 44, ie 8
stloch Ared - Rean Catch Pollock Area - Variaace for Cateh o
20th ] ! 4 ' S § Total-Pooled  Depth t 2 3 ' 5 § Tolal-Foaled
i &i.] S4.1 1.4 §,385.8 S.488.8
< 2357 1 SSé.l 1.048.6 S11.9 P I 101 { SO § 90 45 ) 1,064, 1417 §.093,848.9 1 919.985.7
: 5.3 196.9 1.1 8.1 788 0 LI INITR L4958 ‘t..Jl‘.Z LI
¢ S - 16.7 2.9 [N L7298 181.3 I.E?S.C
Wb MBS SLE O TLT 6] M) Total 20,280.3  {1,88¢.¢ ¢, 776.3  $8%,385.1 1586 ;.231.091.7 TTRTTRA
2lleck Quadrant- Statified sean caloh- Weighted by stratus Peilock Quadrants - Variance veighed dy siratus irta
H 4] 1 2 3 { §s  Tetal Jepth ! : 3 ¢ § Total
1 LI [ { 1.3 1.3
N 16.¢ 1.9 i) 8.9 584 143.3 ! 3.8 1.7 ‘ 1t.5 [9R¢ MR '}‘.35’;.3 4,828
i §.2 8.3 6.8 .3 S.4 13.8 3 1.1 1.2 .4 3.8 1.8 3§.8
L 1.7 §.3 1.t ¢ 1.4 (] 5.8
stratified Aean Cateh for AUS 190 196 Variaace for the stratified sean catch ,588.3 (,588.3
felative Error 15,80

Relative Error

.‘ellock hrea - Statified seam cateh - Ueighted by stratus Pollock Area - variance Veighted by stratus irea

-eeth i 1 3 t § L Total Depth { ! 3 t H § Tatal
! s 1.9 t T B
: 1.2 16.3 LS 125.4 262.9 1 U §.1 (RN 15,480 .18
5.3 SN 3 3.6 6.} ] N &3 NS 140 3

L §.2 [N 8.6 ! S99 [ :
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APPENDIX €. TRAWL GEAR SPECIFICATIONS

NET: 400 MESH EASTERN OTTER TRAWL

Footline:
l.

Headline:
l‘

Web:
1.
2.
3.

4.
S.

Qther:
l!

95' footline of 1/2" cable wrapped with 7/16" corsair line
and 3/8" chain attached snug to footline every 10".

70' headline of 3/8" cable wrapped with 3/8" poly with 18
@ 8" aluminum floats with ears, attached about every 4
feat.

42 thread 4" mesh in the wings and body.

60 thread 3-1/2" mesh in the intermediate.

18 thread 1-1/4" mesh cod end liner extending 3 feet beyond
cod end.

120 thread 3-1/2" mesh cod end

3-1/2" 6.00 mm P.E. web chaffing gear around cod end.

Flymesh on back end of bcdy of net, both ends of

"intermediate, and front end of cod end. This 1is for

attachment of the body of the net to the intermediate with
a zipperline and for attachment of the intermediate to the
cod end with a similar zipperline arrangement.

The intermediate is straight 110 open meshes around and 120
meshes deep attached to the body of the net with a flymesh
zipperline <configuration. The other end of the
intermediate with 1 flymesh every two meshes, attached to
cod end with a zipperline with the same flymesh
configuration. The end of the cod end will have a 2" x
3/8" galvanized ring for every 4 meshes.

3/4" poly-dac rib lines with eyes at intermediate and cod
end seanms.

1/2' poly=-dac spider lines from corners of bosom across
belly of net.

5 @ 4" x 1/2" splitting strap rings sewn to cod end 21
meshes from end of ced end. These rings should be evenly
spaced around the net.

A 1/2" poly bolsh line will be attached to the foot line
and web should be drop hung from the bolsh line. The bolsh
line should be attached to the footline every 8".

DOdﬁé: NOR'EASTERN TRAWL SYSTEMS INC. NOR'EASTERN ASTORIA VEE DOOR

1.

S'x 7'; 800 lbs: each
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APPENDIX D
HAUL POSITION FORM



|

APPENDIX D

i Fi%wo.%.

POSITION CARD

HAlf CARD

83-01-15

®
-001

DP

HAUL-POSITIOC

N FORM

l—l 7 8 10 11 12
VESSEL. CRUISE L HAUL !
14 13 16 17 19 19
; YOUR
YEAR MONTH DAY NAME
5aSTTION mLA‘TITUDE 3 24 28 LOSNG;T%DQ 32 33 33 38
S+%= WEST
ware BL 1 [LLl [TIT] sy
1) ™ . COL' 8
37 38 39 40 41 43 44 43S 48 47 48 49 30 52 S3
END..... T [ ] L ]
RATE FIRST READING RATE SECOND READING
sS s S8 S9 60 81 62 84 83 87 &8 70 71 72 73 74 768 77
LQRAN l "'
START , , |
79 83 84 8S 3s 38 39 91 9 34 39S 398 97 98 100 101
ORAN | 'm‘ , l i 3"
ND. s 0 i
ceeeeee-== QUP. COL. 1-38 FRGOM ABQVE
GEAR DEPTH 3839 49
w?o. AVG. (FM) T_ MIN o MAX
) 41 43 44
80TTOM DEPTH ‘ ZT_
WTD. AVG. (FM) MIN L MAX
TIME STANDARD USED
48 47 48 49 31 S2 TIME START QuT
QuUIL. DURATION -
EOU!IRL (HRS.) L EQUILIBRIUM
S4 S8 S7 SB 80 81 HAUL
QISTANC HAU
%{‘SQE? . L j TYP% r_ IN G
T 63 63 WID. AVG. &S 68 87 68 - M
rar‘ 5 TRACE OEPTH MIN AX
STRATUM (F10 DESCR.
WATER 70 71 73 7S 78 78
TEMPERATURES SUR-
(DEGREES c‘?) gACE D GEARE.._I__. METHGD
84
8QTTOM
\"fPEn t DESCR.
WIRE OUT' 88 38 37 38 GEAR 94 33 38 000R 37 98 99
-
(FM) f— TYPE ACCES.
- 103
‘ WEATHER., SEA
gfﬁéga CONDITIONS
REMARKS
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HYDROCARBON AND NECROPSY SAMPLES



Appendix E

PROCEDURES FOR TAKING HYDROCARBON AND HISTOLOGY SAMPLES
MULTI-SPECIES TRAWL SURVEY, PRINCE WILLIAM SOUND

The folloving procedures should be used in taking hydrocarben and
hiatology samples during trawl asurveyas in Prince William Sound.
The hydrocarbon and higtology procedures wvere developed during
the May/June 13989 trawl survey. The procedures developed at that
time have been modified aslightly based on subsequent information
on taking samples and proper custody of the sgamples. Two
handouts should be consulted prior to taking the aamples, 1)
Histopatholagy Technical Group for (0il Spill Agsesament Studies
in Prince William Sound, Alaska, and 2) Chain-of-Cuatody
Procedures. The handouta are appended to these Procedures.

Egquipment

1. Stainless steel pana, wvith lidg: three aassorted sizes for
- holding and storing knives, scalpels, and scigsors. .

2. Paper tovels.

3. Scalpelsa: four gtyleas of Bard Parker blades: #10 deep

belly, larger deep bhelly, #11 astraight point, and #12
hooked. For cutting tissue and puncturing bile gland.
4. Short blade boning knives: tvo. For incising and cutting

tissue.
S. Long, thin blade fish fillet knives: two. For incising and
cutting tissue.

6. Scissorsa: surgical type with +thin, pointed blade and
larger, heavy duty type. For cutting tigsue and
exoaskeleton. )

7. Forceps: three sizes, gmall to large. For hoelding

delicate tiasue up to large visceral mase.

a. Methylene chloride (MC) for rinsing equipment.

9. Teflon squeeze bottles for using the NC.

10. Steel for knife sharpening.

11. Surgical glaves.

12. Liquid dish vashing detergent.

13. Aluminum foil. To cover surfaces to prevent contamination
of tools and specimens,

14. Unpainted plyvood cutting boardsa.

18. Pre-baked 4 g amber vials, vith capa, for bile samples.

16. IChem prebaked, custody sealed 4 oz jara with Teflon lined
caps.

Work Area

The samples should not be taken on a surface painted with oil-
bagsed paint. This problem can be solved by laying a sgheet of
unpainted plyvood on top of the painted surface and using
aluminum foil to cover work surfaceasa. :



Water dripping from vessel must not be alloved to asplash vork
ares. . : -

Preparation of Eguipment

At the end of sampling and prior to use, vaash all cutting tools,
forceps, pans, - cutting aurfaces, etc. vith hot wvater and
detergent. Hot water is available on deck. Rinse thoroughly
vith hot vater and then MC. On cold days the MC may freeze the
vater. If a0, wipe equipment with paper tovels prior to.ringing
wvith MC. Flush all toocls, pans, etc. with MC and arrange tcols
for use. Knife blades are positioned so that they do not touch
any surface. Scalpels, etc. are kept in the MC rinsed astainless
steel pans. Air dry all utenasils after rinaing with MC.

Use indelible pen to mark labels, not pencil. NO plastics touch
the sample.

Capturing the Specimens

All samples are from internal tisaue and thus capturing specimens
vith otter trawls is valid. Because. of large catches, tows are
usually limited +to 1S minutes. The catch is8 dumped onto the
gorting table and sgample specimens immediately put aside for
processing.

_Selecting the Specimens
Hydrocarbon samples:

Decide bheforehand vhich species and sizes will be sorted from a
given catch. Avoid large individuals - their viscera are too
large to manipulate effectively. At least four specimens of a
given species should be retained from- the catch, three for
hydrocarbon sampling and one for backup. The selected fiah are
put in fish basksts and kept cold by covering them with ice.

Histology samples:

Only live or moribund aspecimens are gsuitable for processing. Do,

not process dead fish. Tissues in dead fish autolyze rapidly and
mask the subtle changes caused by toxic chemicals. Do not over-
ice fish to the extent that tigsues freeze. fFrozen tigsues are

vorthiess for hiatological examination.

Preparing the Specimen

The specimen is wiped repeatedly vith paper towvels to remove all
slime, mud, scales, etc. The table vhere the specimen vill be

.placed is8 alac wviped clean.

Taking Samples

Alvays vear surgical gloves to avoid contamination of samples by

2



akin oils. Use nev gloves rather than trying to reuse gloves.
Used. gloves are difficult to put on. and trying to . put them aon
runs the risk of contamination.

Hydrocarbons: A
Removing the pectoral fin creates a hole that allove the knife

blade to enter the abdominal cavity vithout contaminating the
internal tissues.. Use a ghort blade boning knife . ta remove the
pectoral fin by alicing the fin avay with aghort atrokes in the
direction of the head. Wipe knife and put it aside. Remember
that each tool muat be clean (rinsed with MC) before it touches
the sample. :

The abdominal wall muast be removed to expose the internal organasa.
Insert the long thin blade of the fillet knife into the pectoral
fin hole vith the cutting edge of the blade tovard the ventral
side of the fish, and run the blade very carefully under the
surface of. the abdominal wvall to a point above and Dbehind the
anus. The cut is made high encugh along the aside of the fish
that the belly portion preventa the viascera from apilling out
onto the vork table. The knife point ia then pushed through the
body wall and the knife pulled dovnwards and backwvards to cut
through the flesh. The cut is thus made from the inside ocut and
prevents contamination of the abdeminal cavity. The knife is
then viped cleaned and put aside in a clean area.

Subsequent cuta are made holding the body vall avay from the
internal organs. To lift the body wvall, carefully insert the
knife point under the cut body wall and 1ift the body wall up.
The body wall ia then cut awvay, the® cut being made <from the
inside cut. and the knife viped and then rinsed with MC before
each cut. After the cut, the body flap is discarded, the knife
wiped cleaned and put in the stainless steel pan.

Collegting bile

The bile duct opens into the small intestine. The duct is
grasped with Zforceps, gently pulled upwards, and connective
tissue around the gall bladder is gently cut avay ( a deep belly
scalpel seems best for this cutting). When free from connective
tissue, the gall bladder is8 set on top of, and slightly to one
side of the 4 ¢ amber vial. The #11 atraight point scalpel is
used to plierce the bladder aso that the point of the blade
projects inside the vial and acts as a guide for the bile to flow
into the vial. Care is needed to prevent the gall bladder or
bile from creating a seal or bubble over the top of the vial.
Such a seal prevents the bile from flowing into the vial. One
technique to aid the puncturing is to hold clean forceps againat
the bladder on the opposite side from the puncture by the #11
scalpel. Fortunately, only a fev dropas of bile are needed for
analysis. The vial ias then capped tightly.

Collecting intestinal tissgsue
Intestinal tissue includes gtomach contentas. Indeed, stomach

-~



contents is more’ valuable for detecting intestinal oil than
intestinal -tissues themselves. Use forceps. (large or amall,
depending on size of fiah) to graep firmly the esophagua just
behind the pharyngeal area. The escphagus i3 severed anterior to
the forceps, and pulled upvard as connective tissue ias cut avay
vith the deep bellied acalpel. The liver is alao cut avay. The
entire intestine is pulled free of all connective tigsue and the
lover intestine gevered at the anus. Small digestive aystems are
put directly into the 4 oz IChem jars. Large digestive gystems
are laid onto a clean and rinsed atainless ateel pan and small
sections - cut from the esophagus, atomach wall, and intestine.
These sections and as much of the stomach contents as poasible
are put into the jar.

Muscle tigssue -

Muscle tissue ia removed from the tail region just posterior to
the gut. Uasing a fillet knife, two longitudinal and parallel
cuta are made, one above and the other below the lateral line.
Uaing the same knife, the <flesh above and below the twvo cuts is
filletted awvay. This cutting exposes the sides of the muscle
sample such that the knife can be inserted under the ' sample
wvithout contacting the skin and scales. A clean and rinsed knife
is used to fillet the sample from the backbone the distance of
the ¢tvo parallel cuts. Care aghould be taken to avoid
contaminating the center area of the sample with the portion of
the knife blade that touches the edge of the sample. This care
is needed because the edges of the sample could have beconme
contaminated from the fillet knife cutting vertically through the
skin.

The rectangular sample is laid skin dovn on a clean surface. The
flesh ia shaved avay from each side with a scalpel in sguch a vay
that the scalpel blade enters the flesh from the clean gide and
the cuts made so that the blade exits in the unclean arezs. The
flesh is then filletted from the skin and put into a clean 4 oz
IChem jar.

Sampling Crab

Three kinds of tisasue are removed from tanner crab (Chioncecetes
bairdi), hepatopancreas, muscle, and eggs. A g8ingle crab does
not provide enough material for a sample and several crab,
usually three, are needed to obtain sufficient tissue. .
Eggs

The crab are wiped thoroughly with tissue paper. The eggs are
removed first., The abdomen is forced apart from the thorax and
the ocutermost (posterior) pair of plecpods excigsed and discarded.
The next two pairs of pleopods with attached eggs are excised and
placed into a 4 oz IChem jar. This procedure ig repeated on as
many crab as needed to provide the sample.

Hepatopancreas



Hepatopancreas. is taken from crab of either gsex. The carapace is
pried off the body of the crab using gloved hands. Part of the
hepatopancreas may be lying on the inner sgurface of the carapace,
but mocst vill be in the main body area betveen the gills. It is
a brovnish material -and is removed vwith clean forcepa directly
into a 4 oz IChem jar. As many crab as. necessary are usge to
provide the composite samplae.

Muscle .

The muscle ia removed from the merus segment of each wvalking leg
after the hepatopancreas is removed from the body. Firgt, the
merus is gevered at its proximal end either by breaking or
severing vith aciasorsa. To remove the muscle, the joint between
the merus and carpus ia broken by bending the carpus in the
opposite direction that it normally bends. With the joint
broken, the carpus is used to pull the muascle out of the merus.
The muscle, still attached to the carpus, is held inaside the 4 oz
Jjar and the diagtal end attached to the carpus severed vwith clean
scissors. :

Sampling Shrimp

Muscle is taken from the sidestripe ghrimp (Pandal&gsis digpar).
The shrimp ias wviped clean, although the interstices betveen

segments is difficult to clean properly. These sections,
hovever, are not likely to come into contact vith the muscle
sample. Removing shrimp muascle is frustrating, because the
muscle tears easily. One procedure is to cut the abdominal

exoskeleton laterally along its ventral surface. The abdomen is
the spread apart along the cut and held in this pcosition vwhile a
second person removes the muacle vwith clean forceps.

Higtolo Samplin

Histological asample preparation for fish and shellfish should
follow the instructions vwritten by the Histopathology Technical
Graup.

Chain-of-Cuatody Procedures

Chain-of-Custody procedures ghaould follow the general
ingtructicons "EQMALO Chain-of-Custody Procedureas® (Appendix F).
when sample taking mugt terminate for a short period, such ag for
meals, a vorkable procedure to reatain custody is to place the
on-deck samples in a closed container (3uch as a Coleman cocoler)
and seal the container with evidence tape. The tape ia broken
vhen sapling is resumed. All sealing and breaking of evidence
tape should be noted for record.
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: MULTISPECIES TRAWL SURVEY
. . PWS OQOIL IMPACT ASSESSMENT PROJECT
HYDROCARBON AND NECROPSY SAMPLE FORM

Vessel Cruise
Date . Tow Number Gear
Latitude : Longitude Agency

SAMPLE COLLECTION - CHECK BOX IF SAMPLE WAS COLLECTED AND INDICATE SAMPLE

Species/Tissue Hydrocarbon Necropsy.
es Sample # Yes Sample #

<

Pollock/muscle

.

Pollock/viscera

Pollock/bile

S.Shrimp/muscle

P.Cod/muscle

P.Cod/viscera

P.Cod/bile

Flthed sole/mscle

Flthed sole/vscra

Flthed sole/bile

Tanner Crab/mscle

Tanner C/hepat.

Tanner Crab/egg

Sablefish/muscle

Sablefish/viscera

Sablefish/bile

(other)
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MULTISPECIES TRAWL SURVEY
PWS OIL IMPACT ASSESSMENT PROJECT
TARBALL SAMPLING FORM

Vess:al ) Cruise
Date - Tow Number
Area Sampler

SAMPLE COLLECTION - CHECK BOX IF OBSERVATION WAS MADE AND INDICATE # OBSERVEL

Species Tarballs Stom contents (optiona
# sampled/# with 3 crab/ other contents/
tarballs species comments
‘Arrowtooth :
flounder D D
Dover Sole D D
Rex Sole D D
Pollock E] D
(other) D D
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1. ZInszoduction

In response to the release of more than 10 million gallons of crude oil into
Prince William Sound, the State of Alaska and four Fedearal Agencies, the
Dapartments of Agriculture, Commerce and Interior and the Environmental
Protection Agency are acting together to assess the damages to the natural
resources. Authority for this action is provided by the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) and the Clean

Water Act (CWA).

A damage assessment :-quirin documentation of the exposure of the rssourcas to
oll released from the EXXON VALDEZ, idcntifyinq which resources were injured
by that exposure, measuring the magnitude of the adverse affaects on each
resource over time and assigning aeconomic values for that injury.  Once this
is done, monetary compensation can be sought from the potentially responsible

partias to restore and/or replace the injured rescurces.

Raccvc:§ of monetary damages may involve civil court actions. It will then be
necessary to prove that the samples were collacted in a scientifically
approved manner and that the samples were protacted from cutside contamination
(non-incident related) and accidental mix-ups during handling and anmalyses.

It i3, therefore, extremely important that every sample be readily identified

and their location and analytical status known and documented at all times.

This document and the associated training sessions, were preparsd to assist
field personnel in collecting samples that will provide scientifically sound
and legally defensible data to support the State/Federal Natural Rescurce
Damage. Assessment for the EXXON VALDEZ oil spill.

2. Record Keeping and Documentatijon

Standard operating procedures (SOPs) for all sampling procedures, including
chain of custody procedures; sampling protocols; cleaning and preparation of

sample collection and storage.devices; and labeling, handling, and sample



preservation and holding time must be written in detailed, clear, simple and

easy to follow language. .

Personnal must be knowladgeable and experienced in the described sampling

tachniques and must adhere to the SOPs.

Any changes in procedures must be recorded in detail in the field logboock.
The log entry must include reasons that the change in procsdure was un-
avoidable. .

Field logbooks are is-u-d_by the Team Leader or their representative. The
logbocks should be serially numbered, sturdy, bound books with saquentially
numbered pages. Waterproof logbooks should be used if available.

Field data sheets, if used, must be consecutively numbered by project. The
- fiaeld data sheets must be refarrad to in entries in logbooks which reference,
the precise data sheet involved and the relationship to specific data in the

logbook notad.

All information pertinent to field activities, including descriptive notss on
each situation, must be recorded in indelible marker in the field logbook.
The information must bhe accurats, objective, up-ta-date and legible. Ie
should be detailed enocugh to allow anyone reading the entriss to reconstruct
the sampling situation. Additional information may be provided by field data

sheets, sample tags or photographs.

Eritries should be @adc in the logbcok or on field data sheets with indelible
marker at the earliest possible time. Notes should never be writtan on scrap

paper and then transferred to the logbook.

Entries into field logbocks or fiald data sheets are signed or initialed, and

dated by the person making the entry at the time of enctry.

Each day's entries are closed out with a horizontal line, date and initial.



Errors in field logbooks or other records are corrected by drawing a single
line though the error, entering the correct information and signing and dating

the correction. Never erase an entry or any part of an entry.
Do not ramove pages from the logbook.

Completed logbocks and fiaeld data shaets are returned to the Team Leader or
their representative to be archived in a central location under chain-of-

custody procsdures until the Trustees indicate that they may be released.

], entificaci { Labell]

A t;g or label identifying the sample must be completed and attached to -each
sample. Waterproof (inaelibla) marker must be usid on the tag or labél. The
minimum information to be included on the tag are the :ampl; identification
number, the location of the collection site, the date of collectioa and
signature of the collector (who, what, where & when). This information and
any other pertinent data such as the common and scientific names of the
organism collected, the tissue collectad and any remarks are recorded in the
logbcok. Field pamplc data sheets, photographs, any pertinent in-situ
measursments (such as tsmperature, salinity, depth) and field observations are

recorded in the logbeok.

The location of the sampling site is determined with the aid of USGS grid
maps, NOAA charts or navigational gsystems such as LORAN C. The site locations
should be plotted on a chart of appropriate scale and photocopies incorporated

into the logbook. In addition, a clear, detailed descriptive location as well



as the latitude and longitude, in dagrees, minutes and seconds, of the

collaction sita must be recorded in the logbook.
4. Sampling Equipment and Sample Contajpnecs

All sample containers must be either organic-free (solvent-rinsed) glass or
organic-free (solvent-rinsed) aluminum foil. Lids for the glass containers

must be lined with either teflon or solvent-rinsed aluminum foil.

Certified-clean glass jars are available from varicus vendors and if ob-

tainable, may be used without cleaning.

Sample colléction and storage devices are cleaned‘by washing with socap ana
hot water, rinsed extansively with ?lean water and then rinsed with either
;methylene chloride or acetone followed by pentane or hexane and allowed to d:y
before use.

First rinse: tap water, then re-rinse in distilled water.

Sacond rinse: methylene chloride or acetone

Third rinse (if acstone is used): pentane or hexane

The solvents (methylene chloride, acstone, pentane and hexane) used for
cleaning sample collection and storage devices must be of appropriats quality
for trace organic residue analysis and be stored in glass or Teflon con-

tainers, not plastic.

New glass jars or unused aluminum foil deo no need to be washed with socap and



water. They must howaever, be solvent-rinsed as described above before use.
Glass jars may be cleansd by heating to 440°C for a minimum of 1 hour.

Clean glassware should be stored inverted or tightly capped with either

solvent-rinsed aluminum foil or teflon-lined caps.

The dull side of the aluminum foil should be the side that is solvent-rinsed.

Pre-cleaned squares may be stored with the clean sides folded together.

All equipment that comes in contact with the sample such as dradges or
dissecting equipment must be solvent-rinsaed before contacting each sampla.
Equipment should be steam-cleaned or washed with scap and hot water at the end

ot each'day or hetween sampling locations.

5. Sampling Procedures

The method of collection must not contaminate the samples. Do‘nct collact any
subsurface samples through surface slicks. Do not collect any samples with
oil-fouled equipment, such as nets or dredges. Do not touch or collect any

sample with your bare hands.

Sample container velume must be appropriate to sample size; f£ill the jar to
just below thae shoulder. Overfilled jars will break when they freeze;

underfilled jars will allow the sample to dry out.



At least one field blank and rsplicate sample should be taken for each

collection site, batch of samples or 20 samples taken. (A field blank is a
sample container opened in the field, closed and storad as if it contained a
sample. A replicate sample is a second sample from the same sita.) Rinsate

blanks should be taken if appropriatae.

5.1 Watsr - The method must be described or adequately referenced in sampling
SOPs. Recommendad sample size is 1-4 liters depending on the analytical

methodology.

Water samples for volatiles analyses should be taken in 40 ml amber vials with

nc head space or bubbles.

S.2 Sediment - Any acceptad methods of collecting undisturbed surface
ﬂTaédim.nt samples such as box coras, hand corers, or grabs may be used. The
method must be described or adequately refarenced in sampling SOPs. Raecom-

mended sample size is 10-100 grams (a 4 oz. ja:).‘

5.3 Tissye - Organisms to be analyzed for petroleum hydrocarbons should be
freshly killed or recently dead. Decomposed organisms are rarely of any value

for analysis.

Whole organisms may be stored in solvent-rinsed glass jars or wrapped in

solvent-rinsed aluminum foil.



Tissue sections may be taken either on site from freshly killed organisms or
in the laboratory from carefully collected and preserved - cold or frozen -

whole organisms. Tissue should include flash and internal organs, especially

liver. Recommended sample size is 10-15 grams.

Tissue samples need to be protactad from external contamination at time of
collection. Contents of the intestinal tract, external slime coating,
contaminated collecting utensils, etc. are all potential socurces of contamina~-

tion when collecting internal tissue samples.

All instruments used in handling samples must be made of a non-contaminating
material ( é.g. stainless steel, glass, teflon, aluminum ) and solvent-rinsed

'betwach each sample collaction.

Instruments used for exterior dissection must not be used for internal

dissection.
Avoid hand contact with tissue sample.
Collect stomiach and intestinal tract last.

Bird eggs are wrapped in -solvent-rinsed aluminum foil and transported by any
convenient means that will p:-g’nt breakage. They should be opened or
refrigeratad as soon as possible. Eggs are opened by cutting them with a
solvent-rinsed scalpel or by piercing the air cell end and pouring/pulling the

contents out. Avoid including pieces of egg shell with the contents or touch-



ing the contents with your hands. Total weight, volume (measured or calcu-
latsd), length, width and contents weight must be recorded for each eqq.

Bile is collected by removing the gall bladder, puncturing it with a scalpel
fittad with a new #11 blade, and collecting the contents in a 4 mlL amber glass

vial.

6. sSample Preservation and Holding Time

Samples must be kept cool, i.e. on ice.

Samplas that are to be frozen, sediment and tissue, should be frozen quickly and
rapidly. That is, these samples should be frozen as scon after collection as

pessible and the freezing process should be rzapid.

%grqzon samples must be kept frozen, at -20°C or less, until extracted or prepared
for analysis. Repeated fresezing and thawing of samples can destroy the integrity

of the samples resulting in questionable data or the loss of data.

6.1 Water - All water samples must be immediately extracted with methylene
chloride or preserved with HClL to pH<2. If preserved, watsr samples are stored in
the dark at 4°C and extracted within 7 days. All extracts must be storsd in the
dark in air tight chemically clean containers until analysis.

6.2 Sediment and Tigsue - Samples should not be extracted until immediately
befores analysis; if there is a lag between sample extraction and sample analysis,

extracts must be stored in air tight containers kept in the dark at 4°cC.



7. sample Shipping

All samples, except water samplaes, must be kept frozen throughout the shipping

procass.

Samples must be packaged to prevent breakage. Glass jars should be individually
wrapped so that they will not contact each other if padding shifts in transit
{(which styrofoam chips do). Bubble wrap or the divided boxes that new jars are
shipped in work well. Pack samples in insulated containers (e.g. ice chaests)

with enough frozen mass to remain frozen in transit.

It is the :-npons;biliﬁy of the sample shipper to arrange for sample receipt. Do

not send samples off without arranging for pickup and storage.

To insure that samples are not compromised, shipment should not be initiated
later in the week than Wednesday nor should samples be shipped in any week in

which there is a holiday.

Shipments must comply with Department of Transportation regulations.

8. gchain=-of-Custody Procedure

Samples must be kept in such a manner that thaey cannot ba altered either daelibera-
taly or accidentally. Any indication that a sample has been subjected to

tampering or physical alteration could disqualify it as evidence for possible

10



legal action.

The field sampler is personally responsible for the care and custody of the

samples collected until they are transferred under chain-of-custody procedures.

A sample is considered in "custody” if:
it is in your actual physical possession or view;
it is retained in a secured place (under lock) with restrictad access
or it is placed in a container and secured with an official seal(s)
such that the sample cannot be rsached without breaking the

seal(s)

Evidence tape or samplq.scals are used to detect unauthorized tampering of samples .

following sample collaection. The seal must be attached in such a way that it is

5ﬁncesna:y to break it in order to open the container. Saals must Je affixed to

the container before the samples leave the custody of sampling perscnnel.

All samples must be accompanied by a chain-of-custody record or field sample data
record (Figure 1). When samples are transferred from one individual's custody to
another's, the individuals relinquishing and receiving the samplaes will gign and

‘date the chain of custody record. This record documents the transfer of custody

of samples from the sampler to ancother person or to a specified analytical

laboratory.

Shipping containers must bae custody-sealed for shipment. The seal must be signed

bafore the container is shipped. The chain-of-custody record must be dated and

1l



signed to indicate any transfaer of the samples. The original chain-of-custody

record accompaniaes the shipment; a copy is retained by the sample shipper.

If samples are sent by common carrier, copies of all bills of lading or air bills

must be retained as part of the permanent documentation.
Whenever samples are split, a separate chain-of-custody record is

prepared for those samples and marked to indicate with whom the samples

are being split.

12



APPENDIX F.2
NECROPSY HANDLING AND COLLECTION



1

HISTOLOGICAL SAMPLE PREPARATION FOR FISH
Histopathology Technical Group

NOTE: Only live or moribund fish will be suitable for processing. Histopathological
changes caused by toxic chemicals are often very subtle at best. Tissues in dead fish

autolyze very quickly and will mask these changes. Wﬂﬂ&iﬂm
Keep fish alive as long as possible during transport to the site of necropsy. Do not over-
ice fish such that tissues freeze while in transit. Frozen tissues are worthless for histological

examination.

L

2.

The fixative to be used is 10% neutral buffered formalin (formula attached).
Formalin. should be handled wearing rubber or latex gloves.

The volume of fixative should be ten times the volume of the tissue. This is
important since any less fixative may result in tissue autolysis and worthless samples.
After 77 hours, the formalin fixative may be poured off and replaced with 70% ethyl

‘alcohol for storage and transport. This accomplishes an important objective; i.e., it

prevents tissues from becoming too hard and brittle when stored in fixatives for long
periods. Also, the fixative poured off may be saved and strained of tissue fragments
and used one more time for other. samples.

The sample size per site or species will be 20 fish, live or moribund.
Fish less than 3 cm may be fixed whole by dropping into preservative.

Fish 4 cm-10 cm should have the belly slit with a scalpel or scissors, the intestine
detached at the vent, and the internal organs pulled out slightly for proper fixative
penetration.

Larger fish (11 cm-20 cm) will require on site excision of 0.5-cm sections of major
tissues and internal organs (attached diagram) as listed. Do _not send whole fish.

: Whole head detached from just behind the opercular opening, liver,
spleen, GI tract (anterior intestine, stomach, pyloric cecae, posterior intestine, and
rectum), air bladder, kidney (anterior and posterior), heart, gonads. Also, take 2 0.5-
cm square of musculature and attached skin intersected by the lateral line midway
between the head and tail on the right side of the fish. Take a second 0.5-cm section
of muscle and skin from the body wall covering the viscera from the right side of the
fish.

Organs and tissue samples from a single fish should be placed in tissue processing
cassettes, 4 to 5 tissue samples to one cassette. Each cassette must be labelled with
the animal number from which it was taken. Place cassettes in a jar of fixative.

Fish larger than 20 cm will also require that 0.5-cm portions of each major organ be

utilized (if larger than 0.5 cm) and the whole head will be eliminated from the
sample. [n this case the first right gill arch must be excised and fixed before

-9.
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-{\-



NECROPSY FIELD DATA SHEET FOR HISTOLOGICAL SAMPLES
ADF&G, FRED Division Fish Pathology Lab

Collector/Address/Telephone # -

Species

Number Specimens in Sample

Size Range

Life Stage

Date of Collection

Location of Collection (Site Name or Number)

Abnormalities Observed Per Specimen Number

-13-



PHOSPHATE BUFFERED FORMALIN
Fixative for Histological Samples of Fish, Bivalves, and Crabs

Histopathology Technical Group
L 37%-40% Formalin 100.0 mi
2, Tap water 900.0 mi
3. NaH PO, H,0 40¢g
4, Na,HPO, 6.0 g



1. Protozoa

Blocd Smears

It s c\wmiul that ~lides used in making smeur preparations be unscratched. roncorroded. and metic-
ulousis clean. frae from grease, dust. seid. or alkalic that slides be handled by their 2dses: thut the blood
be taken as it c\ude.s. that the provess be Jone rupidiy so 2y to prevent coagulation: sod thut smears be
left to dev i horizentad position away from flics and Just. The finger tip or structure to be pricked is
Cleased waiiny TH aleohui. atter winen a2 prick s made wuh o blood laneet or o vertiized needie. The
first drop is wiped otf with absorbent cotton or cauze, Mark necessary data with wan.penacii un the end
of g.n.h slide. Bloed films should be stained as soon as possible after deying (o insure proper staining.

Thin film: On ~lide A" plave a drop of bloed about one-half inch from the end. Tuke a second

\“d& ,B" and place it on the surface of the first slide at about a 45° angle. as indicated in Figure 2159.
and more it to the right until contact is made with the Jrop of blood. The free end of slide "B may be
suppurted by the third finger. As soon as it touches the blood, the latter will spread. Now push slidc
=B toward the left. bc:n" careful 0 keup the edge pressed uniformiy againse the surface of slide AL

I this was a-thin smear with uninueed host cells and protogoans andior ‘microfilariae will be ob-
wined. Tae ~ize of the drop of blood and avuteness of the angle formed between the slides. will deter-
mine the thickness ot the tilm, o more avute angle rcml:mw in g thicker film. Allow film to dry thos-
uu"hl\

€. SPECIAL TECHNIQUES AND FUATMER NQTES 273

Figuce 259. Preparancn af thwn bicod smear. -
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epidermis overlying the heart and save for fixation, then proceed to uncover
the visceral cavity. Also, fix a 1-cm square piece of the carapace.

Once the cavity is exposed, the heart, cardiac stomach, hepatopancreas,
gonads (posterior to heart in Alaskan crabs), and gills become obvious (Figure
4

)
Remove the right rear gill arch and take a 0.5-cm portion thereof.

Remove a 0.5-cm portion of the heart which will be beating if the animal has
been freshly killed.

Remove a 0.5-cm square of hepatopancreas to the left of the heart.

Remove both antennal glands (green glands). Each lies on either side against
the frontal carapace of the crab and is surrounded by urinary bladder and
hepatopancreas (Figure 7). This can be a difficult organ to find and should
be retrieved early on before other tissues are disturbed and landmarks are
lost.

Remove the entire GI tract starting with the esophagus, which is ventral and
anterior to the cardiac stomach (Figure 4) continuing with the entire stomach
and intestine ending with the rectum that terminates at the vent on the ventral
surface of the abdominal apron or flap underneath the crab. . The intestine -
is long, curling down posterior to the heart (Figure 4) and extending anteriorly -
into the abdominal flap. It is fragile and requires some digging with forceps
and cutting away from hepatopancreas with scissors to free the specimen.
Remove 0.5-cm portions of the esophagus, cardiac stomach, pyloric stomach,
midgut, hindgut, and rectum.

Remove a 0.5-cm section of the gonads also located posterior to the heart on
either side. Gonads are part of the tissue in the way of extracting the
intestine.

Ovaries are large diameter, tubular organs that
can be white, yellow, blue, or dark brown in color,
depending upon the crab species.

Testes are thin, very white, twisted threads
containing viscous gametogenic material. Remove
anterior, mid, and posterior lengths of the testes.

Expose the thoracic ganglion (Figure 7), which lies beneath the heart on the
floor of the body cavity, by removing the residual hepatopancreas. Remove
a 0.5-cm portion of the thoracic ganglion. The correct organ has been
obtained if severance of the radiating peripheral nerves causes violent
twitching of the respective walking leg of the crab, if the animal has been
freshly killed.

-26-



NECROPSY FIELD DATA SHEET FOR HISTOLOGICAL SAMPLES
ADF&G, FRED Division Fish Pathology Lab

Collector/Address/Telephone #

Species

Number Specimens in Sample

Size Range

Life Stage

Date of Collection

Location of Collec:ipn (Site Name or Number)

Abnormalities Observed Per Specimen Number
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HISTOLOGICAL SAMPLE PREPARATION FOR SHRIMP
Histopathology Technical Group
(Taken from Bell and Lightner 1988)

NOTE: OQnly live or moribund shrimp will be suitable for processing. Hlstopathologzcal
changes caused by toxic chemicals are often very subtle at best. Tissues in dead shrimp
autolyze very quickly and will mask these changes. Do not collect and process dead shrimp,
Keep shrimp alive in containers of seawater if they must be transported to the processing
site, Also, minimize the handling stress on the live shrimp to be preserved so that stress-
mediated histological artifacts do oot occur. Do not over-ice animals such that tissues
freeze while in transit. Frozen tissues are worthless for histological examination

1.

2.

The fixative to be used is 10% neutral buffered formalin (formuia attached).
Formalin should be handled wearing rubber or latex gloves.

The volume of fixative should be ten times the volume of the tissue. This is
important since any less fixative may resuit in tissue autolysis and worthless samples.
After 72 hours, shrimp specimens should be transferred to 709 ethyl alcohol for
shipment and storage. This prevents tissues from becoming too hard and brittle
when stored in fixative for long periods. Also, the fixative poured off may be saved

. and strained of tssue fragments and used one more time for other samples.

The sample size per site or species will be 20 shrimp, live or moribund.

The chitinous exoskeleton of shrimp prevents adequate penetration of any fixative
by simple immersion. Consequently, the fixative must be injected into strategic
internal areas of each animal prior to dropping the whole shrimp into the fixative.
Inject fixative into the living shrimp using a 10-ml syringe and appropriately sized
needle, depending upon the size of the animal (small shrimp; i.e., small-gauge
needle). This procedure is described by the following:

a Firstinject laterally into the hepatopancreas; i.e., cephalothorax region (Figure
1a).

b. Then inject dorsally into the region anterior to the hepatopancreas; ie.,
between the thorax and the eyestalks (Figure 1b).

c Inject the posterior abdominal region (Figure 1c).

d. Inject the anterior abdominal region (Figure 1d).

Inject more of the fixative into the hepatopancreas than the other sites but
overall use about 5%-10% of the shrimp's body weight. All signs of life
should disappear.

e. Immediately after injection, slit the cuticle of the animal from the last (6th)
abdominal segment to the base of the rostrum. The incision in the
cephalothoracic region should be just lateral to the dorsal midline and that

in the abdominal region should be mid-lateral (Figure 2). Dg_not cut too
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L:4o ‘.']-‘LJ

Table le==Definition of times used on the Haul-Posicion fornm.

Time Start -« Time when thae trawl begins to be pulled off the deck.'
Always use local time indicacting time zone and daylighe
or standard time.

Time Qut -= Time when the amount of cable specified far zhe haul is
. out and the brakes on the trawl winech have peen sec,’

Equilibrium Time <= Tine when the gear reaches bottom. 4Jould be same as
Time out without on=-bottom r1ndicator. Ouraticon 1s
computed as che difference dectween the Ecuilibrium tine
and the Haul time.

Haul Tinme == Tine when trawl winches begin retrieving the gear. Wit
on=bottom indicator would be the cime wnen gear leaves
botctom. ‘

Tine In -= Time catch is on deck.

C. Length-Frequency form
Data from the length-frequency strips will Te transcribed to these forms

in addition to some haul identificaticn data, the weight of the length-freque

subsample, and the total catch weight for the species (Figure 3).

0. Specimen data form

All lenq:h—wc§qh:. length-£fecundity, Qnd leagch-macurity data collectad
frem individual fish will be transcribed on this form., ZIntries will be made
using the ADP and species code book. At the c3p of che farm enter columns L

vessel, cruise, and haul. Columns which are not acplicable will te lefec nla

See Figure & for an example of a complated form,

The field parcy chief wi1ll return all original daca to Seattle personal

It 13 wmportant hat jata forms tSe camplately Silled ouc, tne xafocm;:xan
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9.1
e

cédcd. and entries checked prior %o the completion of each leg. It is sug-

gested that this work be kept up on & daily basis if possible. “hen data for:

have been doublc-éhecked. initial upper right-hand corner of page and dace.
Immediately upon return to the laboratory, data will be punched cnto

cards for further processing and analysis.

LITERATURE CITED
Hughes, S.E.
1976. Systam for sampling large trawl catches of rasearch vessels. J.

Fish, Res. Board Can. 3J3(4): 8313-8139.
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APPENDIX I

MATURITY INDICES FOR POLLOCX AND ROCKFISH

WALLEYE POLLOCK~~fIVE POINT MATURITY SCALE

Ganad
Candition

Inmacure

Cescription

Testeas thread-like. Tastas contained within
4 transpareant membrane. Qvaries tapered and
paired (in fish as small as 10 cm), trans-
parent also. (Will not spawn this year.)

Developing

Testes uniformly ribbon-like. Ovaries
tapered, forming two distinct lcbes having
“all-developad red blood vessels. Surface
of testes appear smooth and uniformly taxe
tured; ovaries can be somewhat granular
(some ova are distinct). (Time of spawning
--whether lacer this year or next year--nat
apparant.)

Macure

Ova are disctinctly visible but cannoc be
axtruded when ovaries are compressed.
Ovaries form two large distinct lobes.
Tastes large and highly convoluted, sperm
cannot be extruded. Sody wall incision
causes gonads to.be expellad f{rom opening
(both sexes). (Will spawn this year.)

Spawning

Sperm and ova extruded “hen gonads are
compressed or ova are loose in ovaries and
testas milk freely, (Spawning.)

Spent

Ganads large but flaccid and watery.
Qvaries may contain remnants of disintegrat
ing ova and associatad scructures. Testes
bloodshoc. :




’ ROCXEISH MATURITY CCODES

Macurity
Code : Stage

1 Immature

7 Maturing

8 Copulation

9 Saxually Inactive

L . Immature

2 Maturing

3 Yolk Cleared
(Eggs Fertilized)

4 Ripe (With Embrvos
ar lLarvae)

] Speant

6 Sexually I[nactive

MALES

Descripcicon

Testes scring-like, translucentc or
translucenc white.

Testes larges and swWollen, somewhat
rounded Ln cross-section, white,
Sections of fresh testes producs
free-flowing sperm.

Milt can be expressed by applying
pressure on the body. Taestes divided
into an inner layer of lightar color
with sperm 1n ampullal, and a more
transparent outer layer with voided
ampullae.

Testes ribbon-like, triangqular in
cross-section, brown. Sections of
fresh castes do not have free<flowing
spearm.

FEMALES

Ovary small and %ranslucent or small
and yellow.if

Ovary firm, eggs yellowish and opaque.

Qvary not firm, eggs yvellowish and
translucenc.

Qvary not firm, eqgs translucent wich
black dots or visible larvae.

Jvary lLarge and flaccid with a
reddisn~-gurple or dark grey color.

Qvary firm, grey or pink, some with
black blotches.

1/ Several species including S. 3leutianus, 5. Sorealis, 5. brevispinis, 3.
crameri, S. entomelas, and S. Saucisoinis nave been found to have cream-~

colored ovaries.
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GONAD CONDITICON INDICES FOR HALIBUT, POLLOCX, ROCXFISH, AND OOVER 30LE

POLLOCX

Immature ovary -- ovary small, color varies from cpaque to reddish, aqg:

small, non-yolked, diamecter less than 0.4-0.5 mm (Summer-Fall),

Iamacure ovary == 29gs still opaque but diameter 0.3-0.9 am, aggs clear!

nroticeable through ovarian membrane (Nov.-Jan.).
Mature --
{(a) mixture of opaque and mature transparant eggs, diamectar
1.3-1.5 mm.
(b) transparent eqqs in aggregace form are seen iLn the center or
the periphery of the aovary.
(¢} mostly transparent eqggs, percent of opaque eggs is small.
Sgsnt gvary == the ovary shrinks and che ovarian membrane becomes very

thick.

HALIBUT
Inmature testes usually small, fiber-textured and pink colored. Matur

testes especially soft and plump, pink to whitish in color and enlarged.

DQVER soLE
Immature testes -- small and yellowish.
Ripening testes -- large sperm, evidentc, whicish.
Spent testes -~ shrunken, yellow, brown and green .a color.
Immature ovary -- 3mall, pink, somewhat jelacinous.
Gravid cvary - full, vellowish with granular eggs Secoming transluce

it spawning.



-

Spent ovary -- flaccid, few translucent eggs, membrane bloodshot and
sac-likae,
Resting ovary -- becoming firm, no eggs discernible to naked evye, pinkish,

gelatinous.

RCCXFISH

HAKE

Macuring ovary =-- firm and yellaow.
Mature ovary -- eggs fartilized.
(a) Eggs translucent
() wWieh visxbie larvae

.

Spent covary == not firmn, flabby, red or gray.

Transitional ovary =~ firm and small, dark gray.

Immacure ovary
(a) Small, eggs not yolked, pinkish zranslucentc
(z) Small, eggs yolked
(é) Large, eggs yolked
{(d) tLarge, some aggs translucenct.

Mature ovary -- large, all eggs translucent.
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APPENDIX II

COLLECTICN AND STORAGE OF OQTOLITHS AND SCALZS

- The clearness of the age marks on otoliths and scales depends greatly cn
the collection and storage procsdures used. The following notes are Lntended
to he af assistance to those who have had little aor no practical experience .
the collection of age structures. Also, current infarmation 1s summarized or
the aqe'scructutes and storage media preferred by the Age Oecermination Unic

for the various species in the North Pacific Regron (Table L).

Removal of the Age Structure From the Fish

QTQLITHS
The method to remove the otoliths is ¢y cut open the head (?iq: L),

exXposing the cavities in which the otoliths are located (Figs. 2-3). A knif
is usually sufficient to make the cut, although a hacksaw ma? be useful for
large specimens. The otoliths are in the otic capsule, a cavity ac the hase
of the skull. A faw axploratory cuts and é:cbans in the skull cavities wi!
usually be necessary to get the “feel” for the location of the cut and tao £:
the otoliths. Ffrequently, the otoliths can be quite difficult to locate,

| There are six otoliths in the otic capsule, three on each side. The
sagicta (Pig. 4), by far the largest and usually the only one readily visih
is the one that i3 collected, Its size varies with Che spectes amd tha siz

-

of the fish and will range from about as small as a grain of rice to as lar
as 4 cm.

The otolith is éasxly removed with CJeezers or the fingers. Rinse the
otalith Ln running water oSr L0 a4 dDucket Lo remove slime and tissue, Then,

store Lt L0 the appropriacte media (Table 1) and container. Small paper



envelopes. are usually used when storage 13 dry, and glass or plastic vials,
leak-proof compartmented boxes, Or plastic envelopes are used w“hen storage g
wet. The otoliths usually must be identified so that date of collection, are:

and other information can be relatad to them, [t is very important to have a

clear understanding of the scheme used to idencify the otoliths being collecea

A mistake in the numbering sequence or procedure usad %0 relate the otolith ta
associated biclogical and time-area data can make a collection uSeLess. £ ac
all possible, practice the entire procsdure on a few fish of each type (flatc-

fish and roundfish) before attempting to process large samples.

SCALES

At present scalas are collected from Pacific cod and lingcod. The pro-
cadure is tQ take a scrape sample (see below) of about 30 scales from A (the
p:@!e:rad zone), or 8 (next prefarred zone), on either the. right or left side
of the fish (Fig. S). If scales are missing “rom cthese zones take them from

any location (zZone C). The scales are usually sctored in a <¢oin envelope.

SAMPLING PROCEDURE

1. Examine fish and select zZone A. 8, or C. RECORD ZONE on envelope or daca
sheat.

2, 'Wipe the area to be sampled with a sponge, gpaper towel, aor cloth. This :
to minimize contaminacion of the sample with scaies af ocher fish.

J. Using any thin edged instrument (xn.fe, scalpel), scrace within the zone
in an antarior direction (cod;:d the head).

4, Wipe off inside the coin enveloce the scales cthat adhere to the instrumer

3e certain the envelope 13 pgroperly labeled.

S. Qemove excess scales from instrument hefore sampling the next fish.
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REARKS

These instructions may be modified from time to time. The Sest age

structure and storage media has not been decarmined for some species. Cn

cccasion, datermined. by the biclogist ia charge, two different age structuras
or both otoliths may he collacted.

These instructions are based an i1deal sampling conditions, It s recog-’
nized that strict adherence to the methads w;LL somacimes be 1mpossible or
impractical. Keep a record of the deviations from rastructicons so that the

effact can be avaluatcad.

Table l.~--Age structure and storage media .for fla::xsh and roundfish.

Type of Fish . Age Structure Storage Media
Roundfish
Pacific cod Scale : Ory 1n envelope
Lingcod Scale Ory 1a envelope
Rockfish, pollock, Otalith from » S0% Teuyl Alcshol
sablefish, and right side? .

other roundfish

Flacfish Otolith from Ory and clean
ayed sidals2

LI & prefecred otolith 1s damagad, take from other side.

2 . Take both otaliths from Greenland halibuz {zur=ot) and take boech otaly:
from all flacfisn when possible.
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APPENOIX III

Predator Information

(1) Specimen number (J00L to 9999)
€ach individual examined must have a number assigned to it that is unique
within each haul. For example, haul 1 might have specinen numbers L-20,
and haul 2 mighc Nave specimen numbers 1-52., The unique idenctifiers for
each individual acre cthe vessel code, haul number, aad specimen number
(VVHHH, NNNN). These should be recorded on specimen labels Lf stomachs
are preserved for later analyses 1n the labaoratary.

(2) Stomach fullness index (0 co 10)
0 = empty stomach
1 = 10w tuli
10 = 1008 full (fully d;scended)

(3) Food condition code (1l to §)
L = £fresh, no digastion

S = extremely digasted (mush)

frey I[nformation

If the stomach was smpty, this informaticn is lef< blank. If a stomach
did contain identifiable prey or other nmaterials, then an actempt should te
made to idencifz the contants as hest possibla, record che amount of each facc
icem, and if possible, record each item's mean si:te.
(1) Contents should be dentified by name and S-digit specires code. If an
approgriate code .3 not avairlable, leave the code area bplank until your

return to Seactle,
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(2] The amcunt of each food item should be accurately and consistencly evalyu-
ated within a cruise. 0Data should be entered into at lL2ast one af :zhe
three columns, “Percent,* *"Weight,” or “Number,” for each food Ltam,

"Percant® = Estimated percentage of total stomach contents (by valume).

For most field orograms, this is the observation that should ne

consistently made for all oredator samples and £20d Ltems,

“Waighe” = Wet waight. A weight should only be encered Lf it has been
accurately detarmined using a laboratory balance. OQtherwise,
leave this field blank.

"Number” = Number of prey indivxduaksf For some food 1tems, Lt may De
possible to accurately count or make a good estimacte of numbers
Only good estimates should be recorded. Qtllerwise, Léave this
field blank.

{3) Tha approximate mean size (mm) of prey Ltems should be recorded under tr

column headed "Size.” Leave this field blank if difficult to describe

orey size.

COMMONLY-USED PREY COODES

0QQeQl Fish unident

50000 Annelid worm unident

60100 Amphipod unident

61500 Suphausid unident

64500 Copepoda unident

79000 Squid unident

39990 Invertebrate unident

39992 Cnidencifiable stomach contents

68000 Shrimp unidentc
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TOLLIT:

SLATTISH

ROUMDFLSH AND ROCKFISH

Approxinate loucation cf the otol.wns (sapitta) and the cuw
t=g rcmoval of otoliths frem flatfish, roundfisn and rock

(Cse gizther cut A or Cit 3 lor rlatfish)
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Side view CE_’_-"‘_;ZD o A =

Yellowfin sole Walleye pollack Pacific Qcea:
(Limanda asce2ra) (Theragra chalcogramma). (Seoastodes .

Fig. L.

Fig. S.

Diagr;:matic sketches giving-tep and side view of represent
af flatfish, roundfish, and rockf@iﬁ:_‘

-

Pacific coa (Gadus macrocephalus)

Lingced (Qohicden elongstus)

3ody locaiicn for cellecting scales frem Paciflic cod
and Linzced., A is preferred :cne and 3 is rnext prefers
ALl cirer zones are zore C.



Item

Carapace Length
(for king crabs)

.

APPENDIX v

Columt

Code Instructions

30-32

Carapace Width
(for Tanner crabs)

33-35

Enter measurement to nearest mm.

Enter measurement to nearest mm.

[ SV

¥_—J

Shell Condition

36

0-Molting

1-Carapace--soft and pliable, brick r:

7.

as

Carapace--firm to hard, clean, bric
red to yellow brown on topside; (gr
colored crabs were sometimes encoun
in certain areas of Bristol Bay) ep
limited except that leech cases may
sometimes be present: dactyli relat
sharp; pterygostemial and branchial



(

Item Colum Code Instructions

‘;::. | ( A . 36 sharp; thoracic stermum and undersige
-5 of legs white to yellowish, white, with

s none or only a few scratches; spines on
s : meri and metabranchial region sharp, we
defined not rounded. -

3-Carapace hard; topside usually yellow
to yellowish brown; thoracic stermum
and underside of legs yellow with
numercus scratches; pterygostamial
and bronchial spines worn and polished;
dactyli on meri and metabranchial regic
rounded; epifauna (bammicales and leech
cases) usually-present but not always.

4-Carapace hard, topside yellowish-brown
to dark brown; thoracic sternmum and

_ undersides of legs dark yellow with
many scratches and dark stains;
pterygolstamial and branchial spines
rounded with tips sometimes worm off;
dactyli very worn somectimes flattesied
on tips; spines on meri and metabranchi
region worn smooth, sametimes completsl
gone; epifauna most always present
(large barmacles and bryozoans).

S-Condizions observed in shell condition
#4 much advanced; large epifauna alnost
completely covers crab; carapace is
worn through in temabranchial region,
along pteygostamial branchial spines,
or on meri; dactyli flattaned sametimes
worn through, mouth parts and eyes scme

8 times nearely immoblized by bamnicles.
A{ . Egg color 37 2-purple )
. J3-brown - .- Ty
R 4-orange” ‘
| .o S-purple-brown
{ .«:-j Egg condition 38 Z-eyed
| ' - J-dead
- ‘



Py [tem

Clutch size

Species code

Weight

Primary sampling
factor

Yy P
@

Secondary sampling
factor

Statien type

5
Y

Colum Code Instructions
39 0-immature
1-no eggs
2-trace-l/8 full
3-1/4 full
4-1/2 full
- §-3/4 full
6-full
7-eggs bulging outside tail flap
40 l-Lithodes aequispina (Golden king crab)
Z-Paralithodes camtschatica (Red king crat
3-P. platypus (Blue king crab)
4-P. brevipes (Brown king crab)
5-P. sp. (king crab?sp.)
6-Chioncecetes bairdi
7-C. opilio
8-C. sp.
9-C. bairdi/c.opilio hybrid
41-48 Leave blank
49-55 Eater primary sampling factor denominator
"N in Colums 52-55.°. Leave Comumns 4S-
S1 blank.
Note: If small crab sample, enter weight
of baskets sampled in Colums 49-51.
Enter total weight of crabs in Colums
§2-35. See Requirements for small crab
samples.
. 56-57 Enter secondary sampling factor denominatc
"N in Columns 56 § S57. 2
S9 l-Vessel comparison tow.
3-Gear comparison tow.
4-Incra block variance tow.
S-Tag release tow.
60 0-Extra tow (not used for a monitor tow).

l-Monitor tow in center of station square

2-Monitor tow on verticle edge of statior

J-Monitor tow on horizontal edge of stan‘

7-Monitor tow on station cormer.

§-Monitor tow inside boundries of statier
square-but not in center.

See step 3a to determine Primary Sampling Fraction
See 3c to determine Secondary Sampling Fraction.

a7



{tem Colum Code Instructions

Area Tow 6§2-64 Leave blank

Tow 78-80 Enter haul number, consecutive throu
all legs of curise, for all station
except vessel comparative hauls.

For vessel comparative tows enter 9
Colum- 78 and number in sequence sta.
from lst comp. tow. (i.e., 901, 90Z,

49



9. The Crab Data Summary Form(Front Page).

The Crab Data Summary Form should be filled out accurately and neatly
to avoid same of the errors found during the last BLM/CCS cruise. Fill
out this form as soon as possible while the information is still fresh
in your mind. This form should be double checked to make sure all daca
agrees with the Crab Data Forms and wheel house log books.

Item Colum Code Instructions

Vessel 1-2 Same as Crab Data Form Columns 1 and 2.
Cruise 3-5 Enter 761.

Da:e. 6-11 Same as Crab Data Form Colums 7-12.
Station 12-14 Same as Crab Data Form Colums 4-46.
Tcw‘ . 15-17 Same’ as Crab Data Form Colums 78-80.
Position 18-65 Enter beginning and ending LORAN C and

Latitude-Longitude co-ordinates from
wheel house log boock. Cmit 1 for all
degrees of longitude.

DG=Degrees.
MN=Minutes.
D=Direction £ (east) W (west)

Distance towed 66-68 Enter estimate of distance towed, to
nearest tenth of a mile, from wheel
: house log bock.
Average Depth 69-71 Enter average depth of tow. Calculate
_ by adding start depth to end depth and
dividing by two. (Use start and end
: depths recorded in wheel house log book.
Bottom Temperature 72-75 - Enter bottom temperature in degrees
centigrade to nearest tenth degree.
Record any minus signs (-) in Colum 72.
Leave blank if unknown.

Station Type 76-77 Same as Crab Data Form Colums 55-60.
ez
Fe
e
=
ol L-
E \
o a9
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Statiem

Tow

I&mbérs
Measured § Caught

Small Crab

Species Codes

_Colum

Code Instructions

4-6
7-76

77-80

Same as Crab Data Form Colums 1-2

and Front Page Colums 12-14,

Same as Crab Data Form Colums 78-80

and: Front Page Columns 15-17,

Enter total numbers of crabs measured

and caught, by sex and species.

[f the cacch for this haul was subsampled
the numbers caught is determined by
multiplying the numbers measured by the
primary sampling factor ('N', or weight
factor for small crabs) or the product
of the primary and secondary sampling
factor (if a secondary subsample was take
[f the catch was not subsampled, the
numbers measured and the numbers caug.b.c
should be the same.

Leave blank.
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NMFS/ADFG OSIA PRINCE WILLIAM SOUND
MULTI-SPECIES TRAWL SURVEY
RESPONSIBILITY ASSIGNMENT SHEET

VESSEL SURVEY NUMBER

SURVEY LEG DATES / / TO /

CHIEF SCIENTIST

CHAIN OF CUSTODY FORMS

TRIP REPORT FORM

PMC REPORT

NECROPSY:
1. PROCESSING SAMPLES

2. SAMPLE RECORDING FORMS

3. ONBOARD SAMPLE SECURITY AND CUSTODY

4. CHAIN OF CUSTODY FORMS

5. SHORESIDE SAMPLE SECURITY AND CUSTODY

6. FINAL LOCATION AND SHIPPING

HYDROCARBON:
1. PROCESSING SAMPLES

2. SAMPLE RECORDING FORMS

3. ONBOARD SAMPLE SECURITY AND CUSTODY

4. CHAIN OF CUSTODY FORMS

5. SHORESIDE SAMPLE SECURITY AND CUSTODY

6. FINAL LOCATION AND SHIPPING

FINFISH DATA:
1. DATA COLLECTION

2. DATA ENTRY

3. DATA FORM CUSTODY

4. DATA DISK CUSTODY

5. DATA ERROR CORRECTION

SHELLFISH DATA:
1. DATA COLLECTION

2. DATA ENTRY

3. DATA FORM CUSTODY

- 4. DATA DISK CUSTODY

5. DATA ERRCR CORRECTION

CONTINUED ON BACK
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APPENDIX H.2 Cm [ of 3)

ADF&G / NMFS MULTISPECIES TRAWL SURVEY
CRA8 DATA FORM

SAMPLERS NAME SPECIES NAME

: ‘ TOTAL CATCH
vesset (0 cautse (L1 wape CILT statiown werenT LI L]
TOTAL CRAS TOTAL WEIGHT OF SUBSAMPLE
aetenr . CLLLL]  cpas specres X  Lilld  welewt Ll

TOTAL NUMBER TOTAL NUMBER OF TOTAL NUMBER
of cra8 LT T]  cmag spectes x L] Iy sussawpte L1 L]

SEX JCARAPACE JCARAPACE |SHELL EG@  |CLUTCH} BLACK MAT WEIGHT | SPECIMEN
LENGTH | WIDTH jCOND. SIZEfO0 VvV, L NUMBER

S EFERFERFERERER 'zﬁzptsmlwl;r HH 8
BPECIE a

30.

Crab Spacies Codaes: lsgolden king crab; 2«red king crab; 3eblue king crab; 4= hair crab:;
SsTalmessus crab; 6«C. baird{; 7=0ungeness crabd; 8«Cancer angulatus;
JeCancar (hybrid)

Sax Code: lemale; 2«famalae; 3eunidentifiable

Shell Age Code: Cemalting; ls=saft & pliable; 2«firm to hard, clean; 3shard, scratches;

4shard, worn; Sahard, wishes {t were 2 :

E9g Color Code: Om=no eqgs; 2e=purple; 3J=brown; d=grange; Sepurple-brown; Gspink

Egg Condition Coda: Qmno eggs; lsuneyed eggs; 2-eyed eggs; 3=dead eggs; 4sempty agg cases-
filamentous material attached to plaopeds

Clutch Size Code: O=immature:; l-gasgrt female/ng eggs: 2=trace 1/8 full; 3a1/4 full;

4 Ytim 211 s Prrnmme mildadan P21 £1an




APPENDIX H.3
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APPENDIX - I

STANDARD OPERATING PROCEDURE
- FOR SEX DETERMINATION OF PANDALID
SHRIMPS IN PRINCE WILLIAM SOUND
by
Charlie Trowbridge

Qctober 10, 1989

Determining the sex of a Pandalid shrimp is best accomplished
using secondary sexual characteristics. Sexing based upon primary
sax organs is difficult and time consuming. Using a sacondary sex
characteristic such as endopod development, which closely tracks
the.gonad devaelopment, allows. sex to be determined with relative
ease. The sex of large Pandalids such as P. platyceros can be
found by visual inspection, without aid of magnification.

Materials used in sexing are a sharp- needle probe, a good
light preferably with a dark background, and a source of
magnification, two to seven power (2x-7x%) in strength in order to
clearly view endopod characteristics. A visor with two-power
optics in place has worked well howaver a stronger magnification
would be helpful for small specimens.

Pandalid shrimp in Alaska are typically protandric
hermaphrodites. Therefore three sexual stages can be identified,
male, female, and transitional. Sexing of Pandalid shrimp in
Prince William Sound is performed according to Butler's description
in his work shri o Pacifi oast an (1980).

The size of a shrimp may give some indication of its sex eg.
a small specimen would probably be a mala and a large spaecimen a
female. The endopod of the first plecpod is first inspected. 1If
the endopod terminates in two rounded lobes approximately equal in
length it is a male. Depanding upon specimen size and
magnification a small clump of "hooklike setae" may be visible on
the inner lobe. A female will be indicated by the endopod of the
first pleopod terminating in a single firmly-pointed loba. A
transitional could be described as being intermediate between the
characteristics of the male and the female in that the two lobes
are still present however the inner lobe is shrunken to fomm a
small stiff appendage which may be hidden along the inner margin
of the endopod. The outer lobe of the endopod in the transitional
is usually somewhat larger, firmer, and more pointed than tha male

stage.

The second pleopod may also be inspected to determine sex and
Butler cautions that for a neophyte this is the charactaristic to
use first. A male can be identified as having two small processes



nearly the same length branching from the medial end of the
endopod. The inner process is the appendix masculina and will have
spines along its tip. The outer process is the appendix interna
which will be tippaed with "hooklike setae". 1In the female only the
appendix interna will be present. A transitional may be identified
as having both processes with the appendix masculina being
approximately one~half (or 1less) the length of the appendix

interna.

Allen (19%59) gives a detailed account o©f these same
morphological changes which aid in determination of sex in Pandalus
boyealis. Drawings in his paper are more extensive than those in
Butler but both authors appear to agree on the use of endopods in
sexing Pandalid shrimp.
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FtG. |.  Pandalopsis dispar. Endopod of first pleopod: (A) active male phase. (A}) transitional phase. (A7) female
phase. Endopod of second pleopod: (B) active male phase. (By) transitional phase. (B3) female phase. a.i.. appendix
interna; a.m., appeadix masculina. {from Butler, 19%0)
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Figure 10.—~Changes in foem with increasing age of the endopodite of the Meat
pleopod and the corresponding sppendin interns and rppendiz Masculine of the
second pleopod of Pandaius boreaiis {rom the Nacthumberiand population. Age
in months is given ln the ring in esch endopodite sad the carapece length (mm)
sbove each figure. Maie endopodite, bisch: transitional, crosc.hatched: femete,
outlined. Arrows Indicate sequence (from Alten [959).



4) Immediately following injection, slit the cuticle, with dissec
scissors, from the sixth abdominal segment to the base of
rostrum, paying particular attention not to cat deeply into
underlying tissue. The incision in the cephalothoradic re
should be just lateral to the dorsal midline, while that in
abdominal region should be approximately mid-lateral (Figus

<
g v L4
2 fe
5) Shrimp larger than 12 grams, should then be transversely slit:
at the abdomen/cephalothorax junction (Figure 3a) or again .
abdominally (Figure 3b).
6) Following injection, incisions and bisection/trisection, imz
the specimen in the remainder of the fixative.
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NECROPSY FIELD DATA SHEET FOR HISTOLOGICAL SAMPLES
ADF&G, FRED Division Fish Pathology Lab

L |

Couemor/Addres;/Telephone #

Species

Number Specimens in Sample

Size Range

Life Stage

Date of Collection

Location of Congction (Site Name or 'Nm:nber)

Abnormalities Observed Per Specimen Number

-39.
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) o EQM&LO CHAIN-CF-CUSTODY PRCCEDURES

cnaxn~o£-Custody is necessary if there is a possibility that the
conclusions based upon analytical data will be used in
litigation. The components of chain-of-custody are : sample
seals, a field log boock, chain-of-custody record, and the Request
for Laboratory Services (RLS):; the procedures for their use are
described in the following secticns.

Due to tha avidentiary nature of samples collected during
enforcement investigations, possassion must be tracesable from the
time samples arae collected until they or their derived data are
introducaed as evidenca in laegal proceedings. To maintain and
document sample possession, chain-ef-custody procadurss are
followad. .

Admissibility of Apalvses asg Evidence. To be admissible as

evidanca, samples must ba proved conclusively to be in an
appropriata person's possessicn until the analyses resulting
thierefrom have been introduced as avidenca. Rigid controls must
be maintained to establish a chain-of-custody for the samples
from the time of sampling until ultlmata dispositicn cf tha
particular casa.

CUSTODY DEFINITION
A sample is under custody if:

If it is in your possassion, or

It is in your view, after being in your possessicon, or
It was in your possession and you locked it up, cor

It is in a designated secure area.

1. Evidenca tape or sample seals are used to detact
unauthorized tampering of samples “following sanmple
collection up to the time of analysis. The seal must
ba attachad in such a way that it is necessary to break
it im-owder to open the container. Seals must be
affixed to containers befeora the samples leavae the
custaody of sampling personnel.

2. Samples must be kept in such a manner that they cannot
ba altered wether deliberately or accidentally. CUntil
the samples can be sant to the laboratory they shculd
be kept in a cagl, dark, d=y place. Rerrigeracioen,
freezznq or other chenical methed of preservation are
usually required. Chemical preservatives are added ac

the laboratory.

Any indication that a sample has been subjected to

tampering or physical alteration could disgqualify it 2
evidence for passible legal acticon. Therefore, tia
instzuctions given herein must kte followed strictly.



opening. A evidence tape is placed on the cpenings aof
the shipping container, signed and dated. .

Sample tags and custody forms must be legible and
filled out using waterproof, non-fading ink. Secure
individual sample. containers or group of sample
containers using tamperproof evidence tape or seals.

Maintain an up-to-data Field Data Record Logbook.
Record field measUrements and other pertinent
information necessary to refresh the sampler's memcry
if, later on, he/she takes the stand to testify
regarding nls/her actions during the evldenca gathering
activity. sapa at o notebook
for each survey:; store them in a safe place where they
can be protectad and accounted for at all times.

The field sampler is responsible for the care and
custody of the collected samples until they are
properly dispatched ta the receiving laboratery, or
turned over to an assigned custodian. The field
sampler should verify that each container is in his/her
physical possession or in his/her sight at all times,
or is locked so that no one can tamper with it.

Colored slides:or photographs are often taken to show
the cutfall sample location and any visible water
pollution. Written documentacion on the back of the
photo should include the photcgrapher's signature, and
the time, date and site lecation. These photographs
can be used as evidence, and are handled by chain-of-
custody procedures to prevent alteratiocn.

TRANSFER OF CUSTCDY AND SHIPMENT

Samples are accompanied by a Request for Labeoratory
Sarvices which has a chain of custody section. When
transfarring the possession of samples, the individual
relinquishing and receiving the samples will sign, data
and nota the tima. This record documents sample
custedy transfer from the sampler, often through
another person, to the laberatory Sazmple Custodian.

Ensu- - that samples ar=s progerly packed in shipping
cant 1ers (for example, ice chests) to avoid breakage.
Ensu that shipping ceontainers are sealed for shipment

Lo t. labeoratory.

If t: package is sent by the US mail, ensure that it
is se..c with a return receipt. If the package 1is hand-

delivered, note that it was hand carried in the metihced
of shizment block in the chain of custedy recsrd. Send

g;e1d ~aceipnts from the vost office and bLlls of lading
o =he Laboratogz custod;an tor ret=nt*on as par; ot

ComLtmev e RPN .. - .-- ’ ‘\A.Ct.—l’ Py [Pl
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CATCH SAMPLING
AND
DATA RECORDING MANUAL
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PROCESSING THE CATCH

tnizial Handling

Mathods employed to handle trawl catches can vary, depending upon the
‘size of the catch, The methods presented are tried and oroved but are nat -he

only methods. The grimary concsrn Ls to obtain data on zhe tatal zatzh cr a

randeom samole of the zocal cacch.

A, Catches of 8,000 pounds

l. If chere 1s a ldad cell on bocard, the easy solution is to weigh
all splits subtracting each time the welight of cthe trawl to obtain the total
catch wiigh:. TWa or three splits, such as the first and last, or firse,
5iddle and last, are selected for bioclogical sampling, depending upen the size
of the catch and the size of the deck bin on the vessel being used. When che
salected splits are in the deck bin, the sample will se furtcher subsampled
using the mechods described in the section for catches from 2,000-8,000 pounds.
In the Gulf of Aiaska catches of this magnitude will usually consistc of pollock
or a mixture of pollock and other roundfish. “When the catch is principally of
one speciaes with the same size compositicon throughout the cod end or a mixture
of roundfish, the above selection of splits will usually provide an adequate
sample. If, however, there are substantial numbers of "heavy” fish such as
flacfish, sablefish, or Atka mackerel in the catch, che above systam will
probably not prove adequata as a disprogortionate number of chese fish will
and up in the last splic. I[f these circumstances occur, the splits selected
for brological sampling from the forward gortion of the net must ba handled
and sorted separately from the lasct solit and then finally combined t3 obtain

the total cacch.
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Figurc]ﬁ.--17pical Processing of a Cacch Grcacer Than 1300 lbs.
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2. When a load cell is not available, accaptable results can usually
ne obtained by counting the number of sSplits and weighing the compenents of cna
or two splits which wers selected for sampling. As in Section One above, you
may have to treat the last split separacaly 1£ chere is a good showing of flac-
f£ish in the catch. The ctaotal cacch weight L3 then obtained Dy assuming thac
each split is identical and use the weights of ctha sample splics.,

3. +When you are working aboard a large vessel, a third altarnacive
13 avairlable. Firstc estimate the total catch fram rhe size of the cod end

.which you can see complately when Lt 13 nauled up on deck. Then dump the
entire cacch on deck. This will usually provide an opportunity to observe the
species compaosition and possible clumping. The subsample cﬁn then be selected
by filling the dasired number of baskects diracetly fram the deck. 3e sure to

select baskets from all porticns of the catch.

8. Catches from 2,000-8,000 pounds

The catches 1a this 3ize range are generally =ucn easier to handle with
the maximum size depending upen the capacity of the checker or deck brn aboard
the vessel. The typical processing sys;am af a cacch éteater than 2,000 gounds
is diagrammatically shown in Figqure l. Firstc you mustc estimate the total
amount of :hn.cx:cn or weigh the splits with a lsad cell, so you will Xnow what
pcrcéntaqc te selact for a subsample. Tﬁen the deck Dun s lined with the
carge net and adjustad to line that pgortion of 2in necessary_té give a result-
ing subsample of approximately 2,000 pounds. The car:d nez nust He positicned
so that it divides the deck bin achwartship. £ che nscal caesh i3 6,000
pounds, you would adjust the carde net to line 1/ of the dack bin while for a
4,000 pound cateh you would adjiust the carjo a2t 23 lime 1/2 of the deck bin,

atc. fFollowing the zacanigue leveloged bty Hugnes (L375), 1t .s vizally



_important that the cod end be positioned so thac the top and bottom of the

trawl are facing athwartship prior to dumping the cactch. Proper orientation
of the cod end caﬁ te facilitated by tying a short marker line to the top and
bottom of the cod end.

L. I[f a lecad cell 13 available the splits can be individually
weighed and net weight subtracted to obtain the tsatal catch weight. When the
catch 1S 1n the deck bin, the carge net i1s lifted ny the boom removing the
subsample from the deck bin and dumping it on the sorting tables.

2. If a load cell :is n;c available the total catch weight can be
obtained by leveling off the cacch after it has been dumped 1nto the deck bin,
Heasu:aAthe total volume of the catch by bin boards; that is, does tni cacch
£ill l-l/2 or 2-1/2 cor 2~3/8 bin boards. After removing the subsample and
placing it in the sorting table, again level tha temaining céccn in the deck
bin and record how many boards the catch now fills. Aftsr the weight of the °

subsample 1s obtained the total catch weight 1s obtiained by excrapelation from

the weight of the subsample.

C. Catches of 2,000 pounds or less

Catches in this weight range are dumped 2irectly onto the sorting table.

Sorting and Weighing the Cacch or Subsamole

The first step in orocsssing the catch or the subsample thereof on che
cable is to sort the dominant fish species 1n a manner 3 provide a random
sample. Place three or mcre baskets on the sorting table, depending on the

tatal species weight, and fill them simultanecusly with the most dominane

__species. In filling the —askets, each person ratates Irom basket to baskec,

outting one fish 1n =ach hasket. ‘'nen tha taskets are filled, repeac this

procedure with anather set of three baskecs until the dominant species 1is



Tidended

completaly sortad. Other species can be sortad Lnto separacte baskat secs ac
the same time the dominant species 1S being sorted. [£ no siagle specias s
nighly dominant in the catch, sets of two or single baskets can ze used fo?
any species. Place the filled basket sets or single basket aside in che ordas
they are removed from the taple. Do not combine 2artially filled baskecs. T
most situations, it is usually convenient to weigh the baskets as they are
removed from the table and befare they are sec aside for furcner prccessing.
. Sort all species, including invertabracss, and detarmine <ne weight and
number 3f each species for zhe catch or that porticn of the cacch grocessed
and record on the on-~deck sampling form. Ffor species with only a few speci-
meds, this can te done by direct ccunt; for those speciLes Jhere a‘Lanqth-
‘frequency sample Ls taken, the sample weight and numcer wi1ll te used to
estimate the tocai aumber wn the catch. [2 13 not neces:a:y':a do this in
the field--che expansion will be done by ccmpucar at the Center frem the
sahplc daca supplied on the length-frequency far=. Tor other species whers
length-frequencias are not taken, bSut the number 27 individuals 13 large, a
subsample should be weighed and countaed and racorded on the on-deck sampling
form. These samole numbers will alsc be expanded by compucter. E} L5 not
necessary %0 gat sample or totcal counts on aiscellaneous species for all

hauls. 4W“hen time is not available, don't bother v1ch these counts. Number:

e —- -

will be expanded by strata and all that is recuirsd Zar zhis computacion is
good escinata of mean individual weight within each stracum. A fucther
axpansion of the weights and aumbers 20 adjust them =2 che total zacteh will
necessary in those cases where only a porticn 2f the cacch was 3rocassed.

T™is will be done 1n the fireld. Tor those Lavaer<aedbracas that are 3ifficuyl:s

- Ltienclfy CO sceciles, thay nay Te grouzmed 1acd one 2f che follawing cactegor:



Qctopus unidentified Starfish unidentifier

Jellyfisn " Clams "
Squid " Hermit crabs "
Snails ” Qcther Lnvertabraces

Hermit crabs should be weighed in the shell. It is not necessary to weigh
empty shells. See the section cn Data Records for an example of how ta record

catch daca.

Biolagical Samoling of Tish and Shellfish

A. Species
Species of fish from which biological data is desirable are listed below:

Pacific cod (Gadus macroceohalus)

Pollock (Theragra chalcaogramma)

Rex sole (Glyptoceohalus zachirzus)

Dover sole (Micrestomus ocacificus)

Rock sole (Lapidopsacta bilineaca)

flathead sole (Hiomoglossoirdes elassodon)

Halibut (Hiooocglossus stenoleois)

Sablefish (Ancplopoma fimbria)

Pacific ocean parch (Sebastes alutus)

Atka mackerel (Atheresches stomias)

Saow crab (Chioncecetes bairdi)

King crab (Paralithodes cameschatica)

It 1s anticipated that only three or four species will ce available i1a any one
nauyl in sufficient numbers to take biological data. The field party chief wil

decide the species and number of specimens from which to take data based on

need and the time available.
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B. Selecting a random sample

The next step in processing the catch is co reduce the numper of saskars
(sat aside durinq the sorting procedures) to a random subsample of from 2od-z
fish of other species (100 fish for Pacific cod) which will be processed far
biological data. Handle juvenile collock (<20 c¢cm) as a separacas sample fraom
the adules., With a little experience, the number of baskets to be filled ac
one tine to acquire tnese sample sizes will be apparenct. Randomly select ore
row from thc'B-S basket setsiof fish. If the subsample 13 too large because
too few baskats were filled at one time, the subsample can be further reducec
by selecting baskets from the frant, middle, and end of the row to obtain ﬁh(
subsample for processing. Another procedure is to dump cﬁe subsample o Che
table and resort 1nto baskets a second time, using the number of baskets nee
and randomly selecting one of the two sets i1 second time.

Aftar the subsample 1s selected, the unusae< naskecs of fish can be dis-
carded overboard after their weights have tean recorded., Weigh and count al

species not recuiring further processing.

C. Length-frequency samples for fish species

Take length-frequencies from as many of the 1] commercially-imporcant
species as time permits from each tow. Ncrmal;f enly Eoué ar five cf'cnese
species will be péascnc in any given naul. 1If zZime Ls not available to take
frequencies from all commercially-important species of fish present, take
frequencies from species havan che highest oriority. If necessary, seocara
length-frequency samples can oe caken for adult and ruvenile pollock and con
langth for each group racordad on separate forms--only about 30 juvenile
pollock need €t be néasu:ed. [f zossible, leternine zne sax of juveniles,
Recard the weight aof the langch-frequency sampl2 and zo2al weight of cne ad

and juveniles in the <acca on the langth-frequency forns.



Using plascic scrips, length-frequencies will be caken at all scacions
whers target species are captured using the random subsample of 200-250 fish
previously selectad. In the case of halibut, all specimens will be measured

using a metric tape for large specimens. Frequencies will be reportad by sex,

recording lengths for one sax on the upper part of the plastic sctrip and the

other sex on the lower half. Langths will be recorded by centimeter interval
and measured from che tip of the snout to the end of the middle rays of the
caudal fin.

The plastic Lenqthfrequcncy Strip Ls attached to the measuring board
using thumb ctacks. The first line on the measuring board is 9.5 centimacers
from the fronc of the board 3o that wvhen the firse "0~ intetQaL on the length-
frequency strip 1s properly aligned on this mark, the lengths tallied in this
interval wxll’represent thnse fish that are 10 == long. Langth-frequency
measuraments should Ec transferred to length-frequency forms daily.

Sex determinaticn will =e made by ocpening che abdomiAaL cavity. Fflacfish
species can best be sexed by cbserving the shape of the reproductive gland.
The ovary LQ generally triaanqular with a long tail lobe which extends costeri-
orly. ILf mature, egqgs are generally visiblas wich;; the ovary. Male testes do
not have the tail lobe and are white in mature specinens., Some species of
flacfish can be sexed without making an incision Ey holding cﬁem up againsc a
light and cbserving the presance or absence of the long cailed lobe of the
avary {(see data code beok).

Ia Pacific ocman perch, which are oviparcous, the ovaries of immature
females appear yellow in color and are firm in ctexture. Macure females will
nave embryos at various stages of development and w7i1ll appear red or gray in

colar. Hature males' testcaes should be whitish-colored (see Appendix I).



- ———

- —w-‘vv‘d

-

1:3.23.93

The gonads of pollock and Pacific cod should appear quite similar %o -an
another. Mature females will have large grayish ovaries full of aqggs whila
the male tastes will be white and composed of many leafy lobes. The smallég
immacture specimens can be separatad by the shape of the gonad. In the case
pollock, rather small fish of less than 20 cm can be sexed by the pregsence <
absence of ovaries. . The ovaries are oblong and clear to reddish, and aggea:
toward the back aof the body cavity. TRhe absence of ovaries rdentifies a mal
(see data code book).

[f sexes cannot be sacarated in the case of small specimens, record che
Length measurements as unsexad.

.Seo the section on Data Records below faor the method of recétdinq ienq<

frequencies.

D. Langth-frequency samples for crabs

length-frequency samples will be selec:ed-xn the same nanner as for <=
fish species. King crab are measured by langtn, from the posterior edge of
the carapace. Tanner crabs are measured by width, neasured at the widesc
point on the lateral-postericr lobes of che éatapace. 8ceth king and Tanner
crabs can be sexed by the shape of the abdominal £lap. Females of both spe
have wide abdominal flaps, while the males are narrow. Shell condition wil
recorded for all Tanner crabs. Incidence of bSlack mac disease and infecctic

due to chinoclastic bacteria will be noced.

€. Age structure samples

Qtolith or scale samples wi. . De collactad from the principal demersa

«

fish species captired during che cruise. A random sample will be caken £:

each stacion where a scecies 15 a Jdominant Zorcm. If zine does not allaow

aging samples for all soecies captured, the field party chief Will select

species in order of JrilorLty.
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vials held in polystyrene boxes will De used to store the otoliths and
paper anvelopes for scale samples. Otoliths for a length-sex category will
be stored iq a single vial. Each container vial will have a label giving the-
speciaes, sex, length groups, and vessel. Keep a permanent record of the Aumbec
of otoliths by sex-cantimeter group for each complated sample and return chis
record Lo the Cantar.

Scales ;a:her than ocolichs will be taken from Pacific cod. See Appendix
II1 for methods of collecting scales and ctolichs.

Use Specimen ba:& forms £3r recording otolith data. See the section on

Oata Records below for example of data required on the form.

F. Length-weight

To éscablish length-weight relationships for the various specres, weights
and lengths for individual fish will be taken. This can be a sample indepan-
dent of the otolith and length-frequency or the same sample. The sample will
be randem with lengths and weights taken from all scecimens in the sample.
Stomach contents should be removed prior to taking the weight measurement.
Weights will be detarmined on a triple-beam balance or during pericds of rough

Jeather by hand-neld spring scales. When possible, a K-TRON electronic balanc

will be used.

G. Maturity

An effort Will be made to determine the maturity stacus of all species i
order to define spawning areas and tines. The timing of the survey should be

during the spawning period for some spacies. Usa Specimen Data forms for th:

gurpose (see the section on Oata Records below for the method of filling out

forms ).
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ON-DECK SAMPLING FORM — SPECIES COMPOSITION l Page of ___
Vessel Cruise Haul No.
D318 e Haul Type - Requiar Qther Surface (bucket) Temperature __ ok

(circie) .

1. If the trawl sample was subsampied, check box here D and then enter data and computations
on back side of page.

2. If the same portion of ail species was processed, enter the percent here [ %

Qtherwisa enter percents for each species on next lines i

i Non-sub-sampie Sub-sampie Sub-sample
Seecies name and code basket weights basket weights numbers  Perc

LI—J—-J—L-—,

I

73-3-10 When data have been recorded an termunal, mark an "X’ here O



Flawa 2. pq adf
ON-DECK SAMPLING FORM ~ SUBSAMPLE CALCULATIONS

Haul No.

Cruise

Vessel

3 4. 5. Toral ]

Split Weights 1. 2. .

Oynamometer

- Bag weight

—~ Debris remaved
before subsampling

= Animal Weight

Caicuiation Of Percent Processed

-1. In cases where the proportions of fish and crab processed are the same:

weight of fish and crab processed

total weight of catch

x 100%

Percent of fish and crab processed =

x 100%

2. In cases whers some items in the catch ars completely processed, but only a fraction of the fish are
processsd : .

{3) Total weight of catch (A) =

{b) Waights of itams completsiy processed: Crab =
Halibut =

Cther = -

Total (8) =

{¢} Totai weight of ail items (including debris)
pracessed in groundfish subsampie (C) =

x 100% = - 9

e (d) Percent of fish processed =

A-8

GRQ seT.T48



o Maturity detarminations will be estimated by visual opservation and «
be scaewhat subjective hecause of the lack of precise gquidelines for the
classification of gonads. Five classifications (except for rockfish) will
used=--immature, maturing, spawning, spent, and sexually inactive (see ADP ¢
‘book for criteria or Appendix II for rockfish criteria). Actempe to phaotoc

each classification in color for as many species as possible,

Data Raecords

A. On-dack sampling form

This form will be used for initial recording of catch and sample daca
It will be kept as a permanent :eéord.'althcuqh most of the daca it concai
will be transcribed onto the Trawl Catch Form (Figure 4) after the haul aor
the end of the day. An example of how daza should be recorded on this for
shown in Figure 2.

For each species, the individual basket weights will be recorded for
total catch or that proportion of the catch processed. I[ndividual baskec
weaights will be summed and the total weight far each species recorded. Al
record the total number in the sample, or a subsample weight and number, :
the total number for any species is largqe. It LS not necessary to count ¢
‘racord the number of fish in a length-frequency subsample, since this wil

done by computar.

8, Haul-pesition and species catch form

Entries on the trawl cacch form are described in the ADP codebaok (rf
3). On the front side of this form, information for each haul will ve
recorded perca;niné to the location, dJdepth, duracion and distance of che

and weather and sea conditions (fFigure 3}. Mucnh of this informacion wil!



from the bridge, and the field party chief should make arrangements with the
Captain for the most convenient time and method of acquiring this informacicn.

When ncetdiixq loran readings for the start and end positions, be suyre :c‘
use the correct loran ratas as shown in the ADP Code Book (Table 2, pq. 132).
Geographic start and end positions will be olotted on the appropriate hydro-
graphic chart or mylar overlay and by loran plottar 1f available.

The distance fished will be detarmined by the best availanle mechod. If
a4 taow daviatss from a straight line, indicata in the "remarks” saction of the
Haul-Position form and calculate distances fished from the loran plottar. éhc
duration of tow which is computed as the differenca becweenA:he Equilibrium
and §5E£_cime will also be measured by the best avaxlabie method. A net sonde
unit or other electronic on=-bottom indicator is required to detarmine the
moment the gear reaches and leaves the bocccd. This cctraspond; :6 che

Equilibrium and Haul times ot the Haul-Position form (Table l). If these

davices arae not available, the duration of the cow Will be measured as ths

difference between when the winch brakes have been set (Tine Cut = Eguilibriusm

Time) and when the winches begin retrieving the trawl gear (Haul Tizne = Time

gear leaves bottom). All times will be local to the survey area and notad on

each haul form.
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INTRODUCTION

The overall goal of this project is to determine whether the oil
spilled from the T/V Exxon Valdez had a measurable negative impact
on the survival of finfish and shellfish larvae in Prince William
Sound. There are few quantitative studies on the effects of an oil
spill in arctic and subarctic waters which included measurements
of o0il in the water column. Not knowing concentrations of oil
which might be encountered in an actual field spill situation
inhibits educated choice of exposure levels to use in laboratory
experiments (Rice et al. 1976). Therefore a priori knowledge of
the effects of this o0il spill on larval finfish and shellfish
survival is negligible.

The larval period is often designated the "critical period" in
survivorship of young fish (Hjort 1926). Several species of
finfish, especially the gadids, have been shown to be sensitive to
the toxicity of hydrocarbons (Kuhnhold 1974, 1977; Falk-Petersen
and Kjorsvik 1987). Because of the frequency of molt, the larval
period of shellfish has been shown to be more susceptible to oil
toxicity than adult stages (Chia 1973; Renzoni 1973; Rice, et al.
1976) . Toxic effects of hydrocarbons on finfish and shellfish eggs
and larvae can be both immediate and acute (Rice et. al 1976; Smith
and Cameron 1979) and/or prolonged and sublethal (Kuhnhold 1977;
Rice et al. 1978; Solbakken et al. 1984). The effects of oil
pollutants on larvae are dependent on species age/weight/length
(Foyn = and Serigstad- 1987), environmental factors such as
temperature - and salinity (Rice et al. 1978) and timing and
distribution of the sensitive stages (Foyn and Serigstad 1987).
Emulsifiers and dispersants used to clean up spilled oil may be
even more toxic to egg and larval survival than the oil itself
«+(Wilson 1976, 1977; Lonning 1977; Lonning and Falk-Petersen 1978).

Since there are no pre-oil spill larval data to provide a baseline,
results of post-oil spill collections cannot be directly compared
to "normal" conditions to estimate loss. Therefore, the major
product of this study will be charts mapping the distribution of
larvae in Prince William Sound over space and time. These will be
compared to distribution charts of the hydrocarbons over a similar
time frame. Potential for impact will be inferred from literature
documenting effects of o0il toxicity on similar species. The
exposure of the larvae to hydrocarbons is hypothesized to have
continued after the initial spill of oil due to o0il and cleaning
agents which continued to wash off beaches and enter the water
colunn.

This plan includes accomplishments completed since March 1989,
anticipated through February 1990, and required after February
1990.



OBJECTIVES

1. For each species within each community, test the hypothesis
that the o0il spill did not change the abundance (a = 0.05).

2. while controlling for environmental variables if necessary,
test the hypothesis that the oil spill did not change species
composition of the communities within Prince William Sound
(¢ = 0.05).

The following tasks will be accomplished to provide estimates of
key parameters:

a. Estimate temporal and spatial presence of larval finfish and
shellfish in Prince William Sound.

b. Estimate temporal and spatial distribution of larval finfish
and shellfish in relation to the distribution of hydrocarbons
in Prince William Sound.

c. Estimate the potential for 1loss of larval finfish and
shellfish as a result of the March 1989 oil spill based on
published literature documenting toxicity of oil to the same
or related species.

d. Identify potential alternative methods and- strategies for
restoration of lost use, populations, or habitat where injury
is identified.

METHODS

There are basic constraints in designing any oil spill survey: 1)
non-repeatability, i.e. there is only one experimental unit, and
therefore effects must be judged as differences between affected
‘and unaffected areas; 2) the total cost of the effort is unknown
at the start of the survey which makes planning sampling difficult;
and 3) baseline data are not available (Smith 1979).

When no before-impact data can be collected, impact effects must
be demonstrated and described from spatial pattern (Green 1979).
Because there were no previous data with which to design a
statistical study for population analysis, this study was designed
to determine what species of finfish and shellfish have larval
stages present in Prince William Sound. The first step in such a
survey is to divide the area of the spill into strata that are
relatively homogeneous with respect to biological, chemical, and
physical properties (Smith 1979). Strata which were representative
of the characteristic hydrological, geological and ecological areas
within the sound were chosen to cover as much area of Prince
William Sound as possible. Both oiled and non-oiled areas were
chosen. The specific locations of sampling stations were randomly
chosen within these representative strata. These sampling stations
were coordinated with the sites initially sampled by investigators
from UAF aboard the R/V Alpha Helix in April 1989. The final
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combination of number and location of stations was also dependent
upon what could reasonably be accomplished on a 7-day cruise when
sampling 24 hours per day. The same stations that were sampled on
the first cruise were sampled on following cruises (weather
permitting). Additional sites were added over the progression of
the summer sampling, and they were also resampled on successive
cruises. Returning to the same station on successive cruises
increases the accuracy of the sampling program (Smith 1979).

At each station, CTD (conductivity, temperature and depth)
profiles and ADCP (Acoustic Doppler Current Profiler) data were
collected and will be used to characterize water movement
- throughout the sound. 2Zooplankton (net) samples were collected at
a subset of those stations at which physical parameters were
collected (Smith 1979). A list of all physical stations sampled
is presented which notes at which stations zooplankton were sampled
on specific cruises (Appendix A). A charlet depicting locations
(Appendix B) is also attached.

To assess the temporal presence and distribution of the larvae in
1989, sampling was planned to take place once a month for seven
months, April-October. Because of logistic problems securing a
vessel, only one cruise was conducted in August and September.
Additionally, the October cruise will be at the end of the month
and overlap into November. The actual cruise sampling dates for
the 1989 field season were as follows:

R/V_Alpha Helix HX121 6 - 12 April 1989
R/V Alpha Helix HX123 5 - 11 May 1989
R/V Alpha Helix HX125 1 - 7 June 1989
i Cobb €C08902 8 - 14 July 1989
F/V Jennie Girl JG0O1 30 August - 9 September 1989
* R/V_A Heli HX134 27 October - 3 November 1989

*(planned)

The gear used to sample larvae on the first five cruises was a 1em?
NIO (Tucker Trawl) with 505u or 1,000u mesh net. During the first
three cruises, discrete depths to 100 m were sampled horizontally.
Starting with the July cruise, discrete depth increments to 600 m
were sampled obliquely. Thus additional depth samples have been
collected as the sampling season progressed. Replicate samples
were not collected for most of these samples, though there are some
replicates of the latter oblique tows. More information about
species presence/absence will be gained by increasing the number
of sites sampled than increasing the number of samples per site (S.
Thompson, UAF, pers. comm.).

During the October/November cruise, a 1 m® MOCNESS (multiple
opening/closing net) will be employed. This net can collect up to
nine samples per deployment, as compared to three samples possible
with the Tucker Trawl. Therefore, we will attempt to sample all
.stations previously occupied, but will collect oblique samples from
additional depth. ranges covering the water column. Replicate
samples will be possible with this new net. Numbers of replicates
depend on time available and depth increments. We will also deploy



the Tucker Trawl at several sites for comparison tows.

Standard Operating Procedures for deploying and maintaining all
gear, preserving and sorting samples, and recording data are
included in Appendix C. An SOP will be developed for the MOCNESS
after the October cruise when we have become familiar with that
specific gear. Finfish and shellfish larvae will be sorted and
identified from all zooplankton samples. A technician will soon
be hired whose primary responsibility will be to identify the
larval fish. We are in the process of purchasing a video system
which will allow the fish larvae to be measured and the data to be -
entered into a computer data base. In November or December we will
host Art Kendall (NOAA/NMFS/NWAFC), the recognized expert in
identification of north Pacific fish, who will conduct a workshop
to instruct us in the identification of Alaskan larvae. SOPs will
be developed for identifying larvae and use of the video systenm
once we are familiar with these procedures.

No hydrocarbon analysis can be directly performed on the larvae
because we cannot collect enough 1larval weight of a specific
species to separate and preserve the sample properly at sea.
Species-specific laboratory toxicity experiments, though lacking
and definitely needed (Fyhn et al., 1987) were deemed cost
prohibitive. To accomplish the objectives, Task 2 requires input
from another component, 1i.e. the analysis of distribution of
hydrocarbons within Prince  William Sound over time. ' Geographic
distribution plots of the oil over time, preferably with isopleths
of concentration, are needed. The hydrocarbon analysis needed to
complete this task should include distribution and concentration
of o0il in Prince William Sound throughout the summer of 1989.
Information depicting location, amount and concentration of
dispersants used on the beaches and their effect on surrounding
water is also needed to compare to larval fish data.

DATA ANALYSIS

This survey is designed to document what species are present and
what their horizontal and vertical distribution 1is over time.
Since no previous information is available with which to compare
11989 species presence/absence or abundance information, sampling
over one season cannot provide assessment regarding - usual
occurrence/abundance or lack of occurrence/abundance in relation
to the effect of the oil spill.

Sites sampled were chosen to be hydrologically, geologically and
ecologically representative of Prince William Sound. This sampling
design enables Task #1 to spatially and temporally establish the
presence of larval fish and shellfish. Results will be depicted
as distribution maps of areas occupied by specific species at
specific times. Task #2 will overlay distribution maps of
hydrocarbon concentrations (provided by the GIS and hydrocarbon
component) on the maps generated for Task #1.

As part of Task #3, the maps resulting from Tasks #1 and #2 will
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be interpreted using available literature to estimate the temporal
and spatial potential for injury to the larval finfish and
shellfish populations by the oil spill. Since not all species
collected in PWS will have had laboratory hydrocarbon analyses
conducted and reported, closely related species in the same family
will be used to interpret the impact.

To meet Objective #1, after grouping by habitat type, the
hypothesis that there was no change in abundance in relation to
concentration of hydrocarbon will be evaluated by a chi-square
test. If there is no effect due to oil an equal amount of larvae
at all stations would be expected (a = 0.05). Absolute abundance
changes may be difficult to detect since "the wide annual
variability in egg and larval distribution and survival combined
with sampling problems results in such large confidence limits on
field survey estimates that mortality below an order of magnitude
greater than normal would be virtually impossible to detect" (Reed
1981) . Therefore, we will also investigate relative abundances and
species composition. The relationship (correlation/regression)
between hydrocarbon concentration and species abundance will be
tested (¢ = 0.05).

To meet Objective #2, habitats will be grouped by physical
parameters, i.e. temperature, salinity, depth, flow patterns.
Species composition will be compared between sites in habitat
groups. Species will be ranked by abundance for each station
within the group for oiled and non-oiled areas. The hypothesis
that there is no difference in species composition will be tested
using Kendall's coefficient of concordance (a¢ = 0.05). This test
is a measure of agreement in rankings and does not require matched
pairs of data (Conover 1971). This may detect potential
.competitive replacement of a resilient species between oiled and
non-oiled areas.

To further interpret the effect of the oil spill, trajectories of
larval patches through oiled areas will be estimated based on the
physical transport of the water masses within and through Prince
William Sound. CTD and ADCP data are being collected on the
cruises in PWS and UAF/IMS deployed four current meters in April
which will be retrieved in November. However, there is no physical
circulation component of the CERCLA program to fund analysis of
these important data. Dr. Thomas Royer, UAF/IMS, has agreed to
analyze these 1989 physical date as part of his contract to analyze
historic Prince William Sound physical data for Exxon. This
cooperative agreement will provide the 1989 PWS data to Exxon
through Royer and the analysis of these data to CERCLA through
Norcross. This analysis of physical transport of water is
applicable to larvae and ~hydrocarbons. Transport of
ichthyoplankton in relation to hydrocarbons is an important
component when calculating the potential loss of larvae due to an
oil spill (Reed 1981).

Length/frequency histograms of specific species will be analyzed
for "missing" cohorts, i.e. a gap in lengths indicating a time when
larvae appear to be "lost". Regression of abundance of larvae on
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length increments should reveal deviations from a linear
relationship indicating underrepresentation of a specific age
class. Published literature on the growth rates of these species
will be used to back calculate to the time these fish should have
encountered the oiled areas. Individual larvae will also be
screened for any obvious abnormalities which may have been caused
by association with the oil.

Task #4 will be considered based on the results of the data and may
include some form of recommendation for a long range study of
natural variability which will allow anthropogenic effects to be
readily identified and quantified.

SCHEDULE & PLANNING

1989 Field collection schedule:

SHIP CRUISE DATES # SAMPLES
R/V_Alpha Helix HX121 6 - 12 April 19
R/V_Alpha Helix HX123 5 - 11 May 44
R/V Alpha Helix HX125 1 - 7 June _ 39
NOAA Ship John Cobb C08902 8 - 14 July 107
F/V _Jennie Girl JG0O01 30 August - 9 September 84 -
R/V a Heli : HX134 27 October - 3 November ~200

Sample analysis: :
literature search ' July - December 1989
ichthyoplankton sorting May 1989 - February 1990
shellfish plankton sorting January - May 1990
ichthyoplankton identification November 1989 - May 1990

shellfish identification & staging June - July 1990
ichthyoplankton length measurements March - July 1990

fish length/frequency plots August 1990

distribution maps (by GIS) March - August 1990
analysis and interpretation August - October 1990
interim/status reports quarterly as required
cruise reports 30 days after sample period
final 1989 report December 1990

Sample and data archival:

All samples will be shipped to UAF/IMS for sorting. They will
later be shipped to UAF/IMS/Seward Marine Center for decapod
sorting. Ultimately, samples will all be stored at UAF. All
original data, logs, etc. will be stored at UAF/IMS in the care of
Brenda Norcross or Brenda Holladay.

Depending on the number of species on the number of depth
strata plotted, there will be 100 - 250 distribution maps of
species and hydrocarbons.

Management:
Brenda L. Norcross Principle Investigator/Project Leader
Brenda A. Holladay _ Technician - field collections,

forming data archives, reports,
data analysis



(TBN)

Undergraduates (10)

A.

J.
J.
G.
D.
C.
F.

Logistics:

J. Paul

McDonald
Smithhisler
Mimkin
Nebert

Chu

Mueter

8

Lab Assistant II - identify and
measure finfish larvae,
length/frequency analysis

Student Assistants - sort finfish
larvae

Scientist - 1identify and stage
shellfish larvae

Technician - sort shellfish larvae
Physical Oceanography technician
Electronics technician

Computer specialist

Data base manager

Graduate student

See attached list and chart of station locations.
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— B0 L) e OV OD -3 00

MS/3
MsX

RB 1
RB 2

HE/6
HE-A
HE 1
HE 2
HE 3
HE 4
HE-B

0OB-1
0B-2
0B-3
0oB-4
0B-5
0B-6

CB
PF

BI

60
59

59
59
59
59
59
59
59
59
59
59
59
59
59

59
59

60
60

60
60
60
60
60
60
60

60
60
60
60
60
60
60
60
60

60

Station

01.5°
50.7’

31.0’
33.07
35.0'
37.0°
39.0°
41.0’
43.0°
45.0’
47.0°
49.0°
51.0°
53.0’
54.7°

58.47°
58.5’7

26.0°
21.8’

19.09°
13.5’
18.1’
17.8°
17.3’
17.0°
13.0°

35.0°
34.9°
35.0°
35.0'
34.9’
34.8°
43.2°
45.0°
50.2°

58.2°

OIL SPILL STUDY

Locations

149
149

148
148
148
148
148
148
148
148

- 148

148
148
148
148

147
147

147
147

146
146
146
146
146
146

146

146
148
146
146
146
146

147

146

146

146

) HX121

Zooplankton Sampled
HX123 HX125 C08902 JGooul

%3

X
X

e
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X

HX134%
*(planned)
X
X



© Appendix A (cont.)

Approximate Station Locations Zooplankton Sampled
HX121 HX123 HX125 C08902 JGUOL1 HX134x
*{planned)
Valdez PV-4Q 61 06.2° 146 28.6" X
PV-50 61 06.4° 146 35.7" X X X X X X
Columbia Glacier CG 60 55.7° 147 06.2°
Naked Island NI-1 60 49.9' 147 26.1°
Transect N[=-2 60 48.5° 147 26.1°
NI-3 60 46.9° 147 26.1°
NI-d4 60 44.9’ 147 26.1° X X X X X
W of Naked I[s NI-5 60 43.9’ 147 39.0°
Esther Island EI 60 ¢6.3° 148 03.3' X X X X X
SW of Naked Is NI-6 60 35.4° 147 46.7° X X X X
Main Bay MB 60 34.0° 147 57.0° X X X ) X
Herring Bay HB 60 28.2° 147 44.3°
Knight Island KI-1 60 20.5° 147 57.0° X X X X
Passage KI-2 60 10.8’ 147 33.4’ . X
Snug Harbor SH-2 60 15.5° 147 43.3°
SHX/4 60 15.73" 147 41.72°
Green Island GI-1 60 15.0° 147 40.0’
Transect GI-2 60 14.5° 147 37.0° X X X X X X
GI2/5 60 14.55° 147 37.03°
GI-3 60 14.0° 147 34.0°
GI-4 60 13.5° 147 31.2°
GI-5 60 12.8' 147 27.7°
GI-6 60 12.5° 147 24.6° X X X X X X
GI-7 60 12.0° 147 21.9°

Sawmill Bay SB . 60 03.5°’ 147 58.0° X X X X X



HX134=*
* (planned)
Resurrection Bay
X
X

Cape Fairfield
Line

Montague Buoy
X

Rocky Bay
X

Hinchinbrook
Entrance
X

X

X

Orca Bay
X

10

Appendix A
OIL SPILL STUDY

Station Locations Zooplankton Sampled
HX121 HX123 HX125 C08902 JGQO01

01.5' 149 21.5' X X

50.7' 149 28.0° X

31.0' 148 50.0'
33.0' 148 50.0' X
35.0' 148 50.0'
37.0' 148 50.0!
39.0' 148 50.0"

41.0' 148 50.0!

43.0' 148 50.0" . :
45.0' 148 50.0' X . X X

47.0' 148 50.0'

49.0' 148 50.0'

51.0' 148 50.0'
53.0' 148 50.0'

54.7' 148 50.0°"

59 58.47' 147 48.7'

58.5' 147 48.7'~ X X X - X

26.0' 147 10.0! X X

21.8' 147 01.7' X

60 19.09' 146 50,07'

App;oximate
RES 2.5 60
GAK 1 59
CF 13 59
CF 12 59
CF 11 59
CF 10 59
CF 9 59
CF 8 59
CF 7 59
CF. 6 59
CF 5 59
CF 4 59
CF 3 59
CF 2 59
CF 1 59
MS/3

MSX 59
RB 1 60
RB 2 60
HE/6

HE-A 60
HE 1 60
HE 2 60
HE 3 60
HE 4 60
HE-B 60
OB-1 60

13.5' 146 55.9! X X X X

18.1' 146 52.8" X X X X
17.8' 146 50.0°
17.3' 146 46.1' X X X X X
17.0' 146 43.2!
13.0' 146 40.0° X X
35.0' 146 01.9' X X X



Transect

X
Central Basin
Port Fidalgo

Bligh Island
X

Valdez Arm

0oB=-2
0OB=3
0oB-4
0OB-5
O0B-6
CB

PF

BI

VA

60 34.9'
60 35.0'
60 35.0'
60 34.9'
60 34.8'
60 43.2'
60 45.0'

60 50.2'

60 58.2'

146
146
146
146
146

147

146

11.0!
22.0!
31.1'
43.0'
54.1'

02.7'

54.4'

146 55.0°

146

48.0!

11
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Appendix A (cont)

Approximate Station Locations Zooplankton Sampled
HX121 HX123 HX125 co8902 JGO0O1
HX134* ' )
* (planned) :
Valdez PV-40 61 06.2' 146 28.6' X
PV=-50 61 06.4' 146 35.7' X X X X X
X
Columbia Glacier CG 60 55.7' 147 06.2°
Naked Island NI-1 60 49.9' 147 26.1'
Transect NI-2 60 48.5' 147 26.1°
NI-3 60 46.9' 147 26.1!
NI-4 60 44.9' 147 26.1' X X X X
X
W of Naked Is NI-5 60 43.9' 147 39.0°!
 Esther Island  EI 60 46.3' 148 03.3' X X X X
X .
SW of Naked Is NI-6 60 35.4' 147 46.7' X X X
. v ; . .
Main Bay MB 60 34.0' 147 57.0! X X X
X )
Herring Bay HB 60 28.2' 147 44.3'
Knight Island KI-1 60 20.5' 147 57.0! X X X
X
Passage - KI-2 60 10.8' 147 53.4' X
Snug Harbor SH-2 60 15.5' 147 43.3'
SHX/4 60 15.73' 147 41.72!
Green Island GI-1 60 15.0' 147 40.0°
Transect GI-2 60 14.5' 147 37.0' X X X X X
X .
GI2/5 60 14.55' 147 37.03!
GI-3 60 14.0' 147 34.0°
GI=-4 60 13.5' 147 31.2'
GI-5 60 12.8' 147 27.7! .
GI-6 60 12.5' 147 24.6' X X X X X
X
GI-7 60 12.0' 147 21.9!
Sawmill Bay SB 60 03.5' 147 58.0Q! X X X X

X
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Appendix C

STANDARD OPERATING PROCEDURES
Deployment of Portable SeaBird CTD

Date:

Author:

Purpose:

13 October 1989

Brenda A. Holladay

Laboratory Technician
Institute of Marine Science
University of Alaska Fairbanks
Fairbanks, AK 99775

(907) 474-7990

to attain temperature and salinity profiles at
specific station locations; to record depth,
temperature and salinity data during each net
tow

Procedures
Equipment: SeaBird SBE 19 Profiler S/N 192411-261,

Methods:

enclosed in plastic housing effective to
600m depth; pressure sensor good to 680m;
256K (6 hours) memory; 600 baud output for
real time

cannonball weight (25-40#) or NIO net frame

length of 3/16-5/16" wire or line equal to
depth to bottom

Triton X-100 non-ionic detergent

fresh water and/or distilled water

Rigging A
1. For deployment alone or with Nansen bottle:
with shackles, attach cannonball weight to end
of CTD on which profiler switch is, attach
wire thimble to other end of CTD

2. '~ For deployment with NIO net: with
shackles, attach end of CTD on which profiler
switch is to top corner of NIO net frame,
leave other end of CTD hanging free

Deployment

1. Turn CTD on using profiler switch; record

cruise number, station name, consecutive

station number, fathometer depth reading,

latitute and longitude, date, time and CTD cast"
number *

2. Allow CTD to equilibrate to surface water

temperature for 2 minutes; record time
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Appendix C (cont.)

3. Spool wire out at a constant speed (60m/min
is optimal for flushing of CTD conductivity
cell) until CTD is at desired depth (estimate
by wire angle and length); desired depth is
variable when CTD is deployed in conjunction
with NIO net; when deployed alone or with
Nansen bottle, CTD is deployed within 5m of the
bottom in calm seas, 10m if ship is rolling;
record time, length of wire out, wire angle,
estimated CTD depth

5. Pull wire in at constant speed until CTD
reaches surface

6. Turn off profiler switch; record time

7. For CTD casts without NIO net: record
required data on hydrographic data sheets:
cruise number, consecutive station number,
date, time CTD was at depth, station location,
time zone, and ship code

Cleaning

1. After each cast, flush conductivity cell -
with distilled (preferred) or fresh water,
£ill protective tube with distilled
(preferred) or fresh water and secure tube at
both ends of conductivity cell

2. At end of each sampling day, flush
conductivity cell with 1/4 cup 1% Triton
solution, flush thoroughly with fresh water,
then store with protective tube filled with
distilled (preferred) or fresh water and
connected to both ends of conductivity cell;
rinse exterior of CTD with fresh water

Retrieving and storing data

1. After recording approximately 3 hours of
data on CTD, transfer memory to computer disk
and initialize CTD memory according to
instructions in the SeacC S 19

Conductivity, Temperature, Depth Recorder

s

Qperating Manual
2. Make a backup copy of each data disk

* record data in field notebook unless otherwise indicated
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Appendix C (cont.)

STANDARD OPERATING PROCEDURES
Deployment of Nansen bottle

Datae:

Author:

Purpose:

13 October 1989

Brenda A. Holladay

Laboratory Technician
Institute of Marine Science
University of Alaska Fairbanks
Fairbanks, AK 99775

(907) 474-7990

collection of temperature and salinity
information to calibrate the SeaBird CTD

Procedures
Equipment:

Methods:

Rigging

SeaBird SBE 19 Profiler S/N 192411-261,
enclosed in plastic housing effective to
600m depth, pressure sensor good to 680m.
256K (6 hours) memory, 600 baud output for
real time

cannonball weight (25-40%#)

length of 3/16~5/16" wire or line equal to
water depth

2 liter Nansen bottle

reversing thermometer holder

2 "protected" reversing thermometers
(approx. range -2 - 10 deg C, auxillary
therm =15 - 50 deg C)

1 "unprotected" reversing thermometer
(approx. range -2 - 30 deg C, auxillary
therm =20 - 60 deg C)

magnifying ocular for reversing thermometers

80z salinity bottles

1. Place protected thermometers in left and

center positions of reversing thermometer
holder, unprotected thermometer in right
position; record thermometer serial numbers
and positions in hydrographic data book and
field notebook *

2. With shackles, attach cannonball weight to
end of CTD on which profiler switch is, attach
wire thimble to other end of CTD

3. Attach Nansen bottle on wire 1m above CTD

in tripping position

4. Attach reversing thermometer holder to
Nansen bottle
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Appendix C (cont.)

Deployment

1. Turn CTD on using profiler switch; record
cruise number, station name, consecutive
station number, date, fathometer depth reading,
latitude and longitude, CTD cast number and
time

2. Allow CTD to equilibrate to surface water
temperature for 2 minutes; record time

3. Spool wire out at a constant rate of
approximately 60m/min until CTD is within Sm
of bottom in calm seas or 10m if ship is
rolling (estimate depth by wire angle and
length); record time, length of wire out, wire
angle, estimated CTD depth

4. Allow reversing thermometers to
equilibrate to water temperature at depth for
5 min
5. Release messenger to trip Nansen and
collect water sample; record time messenger
sent

6. Allow sufficient time for Nansen bottle to .
trip, then pull wire in at constant speed of
approximately 60m/min to surface

7. Turn off CTD profiler switch; record time

Data collection :

1. Using ocular, read thermometers from left
to right. Read reversing thermometers to 3
decimal places and auxillary thermometers to
2 decimal ©places; record readings on
hydrographic data sheets

2. Record salinity bottle number; rinse
bottle twice in water collected at depth,
drain; £ill bottle to shoulder; repeat with a
second salinity bottle

6. Record remaining data on hydrographic data
sheets: cruise number, consecutive station
number, date and time messenger was sent,
station location, time 2zone, ship code and
salinity bottle numbers

Cleaning

1. After collecting water sample, drain
" Nansen bottle

* record data in field notebook unless otherwise indicated
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Appendix C (cont.)

STANDARD OPERATING PROCEDURES
Deployment of National Institute of Oceanography (NIO) net

Data:

Author:

Purposae:

13 October 1989 -

Brenda A. Holladay

Laboratory Technician
Institute of Marine Science
University of Alaska Fairbanks
Fairbanks, AK 99775

(907) 474-7990

to sample ichthyoplankton from discrete depth
increments of the water column

Procedureas
Equipment: 1m? NIO net frame

505u or 1000u nets

505u or 1000u codends

double tripper mechanism

flowmeter(s) o _ -

SeaBird SBE 19 Profiler S/N 192411-261,
enclosed in plastic housing effective to
600m depth, pressure sensor good to 680m.
256K (6 hours) memory, 600 baud output for
real time .

1-kg messengers

505u mesh sieve

seawater hose

sample jars

Methods: Rigging

1. Prior to first net tow, attach 2-3 nets to
NIO frame: currently using 1000u in bottom net
for oblique tow to depth, 505u in middle and
top nets to increment the water column; can
use drogue net for bottom net, fish with
middle net or middle and top net

2. Attach double tripper to NIO frame:; attach
wire thimble to double tripper

3. With twine or string, attach flowmeter 18"
to the rear of net opening; balance flowmeter
in center of net opening

4. With shackles, fasten SeaBird portable CTD
to upper corner of NIO frame

Fishing (each net tow)

1. Depths to be fished will be determined for
each station based on depth of station, CTD
profiles and previous plankton distributions
2. Rig double tripper with chains from net
frame

3. Attach codend to each fishing net
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Appendix C (cont.)

4. Record flowmeter serial number(s) and take
reading from each flowmeter before tow *

5. With bottom net open, lower net into water
until CTD is approximately 0.5m below surface;
record time and depth

6. Fish at surface for 2 minutes while
temperature sensor of CTD equilibrates to
surface temperature; record time

7. Spool wire out at a constant rate (30-
60m/min) OR do a stepped oblique tow by
stopping wire motion at equal depth intervals
for equal lengths of time until net reaches
desired depth (calculated from wire angle and
length of wire out); record depth and time

8. Release 1lst messenger to trip the bottom
net closed, middle net open; record time
messenger sent and time net tripped .

S. Fish middle net at discrete depth,
releasing 2nd messenger exactly 5 min after
first OR spool wire in at constant speed
(20-40m/min) OR do a stepped oblique tow to
desired depth before releasing 2nd messenger;
2nd messenger closes middle net and will open
top net if 3 nets are rigged in frame; record
depth, time messenger sent, and time net
tripped ' .

10. Spool wire in to surface at a constant
speed of 60m/min if not fishing; if fishing,
spool wire in to surface at 20-40m/min OR
perform a stepped oblique tow; record surface
time

11. Turn off CTD; record time

12. Wash zooplankton down nets with seawater
hose, concentrate plankton by draining in
sieve

13. Contain in sample jars (label format
below) with  preservative in following
proportions: 50% plankton:50% isopropanol,
30% plankton:70% ethanol, or 90% plankton:10%
formalin

14. Label with yellow tape and display information

about tow in this format:

CRUISE # [STATION NAME] DATE
CONSECUTIVE STATION # PLANKTON #
DEPTH SAMPLED NET MESH DURATION OF TOW
14. Identify the preservative with an additional color-
coded label: . green = isopropanol
red = ethanol
blue = formalin

15. Copy information about net tow onto rite-
in-rain form; detach perforated square from

rite-in-rain form and insert in sample jar



* record data in field notebook unless otherwise indicated

21
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Appendix C (cont.)

STANDARD OPERATING PROCEDURES
Laboratory Sorting of Zooplankton

Date

Author:

Purpose:

Procaeduras

13 October 1989

Brenda A. Holladay

Laboratory Technician
Institute of Marine Science
University of Alaska Fairbanks
Fairbanks, AKX 99775

(907) 474~-7990

to 1isolate fish and £fish eggs from the
remainder of sampled zooplankton

Equipment and supplies:

jar containing zooplankton sample in preservative

505u mesh sieve

funnel

assorted graduated cylinders
additional jar

forceps

sorting tray

dissecting microscope

two vials

Method: Choosing a plankton sample

1. Laboratory supervisor determines order in
which to sort samples and designates a case of
highest priority samples
2. Plankton sorter obtains unsorted sample
from the designated case

Detarmininé volume of zooplankton

1. Copy information from 1lid of jar to the
sample checkout form; label 1id with sorter's
name

2. Transfer sample and preservative to large

‘graduated cylinder; measure total volume in ml

of zooplankton and preservative to get Total
Volume; record on sample checkout form

3. Decant preservative off zooplankton into
another graduated cylinder by sieving entire
sample through funnel and 505u mesh sieve;
measure Preservative Volume in ml; record on
sample checkout form

4. Subtract Preservative Volume from Total
Volume to calculate Zooplankton Volume in ml;
record Zooplankton Volume, sorting date and
sorter's name on sample checkout form

5. Replace sample in jar and add an equal
amount of water
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Appendix C (cont.)

Preparing jar labels and preservative

1. Copy information from jar 1lid and rite-in-
rain label -inside jar onto the sample sort
form; label sample jar unsorted

2. Label the additional jar identically to
the sample jar but identify it as sorted; fill
jar to approximate 3Zooplankton Volume with
fresh isopropanol

3. If sample was originally preserved in
formalin or ethanol, record preservative
change to isopropanol on jar lid, rite-in-rain
label inside jar and sample sort form

Isolating fish and fish eggs

1. Transfer a small amount of 2zooplankton
into a sorting tray

2. Under dissecting microscope, methodically
sort through plankton, picking out all fish
and fish eggs

3. Transfer fish to one vial (labeled as
below and filled with isopropanol) and eggs to
a separate vial .

4. After sorting this portion of the sample,
transfer it into the additional jar

5. Sort through entire sample jar in small
increments

VIAL LABELS: use yellow labeling tape and

circular stickers

CRUISE

STATION NAME

CONSECUTIVE STATION NUMBER
DATE OF NET TOW

TYPE OF GEAR

MESH SIZE

PLANKTON #

DEPTH OF TOW

DURATION OF TOW
PRESERVATIVE

VIAL # (CONSECUTIVE JAR # AND "A" FOR FISH

OR "B" FOR EGGS)

Label 1/4" diameter yellow circular sticker

with vial #, and attach to vial 1lid

6. If sample is not completely sorted, store
the unsorted portion in water for up to 5 days:
after 5 days, store both sorted and unsorted
portions in isopropanol

7. When jar is completely sorted, label 1lid
with 3/4" diameter yellow sticker stating
sorter's name, date sorted and consecutive
jar # ’
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STANDARD OPERATING PROCEDURES
Counting, Measuring Length and Identifying Fish Larvae and Eggs

Data: 13 October 1989

Author: Brenda A. Holladay
Laboratory Technician
Institute of Marine Science
University of Alaska Fairbanks
Fairbanks, AK 99775
(907) 474-7990

Purpose: To record information.for each fish species
about number, size and condition of fishes and
eggs collected by individual plankton tows

Procedures
Equipment and supplies:
dissecting microscope
forceps :
vials of collected fish and eggs ‘ .
Clay Adams laboratory counter with depressible keys
computerized video system with light pen

Methods:
Counting :
1. For each vial, record cruise name, station
name and consecutive station number, plankton
number, plankton depth
2. Place all fish or eggs from one vial in a
sorting tray; view under dissecting microscope
in a methodical manner
3. Depress counter once for each fish head or
egg until vial is completely counted
4. Record total number of fish or eggs

Identification, length measurement and
condition factor

1. Procedures are currently uncertain, but
will be detailed at a later time



Education:

Professional
Experience:

Publications:

April 1989

Biographical Sketch of Appendix D
Brenda L. Norcross
SS# 355-42-8879

Ph.D., Marine Science, Virginia Institute of Marine Science,
School of Marine Science, College of William and Mary,
Gloucester Point, Virginia, 1983

M.S., Biology, St. Louis University, St. Louis, Missouri,
1976

A.B., Biology, MacMurray College, Jacksonville, Illinois,
1971

Assistant Professor, Institute of Marine Science, School of
Fisheries and Ocean Sciences, University of Alaska
Fairbanks, 1989-present

Assistant Professor, Division of Biological Oceanography and
Fisheries Science, Virginia Institute of Marine
Science, College of William and Mary, Gloucester Point,
Virginia, 1986-1988

Assistant Professor, Computer Center, Virginia Institute Jf
Marine Science, College of William and Mary, Gloucester
Point, Virginia, 1984-1986

Research Biologist/Oceanographer, Ocean Research and
Education Society, Inc., Gloucester, Massachusetts,
1984

International Symposium Proceedings ]
Austin, H. M., D. A. Evans and B. L. Norcross. 1986. Time

saries analysis as a means of examining long term
biological data sets. IEEE Oceans 1986 Conference
Proceadings. 3:946-952.

Journal Publications

Norcross, B. L. and H. M. Austin. 1988. Middle Atlantic
Bight meridional wind component effect on bottom water
temperatures and spawning distribution of Atlantic
croaker. Cont. Shelf Res. 8(1):69-88.

Norcross, B. L. and R. F. Shaw. 1984. OQOceanic and
estuarine transport of fish eggs and larvae: A review.
Trans. Am. Fish Soc. 113(2):153-165.

Selected Unpublished Reports

Norcross, B. L. 1988. Transport and recruitment of spot
(Leiostomus xanthurus) into the Chesapeake Bay, USA.
ICES Early Life History Symposium, 1988, Paper No. 82,

16 pp.
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DETAILED BUDGET
Note - 3413.000 is the amount allocated for Study #1393 1in the
State/Federal Plan through February 1390. Expenses projected here
are for collection of samples in 1989 and for workup of samples and
analysis of data. This budget is project to complete cone year only
of the project and does not include additional sampling which would
be covered under a separate budget.

April 1989 July-December
-June 1990 19380
100 - SALARIES
‘Name Months Cost Months Cost
8.L. Norcross, PI 8 350186 4 18384
8.A. Holloday, Tech 14 39769 3 33948
Lab Ass’'t.II (TBN) 8 16631 6 13105
A.J. Paul, Scientist 2 9527 1 5807
J. McDonald, Tech 5 14575 0
Student Ass’'t III 10 11943 4 4777
Student Ass't II 100 38107 10 911
G. Mimkin, Elect. Tech 2 9906 0
L. Nebert, Computers 2 11802 0
~Jdi Smithhisler, Mar. Tech 3 11105 0
F. Mueter, MS Student 6 5200 3 2691
Lab Ass’t I (Misc.) 3 5667 0
Sub-Total 269048 63523
Staff Benefits 37971 12270
TOTAL SERVICES 307019 75793
200 - TRAVEL
Field collections 15,000 ' 0
Meetings 15,000 2500
TOTAL TRAVEL 30,000 2500
300 - SERVICES
Boat charter (F/V Jennie Girl) 31800
Phone, Fax, Copying 5000 1000
Publications & Drafring 3000 3000
Lata Management @ 338/hr 15000 3000
Shipping 7000
Gear repair/replacement/caltration 6000
MOCNESS consultant 4000
GIS Consultant 5000 15000
Biometrician Consultant 5000 5000

Sub-Total 81600 . 31000



Equipment lse Months

Wild Microscope @ $350
@ $175
Wild Microscope @ $250x4
@ $125 x 4
Videco system @ $2000
@ $1000
MOCNESS @ $6500
@ $3250
Sub-Total

-

et e ] s () —

TOTAL SERVICES

400 - SUPPLIES

Software, disks, office supplies, etc.

Field & Lab - Nets, Jjars, flowmeters,
-praservatives, labels, etc.

TOTAL SUPPLIES

500 - EQUIPMENT

PC Office computer
Computer printer x 3
Portable computer
Portable computer printer
AT Lab computer

TOTAL EQUIPMENT

TOTAL

2275
1000
3500
2000
7000
5500

2587

(¢4}

107475

5000
20000

25000

3000
3300
1600

600
4000

12500

456119

Months cost

)
w
(@)
(@}
<

2000

2000

114818
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TITLE: UNDERSEA OBSERVATIONS OF SUBMERGED OIL

INTRODUCTION:

Information exists about the surface distribution of crude oil
spilled from the Exxon Valdez. Ancillary information also
exists suggesting that some of the spilled o0il has entered the
benthos of Prince William Sound and Katchemak Bay which are
home to a variety of highly valuable organisms including
dungeness and brown king crab, spot shrimp, halibut, ling cod,
and various rockfish species. However, the extent and
distribution of submerged oil is largely unknown due to a
vaucity of viable techniques capable of sampling large areas
of the ocean bottom.

This project will ground-truth visual observations for oil by
remotely-operated vehicle (ROV) with scoop samples and bottom
trawls at depth. The presence of petroleum hydrocarbons in
scoop samples sealed at depth or on bottom trawls will solely
verify the presence or absence of submerged oil. This project
will support the overall resource damage assessment by
determining whether visual observation from an ROV is a cost-
effective method of sampling large areas of the ocean bottom
for submerged crude oil residues. It will also provxde direct
observations of semi-pelagic and benthic species ln waters
near heavily oiled beaches.

The project will be determined to be successful if at least
50 matched physical and optical samples can be collected at
depth during one five-day sampling session in Prince William
Sound and 40 matched physical and optical samples collected
during one four-day sampling session in Katchemak Bay.

B ou

Institutional investigators from various state (ADF&G, ADEC)
and federal (NOAA) agencies have collected intertidal and
subtidal sediment samples within heavily oiled embayments
within Prince William Sound. Results are still unpublished,
but no large concentrations of benthic o0il have yet been
reported.

enta esi

It is hypothesized that a significant amount of crude oil has
entered the benthos. Because the heaviest distillate
fractions of North Slope Crude oil are characterized by a
specific gravity of 0.9, this project is operating under the
assumption that the mechanism causing oil to sink is one where
o0il becomes mixed with gravel or rocky sediment along oiled
shorelines. Therefore all sampling in Prince William Sound
will be conducted in embayments documented as having been
heavily oiled, and in deep areas of Katchemak Bay where



III.

Iv.

submerged oil may have settled (Table 1). Additionally,
attempts will be made to sample in areas previously sampled
for benthic o0il during studies conducted shortly after the oil

spill. .

The original intent of this study (Fish/Shellfish Study No.
20) was to identify, through direct observation, oiled and
non-oiled benthic sample areas for incorporation into ongoing
Fish/Shellfish studies 14, 17, and 23 as experimental and
control areas. However, preliminary information from other
related oil spill studies indicates that any submerged oil
exists primarily within sediment and may not be visible.
Therefore, this portion of the undersea observation project
is tasked to ground truth the ROV as a technique of observing
0oil at depth since grab samples are limited in scope and
extremely costly to analyze. Therefore, during each dive, the
ROV will be used to first visually loock for oil on or near the
bottom. If a suspicious substance is observed, the ROV will
collect a sample. If no suspicious substances are observed,
the ROV will collect a sediment to verify the absolute
presence or absence of any oil in the sediment.

OBJECTIVES:

A. Collect at least 50 coincident visual (video-taped) and
physical (sealed scoop) samples of the ocean bottom in
selected (heavily oiled) areas of Prinece William Sound,
Alaska.

B. Collect at least 20 coincident wvisual (video-taped),
physical (bottom trawl), and acoustic samples of the
ocean bottom in selected (heavily oiled) areas of
Katchemak Bay, Alaska.

C. Determine if a Remotely-Operated Vehicle can be used to
detect the presence of submerged oil located by physical
methods.

METHODOLOGY/DATA ANALYSIS:

This study plan addresses only the initial ground-truth phase
of this project. Because of the urgency of this phase of the
project, the scope of this study plan "will be 1limited
specifically to that task.

A. Location:

Western Prince William Sound waters near beaches
documented as having been heavily oiled including the
following bays: East Twin Bay of Perry Island; Northwest
Bay of Elenor Island; Herring Bay, Bay of Isles, and Snug
Harbor of Knight Island:; Shelter Bay of Evans Island:;
Sleepy Bay of Latouche Island; and the northern shore of
Greene Island.



Central Katchemak Bay waters near Homer Alaska.

Data to be Collected:

1.

Date, dive number (sequential), depth, physical
sample number, time, location by 1latitude,
longitude, and name, remarks (visual presence or
absence of o0il), collectors initials, and date and
time of recording for each dive and/or sample taken.
Recorded by principal investigator in log book.

Exact location plotted on high resolution nautical
chart of sampled waters. )

Presence or absence of petroleum odor in samples
when transferred to clean sample bottles.

Presence or absence of petroleum odor or residue on
bottom trawl nets after tows.

Digital or converted analog tapes of acoustic output
associated with trawl and visual tapes from the ROV.

Number, type, and condition of animals observed
while looking for oil. , :

Sample Collection Methods:

1.

Scoop samples:

a. Upon arrival on station near shore in
previously identified areas of heavy onshore
oiling, the vessel will anchor and the exact
latitude and longitude precisely calculated
from published maritime charts and recorded.

b. The ROV will be deployed by hand, and the
tether/umbilical monitored by the deck hand and
one Department representative.

c. Video-taping will begin and the sample
collecting containers will be opened during the
descent toward the bottom.

da. Visual sampling will begin immediately upon
reaching the bottom in a 100 £t radius of the
station for presence of oil.

e. A scoop sample of any suspected oil will be
collected and sealed, and if no suspicious
substance is observed, a sediment sample will
be collected and sealed for subsequent chemical



analysis.

The ROV will be retrieved as quickly as
possible after the sealed samples are secured
aboard the unit.

At the surface, the samples will be unsealed
and transfered to certified clean teflon 1lid
sample jars, labeled as to date, time,
location, and investigator and frozen
immediately. The presence or absence of any
petroleum odors in samples will be noted during
the transfer process.

Bottom trawl samples:

a.

Upon arrival on station the exact latitude and
longitude will be calculated from published
maritime charts, and the bottom trawl net and
doors will be deployed.

A 30-minute tow will be conducted while video-
taping color-coded acoustic samples on standard
(1/2 inch) VHS format and video-tapes.

The net will be retrieved and inspected for
visual and/or olfactory evidence of petroleum
residues on webbing and captured fish.

The vessel will return to the exact starting
point of the transect and will either "live-
boat" (free swim) or anchor and deploy the ROV.

Video-taping will begin during the descent and
will continue uninterrupted throughout the
duration of the dive.

Visual sampling of a 100 radius will begin upon
reaching the bottom and the presence of any
suspicious substance will be recorded.

At the surface, any suspicious substances or
the tissues from any captured animals suspected
to have been contaminated will be transferred
to certified clean teflon lid sample jars,
labelled as to date, time, 1location, and
investigator, and frozen immediately.



V. SCHEDULES:

A schedule of tasks to be completed includes:

Task ) Date
Prince William Sound Embayment Sampling Late September
Katchemak Bay Bottom Trawl Sampling Early October
Data Analysis and Report Preparation 10/9-2/15

VI. REPORTS:

All results of this investigation will be reported to ADF&G,

- Division of 0il Spill Impact Assessment and Restoration.
These data will become available in report form as litigation
is resolved.

VII. BUDGET SUMMARY:

Line Item FY 89 oy 90"
Personnel 60.0 . 60.0
Travel 22.5 22.5_,
Services 218.8 178.8
Commodities 18.8 18.8
- Equipment 230.0 230.0
Total 550.1 510.1

»

.. Oil Year, March 1989 through February 1990.
Reduced by 40.0 due to reallocation to fish/shellfish study
no. 26.



Table 1. Prospective locations for Prince William Sound and
Kachemak Bay ROV sampling, 1989.
Location _ Latitude Longitude Depth (fath)
Prince William Sound:
East Twin Bay 60° 43.50'N  147° 55.88'W 5 - 40
Crafton Island 60° 30.06'N  147° 57.02'W 5 - 40
Smith Island 60° 32.00'N  147° 21.70'W 5 - 30
Upper Passage 60° 31.75'N  147° 36.95'W 5 - 50
Greene Island 60° 16.63'N  147° 27.80'W 5 - 25
Bay of Isles 505 23.25'N  147° 41.80'W 5 45
Snug Harbor 60° 15.00'N  147° 43.35'W 5 - 55
Shelter Bay 60° 07.80'N  147° 55.28'W 5 - 40
Sleepy Bay 60° 04.10'N  147° 50.05'W 5 60
Evans Island. 60° 09.73'N 147° 53.35'.w 5 30
Herring Bay 60° 25.69'N  147° 46.92'W 5 - 50
‘Northwest Bay 60° 33.47'N  147° 34.82'W 5 - 60
Louis Bay 60° 28.38'N  147° 40.71'W 5 - 50
Knight Island 60° 30.58'N  147° 42.68'W 5 - 20
Kachemak Bay: .
Upper Kachemak Bay 59° 40.38'N  151° 12.49'W 15 - 25
Middle Kachemak Bay 59° 35.92'N  151° 28.11'W 25 - 50
Outer Kachemak Bay 59° 31.48'N  151° 40.13'W 60 - 95
59° 33.70'N  151° 29.79'W 60 - 95
Tutka Bay 59° 26.20'N  151° 22.02'W 40 - 90

59° 27.70°'N 151° 24.30'W 40 - 90
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INTRODUCTION

This project is to determine impacts of the Exxon-Valdez oil spill
on bivalve resources outside Prince William Sound. Bivalve mollusks
are an important component of the food chain, and they support
subsistence and sport fisheries in lower Cook Inlet and Kodiak
Island. Because they are relatively sedentary and occupy nearshore
areas, bivalves may be particularly susceptible to contamination by
oil. It is hypothesized that increased hydrocarbons in nearshore
sediments could affect bivalves by increasing mortality, decreasing
growth, or causing sublethal injuries. This study seeks to evaluate
these potential effects by comparing data obtained from oiled and
non-oiled beaches. Data on growth obtained in 1989 will provide a
baseline for comparison with growth data to be taken at a future
date. Documenting effects on littleneck clams is required to advise
the public of the full scope of impact by the o0il spill on current
and future employment, recreation, and 1lifestyles of coastal
communities on Prince William Sound.

OBJECTIVES

Al. Test the hypothesis that the level of hydrocarbons in
bivalves is not related to the level of oil contamination
of a beach. The experiment is designed to detect a
difference of 1.4 standard deviations in hydrocarbon
content with the probability of making a type I and type
II error of 0.05 and 0.1, respectively.

A2. Test the hypothesis that the 1level of hydrocarbons in
sediments is not related to the level of o0il contamination
of a beach. The experiment is designed to detect a
difference of 1.4 standard deviations in hydrocarbon
content with the probability of making a type I and type
IT error of 0.05 and 0.1, respectively.

B. Document the presence and type of damage to tissues and
‘vital organs of bivalves sampled from beaches with no and
high levels of oil contamination such that differences of
+5% can be determined between impact levels 95% of the
time. .

c. Test the hypothesis that the proportion of dead bivalves
sampled on beaches is not related to the level of oil
contamination of a beach. The experiment is designed to
detect a difference of 5% in the proportion of live to dead
bivalves from beaches with no and high levels of oil
contamination with the probability of making a type I and
type II error of 0.05 and 0.1, respectively.

1



D. Test the hypothesis that the growth rate of littleneck
clams is the same at beaches of no and high levels of oil
impact. This experiment was designed to detect a
difference in mean shell height equal to the difference
between the mean shell height at age i and age i+l clams
with the probability of making a type I error equal to 0.01
and probability of making a type II error equal to 0.05.

E. Document any changes in numbers of young-of-the-year clams.

F. Identify potential alternative methods and strategies for
restoration of lost use, populations, or habitat where
injury is identified.

METHODS/DATA ANALYSIS

This project will be conducted in two phases. During phase I,
(August-September 1989) littleneck clams will be sampled from oiled
and non-oiled beaches in lower Cook Inlet and Kodiak for hydrocarbon
samples, necropsy samples and growth information. Phase II of the
project is to begin in spring 1990. Hydrocarbon, necropsy and growth
samples will be collected for littleneck clams from oiled and non-
ociled beaches in Resurrection Bay and along the Alaska Peninsula
during phase II. All sites in Cook Inlet, Kodiak, Resurrection Bay
and Alaska Peninsula will also be sampled during phase II to document
any changes in numbers of young-of-the-year clams. A change in the
numbers of young-of-the-year clams can be detected by comparing
counts of the small clams over multiple years.

The study plan for clams outside Prince William Sound in the
State/Federal natural resource damage assessment plan for the Exxon
Valdez oil spill states species to be included are cockle, littleneck
clam, butter clam, and razor clam. The Fisheries Management Team
subsequently determined the best use of resources was to sample one
species, littleneck clams, therefore cockle, butter clam, and razor
clam have not been sampled'. The study plan also indicated samples
would be collected from Resurrection Bay, lower Cook Inlet, Kodiak,
and the Alaska Peninsula. The limited number of extreme low tides
during daylight hours during the sampling period for this study
precluded complete sampling of all areas. Resurrection Bay and the
Alaska Peninsula are scheduled to be sampled spring of 1990 during
Phase 1I. ’

! Alaska Department of Fish and Game, Sport Fish Division personnel
sampled razor clams for hydrocarbon analysis at Clam Gulch and
Ninilchik Beaches prior to any oil reaching the area. Susequent to
oiling of Clam Gulch beach, another hydrocarbon sample was obtained.



Study Sites

Beaches known to contain clams were surveyed to determine the level
of oil contamination. Eight study sites representing two lévels of
0il contamination (subjectively rated as no or high contamination)
were chosen to be sampled (Table 1, Figure 1-2). Beaches with no oil
contamination are Jakalof Bay and Seldovia Bay in lower Cook Inlet
and Port Bailey and McDonald Lagoon on Kodiak Island. Beaches with
heavy oil contamination are Windy Bay and Port Dick in lower Cook
Inlet and Ruth Bay and Kupreanof Strait on Kodiak Island.

Table 1. Study beaches representing two levels of oil impact.

IMPACT LEVEL

NONE HIGH

Jakalof Bay (Cook Inlet) Windy Bay (Cook Inlet)
Seldovia Bay (Cook Inlet) Port Dick (Coock Inlet)
Port Bailey (Kodiak) Ruth Bay (Kodiak)
McDonald Lagoon (Kodiak) Kupreanof Strait (Kodiak)

For each sample site the following site description information will
be recorded (Appendix A, Form 1 and Form 2): site orientation (N-NW
etc.), latitude, longitude, beach slope, low tide height, percent
dominant substrate composition, temperature and salinity of the
water, weather and wave action. Temperature and salinity of the
water will be measured at a distance of approximately 5 meters
offshore from the sampled beach at the daily low slack tide.

Sample Desi

Beaches will be sampled at maximum low tides for a monthly tidal
cycle beginning in September. At each beach, three sampling
transects will be run to insure complete coverage of the beaches as
distribution of oil on the beaches is unknown. Transects will be
perpendicular to the water's edge and parallel to each other with a
total distance between each transect of 15 meters (Appendix B).
Transects were perpendicular to the water to insure complete sampling
of clam habitat. The top of each transect is placed at the +1.6
meter tide level and the bottom of the transect at the lowest tide
level. Tidal height will be determined using reference points from
a standard tide table, a hand level, and a stadia rod. Transect
number, bottom of the transect tidal height, top of the transect
tidal height, middle of the transect tidal height, and distance from
the top of the transect to each remaining sampling quadrate will be
recorded. :

Prior to sampling, the upper distribution of clams will be determined
by removing sediment to a depth of 30 cm (12 in) along a trench
adjacent to the proposed transect. The trench is dug starting from
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the top of the transect and continuing until clams are encountered.
The distribution of clams will extend below the low tide levels
occurring during this project. The bottom of each transect and the
bottom sampling quadrate will occur at the daily low tide level.

A total of seven quadrates will be sampled from each transect to
obtain hydrocarbon and necropsy specimens. Sample quadrates are each
0.5 m*. Additional sampling or complete sampling of each transect
(all possible sampling quadrates) may be necessary if an insufficient
number of clams is recovered within the seven sampling quadrates to
meet project objectives. Quadrates will be sampled from the top to
the bottom of each transect as the tide recedes.

The first sample quadrate will be located where the first clam was
encountered in the preliminary trench. The second quadrate will be
located equal distance from the top and bottom sampling quadrates.
The tidal height of the second quadrate is calculated as half the
difference between the tidal height of the first quadrate and the low
tide height subtracted from the tidal height of the first quadrate.
The third quadrate is taken at an equal distance from the first and
second quadrates (a tidal height approximately one quarter the
difference between the tidal height of the first quadrate and the low
tide height subtracted from the tidal height of the first quadrate).
The fourth sample is taken at a point equal distance between the
second and third sample quadrates. The fifth sample is taken at a
point equal distance between the low tide level and the second
quadrate, a tidal height equal to three quarters the difference
between the tidal height of the first quadrate and the low tide
height subtracted from the tidal height of the first quadrate. The
sixth sample is taken in the area equal distance between the fifth
and second sample quadrates. The last sampling quadrate is placed
at the low tide level (Appendix B).

Sediment Sample Collection for Hydrocarbon Analvsis

A total of three sediment samples will be collected from each beach
site (one from each transect). All sediment samples will be
collected before bivalve sampling is performed. The hydrocarbon
sample from each transect will be a composite sediment sample which
will be collected by scooping one tablespoon of sediment to a depth
of 2 to 3 cm from each of the seven sample quadrates on a transect.

All samples from each transect will be placed in an 8 oz glass jar
rinsed with methylene chloride. Each jar will be labelled with the
site name, latitude, longitude, date, "SEDIMENT", transect number,
sample number, names of the sampling team members, "BIVALVE", and
"ADF&G".

Three composite sediment samples (one per transect) will be obtained
from each beach sampled. This will provide a total of 12 samples for
each impact level (1 hydrocarbon sample/transect * 3 transects/site
= 3 hydrocarbon samples/site; 3 hydrocarbon samples/site * 4



_sites/impact level = 12 hydrocarbon samples/impact level).

The small sub-samples of sediment taken from each sampling quadrate
will provide a representative mixture of sediment composition and
contamination throughout the transect. One composite sediment sample
for each transect at each site provides 12 composite samples for each
impact level (none and high) exceeding the industry standard of 8
samples for each treatment level. A sample size of 12 composite
samples per impact level is considered an adequate number of samples
to detect a difference in sediment contamination between impact
levels at the desired a and 8 levels.

jvalve Sample Collectio

One species, 1littleneck clam, will be sampled for hydrocarbon
analysis, necropsy, and to estimate percent of live and dead clams.
Littleneck clams will also be collected to estimate numbers of young-
of-the-year c¢lams and age and growth statistics.

Hydrocarbon Samples:

Specimens for hydrocarbon analysis will be taken from all sampling
quadrates before any other specimen sampling is conducted. Clams
will be randomly selected for hydrocarbon analysis from sampling
quadrates at each site. Care will be taken to avoid contamination
of a specimen by sediments not immediately surrounding the specimen.
Each sample will be placed immediately in a sample container before
another bivalve is obtained.

One composite hydrocarbon sample will be obtained from each transect.
The desired size of each composite tissue sample is 15 gm. The
number of bivalves to provide this sample from each transect was
estimated based on the average size of littleneck clams. Each
hydrocarbon sample will be composed of 14 specimens. The 14 samples
from each transect (1 hydrocarbon sample) will be selected by
randomly picking two clams from each of the seven sampling quadrates.
Each clam must have a shell length of 2-5 cn.

Bivalve samples are being limited to a particular size range because
rates of uptake, metabolism, and depuration by clams probably change
with size. If specimens of the desired size are not found in each
of the sampling quadrates, then the desired number of additional
specimens will be collected from the other sample quadrates.

Specimens of each species from each transect will be placed together
in a non-plastic container and the air will be evacuated from the

container. A 16 o0z squat jar should be large enough for 14
littleneck clanms. Alternatively, clams can be wrapped in paper
towels then wrapped in aluminum foil. The foil packages can be

stored in metal coffee cans covered with tin foil prior to sealing
with the plastic lid. All containers and pieces of aluminum foil
must be rinsed with methylene chloride before they are used. Each
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container will be labelled with the site name, latitude, longitude,
date, species, transect number, names of the sampling team members,
"BIVALVE" and "ADF&G". All hydrocarbon samples will be stored at -
40°* F until hydrocarbon analysis is initiated.

Combined tissue samples from each sampling quadrate will provide a
representative mixture of bivalve tissue composition and
contamination throughout the transect. An estimate of 3 hydrocarbon
samples from each site is needed for detecting contamination between
impact levels (Dr. B. Clark, personal communication). A sample of 12
composite samples per impact level will allow the detection of
differences in hydrocarbon content of 1.4 standard deviations with
a and B levels of 0.05 and 0.1, respectively.

Necropsy Samples:

Collection of specimens for necropsy will begin only after all
hydrocarbon samples have been taken. Total sample size is 20 live
or moribund littleneck clams from each beach site. With 20 bivalves
sampled from each beach, the total sample for each treatment (no and
high o0il contamination) will be 80. This sample size will allow
detection of differences in presence of tissue damage of *5% with-.95%
confidence between sample obtained from beaches with different levels
of oil impact (Dr. Ted Meyers, Alaska Department of fish and game,
personal communication). This sample size will allow detection of
gross differences between beaches with no and high oil impact.

One specimen will be randomly selected from each sampling quadrate.
This will yield a total of 21 specimens. One specimen from the 21
collected will be randomly selected and discarded from the sample to
achieve a sample size of 20 specimens. Sampling procedures and
quality assurance will be conducted as outlined in the histopathology
guidelines, and sample preparation will be followed as outlined in
Appendix C. Histopathological analysis of bivalve tissues will
include all criteria 1listed in the histopathology guidelines.
Necropsies will be performed by a qualified contractor approved by
the Histology Technical Group.

Bivalve Mortality Samples:

All live and recently dead specimens of littleneck clams from each
sampling quadrate will be separated from the sediment and placed in
containers. Recently dead bivalves are defined as those bivalves
with tissue remaining attached to the shell. Each container will be
identified with the species name, transect number, and sampling
quadrate number. Each container will be set aside until quadrate
sampling is completed. After all quadrates in each transect have
been sampled, live specimens and recently dead specimens will be
counted and placed in separate containers. Numbers of live and dead
bivalves will be recorded by sampling quadrate and transect on Form
4 (Appendix A).



An additional 30 meter transect located along the high tide line
above the sampling stations will be sampled. All recently dead
bivalves along this transect will be counted.

Growth and Age Samples:

Littleneck clams will be collected for growth and age estimation.
A total of 100 specimens will be collected from each transect at each
site. From each transect five sampling quadrates will be selected
at random. From each of these, 14 specimens will be randomly sampled
from the quadrate containers. Fifteen specimens will be randomly
sampled from the remaining two quadrate containers. The specimens
from each sampling quadrate container will be placed in separate
bags. Each bag will be 1labelled with the site name, latitude,
longitude, date, transect number, sampling quadrate, names of the
sampling team, "BIVALVE" and "ADF&G". Specimens from each sampling
quadrate will be cocked and shucked at a later time. Once specimens
have been cooked and shucked, each valve for each specimen is labeled
with a specimen number unique to that specimen. Care will be taken
to keep specimens from different sampling quadrates separate until
specimen numbers have been assigned and recorded for each sampling
quadrate. ‘ }

The sample of 100 specimens from each transect will provide 300
samples from each beach and 1200 clams for each level of beach
impact. Sample size for growth. is based on the difference between
mean shell height for age i and age i+l clams, variance in shell
height for age i+l clams, probability of making a type I error equal
to..01 and probability of making a type II error equal to .05 (Netter
and Wasserman 1985). Data for mean shell height and wvariance in
shell height was taken from Paul and Feder (1973) and applied to
areas outside Prince William Sound where information on littleneck
clam growth is absent from the literature. The sample size used for
detecting difference in growth at age of clams between impact levels
was the same as used for Prince William Socund. The sample size used
for detecting difference in growth at age was estimated at 261-275
clams for each impact level (Appendix D) which was rounded up to 300
clams. This sample size was probably larger than needed for areas
outside Prince William Sound but was maintained to offset any
differences in growth that may occur between areas inside Prince
William Sound and outside Prince William Sound.



ata Analvysis

To address objective Al (hydroccarbons in bivalve tissues), an
analysis of variance will be performed on the hydrocarbon content of
clam samples among sites. The results of this test will be related
to the level of sediment impact. To address objective A2
(hydrocarbons in sediments), an analysis of variance will be used to
test for differences in hydrocarbon content in sediment between
sites. Differences in sediment hydrocarbon content will verify that
control sites (areas of no oil impact) are in fact "controls".

To address objective C, the proportion of dead clams among sites will
be subjected to analysis of variance, and the results related to
level of o0il contamination of sediments. Statistical differences in
injury rates (within specific categories of injury as outlined in the
histology guidelines) between impact areas will be evaluated using
chi-square analysis (Objective B).

To provide baseline (pre-impact) information on variance in growth
at age among sites, an analysis of variance on growth parameters from
clams between areas will be conducted. Growth parameters will be
determined for various growth curves,. such as Gompertz, von
Bertalanffy, or polynomial equations. Growth parameters will be
presented for the most appropriate growth models only. These beach
sites will be resampled after 4 years. An analysis of variance on
growth parameters obtained from fitting algorithms for clam growth
after impact (l990 1994) will be compared to growth parameters for
clam growth prior to impact (approximately 1979-1989) to resolve
impact of oil contamination on growth (Objective D). Graphics will
be used to display differences in growth among areas over time,
including growth curves (size at age) and growth increment at age by
year for each beach.

Statistics for analysis of wvariance will also be computed for
comparisons of hydrocarbon content and proportions of dead clams.
Appropriate statistics for non-linear and polynomial curve fitting
will be computed to evaluate the strength of the fit, including mean
square, sum of squares, degrees of freedom, etc. Variances will be
estimated for all means computed, such as mean growth at age, mean
proportion dead, etc.

A chi-square test will be used to determine if a change in the
numbers of young-of-the-year clams has occurred between years and
impact levels (Objective E). Trend analysis of the number of young-
of-the-year clams will be used to detect potential recruitment
failures associated with oil impact.

To address Objective F, all data will be analyzed to determine degree
of damage to a stock. Appropriate restoration or mitigation measures
will be made. This may include restrictions on human usage to reduce
mortality rates or may include the need for continued monitoring of
stocks.



SCHEDULES AND REPORTS

Date(s) Activity
August 1989 Phase I field sampling, lower Cook Inlet
September 1989 Phase I field sampling, Kodiak

September-December 1989 Data entry and analysis

December 1989 Preliminary report on impacts of oil on
clams (will not include pre- and post-impact
comparisons for growth).

Spring 1990 ~ Phase II field sampling.

PROJECT BUDGET

Line Item Category ‘ Budget
100 Personnel Services $ 30.4
200 - Travel $ 2.6
300 Contractual $ 67.5
400 Commodities $ 6.0
500 Equipment $ 2.3
700 Grants $ 0
Total $ 108.8

FUNDED PERSONNEL

Class PCN PFT_mm SFT_mm
FB I 11- 2
FT II 11~ 1
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Figure 1. Sampling sites on the lower Kenai Peninsula
coast - Jackalof Bay, Seldovia Bay, Windy Bay,
and Port Dick.
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Figure 2. Sampling sites around Kodiak Island - Ruth
Bay, McDonald Lagoon, Kupreanof Sraight, and
Port Bailey. '
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ADF&G BIVALVE OIL PROJECT SITE

DESCRIPTION FIELD FORM

Sita Name

Datea

Latituda —

Longitude

Skipper Name

Vessal Name

Vessal Ak Number

Vessal Dascription

Sampling Team Agency

Coda  Rescription

Waves —

Weather ——

Air Temp

3

Sea Temp » Saiinity

Code  DRescription

Beach Substratea

Beach Slope

Beach Orientation (eg N-=NW)

NOAA Rafaerenca Point

Film Role Number

Waveg
Rescription
Glassy

Rippled

Wavelets

Slight 2-4'
Moderate 4-8'
Rough 8-13"

Very Rough 13-2Q'

0N
N aOWwme w0
.

NOAA Low Tide Height

Photogragh numbers

Weathex Substrate
Code Description Coda Description
1 Clear 1 Mud-Silt
2 Partly Cloudy 2 Clay
3 Qvercast 3 Sand
4 Fag or Thick Haze 4 Granule (2-4mm)
3 Showers 5 Pebble (4mm=3cnm)
6 Squalls 5 Rock Fragments
7 Drizzle (3=6cm)
8 Rain -7 Cobble Shingle
9 Rain and Snow (6=15 cm)
10 sSnow 8 Rock (15=25 cm)
11 Blizzard 9 Boulder(>2S cm)
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ADF&G BIVALVE OIL PROJECT

TRANSECT DESCRIPTION FORM 2

Site Name -— — Data

Latitude Longitude

1

Transect ] Transect 2 Transec: 3

Bottom of Transect Tidal Height

Tep of Transact Tidal Height

Middle of Transact Tidal Height

Length of Transect to Quadrant 3

Length of Transect to Quadrant 4

Length of Transact to Quadrant S

Length of Transect to Quadrant §

Total Length of Transect

Distanca Between Top of Transect 1 and 2: -———— .2 and 3:

Total Width of Sampling Site

Total Number . Nunber of
of Clam Shalls Recently Dead
Clam Shells

" High Tide Line 30 Meter Transect



DA e M CEBD S D SRS WS Bt e a5 s -

Sita Name Data

Latituda

Lengitude

SAMPLE COLLECTION - CHECX THE BOX IF THE SAMPLE WAS COLLECTED

SZDIMENT HYDROCARSON Yos 32Q Yes fle} Ves o}
compesits sadiment sampla 1 & E] E: m
nunbar of gquadrants samplad — — — —
composita sadinent sampla 2 & Cj Ej C:
nunber of quadrants samplaed — — e
compesita sadizent sampla 3 & E: E]
nunxber of quadrants samplad — Ej — —
IZansecs 1 Iz 2es I=xarpsecs 3
LITTLENECX CLAM HYDROCARBON Yes 2§ 3Q Yes iS5 2#Q Ye3 3iS iQ
sapesita hydrccarbon sampla, Ej Ej
nuzber of spacizans sampled, — — Ej — —
number of quadrants sampled & .
; ’ siza ranga
BUTTER CLAM HYDRCCARBON
compesita hydrecarien sampla,
nuzbar of specizans sampled, ' Cj — Ej —_— — Ej —
nusibear of quadrants sampled &
size ranga
CCCXLE: HYDROCARBON
csopesita hydrocarbon sampla,
nutber of speacimans samplad, D — D -— D — ==
nunbar of quadrants samplad &
size range
o= > Ty ] Transece 1
LITTLENECK CLAM NECROPSY Yos 35 32Q Yes 323§ 29 Yss =5 :Q

compesits necropsy sample, Ej
nunber of specimens samplaed, -—
nunber of quadrants samplad &

size range
BUTTER CLAM NECROPSY
composita necropsy sample, E]
nunbaer of specimens samplad, —
numnber of quadrants sampled &

size range
COCXLE NECRQPSY
ccompesita nacropsy sample, Ej
nunber of spacizens sampled, -
number ¢f quadrants sampled &

size range




CILAM MORTALITY FORM 4

Sita Name Data
Latituda — Longituda
-y acte AN S e
‘ $ Aliva # Dead |# Aliva # lead |[# Alive 3 Deacd

SAMPLING QUADRANT 1
Litslaneck clam

3uttar clam

Cackla

SAMPLING QUADRANT 2
Litslanack clam

Suttar clam

Ceckla

SAMPLING QUADRANT 3
Littleneck clam

3uttar clam

Cackla

SAMPLING QUADRANT 4
Lit=lanack clam

Suttar clam

Cackla

SAMPLING QUADRANT S
Litz=laneck clam

Suttar clan

Cackla

SAMPLING QUADRANT 6
Lite=laneck clam

Sut=ar clam

Cackla

SAMPLING QUADRANT 7
Liz=laeneck clam

3uttar clam

Cockla

| 1
| ]
|




Sita Name Date
Latitude Loangituda

Izanseet L ' =3 = IZansecst 3
QUADRANT 1,

nunbar of specimans

& spaecimen numbers

QUADRANT 2,
nuzkter of specinens

& spaciman nunbaers

QUADRANT 3,
nuster of specizens

& specizan numbers

QUADRANT 4,
nunbar of specimens

& specimen nunbers

QUADRANT 5§,
numter of specimans

& specimen numbers

QUADRANT §,
nunber of specinmens

& spacimen numbers

QUADRANT 7,
nunbar of specimens

& specimen numbers
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nigh tide
P 3 = -
3% ig i
ow tide | T z

Nots - the tidal height of sampling quadrant
transece.

L

may vary at each
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NECRGESY FIELD ORTA SWEST FQR WISTULGGICAL SAMSLES, FRED PRTHOLOGY, ACF1s

COLLECTOR/ADDRESS/TELEFHONE 8

SPECIES

NUMBER SFEg;;;;;TIN SAMPLE
SIZE RANGE

LIFE STRGR

DATE QF CCLLECTION

LOCATION OF COLLETTION - (SITE NAME OR NUMSER)

ABNORMALITIES QBSERVED PER SPELIMEN NUMGSER

1 ede



Appendix D

Sample size estimation for datacting differsncaes in growth (haight)
of Protothaca staminea baetween impactad and non-impactad sitas in
' Prince William Scund

Age

0-1
1-2
2=3
3=4
4=5
5-6
6=7
7-8
8=-9
3=10
10-11
11-12

A
s O Pk TN

.84

.67
2.28
1.91
2.17
3.15
5.77
7.0Q07
3.36
3.53
2.15
2.94

a =,10 a =.05 a =.01

1-G=.30 1-8=.95 1-8=.95
T AVG n n n
.33 2.55 ] 7 9
.70 .98 22 32 43
.73 3.12 4 3 7
.83 . 3.03 4 S 7

1.87 1.18 15=-22 21-32 23-43
3.26 .97 22 32 43
3.99 1.45 11 15 20
4.Q07 1.74 -8 12 18
1.96 1.7 8 12 186
1.83 1.93 7 9 12
2.28 .96 22 32 43
1.69 1.74 8 12 16

N=136=-143 N=194-205 N=261=-275
_ site site’ sita

N=_45-48 N=_65-68 N=_87-93
‘Lransect transect transact

Recommended sample size/transactAis 100 specimens.
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Injury to Crabs Outside Prince William Sound

INTRODUCTION

The sensitivity of crabs to contamination by petroleum
hydrocarbons has been documented in a number of studies. Crabs
exposed to sublethal concentrations of petroleum hydrocarbons can
suffer early-postmolt autotomy of limbs, behavioral disorders and
reduced reproductive output (Karinen and Rice 1974, Krebs and
Burns 1977, Karinen et al. 1985 and Malan 1988). Responses of
crabs to petroleum hydrocarbons may depend on sex or reproductive
state. Krebs and Burns (1977) found a greatly reduced proportion
females in populations of the fiddler crab, Uca pugnax, at oiled
staticns in Buzzards Bay, Massachusetts. Jackson et al. (1981)
found reproductively active ghost crabs, Ocypode gquadrata, to be
more sensitive to the water soluble fraction of Kuwait crude oil
than crabs not in reproductive condition. Dungeness crabs may be
particularly susceptible to o0il contamination because they occupy
nearshore habitats where they frequently burrow into benthic
sediments. If olil becomes incorporated in shallow subtidal
sediments it persists and can affect crab populations for several
years after an oil spill (Krebs and Burns 1977, Boehm et al.
1987).

This project addresses the need to determine,
quantitatively, adverse impacts on populations of Dungeness crab
outside Prince William Sound as a result of the Exxon Valdez oil
spill. The project will provide data on hydrocarbon levels in
sediments of habitats occupied by crabs as compared to levels in
the tissues of the crabs in contaminated and uncontaminated areas
‘near Kodiak Island. It will also provide biological data on
fecundity, reproductive capacity and distribution and relative
abundance of the crabs. These data will permit the assessment of
short-term losses caused by contamination of harvestable crabs
and long-term impacts owing to adverse effects on crab
reproduction. The data will also contribute to the long-term
data base for management of fisheries and assessment of future
oil spills.

Products of this project will include estimates of the
amount of petroleum hydrocarbons taken up by the tissues of crabs
inhabiting areas with contaminated sediments, estimates of the
impact of hydrocarbons taken up by crab reproductive tissues on
crab fecundity and reproductive capacity, and identification of
possible contamination pathways from sediments to crab
reproductive tissues and developing eggs.



QOBJECTIVES

A. Determine the levels of hydrocarbons, if present, in
Dungeness crabs in oiled and non-oiled sites in lower
Cook Inlet and near Kodiak Island.

B. Assess reproductive condition of crabs in oiled and
non-oiled areas by measuring such variables as
fecundity, egg loss, condition and development and by
measuring larval production of ovigerous females
collected in oiled and non-oiled areas.

C. Determine the incidence of limb loss and of
abnormalities in newly formed crab exoskeletons.

D. Identify potential methods and strategies for
restoration of lost use, populations, or habitat where
injury is identified.

METHODS

The study will be conducted at 11 sites with populations of
Dungeness crab near Kodiak Island and in lower Cook Inlet. Eight
sites will be in areas that have received oil from the Exxon
Valdez; three will be reference sites (Table 1). Dungeness crab
will be sampled with Dungeness pot gear. Three strings of 10
pots each will be set along the depth contour where crab are most
abundant. Pots will soak for 24 hours. Crab distribution will
be isolated by setting strings of pots at multiple depths. Pot
soak time will be decreased from 24 hours to 6 hours during the
initial search phase. The time each pot is set and pulled, the
depth at which the pot is set and the species composition of the
catch of each pot will be recorded. On a separate form sex,
carapace width, presence or absence of an egg clutch and external
physical condition of all crab will be recorded.

A total of 30 live female crab' will be sampled from each
site during each sampling period. Three samples of 10 crab each
will be selected from the pot catches. To form one sample, one
female crab will be selected from the catch of each pot in a
string of 10 pots. Each of the three samples, therefore,
includes 10 females from each of the three strings of 10 pots.
If a pot contains no female crab a crab will be taken from the
group of females in another, randomly selected pot.

1. Determination of sample sizes for all variables covered by
this project depends on estimates of sample size for comparable
variables by Margaret C. Murphy in the Project Operational Plan
on "The effects of hydrocarbons on reproduction in Dungeness
crab."



The specimen number, carapace width, fresh weight, clutch
description and physical condition of each female crab in the
samples will be recorded. Three crab will be randomly selected
from the 10 crab in each sample, measured and sacrificed for
ovaries. Three ovaries will equal one composite hydrocarbon
sample. One composite hydrocarbon sample of eggs 1s taken by
clipping a small portion of the egg clutch (4 g = 1/3 of pleopod)
from the right fifth pleopod of each of the three crab. The left
fifth pleopod will then be removed from each of the ten crab to
estimate egg development, egg mortality and egg fouling. The 7
remaining crab from the sample of 10 will be returned to the sea.

Composite samples of ovaries or eggs will be placed in 16 oz
glass jars rinsed with methylene chloride or heated to 440°C for
4 h. Jars containing samples will be placed immediately in a
freezer and kept frozen until hydrocarbon analysis is begun.
Pleopods will be placed in 8 oz jars to which enough 5 % neutral-
buffered formalin is added to cover the egg sample. All jars
will be labeled PWS-89-site name (abbreviated)-julian date-sample.
type (o=ovary, h=hepatopancreas, e=egg, vs=sediment)-sample
number. ‘

Sediment samples will be collected at all sites. One van
Veen grab will be taken at the center of each string of crab
pots.  Using a metal core tube and spatula four cores will be
removed from randomly selected points within each grab. The
subsamples will be combined to form one sample per grabk. All
samples will be taken from the surface (top 0-2 cm) of the
sediment contained in a grab. Each subsample will be transferred
to a sample jar using the spatula. The core tube and spatula
will be washed, dried and rinsed with methylene chloride between
“sampling periods. Sample jars will be baked at 440°C or rinsed
with methylene chloride prior to use. The jars will be fitted
with teflon lined caps that are also rinsed with methylene
chloride prior to use. Sediment samples will be frozen
immediately after collection. Appropriate blanks will be
collected at each site. Chain of custody procedures will be
followed (Appendix A).

Physical oceanographic data will be collected at each site
during each sampling period using an instrument that measures
conductivity, temperature and density with depth (CTD). Data is
recorded by the CTD every 2 seconds as it is lowered to the
bottom and raised to the surface. The CTD will be deployed once
at each site during each sampling period.

In April 1990, 15 live ovigerous crabs will be collected
from each site and transported to the NMFS Auke Bay Laboratory.
Crabs will be individually marked with Petersen disc tags. Tag
number, carapace width, fresh weight and external physical
condition of each crab will be recorded. The crab will be held
individually in flow-through tanks until larval release. Crab

— 4



will be fed a mixed diet of locally available prey including
shrimp shrimp, clams and mussels. Water temperature, salinity
-and general condition of crabs will be regularly monitored.
Timing of larval release, number of live and dead larvae and
larval swimming ability will be recorded to estimate larval
production and viability. ,

Definitive analysis of the chemical composition of petroleum
hydrocarbons in the sediments, tissues and eggs will be
accomplished in the laboratory with gas chromatography/mass
spectrometry as directed by the Analytical Chemistry Quality
Assurance/Quality Control Group. The types of analyses to be
performed on the samples will be determined by the Analytical
Chemistry Group and will include 1) TPH/GC and PNA/SIM
characterization of oil in marine sediments and crab tissues, 2)
total organic carbon on selected samples, and 3) size fraction
analysis on representative sediment samples. Prescreening
analyses of collected samples will occur prior to full GC/MS
analysis in areas of low liklihood of oiling. Details of the
methods used in the chemical analyses are recorded under the
Quality Assurance Program.

DATA ANALYSIS

The number of specimens required for one hydrocarbon
analysis depends on the amount of tissue available in a crab and
the need for a composite sample. Three Dungeness crab are enough
to provide 15 g of ovarian tissue. One pleopod from an average
clutch would provide 15 g of crab eggs, but a sample
representative of more than one crab is desireable. Therefore
egg clips from the clutches of three crab will be combined to
form a composite sample for hydrocarbon analysis. Three
hydrocarbon samples from each site are the minimum needed to
detect contamination between oiled and non-oiled sites (see
operational plan for Fish/Shellfish Study Number 14)

A sample size of 30 crab was estimated to be an adequate
number to determine differences in reproductive output between
impact levels based on data from Dungeness crab at log transfer
facilities (LTF) in Southeast Alaska (0'Clair and Freese 1988).
Sample size for reproductive capacity is based on the difference
between mean fecundity and mean worm infestation at 7 paired
control sites and LTF sites, variance in fecundity and
infestation by pair, probability of making a type I error equal
to .05, and probability of making a type II error equal to .05
(Neter et al. 1985, Table A-10). Data for mean fecundity and
infestation level were taken from O'Clair and Freese (1988).
Sample size for detecting difference in mean fecundity and
infestation level between impact levels was estimated at 27 crab
for fecundity and 26 crab for infestation level. The sample size
was rounded up to 30 crab.



All data will be tested for heteroscedasticity with
Bartlett's test or equivalent. Data will be reported as means
and 95% confidence intervals calculated according to a standard
formula (Sokal and Rohlf 1981). Parametric statistics (analysis
of variance and Scheffe's a posteriori test) will be used to test
for differences in means between oiled and non-oiled sites if
underlying assumptions of the parametric procedures are met,
otherwise nonparametric tests (eg. the Kruskal-Wallis test) will
be employed. Variables to be tested will include hydrocarbon
concentrations in Dungeness crab tissues, the reproductive
parameters of Dungeness crabs, crab larval production and
viability and hydrocarbon content of sediments in crab habitat.

Further multivariate statistics (eg. analysis of covariance,
rank correlation coefficients, discriminant analysis) will be
computed if the above summary statistics indicate relationships
may exist between Dungeness crab hydrocarbon content,
reproductive capacity, sediment hydrocarbon content, and physical
oceanographic factors.

SCHEDULES & PLANNING

Sampling began in late September 1989. Sampling will
continue in spring and late summer of 1990. The timetables for
data compilation, analysis and report writing depend on the date
of completion of the chemical analyses of the sediments and the
crab tissues and eggs which analyses are funded .under Technical
Services Study Number 1. The Technical Services Committee
controls the reporting schedule for chemical analyses. Estimates
of crab fecundity, egg mortality, egg fouling and infestation

«level of egg predators on Dungeness crab eggs will be completed
six months following sample collection. Dates of completion of
data compilation, analysis and report writing for the 1989
sediment sampling will be 4, 8, and 12 months respectively after
the date of completion of the chemical analyses.

BUDGET

.Salaries Travel Contracts Supplies Equipment Total

Alaska Department of Fish and Game
10K 1K OK. OK OK $11K
National Oceanic and Atmospheric Administration

30.0K 7.5K 25.0K 31.0K 7.0K $100.5K
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Table 1

Location of sites for the study of injury to crabs outside Prince
William Sound in 1989.

North West
Location Latitude Longitude Date
o vt o ten

OILED SITES
Missak Bay 58 08 11 154 19 44 27 Sep
Kuliak Bay 58 12 08 154 16 29 28 Sep
Kukak Bay 58 20 30 154 11 40 29 Sep
Hallo Bay 58 26 56 154 02 53 29 Sep
Cape Chiniak 58 30 52 153 54 33 28 Sep
Muskomee Bay 58 04 16 153 06 48 2 Oct
Sharatin Bay 57 47 47 152 46 Sé 2 Oct
Kizhuyak Bay 57 43 49 152 56 13 3 oct
REFERENCE SITES
Bganik Bay

East Arm 57 41 19 153 28 34 1 Oct

South Arm » 57 37 30 153 30 32 .1 Oct
Terror Bay 57 43 35 153 12 59 1 Oct




Appendix A.

STANDARD OPERATING PROCEDURES
FOR SAMPLING BENTHIC SEDIMENTS

INTERTIDAL SEDIMENTS

1. Choose an area of intertidal beach having a substrate as
homogeneous as possible with particle sizes of 2 mm or less. The
area must be large enough to accomodate a 30 m transect. Lay the
transect parallel to the water's edge within the designated area.

2. Choose 8 random distances along the transect from a random
number table or pocket calculator.

3. Three samples of substrate will be collected at each station
(= transect). Each sample will represent a composite of 8
subsamples, each subsample having been taken at one of the 8
randomly selected points. Using a metal core tube and spatula or
metal scoop remove approximately 10 g of sediment from the upper
2 cm of substrate at one of the 8 randomly selected points on the
transect and place in a properly cleaned 4 oz jar. Repeat the
procedure for two more jars collecting 10 g of sediment from
adjacent patches of substrate and placing it in each of the two
additional jars-

4, Repeat the procedure described in 3 for the 7 remaining points
on the transect.

5. At one station per site a sample blank (handled in the same
way as the sediment samples except without rece1v1ng any
sediment) will be taken.

6. Label, seal (with custody control seal) and freeze sediment
samples and blank as soon as possible after collection.

7. Proper cleaning procedure for sampling implements and jars.

Sampling implements - All sampling implements will be washed
with soap and water, rinsed, dried, rinsed with methylene
chloride and if not used immediately wrapped in clean

aluminum foil that has been rinsed with methylene chloride. The
cleaning procedure will be performed before each transect is
sampled.

Jars - If sample jars have not come from the supplier
cleaned to EPA specifications they will be baked for four hours
at 440° C or rinsed with methylene chloride. Sample jars will

have teflon-lined lids rinsed with methylene chloride or
will be capped with aluminum foil rinsed with methylene
chloride before the 1id is replaced after sample collection.

1



SUBTIDAL SEDIMENTS

been

Diver collected

Sampling will be conducted as described above for intertidal
sediments with the following modifications.

1. Lids will be closed on sample jars on the surface before
divers descend to the bottom to prevent contamination by
petroleum hydrocarbons floating on the surface of the water.

2. Care must be taken to avoid contamination of dive
mitts/gloves with petroleum hydrocarbons.

Remote sampling by van Veen grab.

1. The grab or corer the interior surfaces of which have
cleaned and rinsed with methylene chloride will be

lowered to the bottom and activated to enclose a sample of
substrate and then retrieved. The surface of the water will be
checked visually for sign of contamination by petroleum
hydrocarbons (such as an oil sheen) before the grab is lowered

or

retrieved through it. If any indication of oil is

observed the vessel will be moved to a visually clean area.

deck-

2. When the grab is brought to the surface and placed on
after having taken a sample the sample will be

subsampled using a stainless steel core tube and spatula.
The location of the subsamples will be determined randomly.

Four subsamples will be taken from each sample and placed in
a 4 oz cleaned jar. Three samples will be taken at each
~Station. Subsamples of different grabs will be placed in

separate jars.

Samples will be labeled, sealed and frozen as soon as

possible after being collected.

3. Sampling implements and jars will be cleaned as described
in the section on intertidal sediments above.



SUBMERSIBLE SEDIMENTS

1. Wash 100 micron mesh bagé'ih Alconox detergent and rinse
thoroughly in hot water daily.

2. Wash sampling hose with Alconox detergent and rinse
thoroughly with hot water daily. (A plastic suction hose

was used June 27-July 5, and a teflon suction hose used July 5-
July 15.)
3. Wash the stainless steel suction pump daily with
methylene chloride.

4. Use sterile gloves to attach and detach sample bags from
submersible, and process sediment samples for freezing.

5. Label samples with date, area, method of sampling, name
of sampler, depth of sample, and sample number.
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NMFS/ADF&G DUNGENESS OIL PROJECT SITE DESCRIPTION DATA FORM

Sita Namae Data

Latitude Longitude

Skipper Name

Vessal Name - Vessel Ak Number

Vessel Description

Sampling Tean Agency

Code = DRescription

Waves —

Weather —

Air Temp - Sea Temp
Wind Speed Wind Direction
Time of Low Tide Low Tide Height

Beach Orientation

String Time Begin End Time Comments
—_— Set DRepth Depth Bull

'Film Role Number Photograph Numbers

Waves Weather
Code Description Code DRescription Code Description
1 Glassy 1 Clear ‘ 7 Drizzle
2 Rippled 2 Partly Cloudy 8 Rain
3 Wavelets 3 Overcast 9 Rain and Snow
4 Slight 2-4' 4 Fog or Thick Haze 10 Snow
5 Moderate 4-8' 5 Showers 11 Blizzard
6 Rough 8-13' 6 Squalls
7 Very Rough 13-20'
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NMFS/ADF&G DUNGENESS OIL PROJECT CATCH COMPOSITION DATA FORM

Sita Name Data
Latitude Longitude
Tran) - Shell |Egg % Duro=-
String|Pot|sect|Sex|Specimen|Use|Width|Weight|Age,V Color|Full| meter
# # 0 # S|N|0|0|Code |ness|Reading

Specimen Use Codes:

Shell Age Codes: S=soft, N=new, O=old, VO=very old

Blank=not used, H=hydrocarbon, P=pleopod, N=necropsy




prendl/X noo + 7
' NMFS/ADF&G DUNGENESS OIL PROJECT DIVER TRANSECT DATA FORM

100

Site Name Data
Latitude Longitude
Recorder Transect Number
Direction of Transect Visibility
-——- River 1 River 2

Nane —
Time Down
Time Up
Metars 0] 5/10/15120)25}30 35 40145|50(55|60}65|70|75180{85 99 95
Depth
Slope
Substrate
Zone

# of Crab
Specimens
Sediment
Meiofauna
Zone: 1l=intertidal 2=subtidal
Substrata:
Code DRescription

1 Mud-silt

2 Clay

3 Sand

4 Granule (2-4mm)

5 Pebble (4mm-3cm)

6 Rock ‘Fragments (3-6cm)

7 Cobble Shingle (6-15 cm)

8 Rock (15=-25 cm)

9 Boulder (>25 cm)
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NMFS/ADF&G DUNGENESS OIL PROJECT CTD, SEDIMENT AND MEIOFAUNA DATA FORM

Site Nama Data
Latitude Longitude
Transect # Transect Distance, c¢TD Zone:
or Zone|Sample|Distance off shore Time Depth l=intertidal
String # # or Loran Coordinates 2=subtidal
Transect # Transect Distance, Sediment | Meiofauna
or Zone|Sample|Distance off shore Time Depth| ime Depth

String # # or Loran Coordinates




N.M.F.S. Prince William Sound Oil Assessment Chain of Custody Form

VAL-89-

_Project

Page of

NOTE: Use bailpoint pen, waterproof Ink (ag Rapidograph)
! or fine-tip waterproof marker

Location

Date
Coilectad

Sampia #*
(coilector's)

Assigned # Type
(leave blank) e werer

Collacted

Serial #

NMFS Auke Bay Fisheries Laboratory
Box 210155, Auke Bay AK 99821
For information contact Sid Korn
(907) 789-6021 or 789-6000

Latitude

Longitude

Remarks

0

Chain of Custody

CoAlNUEe ON DACR OF Dage =)

Samples coilected by

Recieved by

Recieved by

. of
BriAt name agengy ngnature )
Relinquished by at
fhignature Jate place cSommenits
of at
print narme ag angy arace wgnature Iate
Relinquished by at
ngnature Jate pisce commments
_ of at
prnt nama agency piece signasiure Jele
Relinquished by at
tgnature Jale piace camments
of at
place tignature reie

Recieved by

print name

aeency

AL C ot C 17/May/ 1999
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1. Introducti

In response to the release of more than 10 million gallons of crude oil into
Prince William Sound, the State of Alaska and four Federal Agencies, the
Departments of Agriculture, Commerce and Interior and the Eavironmental
Protection Agency n:-.actinq together to assess the damage- to the natural
resources. Authority for this action is provided by tha Comp:ehendive
Envizonnontal R‘spon-o. CQmpcnlation. and, Liability Acc (czncza) and the CLeaa'

Water Act (CWA).

A damage assessment requirss documentation of the e;posure of the resources to
oil released from the EXXON VALDEZ, identifying which resources were injured
by that exposure, measuring the magnitude of the adversa affects on each
reﬁeu:ca aover time and assigning economic values for that injury. Once this
is done, monetary compeasation can be sought from the potentially responsible

parties to restore and/or replace the inﬁu:ed rasources.

Racovery of monatary damages may involve civil court actions. It will then be
necessary to prove that the samples ware collected in a scientifically
approved manner and that the samples were protected from outside contamination
{non-incident related) and accidental mix-~ups during handling and analyses.

It is, therefore, extremely important that every sample be readily identified
and their locatian and analytical status known and documentaed at all times.
This document and the associated training sessions, were prepared to assist
field personnel in.collecting samples that will provide scientifically sound
and legally defensible data to support the Stata/Federal Natural Resource

Damage Assessment for the EXXON VALDEZ oil spill.
2. Re aa a Documentatio
- Standard operating procedures (SOPs) for all sampling procedures, including

chain of custody procedures; sampling protocols; cleaning and preparation of

sample collection and storage devices; and labeling, handiing, and sample



Errors in field logbooka or other records are corracted by drawing a single
line though the arror, entering the correct information and signing and dating

.the corraction. Never erase an antry Or any part of an entry.

- Do not remove pages from the logbook.

ijuplot-d laqbooka ‘and field data’ shecel are’ :nturn.d eo th- rean Laada: or
th.ir :tp:n:.ntativ- to be a:chiv-d in a central loca:ion under chain—of- :
custody procedurss until the Trustaes indicats that they may be releasad..

-3. S dent (3! a abel

A tag or label idantifying the ;ample must b; co@plated and attached to each
samplé} Waterproof (indelible) marker must be used on the gaq or label. The
- minimum information to be included on the tag are the samplae identification
number, the location of the collection sita, the date of collaection and
signature of the collactor (who, what, where & when).  This information and
any other pertinent data such as the common and scientific names of the
organism collectad, the tissue collected and any remarks are recorded in the
logbook. Pield sample data sheets, photographs, any pertinent in-situ
measurements (such as t;npc:acu:e,.galinxty, depth) and field observations ars

'recorded in the logbook.

The location of the sampling site is determined with the aid of USGS grid
maps, NOAA charts or navigational systems such as LORAN C. Tha sita locations
should be plotted on a chart of appropriate scale and photocopies incorporatad

into the logbook. In addition, a clear, detailed descriptive location as well



water. They must however, be solvent-rinsed as described above before use.
Glass jars may be cleanad by heating to 440°C for a minimum of 1 hour.

Claan glassware should be stored inverted or tightly capped with either

-

solvent-rinsed aluminum foil or teflon-lined caps.

" The dull side of chc aluminum foil should be the sida that is solvent-rinsed.
Pre-cleaned squaras may be stored with the clean sidaes fcided'thethe:.
All equipment that comes in contact with the sample such as dredges or

dissacting equipment must be solvent-rinsed before contacting each sample.

~ Equipment should be steam~cleaned or washed with soap and hot water at the end

c -t

of each day or between sampling locations.

S. égﬂg;;gg Procedures

The method of collection must not contaminate the samples. Do not collect any
subsurface samplas through surface slicks. Do not collecﬁ Any samples with
oil-fouled equipment, such as nets or dredges. Do not touch or collect any

sapple with your bare hands.

Sample container volume must be appropriate to sample size; fill the jar to
Just below tha sﬁoulde:. Overfilled jars will break when they freezs;

wﬁhde:filled jars will allow the sample to dry out.



ing the contents with your hands. Total‘weight, volume (measured or calcu-
lated), length, width and contents weight must be recorded for each-egg.

Bile is collectad by removing the gall bladder, puncturing it with a scalpel
fitted with a new #11 blade, and collaecting the contents in a 4 mlL amber glass

vial. = . - . .

PR I

6. Jample Preservation and Holding Time

Samplaes must be kapt cool, i.e. on ice.

Samplas that are to be frozen, sediment an& :issda, should be frozen quickly and
':apidly.w—rhat is, these samples should be frozen as soon after collection as.

possible and the freezing process should be rapid.

Frozen samples must be kept frozen, at -20°C or lass, until extracted or prepared
for analysis. Repeated freezing and thawing of samples can dastroy the integrity

of tha samples resulting in questionable data or the loss of data.

6.1 Hater - All water samples xust be immediately extracted with methylene
chloride or presercved with HCl to pH<2. If preserved, watar samples are stored in
the dark at 4°C and extracted within 7 days. All extracts must be stored in the

dark in air tight chemically clean containers until analysis.

6.2 Sediment and Tiassuq - Samples should not be extracted until lmmediataly
before analysis; Lf there is a lag between sample extraction and sample analysis,

axtracts must be stored in air tight containers kept in tha dark at 4°C.



legal action.

The field sampler is personally responsible for the care and custody of the

samples collactad until they are transferred undar chain-cf-custody procedures.

A lanplc is considered Ln 'custody‘ th
it i{s in your actual physical postnusion or view;.
it is retained in a secured. placo.(und-: lock) with restrictad access
or it is placed in a contaxna: and secu:ed with an official seal(s)
such that the sampla cannot be reached without breaking the

seal(s)

Evidence tape or sample seals are used to detect unauthorized tampering of saméLes
‘following sampla collection. The seal must be attached in such a way that it is
nacessary to break it in order to open the container. Seals must be affixed to

the container baefore the samples leave the custody of sampling personnel.

All samples must be accompanied by a chain-of-custody record or field sample data
racord (Figure 1). When samples are craﬁsfer:ed from one individual's custody te
anothaer's, tha individuals :elinquis@inq and receiving the samples will sign and
date the chain of custody racord. This record documents the transfer of custody
of samples from tha sampler to another person or to a specified analytical

laboratory.

Shipping containers must be custody-sealed for shipment. The seal must be signed

before the container is shipped. The chain-of-custody record must be dated and

11



signed to indicate any transfer of the samples. The original chain-of-custody

record accompanies.the shipment; a copy is retained by the sample shipper.

If samples ars sent by common carrier, coplies of all bills of lading or air bills

sust be retained as part of the permanent documentation.

Whenever sazplas are split, a separate chain-of-custody record 'is

pgqplrnd for those samples and marked to indicate with whom the sampie-

ars being apliﬁ.
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HISTOPATHOLOGY TECHNICAL GROUP

lustification/C

Histopathology is an important tool used in determining mechanisms of death and sublethal
effects caused by infectious agents and toxic substances. A definitive diagnosis often does
nat result from histological examination, but can give strong support to other positive
measurements. Tissues deteriorate (autolyze) rapidly after an animal dies; therefore, to be
of value, any sampie taken for histological evaluation as part of the damage assessment of
the Exxon Valdez oil spill must be collected, preserved, and processed under strict
guidelines. :

Introduction

- This committee was established to serve as an ad-hoc advisory and technical control group
that reports to the Management Team. Its specific function is to serve as a control point
for all laboratory aspects of histopathological analysis associated with the Exxon Valdez oil
spill assessment program. This inciudes the development of detailed sampling protocolis,
appropriate training of field personnel in collecting samples, review of all histological
sampling proposed and ideatification of effort duplication, establishment of a secured
repository for all histology samples for storage until processing, oversee archiving and
inventory of collected samples, qualification evaluation of potential subcontractors to be
hired for processing and interpretation of histology samples, quality control assurance in

““all work performed, advice on chain-of-custody guidelines, and deveiopment of budget

estimates to accommodate the required histopathological analyses.

TABLE OF CONTENTS - Histopathology Technical Group

Sample collection and preservation protocols

Processing and interpretation protocols

Quality assurance in field coilection of samples and in interpretation of results
Repository for samples and inventory procedures

Chain-of-custody guidelines

Subcontracting for histopathology work

Finfish and shellfish mortality assessments

References

Appendices

00N S b

L Sample Collection and Preservation Protocols

Standard protocols for necropsy and preservation of tissue samples (including a

~ materials list and catalog numbers) for histopathology described in the appendices
shall be used throughout the oil spill assessment studies. Different protocols have
been designed to accommodate the different groups of animals to be encountered
in the assessment studies. Necropsy procedures are included for:

-1-



Appendix 1: Finfish

Appendix 2: Bivalve molluscs

Appendix 3: Brachyuran and crab-like Anomurans; i.e., King crabs)
Appendix 4: Shrimp

Appendix 5: Marine and terrestrial mammals

Appendix 6: Migratory and nonmigratory waterfowl

Paired sampling of animals from oiled versus non-oiled sites will be done for

comparative purposes. Histopathological sampling shouid be done during any
observed acute episodes of mortality or morbidity to determine the cause of death
or abnormality. These types of sampies are the most valuable in assessing acute
toxicity affects and will be the most likely samples collected for birds and mammais
due to their high visibility in the impacted areas. Because of the low visibility of
fish and sheilfish, many histology samples will comsist of random collections in
impacted and control areas with little prior obvious indication of morbidity or

mortality.

Any histological processing of samples collected from apparently normal shelifish
should be performed after results of parallel hydrocarbon sampling is known; Le.,
positive hydrocarbon results may merit further histopathology studies. This would -
" not be advisable for fish and other higher animals that possess an active mixed
function oxidase (MFO) liver enzyme system which could metabolize hydrocarbons
to other compounds providing negative hydrocarbon results, but potental
toxicological lesions. Other enzyme function analyses being performed, such as on
bile, may show an activated MFO system in exposed fish and higher animals.
Consequently, histology and hydrocarbon samples, as well as other appropriate
samples, such as bile, for metabolite and enzyme function analyses, should be taken
from the same animal when possible. If certain fish and shellfish are too few or
small, subsampling other animais from the same site at the same time will be
necessary.

p . L ion_Protocol
Histopathology assessment of birds and mammals will be done primarily on tissues

from -clinically affected animals using established criteria of cellular degenerative
and necrotic changes recognized by any board-certified veterinary pathologist.

Histopathological analysis of finfish and shelifish tissues will include the criteria
abave as well as indices established in the Amoco Cadiz oil spill studies (Haensly
et al. 1982; Berthou et al. 1987) to allow some quantification of potendally subtle
degenerative changes in tissue histology of otherwise clinically normal animals.
Briefly these indices inciude:

Mean concentration of mucus cells per mm? of gill lamellae (fish).

Mean concentration of mucus cells per mm of epidermis in 10 fields (fish).
Average epidermal thickness in mm measured in 10 fields (fsh).

Mean concentration of macrophage centers per mm of liver.

ppop



e. Mean céncentration of hepatocellular vacuolation due to fatty degeneration
(fish).

. A mean and total tissue necrosis index (invertebrates).

g Histological gonadal index (xnvertebratcs)

h. Differences in prevalences and intensities of incidental lesions caused by
infectious agems (8sh and invertebrates).

Fleid Collection

' Vetennarypesomeltramedmsamplemhngshouldbeuuhzedfor on-site
necropsies of birds and mammals in order to ensure adequate quality control and
standardized sampie collection in these less familiar and more complex species. The
same high standards should be atiainable in fish and invertebrates if sampie
‘collection is done by trained finfish and shellfish biologists. A fish pathologist and
technician will be available to train field personnel and assist in necropsy and
preservadon of finfish and shellfish samples at collection sites. -

Sample collection from migratory birds and sea otters should be coordinated with

the U.S. Fish and Wildlife Service National Wildlife Health Laboratory in Madison,

Wisconsin. Collection of samples from nonmigratory birds and other marine

.mammais could be coordinated with the Alaska State Veterinary Laboratory in

Anchorage. Finfish and shellfish samples can be coordinated through the on-site

- - fish pathologist and the ADF&G, Fisheries Rehabilitation, Enhancement and
Development (FRED) Division Juneau Fish Pathology Laboratory.

Interpretation of Resuits

Quality control of all processed work will require mdependent blind readmg of
subsampled histology slides by two different laboratories.

Tissues with known lesions will be included periodically in groups of tissue samples
_for blind reading and determination of competency in interpretation.

Repository For Samples And Inventory Procedures
A common repository for storagé of all-histology samples awaiting processing will be
established at Anchorage in a secured building in compliance with chain-of-custody

. requirements. Samples received will be given a unique accession number to be
cross-referenced with the project and original numbering assigned by the collector.

Chain-Of-Custody Guidelines

Due to the evidentiary nature of sample collecting investigations, the possession of
samples must be tracezble from the time the samples are collected until they are
introduced as evidence in legal proceedings. To maintain and document sample
possession, chain-of-custody procedures must be followed.

3-



The field sampler will be personally responsible for the care and custody of the
samples collected unul they are transferred. All samples will be accompanied by a
chain-of-custody record or field sample data record (Appendix 7). When samples
are transferred from one individual's custody to anothers, the individuals
relinquishing and receiving will sign, date, and note the time on the record. This
record documents the transfer of custody of samples from the sa.mpler to amother
person and, ultimately, to a specified analytical laboratory.

Shipping containers will be custody-seaied for shipment. This procedure inciudes use
of a custody seal such that the only access to the package is breaking the seal. The
seal shall be signed before the sampie is shipped. The chain-of-custody record will
be dated and signed to indicate transfér. The original record will accompany the
shipment and a copy will be retained by the sample collector. Whenever samplies
are spiit, a separate chain-of-custody record will be prepared for those samples and
marked to indicate with whom the samplu are being split.

If sampla are being sent by common carrier, copies of all bills of Iadmg or air bdls
must be retained as part of the permanent documentation.

Subcontracting for Histological Work
Subcontracting work for histopathology processing and interpretation should be
coordinated through the Histology Technical Group which will determine if selected
processors are qualified to do the work. Qualifications for mammal and avian
samples will require a board-certified veterinary pathologist. Finfish and shellfish
work will require individuals with a demonstrated publication record in the field of

histopathology.
Finfish and Shellfish Mortality Assessments

Estimates of finfish and shellfish mortalities will be according to guidelines
established for estimating fish kills conmtained in Part I (Fish Kill Counting
Guidelines) of the Monetary Values of Freshwater Fish and Fish-Kill Counting
Guidelines, American Fisheries Society Special Publication Number 13, 1982,
including use of appropriate random sampling methods and tagged carcasses (Natural
Resource Damage Assessments prov:dcd by CERCLA).
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HISTOLOGICAL SAMPLE PREPARATION FOR BRACHYURAN
AND ANOMURAY CRAB SPECIES
Histopathological Technical Group

NOTE: Qnly live or moribund crabs will be suitable for processing. Histopathological
changes caused by toxic chemicals are often very subtie at best. Tissues in dead crabs
autolyze very quickly and will mask these changes. Do not collect and process dead crabs,
Keep crabs alive in containers of seawater or live weils if they must be transported to the
processing site. Do not over-ice animals such that tissues &e&e while in transit. Frozen
" tissues are worthiess for histological examination.

L The fixative to be used is 10% neutral buffered formalin solution (formula attached).
Formailin shouid be handled wearing rubber or latex gigves.

2. The volume of fixative should be ten times the volume of the tissue. This is
important since any less fixative may resuit in tissue autolysis and worthless samples.
After 72 hours, the formalin should be poured off and replaced with 70% cthyl
alcohol for storage and transport. This accomplishes an important objective; Le, it
prevents tissues from becoming too hard and brittle when stored in fixative for long
periods. Also, the fixative poured off may be saved and strained of tissue fragments

- and used one more time for preserving other samples.

3. The sample size per site or species will be 20 crabs, live or moribund.

4, Prior to tissue collection, a blood smear should be prepared from each live crab.
Insert a 1-cc syringe with a 20-gauge needle into the articular membrane of any
walking leg. The third joint of either cheliped works best. Express a large drop of -
blood from the syringe onto one end of a clean, frosted-end glass slide and use
another slide to make the smear as illustrated in the attached information. Allow
to air dry, label the frusted end with an assigned crab number, and date and include
in a small slide box with the samples below. An alternative method would be to pull
off a walking leg and allow not more than 1-2 drops of blood to fall onto the slide.

Be sure to not let salt water mix with the blood on the slide, as it will cause blood
cell lysis. Note: King crab blood clots unbelievably fast, so make your smear
quickly.

S. The chitinous exoskeleton of large crustacea prevents adequate penetration of any
fixative by simple immersion. Conscquendy. major organs and tissues of crabs muyst
be dissected out and dropped into fixative. This procedure is described by the

following:

a The carapace over the visceral cavity of the crab must be removed using tin
snips or bone snips, or otherwise heavy duty serrated scissors (Figure 2).

b. Once the carapace is removed, the pigmented epidermis may come off
attached or remain overlying the viscera. Snip a small S-mm portion of the

o L 1%



7.

10.

1L

12.

14,

k. In female Dungeness crabs, the paired seminal recepticles will be located
below and on either side of the thoracic ganglion. Remove the right organ

for fixation.

L Remove both eyestalks and the cerebral ganglion (brain) appearing as a
white, pea-sized organ located at the juncture of the eyestaiks (Figure 7).
This all can be removed as one piece by snipping out with a pair of scissors.

All tissues removed from a single crab should be placed into tissue processing
cassettes, 4-5 tissue sampies to one cassette. Each cassette must be labelled with
the animal mumber from which the tissues were collected. Cassettes are then placed

~ within the sample jar contaxmng ﬁxanve.

Behavioral, extemal.andmtemalabnormahnumstbenoted onanecropsy field

sheet (attached), respectively numbered for a particular pooled crab tissue sample.
If no abnormalities within the 20 specimens from a site are observed, then a singie
field sheet for the sample series will suffice. These field sheets will also contain the
label information below and must accompany the sampies in a ziploc bag. Be sure
to include tissue from a lesion if one is observed—this inciudes shell lesions as well.

A label Qith cab speci:s, size range and life stage, date of sampie, sample location,
and contact person’s name, address, and telephone number must be placed within
each of the sampie jars. Use a penal with soft lead for labeiling so that the writing

remains legible.

Do not mix samples of diffetent crab specics within the same jar of fixative. Each
species requires a separate jar(s).

Place sample jars and ziploc bag containing sample data into a suitable shipping

package with adequate packing material to prevent breakage. Plastic jars or
containers for fixative and samples work best. Be sure lids are tight and do not
lszak.

333 Raspberry Rd.. Anchcrage, AK - 99518-1599, phone (907) 344-0541.
Notify the Fish Pathology Lab prior to sample shipment so that samples may be
expected and tracked en route. _

Follow proper procedures and include completed forms regarding chain of custody.
Any questions regarding sample preparation should be directed to:

Dr. Ted Meyers

Principal Fish Pathologist II
ADF&G, FRED Division
Juneau Fish Pathology Lab

- P.O. Box 3-2000

Juneau, Alaska 99802-2000

Phone: (907) 465-3577
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NECROPSY FIELD DATA SHEET FOR HISTOLOGICAL SAMPLES
ADF&G, FRED Division Fish Pathology Lab

Collector/Address/Telephone #
Species”
~ Number Specimens in Sample
Sizg Range
Life Stage
'''' \Date of Collection

Location of Collection (Site Name or Number) .

Abnormalities Observed Per Specimen Number
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INTRODUCTION

The goal of this project is to determine whether the Exxon-Valdez oil
spill will have a measurable impact on stocks of rockfish, Sebastes sp.,
of the lower Kenai Peninsula (LKP). These waters received large amounts
of crude oil after the oil slicks moved out of Prince William Sound.
Assemblages of rockfish occur along the Gulf coast and support a
significant recreational fishery out of Seward. Most of the annual
harvest is supported by five species of rockfish, although several other
species are harvested in small numbers. Of particular importance are:
yelloweye rockfish S. ruberrimus; dusky rockfish S. ciliatus; and black
rockfish S. melanops. Unlike many species of marine fish, demersal
rockfish complexes are relatively sedentary, residing near rocky reefs
and boulder fields. Rockfish are long-lived, recruitment is low, and
the potential for long-term stock decline due to habitat degradation is
high. The potential impact of the oil spill on various nearshore
assemblages is dependent upon location of various "rockpiles" and the
potential uptake of various contaminants will be related to the level of
0oil contamination and food web characteristics of these various reefs.

Data Base.

Only limited baseline data are available for rockfish populations of the
LKP. Rockfish were studied as part of a study of nearshore fish
assemblages during the early 1980’'s (Morrison 1982). These

investigations provided descriptions of selected rockfish populations
including estimates of species composition, density, and length and age
composition. Sampling primarily occurred in ten major sites from Gore
Point to Cape Pudget. Additional baseline data were obtained from local
charter operators who identified historical fishing sites.

Experimenta es

It is hypothesized that several detrimental impacts on these species
could result from the presence of crude oil in marine waters including:
(1) reduced survival; (2) reduction in reproductive success; and (3)
accumulation of sublethal levels of toxic petrochemical by-products that
could render the fish inedible. To test whether there will be a
measurable impact on these stocks, selected locations in each of two
treatments will be sampled: oiled and non-oiled areas.

The principal objectives of the project are to document presence/absence
of: (1) rockfish in areas where rockfish are known to have previously
occurred; and (2) oil contamination in rockfish and/or the substrate.
Qur primary assumption is that there is a difference in exposure to oil
for fish stocks from each of the two treatments. Evidence from the
literature indicates that the greatest observable impact of oil related
activities occur in the littoral zone (National Academy of Sciences
1985); an area which supports populations of rockfish.



A measurable detrimental impact on these stocks of rockfish may result
in a loss to the sport fishery. The status of the sport fishery will be
investigated through: (1) an ongoing postal survey (Mills 1988) and (2)
an onsite creel survey of selected LKP fishery access ports (OSIAR Study
FS #6).

OBJECTIVES

1. Document the presence or absence of rockfish in 12 locations of the
Lower Kenai Peninsula.

2. Document the presence or absence of oiled rockfish in 12 locations of
the Lower Kenai Peninsula.

3. Document the presencé or absence of oiled substrate in 12 locations
of the Lower Kenai Peninsula.

4, Identify potential alternative methods and strategies for restoration
of lost use, populations, or habitat where injury is identified (to
be accomplished upon completion of the project).

METHODS

This operational plan addresses both the long range study design of this
project and work that has already been accomplished as part of the
initial fishery impact assessment work. Throughout the remainder of
this document, work that has already been initiated will be identified.
Because of the immediacy of the initial fishery impact assessment work,
some of the experimental design had not been fully developed and certain
aspects of the sampling were not initiated. Changes in sampling design
will be identified for initiation in the future.

Study Desi and Data Collectio

Twelve sites will be sampled across two treatments: oiled and non-oiled
areas (Table 1). Most of these sample sites correspond to areas which
have received previous study (Morrison 1982). Morrison established
transects and sampled for density by species. The remaining sample
sites were selected after consulting with local charter operators. This
information will provide the basis for determining the historic presence
or absence of rockfish. Sampling will be conducted during at least two
surveys over the course of the summer. The surveys will occurr in the
same months as did Morrisom’s work (1982).

At each location, transects will be established and sampling will be
conducted along the majority of the reef with longline gear and/or
jigging. The exact location of each transect will be identified with
LORAN and/or latitude/longitude coordinates at each end of the transect.
In addition to coordinates, depth along the transect and a compass
reading from the starting to ending point will be recorded. In



addition, samples of more pelagic species will be collected by jigging.
If fish are present, species composition will be estimated for
comparison with Morrison’s dive and jigging surveys (1982). Species
identification will be accomplished using the methods of Kramer and
0'Connell (1988). Any catches of lingcod or halibut will also be noted.

Sampling for oil contamination will be accomplished as follows. A total
of 10 rockfish from each sampling location will be collected for
hydrocarbon testing. Each entire fish will be wrapped in aluminum foil,
marked with an evidence seal, and frozen. Upon return to port, the
following samples will be collected for hydrocarbon analysis:
gallblader, stomach, pyloric caeca, liver, and muscle. Procedures to
prevent hydrocarbon contamination, as specified by the National Marine
Fisheries Service Auke Bay Lab, will be followed for each fish: (1)
hands and sampling gear will be washed with soap and water; (2)
dissection tools will be rinsed in methylene chloride; (3) samples of
each tissue will be individually stored in certified hydrocarbon-free
sampling jars; and (4) samples will be frozen. Samples® will not be
touched by human hands or - any petrochemical product (i.e. plastic).
These samples will be transferred to National Marine Fishery Service for
analysis. Additionally, any moribund fish that are found will be
examined for the presence of tar balls in the stomach and all
contaminated samples will be handled in the prescribed chain of custody
procedures. :

The presence/absence of oil at each sampling site will be documented
with a Remote Operating Vehicle (ROV).. This work is covered under
another project ("Undersea Observations to Support Benthic Fishery
Damage Assessment). Visual (video tape) records will be collected along
transects within rockfish sampling areas. Presence of oil, general
distribution, occurrence of rockfish, depth, substrate type, turbidity,
temperature, and salinity will be recorded. Transect density will be

increased where evidence of o0il 1is found. If oil 1is observed,
subsequent sampling will be initiated to collect a sample for
verification. ROV work was only accomplished during the mid-June
survey.

Data Analysis

Data analysis will be limited to a simple expression of presence or
absence; percent of sample contaminated; and degree of contamination
(ppm of hydrocarbons). Proportions of all nonoiled sites with rockfish
will be compared to the proportions of all oiled sites with rockfish on
a species by speciles basis. Hydrocarbon contamination will be detected
99% (a = .01) of the time if over 37% of the population is contaminated
at the selected sample size of 10.



SCHEDULES

A schedule of tasks to be completed during 1989 is as follows:

Task Dates
Sampling: 18t Survey Late June
' 27¢ survey Mid September
Data Analysis and Report Preparation 9/15-3/15
REPORTS

Results of these study efforts will be reported'to~the Division of 0il
Spill Impact Assessment and Restoration. Upon completion of litigation,
these data will be published as either an Alaska Department of Fish and

Game, Sport Fish Division, Fishery Data Series report or in the -

fisheries literature.

BUDGET SUMMARY

A line item breakdown of project costs for the period beginning April 1,
1989, and ending February 28, 1990 is as follows:

Line Item Category Cost (thousand $§)

100 Personnel 34.2
200 Travel 5.0
300 Services 52.7
400 Commodities 3.5
500 Equipment 13.0

Total 108.4
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Table 1. Sampling locations for rockfish along LKP, 1989.

Location

LORAN

Gore Point?

Port Dick!?!

Nuka Passage!l

Front Point
Aligo Point

Harris Bay

Outer Island?!

Granite Island

Seal Rocks!

Aialik Cape

Cape Fairfield

Cape Pudget

12884/31756
12375/31728
12470/31720
12459/31737
12915/31800
12948/31838
12607/31729
12925/31824
12884/31756
13025/31820
13290/31855

13330/31840

1 0iled sites
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I. OVERVIEW

INTRODUCTION

0il spilled from the Exxon Valdez March 24, 1989 traveled out of
Prince William Sound south and west along the Kenai Peninsula to
the Aleutian Islands. Spilled oil was documented in both nearshore
and offshore waters. 1In the area north of Kodiak, water currents
divided and carried a portion of the o0il north into Cook Inlet,
another portion went west into Kamishak Bay, and the remainder went
south to Kodiak Island and the Alaska Peninsula. 0il spread over
400 miles away from the spill site and impacted open ocean and
nearshore waters throughout a geographically varied region.

To assess any damage from this oil to a variety of groundfish and
shellfish species, a multi-agency project with three component
studies was created to collect specimens for hydrocarbon and
metabolite analysis, to study biological and biochemical effects,
to estimate population abundance of important groundfish and
shellfish species, and to collect age composition and other
biological data on these species. A multi-faceted project was
required due to the sheer size and varied nature of the area and
" natural resources to be studied.

The three components of this study include: A.l.: Alaska
Department of Fish and Game (ADF&G) trawl surveys that target
shellfish and groundfish in Lower Cook Inlet, embayments and other
coastal areas of Kodiak Island and as far west as Unimak Island;
A.2.: a portion of the NMFS triennial trawl survey that targets
Gulf of Alaska groundfish species ranging from nearshore regions
to the continental slope; and B: National Marine Fisheries Service
(NMFS) sampling of groundfish and shellfish aboard the R/V
Fairweather in nearshore waters of Prince William Sound, lower Cook
Inlet, Kodiak Island, the Kenai Peninsula and Alaska Peninsula.
The integration of the three major components of this study is
important for fully evaluating any impacts of the oil spill on the
extremely valuable marine fishery resources of the western Gulf of
Alaska.

This multidisciplinary project is designed to determine both short
and long-term effects of o0il on economically and ecologically
important species. Short-term effects will be assessed through
testing levels of hydrocarbons and metabolites in stomach contents,
bile and tissues of fishes, in hepatopancreas and tissues of
crustaceans and by testing hydrocarbon levels in sediments. Fish
will also be analyzed to assess pathology and reproductive
dysfunction due to oil exposure. Long term effects of oil will be
assessed by monitoring population levels, age composition, and
growth rates. Analyses of these data will test for declining stock
levels, high mortality of the 1989 year class, or changes in growth

1



rates that may be related to o0il exposure. The potentially
confounding effects of predation, fishing effort, and environmental
variability will be reduced by coupling the short-term and long-
term effects. For example, detection of short-term reproductive
malfunctions, if any, would assist in determining causal mechanisms
of year-class failures that may occur over the long term. As
another example, cause and effect could be established by coupling
data on tissue damage revealed by histology with data on reduced
growth or increased mortality.

OVERALL OBJECTIVES

A. Measure abundance of Tanner crab, red king crab, halibut,
pollock, sablefish, and other commercially important
species. '

B. Determine age composition for primary species.

C. Determine the incidence of abnormalities in tissues and
organs in fish and shellfish captured in oiled areas and
whether such abnormalities result in adverse changes in
the viability of the resource.

D. Catalog specific areas from the outer Kenai Peninsula to
the Aleutian Islands where fishery resources show the
biocaccumulation of petroleum compounds and their
metabolite derivatives.

E. Identify potential alternative methods and strategies for
restoration of lost use, populations, or habitat where
injury is identified.

GENERAL METHODS

Objectives A and B will be addressed through population assessment
surveys of groundfish and shellfish throughout the Gulf of Alaska
from Prince William Sound to Unimak Island. Sampling will be
conducted using fishing boats towing poly~Noreastern (NMFS) or 400
mesh Eastern (ADF&G) otter trawls, depending on the target species.
Tows are placed according to stratified sampling designs most
appropriate to the specific area fished. - The sample designs link
ADF& and NMFS trawl surveys together in one comprehensive
assessment of groundfish and shellfish stocks in the impacted areas
outside Prince William Sound. The design also allows comparisons
to historic assessment surveys in the Gulf of Alaska conducted by
both resource agencies. Trawling for population assessment will
take place during August, September, and October of 1989.
Abundance estimates will be calculated using the area swept

2



methods.

Objective C and D will be addressed through the NMFS sampling and
analysis program. The majority of samples for hydrocarbon analysis
and biological effects studies will be collected by NMFS personnel
aboard the R/V Fairweather. These samples include juvenile and
adult specimens from oiled and non-oiled nearshore waters of Prince
William Sound, lower Cook Inlet, Kodiak Island, the Kenai Peninsula
and Alaska Peninsula. A limited number of samples from adult
specimens not available in the nearshore sampling will be collected
by ADF&G in lower Cook Inlet and by NMFS in offshore waters of the
Gulf of Alaska. A variety of groundfish and shellfish species will
be collected which represent various habitat types and trophic
levels as well as those of high economic value. Otter trawls,
beach seines, gillnets, and long lines will be used to collect
samples. Samples will be collected from the R/V Fairweather during
mid-May to late-September. Sampling by NMFS and ADF&G trawl
surveys in the Gulf of Alaska and Lower Cook Inlet will occur
during October.

Objective E will be addressed through the combined interpretation
of results and the three component projects. Mitigation and
restoration will be achieved through the fishery management process
for stocks where injury is identified.



ITI. COMPONENT STUDIES

ABUNDANCE AND DISTRIBUTION

A. 1. Alaska Department of Fish and Game
Introduction

The Alaska Department of Fish and Game multispecies trawl surveys
are one component of a three component study aimed at assessing
damage done to shellfish and groundfish stocks outside of Prince
William Sound by Prudhoe Bay crude oil spilled from the Exxon
Valdez.

This component of the study assesses impact on shellfish and
groundfish populations in Lower Cock Inlet, Shelikof Strait, waters
off Kodiak Island and embayments along the Alaska Peninsula. Major
stocks of groundfish and shellfish occur in these areas which
support commercial fisheries. Fisheries include pot fisheries for
king, Tanner, and Dungeness crab; trawl and pot fisheries for
shrimp; and 1longline, trawl, and Jjig fisheries for halibut,

pollock, sablefish, Pacific cod, flatfish, rockfish .and others.
These stocks are an lmportant part of the economies of Alaska and
Washington. .

It is hypothesized that the oil spill could adversely affect these
populations in two ways. First, most benthic species go through
a planktonlc stage which ranges widely through the water column.
It ‘is well documented that these plankton are extremely sensitive
to the water soluble fractions of crude oil (Mecklenburg et al.,
1977, Wells and Sprague, 1976). A multispecies trawl survey
permits assessment of shellfish and groundfish abundance and
distribution. Data from this project will allow detection of
reduced year-class strength consistent with the timing of the oil
spill. Secondly, adult populations could be impacted through
movement of oil to the benthic environment causing direct mortality
on groundfish and shellfish through immediate toxic effects,
contamination of prey, direct ingestion of tar balls, injury to
tissue and malfunction of organs. Data from this study will
document incidence of tissue abnormalities and biocaccumulation of
petroleum compounds for Tanner crab, pollock and flathead sole in
lower Cook Inlet and in any area covered by this survey where oil
is found on the bottom or on fish or shellfish. Establishing
actual degree of damage to these stocks by oil is required to
advise the public on the full scope of impact on the commercial
fishing economy due to the spill. Determining the level of damage
to these stocks is also necessary so that it can be factored into
future management decisions on harvest levels.



Objectives

Al. Estimate species composition and abundance of
dominant groundfish and shellfish species, including
Tanner crab, king crab, halibut, sablefish, Pacific
cod, flathead sole, pollock arrowtooth flounder,
and other important groundfish (incl. rockfish
spec1es) and shellfish species caught in bottom
trawls in Lower Cook Inlet, Shelikof Strait, waters
off Kodiak Island and embayments along the Alaska
Peninsula and determine impacts of oil contamination
on abundance of shellfish and groundfish stocks.

Bl. Determine age composition in lower Cook Inlet for
primary commercial species (rex Sole, Dover sole,
arrowtooth flounder, and pollock such that the
estimated proportion for each age is within *5% of

- the true value 90% of the time.

D1. Document and catalog areas found in Lower Cook Inlet
Shelikof Strait, waters off Kodiak Island and
embayments along the Alaska Peninsula where oil
occurs on the bottom or occurs on or in bottom
dwelling fish and shellfish.

El. Identify potential alternative methods and
strategies for restoration of lost use, populations,
or habitat where injury is identified.

This project is one component of a three component study. Letters
(Al-El) refer to overall objectives this component is designed to
address. Objectives C and D listed for Project Number 24 in the
State/Federal Natural Resource Damage Assessment Plan for the Exxon |
Valdez 0il Spill August 1989 are to be met through the two
components of this study completed by NMFS.

Methods/Data Analysis

The ADF&G nultispecies trawl survey is similar to trawl surveys
used for oil spill impact assessment in Prince William Sound by
ADF&G/NMFS. Similar surveys are used by NMFS in the Bering Sea and
Gulf of Alaska to assess populations for fishery management
purposes. Parks and Zenger (1979) report a similar project done
by NMFS in Prince William Sound. Ronholt et al. (1978) document
historical surveys by NMFS and its predecessor, BCF, done in the
Gulf of Alaska. The dominant species caught by value or volume are
expected to be Tanner crab, king crab, halibut, sablefish, pollock,
Pacific cod, flathead sole, rex sole, Dover sole, arrowtooth
flounder and various rockfish.



- Abundance, species composition, and other biological attributes of
the catch will be estimated for the entire area covered by the
trawl survey. Sampling in future years and/or post-stratification
of the sample area into oiled and non-oiled areas will allow
comparison of changes in abundance, species composition, age
composition, or other bioclogical parameters that may be related to
the oil spill.

st esi
Lower Cook Inlet:

The trawl survey in lower Coock Inlet will be conducted October 2-
12, 1989 aboard the R/V Pandalus of ADF&G. If weather permits
additional fishing will take place during the period October

19 - 24. Sampling will occur at predetermined stations during each
survey period. Each station will be sampled once during the
survey.

Stations to be fished are selected by a stratified random sampling
plan. Lower Cook 1Inlet was divided into 9 areas based on
geographical location and depth as follows:

1. Inner Kachemak Bay (shallow)
2. Outer -Kachemak Bay ' (shallow)

3. Outer Kachemak Bay Deep (deep)
4. North Central (shallow)

.. 5. South Central (deep)
«* 6, North Kamishak (shallow)
7. South Kamishak (shallow)

8. South Kamishak Deep (deep)
9. South West Kamishak (shallow)

Strata are based on depth ranges of 10 to 50 fathoms for shallow
strata and 50 fathoms or greater for deep strata. Geographic areas
were selected according to available information on distribution
of shellfish and groundfish throughout Lower Cook Inlet. These
areas are shown in Appendix A. Figure 1.

Size of each area in square nautical miles was calculated (Appendix
A, Table 1). Each of these areas is divided into a grid of square
stations that are 2.5 minutes of latitude by 5 minutes of longitude
(2.5 nautical miles square, or 6.25 square nautical miles). Trawl
sites were randomly selected from the grid of stations in each area
using a random number table. Each station will be sampled once
during the survey.

The trawl survey is anticipated to take a minimum of 14 days. If
three tows can be accomplished each day for 14 days, a total of 42
tows will be completed. A minimum of three stations will be
sampled (3 tows completed) in each area yeilding 27 preassigned
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tows (9 areas times 3 tows per area equals 27 tows). The remaining
15 tows are allocated based on the relative number of square’
nautical miles in each area (Appendix A. Table 2). Effort
allocation for a total of 42 tows presented in Appendix A, Table
3 is based on the assumption of having good weather during the full
survey period. -

A standard 400 mesh eastern otter trawl (Appendix B, Figure 1) will
be fished for 30 minutes at a speed of 2 knots for a tow length of
approximately 1 nautical mile. Tows will be placed at random within
the station when possible. All tows will be made during daylight
hours.

For each station to be fished, the vessel first would go to the
station center and search for 20 to 30 minutes for trawlable
bottom. If no trawlable bottom was found, the vessel would proceed
to the location of the nearest successful haul. At the location of
the nearest successful haul, the vessel would again search 20 to
30 minutes for trawlable bottom and presumably trawlable bottom
would be found. If trawlable bottom is found while travelling from
the station location to the location of the nearest successful
haul, a haul would be made. If no trawlable bottom was found at the
station location, enroute to the location of the nearest successful
haul, or at the location of the nearest successful haul, the vessel
would move to the next station. :

Kodiak Island and Alaska Peninsula:

The trawl survey in the waters off Kodiak Island and in bays along
the Alaska Peninsula bays will be conducted during August,
September, and October 1989 aboard a chartered commercial fishing
vessel. The Alaska Department of Fish and Game annually conducts
benthic trawl surveys in the Kodiak and Alaska Peninsula areas for
shellfish and groundfish assessment. The study sites selected for
this project represent additional coverage for the 1989 survey vear
with the intent being to provide more complete coverage of targeted
stocks for oil damage assessment.

Each offshore survey area was divided into approximately 5 nm
square stations and each inshore or bay area divided into 2.5 nm
square stations. Considerable variation occurs in the size of some
offshore and most bay staions because of land boundaries. Each
station will be sampled once during the survey. Exact Station
location assignments are depicted in Appendix A, Fiqures 2-9.
Trawl placement within stations will be randomly chosen except that
untrawlable bottom will be avoided. All tows will be made during
daylight hours. The survey is estimated to take 37 fishing “days.
Additional survey coverage is distributed as follows:



District Area # of Tows # of Days

Chignik Chignik 28 5
Kujulik 11 2

Mitrofania 16 3

Ivanof 19 4

Total 74 14

South Peninsula Stepovak 10 2
Balboa/Unga 15 2

W. Nagai Straits 8 2

Kennoys Is. 6 1

Beaver Bay 6 1

Pavlof/Volcano 39 5

Cold Bay/Belkofski 24 4

Morzhovoi 25 4

Sanak Island 8 2

Total , 141 23

Grand Total 215 37

A standard 400 mesh eastern otter trawl (Appendix B, Figure 1) will
be fished on the bottom for approximately 30 minutes to cover 1.0
nép;ical mile. ’

Data Collection

Station information including location (latitude and longitude),
depth, time and duration of tow, direction of tow, weather, surface
temperature, and sea conditions, etc. will be recorded by the
vessel skipper on a paper form (Appendix C. Figure 1).

Shellfish Samples:

Sample size for Tanner, king, and Dungeness crabs will be 100% of
the catch because the numbers are expected to be fairly low.
Weight and number of all crabs by species will be recorded
(Appendix C., Figure 2). For king Tanner, and Dungeness crabs sex,
size (carapace length or width), shell age and shell condition will
be recorded. For female crabs of these species, stage of maturity
(juvenile or mature) and relative egg clutch size and stage of eqg
development will be recorded. Degree of black mat infestation will
be recorded for all crabs (Appendix C. Figure 3).

In lower Cook Inlet, weight and number of each species for all
otherwinvertebrate species will be recorded (Appendix C, Figure 2).
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In Kodiak, miscellaneous invertebrates are included in a subsample
of the catch remaining after all large fish, Tanner crab, king crab
and Dungeness crab are removed from the catch. This subsample
consists of two fish baskets filled with miscellaneous fish and
invertebrates. This subsample is sorted by species and the weight
and number of each species is recorded (Appendix C, Figure 2).

All shellfish data will be recorded on paper forms and later
entered into the R:base database in ADF&G area offices.

Groundfish Samples:

Sample size for groundfish in lower Cook Inlet will be 100% except
in the case of extremely large catches where the total tow is
weighed and then split into a subsample (e.g. one half or one
fourth). In this case the subsample results are expanded to the
weight of the entire tow. For smaller catches weight and number
of fish by species will be recorded. Length, weight, and sex of
a sample of approximately 200 specimens of each target species will
be recorded for each tow (Appendix C, Figure 4). Target species are
halibut, sablefish, Pacific cod, pollock, flathead sole, arrowtooth
flounder and rockfish. See Appendix D for a detailed discussion
of finfish processing for lower Cook Inlet.

In lower Cook Inlet weight and number of non-~target species will
be recorded. Length, weight, and sex will be recorded for a
randomly selected sample of 200 specimens of the dominant species
from a tow if it is not one of the target species listed above.

In Kodiak, all halibut and skate are measured and returned to the
Sea as soon as possible. Length to weight conversion tables are
used to determine total weight of these species in the catch
(Appendix E). Large fish such as Pacific cod, rockfish, sablefish,
"or dogfish are sorted completely from the catch and the weight of
each species is measured. Weight of large fish is recorded on the
form presented in Appendix C, Figure 2. Miscellaneous fish are
included in a subsample of the catch remaining after all large
fish, Tanner crab, king crab and Dungeness crab are removed from
the catch. This subsample consists of two fish baskets filled with
miscellaneous fish and invertebrates. The subsample is sorted by
species and the weight and number of each species is recorded
(Appendix C, Figure 2). See Appendix E for a detailed discussion
of groundfish processing for Kodiak.

All grbundfish data will be recorded on a paper form and later
entered into the R:base database in the ADF&G area offices.

Age Composition (otoliths):

A random subsample of 500 rex sole, Dover sole, arrowtooth
flounder, and pollock will be collected for otolith extraction in
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lower Cook Inlet. Sample size per species was set to
simultaneously estimate proportions by age when sampling from a
multinomial population such that the probkability will be at least
l1-a (precision) that all of the estimated populations will be
simultaneously within 5 percentage points (accuracy = 0.05) of the
true population age proportions. The largest sample size for a =
0.1 occurs when there are only 3 age classes present in equal
proportions and guarantees at least this level of precision and
accuracy for any number of age classes and proportions. This
"worst" case sample size (Thompson, 1987) of 403 ageable otoliths
will be used to estimate the age composition with the desired level
of precision and accuracy in the absence of a better estimate of
population proportions. An unreadable rate of 25% was estimated
for a sample size of 500.

Sampling for otoliths will be spread over a number of tows and
represent the entire trawl survey. For widely distributed species
such as arrowtooth flounder or rex sole, 20 otoliths per tow should
result in the sample size objective being met. For pollock whose
distribution is more patchy, 50-75 otoliths should be collected
when large catches are made. ‘

Flatfish otoliths will be stored in normal glycerin solution.
Pollock otoliths will be stored in 50% ethyl alcohol. All will be
labled in a manner consistent with the NMFS triennial Gulf of
Alaska survey (component A.2.). The form for otolith collection
is Appendix. C. Figure 4. ' :

Hydrocarbon and Histological Samples:

Ten hydrocarbon samples will be taken from each area in lower Cook
Inlet for the following species and tissues:

a. -‘Tanner crab muscle, hepatopancreas, eggs
b. Pollock muscle, viscera, bile
c. Flathead sole muscle, viscera, bile

Ten adult specimens of each species will be randomly selected from
all tows in an area. Hydrocarbon samples from the above species
will supplement collections of adult specimens not available to
nearshore sampling by the R/V Fairweather. A sample size of 10
from each area will enable detection of a difference of 2.0
standard deviations in hydrocarbon content between areas with the
probablility of making a type I and type II error equal to 0.05 and
0.1, respectively.

At each station in lower Cook Inlet, fish of the target species,
halibut, sablefish, Pacific cod, pollock, flathead sole, arrowtooth
flounder and rockfish, will be sampled for the presence of tarballs
in the stomach and intestinal tract. At a minimum, five
individuals of each species sampled for otoliths (rex sole, Dover
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sole, arrowtooth flounder, and pollock) will be examined for
.presence of tar balls. :

Histological samples and hydrocarbon samples will be randomly
selected from the catch at stations in lower Cook Inlet, Kodiak,
and Alaska Peninsula where tarballs or other oil contaminants are
found in stomachs, on crab setae, or on the net. If hydrocarbon
and histological samples are taken as a result of oil
contamination, then hydrocarbon and histological samples will be
taken from an additional station where target species are
uncontaminated to represent a control.

Ten replicate samples will be taken of the following species and
tissues from any site with evidence of oil contamination:

a. Pollock muscle, viscera, bile
b. Tanner crab muscle, hepatopancreas, eggs
e. Flathead sole muscle, viscera, bile

Total number of samples will be dependent on the number of stations
where tarballs or other o0il contaminants are found in stomachs, on
crab setae, or on the net. Post stratification will allow
comparison of samples from oiled and non-oiled areas.

Species to be sampled for histology are pollock and pink shrimp.
Twenty animals of each species will be sampled at each sampling
site selected according to the criteria stated above. Total number
of samples will be dependent on the number of stations where
tarballs or other oil contaminants are found in stomachs, on crab
setae, or on the net. Post stratification will allow comparison
of samples from oiled and non-oiled areas. Samples sizes and
species were recommended by T. Meyers (ADF&G, personal
communication).

Data forms for tarball sampling and hydrocarbon and histological
sampling are found in Appendix C, Figures 5 and 6. Procedures for
hydrocarbon and histological sampllng are described in Appendices
F and G. Chain of custody procedures are described in Appendix H.

Dat alvsis

Area-swept methods will be used to estimate abundance and density
by depth and geographic strata to address objective Al. Trawl
catch data will be analyzed to generate abundance estimates with
operational computer statistical programs utitlized for population
estimates from annual Gulf trawl surveys (Blackburn et. al., 1989).
Absolute abundance will be estimated in numbers for each target
crab species by size, relative age, and sex. Absolute abundance
in weight will be estimated for each target fish species by size.
Absolute abundance in weight will be estimated by species for
miscellaneous shellfish and groundfish.

Negative impacts of oil contamination on abundance of shellfish and
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groundfish stocks can be determined by testing for differences in
species composition and abundance with categorial data analysis
techniques and other multivariate statistics.

Data can be post-stratified to determine impact levels based on
presence of oil contaminants and mapping information from the
coastal habitat project. Analysis of variance (parametric) or a
Kruskal-Wallis test (non-parametric) will be used to test for
differences between years and impact levels for: 1) average number
of mature female crab; 2) average relative clutch size of female
crab; 3) average stage of egg development; 4) average number of
abnormal egg clutches; and 5) hydrocarbon content of tissues.

Multivariate statistics may be used to identify more complex
associations among biological and physical parameters between oiled
and non-oiled areas.

Age composition of primary commercial species (objective B1l)
available to the trawl net can be addressed with age frequency
diagrams. Size frequency distribution of crabs by species, sex and
relative age and size frequency distribution for target species of
groundfish will also be examined. .

Areas found in Lower Cook Inlet, Shelikof Strait, waters off Kodiak
Island and embayments along the Alaska Peninsula where oil occurs
on the bottom or occurs on or in bottom dwelling fish and shellfish
will be documented and cataloged to address objective DI1.

To address objective E1, all data will be analyzed to determine
degree of damage to stocks and suggest appropriate restoration or
mitigation measures. This may include restrictions on human
harvest to reduce mortality rates and may include the need for
continued monitoring of stocks.

Analyses will be conducted in the area offices of ADF&G following
each survey using microcomputers running R:base applications.
Statistical analyses will be conducted on microcomputers using SAS,
MathCAD, Stats-Plus or other appropriate software by ADF&G
personnel.



Schedule/Personnel

Schedule:
Date(s) i Activity
August - October, 1989 Kodiak trawl survey
October 2 - 13, 1989 Lower Cook Inlet trawl
survey period 1
October 19 - 23, 1989 Lower Cock Inlet trawl
survey period 2
November - December, 1989 Data entry and analysis
December, 1989 Preliminary report on shellfish and

groundfish trawl assessment outside
Prince William Sound.

Actual length of survey periods may vary due to weather.

Personnel:

Name ) Role Mo
Al Kimker : Principal Investigator nf*
Rich Gustafson Fishery Biologist : 3.0
Lee Hammarstrom Fishery Biologist nf
Bill Bechtol Fishery Biologist nf
Bill Nippes Principle Investigator nf
Dave Jackson . Fishery Biologist 2.0
Robert Popken Fish and Wildlife Technician 1.25
Ken Vartan Fish and Wildlife Technician 1.25
Mike Villegas Fish and Wildlife Technician 0.70
Jeff Query Fish and Wildlife Technician 2.0
Dan Moen Fish and Wildlife Technician 2.0

* nf: personnel not funded by this project
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Budget

Line Item Category Budget
100 Personnel Services 34.5
200 Travel 2.3
300 Contractual 196.5
400 Commodities 10.5
500 Equipment 52.0

Total 295.8
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A.2. National Marine Fisheries Service
Introduction

As early as 1948, abundances of commercially important fish stocks
have been assessed in the Gulf of Alaska using trawl surveys
(Ronholt et.al., 1978). The design and execution of standardized
National Marine Fisheries Service trawl surveys has been ongoing
since 1984 on a triennial schedule. The third triennial trawl
survey 1is scheduled for 1991. Survey methods have been
standardized and the sampling design has been tailored to reflect
the variety of environmental conditions in the Gulf.

The Gulf of Alaska triennial survey area covers the groundfish
stocks from nearshore to the upper continental slope from the U.S.-
Canada border at Dixon entrance to 170° W in the eastern Aleutian
Islands. The trawl survey time series provides a data base to
assess changes in the distribution and abundance of groundfish in
the central Gulf of Alaska before and after the Exxon oil spill.
This component of the project 24 study plan is a late summer, early
fall trawl survey of the central Gulf of Alaska designed to assess
population abundance of dominant groundfish species using area-
swept methods of estimating fish abundance. Standardized sampling
techniques and data analysis procedures developed by the Resource
Assessment and Conservation Engineering Division (RACE) of the
Alaska Fisheries Science Center, Seattle WA., will be followed.
The survey will be conducted aboard  the chartered fishing vessel
Pelagos from approximately 1 September to 26 October.

Objectives

The NMFS trawl survey component of Project 24 1is designed to
address Objectives A and B and support objective E for the dominant
commercial groundfish species. The project objectives under A and
B are: - -

Al. Estimate abundance, variance and confidence intervals
‘of the dominant groundfish species that would allow test
comparisons with previous triennial survey estimates for
alpha = 0.05.

A2. Map geographic distributions of dominant groundfish
stocks for preliminary spatial comparisons and analysis.

Bl. Make otolith collections for pollock, rock sole, flathead
sole and rex sole using standard RACE sampling criteria.

The age determination and analysis for age composition from ADF&G
and NMFS otolith collections will be scheduled in 1990 if Project
24 is funded after February 1990.

Methods/Data Analysis
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. This survey will sample the central Gulf of Alaska area extending
westward from 147° W longitude to 154° W longltude on the southeast
side of Kodiak Island and southward to 57° 30' N latitude in
Shelikof Strait. This is approximately one-third of the area
surveyed in triennial years, due to fewer available vessel days in
1989.

Only about 40 of the 55 charter days are expected to be available
for fishing. It is probable that no more than 150 tows can be
executed in 40 days. In previous triennial surveys this area has’
been allocated between 260 and 320 stations.

The survey area was divided into seven strata based primarily on
habitat type and depth. Strata with the highest productivity and
highest station density are the 1-100 m nearshore and bays, 101-
200 m gullies and 101-200 m slope. Strata with medium productivity
and sampling density are the 201-300 m gullies and Shelikof Deep
while those with lowest productivity and sampling density are the
1-100 m shelf, 101-200 m shelf and 201-300 m slope. The latter
three strata were allocated only as many tows to allow minimum
coverage and provide an adequate estimate of variance of CPUE.
Regions deeper than 300 m will not be surveyed.
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Station Selection
Allocating effort:

The following table shows the approximate percentage of expected
sampling effort to be placed in each stratum type. The column
labeled "Number of Tows" gives the percentage of effort in actual
numbers of tows. These allocations were based on the area of each
stratum type and the importance of each with respect to detecting
oil effects and estimating the abundance of important groundfish
species. In the 1last two columns those numbers that are not
enclosed by parentheses were expected after allocations were made
but before stations had been assigned. Those numbers within
parentheses are the allocation after the sample sites had been
selected.

Relative Number

Stratum Type Productivity Percent of Tows
1- 100 m nearshore highest 30 45
and bays ‘ - (33.5) (53)

101 - 200 m gullies " highest ‘ 20 30

(18.4) (29)

101- 200 m slope highest 10 15

, ' (9.5) (15)

201- 300 m gullies and medium 11 17

Shelikof Deep (12.0) (19)

101- 200 m shelf lower 17 28

(15.2) (24)

1- 100 m shelf lower 9 13
(8.2) (13)

201- 300 m.slcpe lower 3 5
(3.2) (5)

greater than 300 m - 0 0
Total 100 153

(158)
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Locating the tow sites:

Once the allocations were made, the tow sites were selected - in each
stratum type systematically. Randomness was preserved by using a
random number generator to select the starting point. This
procedure was employed in order to insure a broad coverage of the
area.

A grid of points separated by five miles north, south, east, and
west, and strata boundaries were superimposed on a map of the
survey area. Only points on the grid were considered as candidates
for tow sites. The number of grid points in each stratum type was
counted and then divided by the number of stations that had been
assigned. This produced the interval between sample sites, called
here the "selection interval". For example, if there were 100 grid
points in a stratum type and 25 tows assigned to it, then a tow
site was located every fourth grid point. A starting point was
selected randomly from within a set of points equal in number to
the selection interval and located as far to the south and west as
possible. From the starting point the interval count was initiated
first to the north until no more potential grid points could be
found for that stratum type then the count continued southward on
the next column of grid points to the east. The counting direction
alternated column by column reqardless of whether or not a column
was devoid of site candidates.

Some strata types presented complications to this proced